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ABSTRACT 

The increasing scale of losses from earthquake disasters has reinforced the need for property owners to 

become proactive in seismic risk reduction programs. However, despite advancement in seismic design 

methods and legislative frameworks, building owners are often reluctant to adopt mitigation measures 

required to reduce earthquake losses. The magnitude of building collapses from the recent Christchurch 

earthquakes in New Zealand shows that owners of earthquake prone buildings (EPBs) are not adopting 

appropriate risk mitigation measures in their buildings. Owners of EPBs are found unwilling or lack 

motivation to adopt adequate mitigation measures that will reduce their vulnerability to seismic risks.  

This research investigates how to increase the likelihood of building owners undertaking appropriate 

mitigation actions that will reduce their vulnerability to earthquake disaster. A sequential two-phase 

mixed methods approach was adopted for the research investigation. Multiple case studies approach 

was adopted in the first qualitative phase, followed by the second quantitative research phase that 

includes the development and testing of a framework.  

The research findings reveal four categories of critical obstacles to building owners‘ decision to adopt 

earthquake loss prevention measures. These obstacles include perception, sociological, economic and 

institutional impediments. Intrinsic and extrinsic interventions are proposed as incentives for 

overcoming these barriers. The intrinsic motivators include using information communication networks 

such as mass media, policy entrepreneurs and community engagement in risk mitigation. Extrinsic 

motivators comprise the use of four groups of incentives namely; financial, regulatory, technological 

and property market incentives. These intrinsic and extrinsic interventions are essential for enhancing 

property owners‘ decisions to voluntarily adopt appropriate earthquake mitigation measures.  

The study concludes by providing specific recommendations that earthquake risk mitigation managers, 

city councils and stakeholders involved in risk mitigation in New Zealand and other seismic risk 

vulnerable countries could consider in earthquake risk management. Local authorities could adopt the 

framework developed in this study to demonstrate a combination of incentives and motivators that yield 

best-valued outcomes. Consequently, actions can be more specific and outcomes more effective. The 

implementation of these recommendations could offer greater reasons for the stakeholders and public to 

invest in building New Zealand‘s built environment resilience to earthquake disasters.  
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   CHAPTER 1

Introduction 

1.1 Background 

Large magnitude earthquakes are low probability, high-consequence disaster events that are generally 

regarded as uncontrollable forces of nature that can lead to loss of life, property and social disruption. 

New Zealand‘s seismicity is characterised by large magnitude earthquake disasters that could result in 

fatalities, extensive damage to life, property and the economy, as well as social disruption. The three 

most significant earthquakes in New Zealand‘s history are the Wairarapa earthquake (1855), Hawke‘s 

Bay earthquake (1931) and most recently the Christchurch earthquake (2011). The Christchurch 

earthquake lead to 181 fatalities and an estimated US$22 billion financial loss (Canterbury Earthquakes 

Royal Commission (CERC), 2012). The increasing scale and magnitude of losses from earthquake 

disasters necessitates the need to mitigate seismic risks, and calls have been made for mechanisms and 

strategies to minimise the impacts of earthquake disasters in New Zealand. 

The severity of recent Christchurch earthquakes has demonstrated New Zealand‘s seismic vulnerability. 

Buildings having insufficient seismic capacity contribute to the built environment‘s susceptibility to 

earthquake hazard and are the key contributors to earthquake losses (Spence, 2007). These buildings are 

constructed, owned and inhabited by owners who make a range of decisions and choices that shape their 

level of vulnerability. Some owners make the decision to minimise their exposure to risks by adopting 

mitigation measures, some choose to ignore the risks, while others accept the risk without undertaking 

any protective measures (Burton et al., 2002). Earthquake disaster losses can be minimised or avoided 

by implementing appropriate risk mitigation decisions (Bostrom et al., 2006), specifically, decisions on 

seismic retrofitting of earthquake-prone buildings (EPBs) (Dowrick, 2003). An EPB is considered as a 

building that will have its ultimate structural performance capacity exceeded in a moderate earthquake, 

and would likely collapse causing injury or death to people in the building, or those in a nearby 

property, or damage to adjoining structures (Department of Building and Housing, 2004). The term 

EPB is the standard language used in New Zealand, and similar terms may be used in other countries. 

Seismic risk mitigation decisions refer to the choices made by property owners on whether or not to 

adopt pre-disaster earthquake mitigation measures (Bostrom et al., 2006; McGuire, 2008). Pre-disaster 

seismic mitigation includes either actions taken by people to reduce the immediate risk of damage and 

loss during an earthquake event, or preparation for post-impact conditions that might adversely affect 
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survival probabilities (Spittal et al., 2008; Solberg et al., 2010). Examples of pre-disaster seismic 

mitigation measures include adopting structural and non-structural mechanisms to retrofit existing 

EPBs, buying of earthquake insurance and securing house contents. The adoption of pre-mitigation 

measures will help to reduce the scale of devastation that follows large significant earthquakes and will 

allow the acceleration of the recovery process from such disasters (Quarantelli, 2005).  

Traditional ways of minimising losses in many communities within seismically active regions have 

primarily focused on three strategies; understanding the scientific nature of earthquakes, technical 

design solutions and using regulatory frameworks. However, these efforts have not resulted in 

significant satisfactory success (Tierney, 2008). There is a general understanding that the impacts of 

earthquake disasters would be drastically reduced if building owners became proactive in earthquake 

risk mitigation by adopting preparedness measures (Tierney, 2008). Previous studies revealed that these 

owners are often unwilling to adopt earthquake mitigation measures, despite their vulnerability to this 

hazard (Lindell and Perry, 2000; McIvor and Paton, 2007). Yet, little attention has focused on how to 

motivate building owners‘ decisions to adopt appropriate mitigation measures (Hopkins et al., 2006).  

This study was initiated by the question on how to reduce the impact of earthquake disasters by 

motivating individual property owners to adopt adequate seismic mitigation measures, which was 

considered as a significant approach to successful earthquake risk mitigation (McClean, 2009). Building 

owners are considered central to making the final decisions on adopting and implementing  such 

measures (Tierney et al., 2001). Consequently, environmental hazard managers, researchers and policy-

makers have attempted several approaches to investigate the factors affecting owners‘ seismic 

mitigation decisions and how these factors interact to influence their adoption of risk mitigation 

measures.  

In earlier studies, earthquake risk mitigation was broadly divided into two categories (Lindell and Perry, 

2004; Paton, 2008; Tierney, 2008). The first category includes strategies directed towards managing the 

risk to the physical and built environment such as improving earthquake prediction, retrofitting EPBs 

and infrastructure, devising a building code and policy development. The second category involves 

facilitating individual and collective actions towards the adoption of seismic mitigation measures, and 

increasing people‘s capacity to adapt to adverse circumstances. The latter category occurs within a 

background defined by considerable social, political, economic and psychological diversities (Paton, 

2008). The second category defines the contextual approach adopted in this study to examine building 

owners‘ seismic mitigation decision. A socio-behavioural and institutional approach to seismic risk 

mitigation suggest that decision to reduce seismic risks are determined by the interactions of  the 

psychological, social, economic, cultural, institutional and political processes within the communities 

(Kasperson et al., 1988). These interactions are characterised by factors associated with individuals, 

groups or government agents such as trust, values, attitudes, social relations and cultural identity 
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(Jackson et al., 2006; MacGregor et al., 2008). Some of these factors contribute to the capacity to adopt 

seismic mitigation measures while others may intensify susceptibility to the detrimental consequences 

of disaster impacts. The examination of these factors, and the inter-relationships amongst them, may 

help to explain why there are differences in building owners‘ behavioural responses to earthquake risk 

mitigation. 

Past studies have also demonstrated that building owners‘ seismic mitigation decisions are also 

influenced by the motivational nature of human decisions, most especially when making them under 

risk and uncertainty (Weber et al., 2002; Kahneman et al., 2006). These studies highlight some of the 

impacts of these psychosocial factors such as the environmental-related and human-related determinants 

on behavioural conception of risk-based decision (Kahneman and Tversky, 1979). A fundamental 

conclusion from most of these studies relates to how people perceive and assess risks-based on 

subjective criteria, and make distinctive trade-offs between risk and reward before they finally decide to 

accept, avoid or mitigate the risks. Such decision choices can be explained by the motivational 

orientation guiding decision-making. The interactions among the psychosocial factors are also of 

particular importance when explaining decisions that people make under risk and uncertainty (Sitkin 

and Pablo, 1992; Larrick, 1993). Despite all the volume of studies in natural hazard and disaster 

management, the rate of building owners‘ adoption of risk mitigation measures lags behind advances in 

the scientific and engineering understanding of earthquakes (Tierney et al., 2001), which is evident in 

the recent devastating earthquakes in Christchurch, New Zealand in 2011 and in others areas around the 

globe such as Haiti, Turkey and the USA.  

Possible explanations for the lack of implementation of mitigation measures could be related to lack of 

personal motivation from owners to adopt adequate measures. Therefore, factors beyond the control of 

environmental hazard managers such as fatalistic attitudes, differences in risk perception and mass 

media impacts may cause the difficulties in enhancing building owners‘ adoption of mitigation 

mechanisms (Paton, 2000; Solberg et al., 2010). Likewise, a lack of a holistic framework for motivating 

building owners‘ mitigation decisions may also explain the reason for the lack of ineffective risk 

mitigation strategies. Lindell and Perry (2000) highlight the necessity for better theories and research 

approaches that recognise the relevance of broader literature and a holistic perspective in earthquake 

risk and disaster management research. Therefore, research in this area must take account of a 

comprehensive framework that: (i) examines the inter-relationships among the different factors 

affecting owners‘ seismic mitigation decisions and (ii) examines how motivational orientation 

influences the decision-making process. Consequently, it is necessary to develop a comprehensive 

framework that adopts a holistic perspective for earthquake risk mitigation and allows an empirical 

analysis of these relationships to be carried out. 
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1.2 Research Problem 

Promoting seismic risk mitigation is a major challenge in many earthquake-prone regions such as in 

New Zealand, despite the availability of a significant number of risk reduction measures such as 

technical design solutions and regulatory frameworks necessary to facilitate successful risk reduction 

activities. A consistent low rate of building owners‘ adoption of mitigation measures has been reported 

in literature (Nguyen et al., 2006; Insurance Information Institute, 2011). This suggests that additional 

motivational and interpretative processes may be necessary to understand and enhance building owners‘ 

risk mitigation decisions (Paton, 2003).  

Generally, the earthquake disaster risk mitigation sector is characterised by a series of challenges 

relating to the adoption and implementation of several risk mitigation mechanisms (Tierney et al., 

2001). The problem of a seismic safety ―knowledge-implementation gap exists within this sector‖ 

(Paton, 2008; Tierney, 2008). An understanding of this gap and the challenges associated with seismic 

risk mitigation is essential before attempts are made to investigate the initiatives to motivate earthquake 

risk prevention decisions. An understanding of these impediments is needed to understand why 

available mitigation measures are often not adopted. Similarly, researchers have paid scant attention to 

the effects of inter-relationships among the several stakeholders involved in seismic mitigation 

decisions and how these inter-relationships affect building owners‘ final risk mitigation decisions. 

These stakeholders operate within  the public and private sectors of hazard loss reduction that include 

the built, regulatory and insurance environments, thus having varying impacts on the building owner‘s 

mitigation decision (Lindell et al., 1997). The stakeholder group‘s diversity often complicates the 

seismic mitigation decision-making process because of the difference in risk perception, levels of 

involvement and motivations for participation in the decision-making process (Slovic, 2001; McElroy 

and Mills, 2008). According to Arlikatti et al. (2007), any earthquake risk mitigation plan that fails to 

recognise the impacts of the inter-relationships among these stakeholders and their respective operative 

environments may be deficient, leading to a suboptimal outcome. In this study, it is assumed that the 

impacts of the interactions among these stakeholders, widens the ―knowledge-implementation gap‖ 

within the natural hazard management sector discussed earlier. Hence, there is a need to incorporate a 

stakeholder‘s inter-relationships perspective into the framework aimed at examining successful 

earthquake risk mitigation. An examination of these inter-relationships may provide insights that may 

fashion the type of seismic mitigation decisions adopted by building owners.  

To bridge the gaps identified in this study, submissions from this research sought to apply the concept 

and theories of motivation, coupled with a holistic perspective that incorporates the social, cultural, 

economic, regulatory, institutional and political realms of earthquake risk mitigation. A holistic 

framework is developed in this study to enhance building owners‘ decisions to voluntarily adopt 

seismic mitigation measures. The feasibility of this approach is justifiable because previous research 

has demonstrated the impacts of motivation on decision-making by establishing their utility in 
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initiating, promoting and sustaining a desired behaviour (Cavalier, 2000; Ryan and Deci, 2000; 

Kressler, 2003). Thus, findings from this study attempt to reduce the gap between the developed 

seismic mitigation mechanisms and their implementation. 

Overall, the current study focuses on understanding the processes by which building owners make 

decisions about whether or not to adopt adequate mitigation measures, and investigates the antecedents 

of the decision-making process. The examination of this process will provide opportunities for 

understanding the factors affecting property owners‘ decisions in relation to earthquake preparedness, 

and consequently provides insights into how to enhance the decisions to adopt adequate mitigation 

measures. A comprehensive framework that encompasses the broader literature relevant to the natural 

hazard management approach serves as a means to investigate how to increase the likelihood of 

building owners‘ adoption of earthquake risk mitigation measures.  

1.3 Rationale for the Study 

The above review in Sections 1.1 and 1.2 indicates the necessity to enhance building owners‘ decisions 

to adopt appropriate mitigation measures. The review addressed five main theoretical and contextual 

issues to successful earthquake risk mitigation: 

 First, the increasing severity of earthquake disasters shows that existing approaches are 

inadequate to ensure that building owners voluntarily adopt adequate earthquake risk mitigation 

measures.  

 Secondly, the examination of the factors acting as impediments to building owners‘ seismic 

mitigation decisions is essential.  

 Thirdly, the role of the human motivational orientation in risk-related decisions, its antecedents 

and impacts on seismic mitigation decision has not yet been addressed in the earthquake risk 

mitigation literature.  

 Fourthly, there is a lack of empirical studies considering the impacts of the several 

stakeholders‘ interactions on building owners‘ adoption of earthquake mitigation measures.  

 Finally, little has been done empirically on the adoption of a holistic perspective that 

incorporates the social, cultural, economic, regulatory and political-related factors that 

influence earthquake risk mitigation within New Zealand.  

All the identified five theoretical and contextual issues relate to the ―knowledge-implementation gap‖ 

that exists within the natural hazard and disaster management sector. 
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1.4 Research Questions and Objectives  

To address the research problem specified in this study, three main research questions considered are: 

RQ1: Why are building owners generally reluctant to adopt appropriate seismic mitigation 

measures despite New Zealand’s high vulnerability to earthquake disasters? 

 

RQ2: What are the potential intrinsic and extrinsic motivators that could enhance building 

owners’ decisions to adopt appropriate seismic risk mitigation measures?  

 

RQ3: How can building owners be motivated to increase the likelihood of undertaking 

adequate mitigation measures? 

The first research question is a call for further empirical studies on building owners‘ seismic mitigation 

decisions by investigating the rationale behind their unwillingness to reduce their own vulnerability to 

earthquake disaster. The second research question aims to investigate the necessary motivators that can 

be used to enhance property owners‘ mitigation decisions the New Zealand. The third research question 

focuses on the development of a framework for investigating the extent to which the identified 

motivators would influence building owners‘ voluntary adoption of adequate risk mitigation measures. 

Answers to these questions will provide vital information for designing effective strategies for 

successful earthquake risk mitigation. 

In order to address the questions specified above, the following research objectives are set to enable a 

systematic and empirical investigation of the research problem: 

1. To identify the factors affecting building owners‘ seismic mitigation decisions and adoption 

within the New Zealand context. This objective seeks to understand the challenges associated 

with seismic mitigation decisions at the individual commercial owner‘s level in New Zealand. 

The goal is to fully capture how building owners and the society at large respond to hazards 

posed by their physical environment. This objective is largely met by conducting interviews 

with the stakeholders in New Zealand. 

2. To examine potential intrinsic and extrinsic motivators that could enhance building owners‘ 

decisions to adopt appropriate seismic risk mitigation measures. The rationale behind this 

question is to identify the intrinsic and extrinsic motivators can be used to enhance the adoption 

and implementation seismic mitigation measures. The identification of the motivators is 

achieved through information gathered from interviews, research reports and the evaluation of 

relevant legislative documents. 

3. To develop and test a framework for examining the inter-relationships among the factors 

affecting seismic mitigation decisions and potential motivators to enhance building owners‘ risk 
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mitigation decisions. The lack of an integrated holistic framework to comprehensively grasp the 

required motivators for enhancing building owners‘ decisions to adopt and implement seismic 

risk mitigation measures necessitates the formulation of this objective. This objective was 

achieved by developing a framework from information gathered from the review of literature 

and interviews. A survey is design to allow the testing of the framework. 

4. To identify key determinants of the risk mitigation decision and motivators for enhancing 

building owners‘ adoption and implementation of seismic mitigation measures. The analysis of 

the survey data enables the identification of the key determinants of risk mitigation decision 

and motivators for enhancing building owners‘ adoption and implementation of seismic 

mitigation measures 

5. To validate the research findings. This objective is achieved by using subject matter experts to 

comment on the feasibility of research findings and proposed recommendations.  

1.5 Overview of Methodology  

To achieve the objectives being pursued in this study, a sequential mixed-methods research approach is 

adopted considering the exploratory nature of the research problem. The intent of this two-phase 

sequential mixed-methods research approach is to provide confident and robust findings that will 

increase the likelihood of building owners undertaking mitigation actions. The use of the two-phased 

research method capitalises on the strengths and complements the weaknesses of each approach, and 

thus provides a synergistic research design. A multiple case studies and document analysis are adopted 

in the first qualitative phase. Semi-structured face-to-face interviews were used as the data collection 

technique. The multiple case studies approach used in the qualitative exploratory phase is important to 

examine building owners‘ seismic adjustments decisions the New Zealand. The qualitative study allows 

the pursuant of research objectives one and two. From the qualitative findings, a framework and model 

is developed and then quantitatively tested in the second phase. A survey method adopted in the 

quantitative phase allowed the accomplishment of objectives three and four. Six main hypotheses and 

fifteen sub-hypotheses were specified to address objectives three and four. The six main hypotheses are 

listed below. 

H1: Seismic mitigation intention (SA-intention) will positively influence the development of 

the seismic mitigation decision (SA-decision). 

H2a: Adopting the use of effective risk communication strategies (RC) will positively influence 

seismic mitigation intention (SA-intention). 

H2b: Adopting the use of effective risk communication strategies (RC) will positively influence 

seismic mitigation decision (SA-decision) 
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H3: The use of intrinsic motivator (IM) will have a positive impact on seismic mitigation 

intention (SA-intention) 

H4: Seismic mitigation decision (SA-decision) will significantly influence building owners‘ 

adoption and implementation of seismic mitigation measures (SA-adoption). 

H5: The use of extrinsic motivators (EM) will have a positive impact on seismic mitigation 

decision (SA-decision) 

H6a: A stakeholder‘s approach (STP) would have a positive impact on seismic mitigation 

decision (SA-decision) 

H6b: A stakeholder‘s approach (STP) would have a positive impact on seismic mitigation 

adoption (SA-adoption). 

Structural equation modelling (SEM), explicitly the Partial Least Square (PLS) approach is adopted in 

this study to  empirically test the developed model and hypothesised relationships. The data were 

analysed using SmartPLS2.0 M3 statistical software for SEM analysis. The use of SEM enables the 

identification of the key determinants of building owners‘ seismic mitigation decisions. Following this, 

a validation and verification of the overall research results is conducted to examine the robustness and 

accuracy of the research findings, thus addressing the fifth research objective pursed in this study. A 

summary of the interrelationships among the research questions, objectives and methods used is 

provided in Table 1.1.  

Table 1.1 Inter-relationships between research questions and objectives 

Research Questions Research Objectives Methods  
RQ1: Why are building owners 

generally reluctant to adopt appropriate 

seismic mitigation measures despite 

New Zealand‘s high vulnerability to 

earthquake disasters? 

1. To investigate the factors affecting 

building owners‘ seismic mitigation 

decisions and adoption within the New 

Zealand context. Qualitative study 

(Interviews and document 

analysis) RQ2: What are the potential intrinsic 

and extrinsic motivators that could 

enhance building owners‘ decisions to 

adopt appropriate seismic risk 

mitigation measures? 

2. To examine potential intrinsic and 

extrinsic motivators that could enhance 

building owners‘ decisions to adopt 

appropriate seismic risk mitigation 

measures 

 

 

RQ3: How can building owners be 

motivated to increase the likelihood of 

undertaking adequate mitigation 

measures? 

 

3. To develop and test a framework to 

examine relationships among the factors 

affecting seismic mitigation measures 

decisions and adoption and potential 

motivators to enhance building owners‘ 

risk mitigation decisions.  
 

Quantitative study 

(Survey) 4. To identify key determinants of risk 

mitigation decision and motivators for 

enhancing building owners‘ adoption 

and implementation of seismic 

mitigation measures  
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Research Questions Research Objectives Methods  
5. To validate the resultant model and 

research findings 
Validation Exercise 

(Subject matter experts) 

 

1.6 Research Scope  

This research focuses on enhancing the seismic mitigation decisions of EPBs owners in New Zealand. 

The research domain, unit of analysis and geographical coverage for soliciting empirical data are 

discussed below. 

1.6.1 Domain of Investigation 

This research focused on owners of pre-1976 buildings used for commercial purposes in New Zealand, 

such as retail and office spaces. The rationales for the research focus are listed below:  

 Location of  the Pre-1976 Buildings  

Many of the pre-1976 buildings are located within the central business districts (CBD) of many 

New Zealand cities. For example, the initial evaluation procedure (IEP) for identifying potential 

EPBs in New Zealand suggests that a majority of these buildings are located within the CBD. 

For instance  the IEP conducted by the Wellington City council within its jurisdiction  (New 

Zealand‘s capital city) has about 52% of its building stock classified potentially as EPBs with a 

majority located within the CBD (Stevens and Wheeler, 2008). Earthquake events in Gisborne 

(2007) and Christchurch (2011) provided evidence of the impacts of seismic disaster on older 

buildings located in the CBD. In addition, according to Nahkies (2009),  the significance 

number of these buildings located within the CBD of many New Zealand cities generates 

concern about seismic retrofitting, maintenance and revitalisation of the economic health of the 

CBD while preserving street shopping areas. This highlights the necessity for increasing the 

likelihood of building owners undertaking adequate mitigation actions. 

 Vulnerability of Pre-1976 Buildings to Earthquake Disasters 

A significant percentage of older commercial buildings are usually earthquake-prone due to 

inadequate seismic strength, age and deterioration of construction materials, emphasising the 

importance of addressing this category of building owners and buildings. 

 Target of the Building Act (2004) [S. 122 (1) and (2)] 

The definition of an EPB provided by the Building Act specifically targets mainly the older 

commercial buildings because of the lack of previous legislative documents governing the 

seismic design and construction of earthquake actions on such buildings. Consequently, 

buildings built prior 1976 have significant low seismic strength and does not meet the required 
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earthquake performance level of newer building code and standards, hence, the focus of this 

research. 

 Seismic Loss Estimation  

The determination of potential loss estimation and benefit analysis of retrofitting these 

particular group of buildings suggested that the associated benefits in terms of in terms of 

protecting lives, properties and business continuity in an earthquake event outweighs the 

consequences of non-retrofitting (Bradley et al., 2008). The recent Christchurch earthquake 

provides additional economic justification of strengthening many of the EPBs within the city 

CBDs in New Zealand.  

1.6.2 Unit of Analysis and Observation  

This research would be conducted from mainly the perspective of building owners and other 

stakeholders involved in the seismic mitigation decision-making process. These perspectives are 

necessary because previous research in earthquake risk management have primary focus on only 

building owners. However many non-property owners also die or incur losses from an earthquake 

disaster. Hence, the need to include other stakeholders that could directly or indirectly be affected in an 

earthquake. The stakeholders identified for the research are building owners, professionals and 

consultants involved in earthquake risk mitigation, and managers of insurance, financial and 

governmental organisations, who have been involved for at least two years in the seismic mitigation 

decision-making process and retrofitting of EPBs. Therefore, it is appropriate in this research to use 

these stakeholders as the unit of analysis in the study. 

1.6.3 Geographical Coverage 

Four cities in the country were selected as a geographic coverage area for obtaining research 

information. These cities were chosen based on a risk-based approach that considers their varying 

seismicity, hazard factor, percentage of non-retrofitted and retrofitted EPBs, earthquake probability and 

likely severity (see Table 5.1). The four cites selected are Wellington, Christchurch, Gisborne and 

Auckland. 

1.7 Significance of the Study  

This research contributes to knowledge by investigating the applicability of the motivation and a 

holistic perspective to the earthquake risk mitigation. This approach is important previous disaster 

literature emphasises that reducing vulnerability to earthquake losses can never be isolated from the 

impact of the interactions among the social, cultural, economic and political factor that influence risk 

mitigation risk mitigation decisions. The study‘s significance is realised by its contribution to theory 
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and practice in the natural hazard and disaster management sector. The research‘s theoretical and 

practical significance are discussed below. 

1.7.1 Practical Significance 

The findings and recommendations from this study provide strategies that may lead to improving the 

rate of retrofitting EPBs in New Zealand, consequently reducing the country‘s vulnerability to 

earthquake disasters. This research is thus of practical significance to building owners, local or 

Territorial Authorities (TAs) and the New Zealand community as a whole. 

Impediments to property owners‘ decisions to adopt appropriate risk mitigation measures were revealed 

in this study. These impediments provided vital information for developing effective optimising 

strategies aimed at enhancing the implementation of adequate risk mitigation measures. Similarly, 

understanding developing building owners‘ motivation potential for the seismic mitigation decision 

provides a crucial ―motivational input‖ into the design and implementation of earthquake mitigation 

programs. A consideration of the motivational nature of decisions is necessary because it explains why 

existing approaches and strategies adopted for earthquake risk management are ineffective to enhance 

the building owners‘ risk mitigation decision. Consequently, incentives and motivators necessary to 

induce voluntary adoption of risk mitigation measures are uncovered in this research. Furthermore, the 

research outlines certain provisions in the Building Act (2004) and TAs‘ earthquake-prone policies that 

hinder property owners‘ adoption of appropriate risk mitigation measures. Potential improvements that 

could make these legislative documents robust for enhancing the earthquake mitigation decision are 

outlined. This study provides answers to questions aimed at understanding the types of incentives that 

city councils and environmental hazard managers should focus on in their attempt to ensure that 

property owners actively participate in earthquake risk mitigation.  

1.7.2 Theoretical Significance 

This study bridges the theoretical gaps in the study of earthquake risk mitigation decisions embedded in 

the natural hazard and disaster management literature by recognising the relevance of broader literature 

and research contexts in earthquake risk mitigation research. This study adds to the body of knowledge 

by adopting a motivational perspective to enhance building owners‘ decisions about earthquake 

preparedness. This is achieved by integrating the theoretical fields of natural hazard management and 

motivation and includes a wider range of variables established in the literature to develop a 

comprehensive multi-phased framework. This study is the first empirical research to integrate these 

perspectives in earthquake risk mitigation decision study. The motivational perspective provides 

insights that collectively explain how building owners and other stakeholders involved in the seismic 

mitigation decision perceive, learn, adapt and respond to earthquake risk and disasters within the built 

environment. The framework offers a general framework for examining the potential impacts of 
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intrinsic and extrinsic motivation on earthquake preparedness decisions. This research provide insights 

into the key determinants of building owners‘ seismic mitigation decisions, and offers guidance to 

researchers exploring alternative means of enabling property owners‘ participation in earthquake risk 

mitigation.  

1.8 Thesis Structure 

This thesis is structured nine chapters. The chapter outlines are provided below. 

Chapter 1 provides a general overview of the research investigation by giving adequate background 

information on the magnitude of the research problem. The research questions and objectives and the 

original contributions are stated. 

Chapter 2 presents the fundamental concepts associated with earthquake risk mitigation and examines 

the appropriateness of several earthquake risk mitigations mechanisms. It presents a review of the 

literature on the seismic mitigation decision-making process, its stakeholders and some of the factors 

that complicate this process. It finally highlights the need to enhance building owners‘ seismic 

mitigation decisions. 

Chapter 3 provides a review of the existing theories and research approaches used to explain the 

rationale behind people‘s varying response to earthquake and the corresponding gaps in the literature. 

Following this, the chapter discusses the applicability and complementarity of the concept of motivation 

to seismic mitigation decisions by examining several motivational theories. 

Chapter 4 describes the research methodology. Specifically, it focuses on the description of the 

qualitative and quantitative methods employed in this study and outlines the ethical process employed 

in this study. 

Chapter 5 presents the findings from the qualitative research phase obtained from the multiple case 

studies and content analysis of relevant documents.  

Chapter 6 discusses the development of the framework, its operationalisation and the development of 

the research hypotheses. It also provides discussion on the empirical support and validation for the 

developed framework. 

Chapter 7 presents the empirical results of the quantitative data. It shows the results of the classical and 

contemporary construct validation processes that establish the reliability and validity of the data. It also 

presents the assessment of the structural model and a test of the specified research hypotheses. 

Chapter 8 presents the discussion of the results from the quantitative data analysis, the validation 

exercise employed to verify the accuracy of the research findings. Overall the chapter provides a 

synthesis of the research findings  
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Chapter 9 outlines the summary and conclusion of the research investigations. It presents the review of 

the research objectives, implications of the results for Christchurch‘s post-disaster reconstruction and 

future pre-disaster mitigation in New Zealand and recommendations and provides suggestions for 

further research.  
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   CHAPTER 2

Earthquake Risk Mitigation Decision  

 Introduction 2.1

This chapter describes some of the fundamental concepts relating to the management of earthquake 

hazard, risk and disaster as well as the definitions of terms used within the context of this research. It 

examines the earthquake risk mitigation process in New Zealand. Specifically, the earthquake policy 

development and implementation process was examined in order to understand the specific 

shortcomings and effectiveness of this mechanism in earthquake risk mitigation in New Zealand. The 

benefits and challenges associated with implementing the various earthquake risk reduction 

mechanisms are also examined. In addition, this chapter presents a review of the literature relating to 

seismic risk mitigation decisions, in order to understand how people make choices about reducing 

earthquake risks. Stakeholders involved in decision-making process were identified and their respective 

roles and objectives in earthquake risk mitigation are discussed. The nature and process of risk 

mitigation decisions and applicable frameworks are outlined. The chapter also examines the process and 

problems associated with earthquake risk mitigation decisions 

  Fundamentals of Earthquake Risk Mitigation  2.2

The natural hazard and disaster management literature is characterised by several terms and 

terminologies, which are often used interchangeably (Cutter, 1996; Burton et al., 2002; Adger, 2006). 

An understanding of the main terms adopted in this research, is subsequently discussed in order to 

clarify their meanings and also aid the understanding of how this study was conceptualised.  

2.2.1 Earthquake-Prone Buildings (EPBs)  

An EPB is considered as a building that will have its ultimate structural performance capacity exceeded 

in a moderate earthquake, and would likely collapse causing injury or death to persons in the building 

or to persons in another property or damage to adjoining structures (Department of Building and 

Housing, 2004). Specifically, the Building Act (2004) defined an EPB as:  

… a building is earthquake prone for the purposes of this Act if, having regard to its condition 

and to the ground on which it is built, and because of its construction, the building - (a) will 

have its ultimate capacity exceeded in a moderate earthquake (as defined in the regulations); 
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and (b) would be likely to collapse causing; (i) injury or death to persons in the building or to 

persons on any other property; or (ii) damage to any other property.  

As a general guidance, an EPB has a seismic strength that is less than the seismic loading stipulated in 

NZS 117.5:2004. The definition of an EPB contained in the Act is the legislative expression of the New 

Zealand Government‘s policy objective to reduce the level of earthquake risks posed by EPBs to the 

public. This definition is adopted in this study. 

2.2.2 Earthquake Risk Mitigation Measures/Mechanisms 

Earthquake risk mitigation measures or mechanisms include several approaches that could be adopted 

to minimise earthquake losses to individuals and communities. The National Research Council Centre 

in Washington (2006) framed risk mitigation mechanisms as pre- and post-risk reduction measures 

adopted or implemented to reduce human and the built environment‘s vulnerability to seismic hazard 

and disaster impacts. Gerber (2007) defined earthquake risk mitigation measures or mechanisms as the 

combination of both structural and non-structural mechanisms to minimise the adverse effects of an 

earthquake. Structural interventions include the design and adoption of technical solutions, and the 

maintenance and rehabilitation of vulnerable buildings and infrastructure to resist the lateral forces from 

earthquakes. Non-structural interventions include purchase of earthquake insurance, securing house 

contents, disaster prediction and monitoring systems, and enacting policies and regulations to regulate 

seismic provisions and development in seismically active regions. Post-disaster mitigation mechanisms 

involve responses such as planned and improvised emergency response and recovery activities.  

The focus of this research is on the adoption and implementation of pre-disaster mitigation mechanisms 

and interventions implemented to directly or indirectly reduce seismic hazard losses, which are 

applicable in New Zealand. The scope has been limited to the adoption and the implementation of 

earthquake mitigation mechanisms, particularly those directly relating to physical structures i.e. 

buildings. This scope is important because damage to property and infrastructure has proved both 

deadly and highly disruptive to people‘s lives, society and the economy as a whole in past earthquake 

events in New Zealand. The study emphasises pre-disaster mitigation measures for earthquake hazard 

and risk mitigation and preparedness of new and existing structures, rather than response, which is 

worthy of investigation by another researcher. Subsequent sections provide an overview of earthquake 

risk mitigation in New Zealand.  

 Earthquake Risk Mitigation in New Zealand  2.3

Recent earthquake disasters in New Zealand and around the globe provide a painful reminder of the 

vulnerability of many communities to seismic risks. Buildings without seismic resistance capacity 

increase the built environment‘s vulnerability to seismic hazard and are the key contributor to 

earthquake losses. These losses can be minimised or avoided with the appropriate implementation of 
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one or a combination of the pre-disaster seismic mitigation mechanisms explained in Section 2.2.5. 

Earthquake policy and legislation are significant seismic risk mitigation mechanisms and are enacted 

with the objective of ensuring public safety from environmental hazard and reducing the impacts or 

consequences of disasters. These regulatory mechanisms usually mandate local governments and 

property owners to plan and take actions towards reducing earthquake risks. Over the past decade, 

policies and regulations have been enacted at both local and national levels, aimed to increase 

awareness and community participation in reducing earthquake vulnerability (Burby, 2005; Norton, 

2005).  

In New Zealand, compliance with earthquake building codes and standards became mandatory in 1935. 

Several building codes have since been formulated and passed into law, with the latest being the 

Building Act (2004). The Building Act has an overall aim of reducing society‘s vulnerability to seismic 

risk over a long time by managing the risk in relation to the maintenance of existing buildings and the 

construction of new buildings. Earthquake-related regulations and policies govern the implementation 

of applicable seismic risk mitigation interventions. This study examines the regulatory frameworks 

relating to existing buildings only, because legislation already mandates the seismic performance of 

new buildings. An overview of New Zealand‘s earthquake risk mitigation legislation and 

implementation process is discussed in this section to offer insights into its impact on building owner‘s 

seismic risk mitigation decision.  

2.3.1 Earthquake Policy Development and Implementation Process 

Earthquake risk mitigation is mandatory in New Zealand. The Building Act mandates local or territorial 

authorities (TAs) to manage the mitigation of earthquake risks within their jurisdiction by developing 

and adopting a policy that specifically addresses seismic risks. In response to the Act‘s mandate, the 

Department of Building (DBH) (2005) published a guidance document to assist TAs in the development 

of their EPB policies, as required by section 131 of the Building Act 2004. The DBH (2005) 

recommended that TAs should develop their policies through community consultation, taking account 

of the social and economic implications of the policy implementation process, and include the 

description of the approach used when performing the mitigation functions of the legislation. These 

functions include determining the seismic performance level, addressing heritage preservation and high 

priority buildings such as hospitals and schools, as well as determining of a policy implementation 

approach applicable to their regions.  

The policy development process shown in Figure 2-1 indicates that the TAs must first undertake a 

preliminary assessment called the initial evaluation procedure (IEP) in order to determine the extent of 

the seismic risk vulnerability of its existing building stock. The IEP is a qualitative process that involves 

considerable knowledge of a building‘s earthquake behaviour. The TAs must also take into 

consideration the seismicity, building characteristics, location and make reference to the New Zealand 
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standard for earthquake loading for new buildings (NZS 1170.5: 2004) when assessing a building‘s 

vulnerability to earthquakes. In addition, the TAs are required to state the seismic strengthening level 

required for rehabilitating the identified EPBs within their jurisdiction and for specifying the 

timeframes for such buildings to be strengthened.  

The implementation approach for risk reduction that is recommended by the New Zealand Society for 

Earthquake Engineers (NZSEE) (2006) is a combination of an active and passive approach to 

implement their earthquake mitigation policy. The active approach involves a rigorous identification 

and detailed assessment of EPBs and retrofitting the identified EPBs within three to 10 years. In the 

passive approach, seismic strengthening of EPBs is triggered only by an application for a building 

alteration, change of use, or life extension. The TAs adopt varying implementation approach for risk 

reduction in their policies. A total of 45% of the TAs adopt a passive approach, 32% choose an active 

approach while 23% choose the passive-active approach (Department of Building and Housing, 2008). 

The process of the IEP to be implemented by a TA whose policies adopt the active mitigation approach 

is illustrated in Figure 2-2. The IEP process involves conducting an initial assessment of the seismic 

performance of existing buildings against the current New Building Standard (NBS) expressed with 

reference to the New Zealand standard for earthquake loadings (NZS 1170.5:2004). The first step 

involves a desktop survey or review of the building stock with the application of the IEP to individual 

buildings to determine the corresponding seismic performance level expressed as %NBS. A building 

evaluation of ≤33% indicates that the building is assessed as a potential EPB according to the Building 

Act, while a ≥33%NBS signifies that the building is outside the requirements of the Act, although it 

may be considered to be at risk of an earthquake disaster and detailed assessment may be recommended 

by an engineer. A seismic evaluation of ≥67%NBS means that the building is not considered to be 

significantly at risk of earthquakes. The TA will proceed to issue formal notices to owners of the 

identified EPBs to strengthen or demolish their susceptible buildings and to provide any building-

specific information that may affect the initial evaluation within six months of receiving the notice. The 

seismic strengthening level required for rehabilitating EPBs varies across the TAs, with 27% of the TAs 

adopting 67% NBS, while 73% adopted between 34% and 67%NBS (Department of Building and 

Housing, 2008).  

The active approach illustrated in Figure 2-3 include a rigorous identification and detailed assessment 

of potential EPBs, the setting of priorities and timeframes for action and specific guidelines for 

performance levels for upgrading. TAs adopting the active approach must first undertake the IEP, and 

then issue notices to owners of potential EPBs requiring them to carry out detailed assessments and/or 

performance improvements as appropriate, at their cost. The active implementation approach provides 

the TA with a better risk reduction program as the TA can set and control the timing of mitigation work.  

With the passive approach shown in Figure 2-4, seismic strengthening is triggered only by the consent 

application for a building alteration, change of use and life extension, as explained in the Building Act. 
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The assessment of the structural performance of the building is conducted at the owner‘s cost. However, 

several changes have been proposed to the seismic performance levels and mitigation approaches 

adopted by TAs after the recent New Zealand Christchurch earthquake in 2011. 

 

Figure 2-1 Earthquake policy development process. Source: DBH (2005)  
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Figure 2-2 Diagrammatic representation of Initial Evaluation Procedure Source: NZSEE (2005) 

 

 

 

 

 

Figure 2-3 Outline of the active policy implementation approach. Source: NZSEE (2005) 
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Figure 2-4 Outline of the passive policy implementation approach. Source: NZSEE (2005) 

 

2.3.2 Evaluation of the Earthquake Policy and Regulation Provisions  

The provisions of the Building Act 2004 regarding EPBs reflect the government‘s broader concern to 

address life safety issues in an earthquake event. The Building Act and local earthquake policies have 

several implications which can make seismic risk mitigation a difficult challenge. Some of these 

constraints associated with seismic mitigation policies and legislation are discussed in this section. 

Earthquake-related policies and legislation are significant for disaster mitigation. Yet most of these 

policies and legislation do not usually specify any applicable performance standards, but instead set out 

objectives that must be achieved or recommend minimum safety requirements, such as the New 

Zealand Building Act. The Act recommends a minimum level of the code requirement for a new 

building, which does not completely eliminate the non-ductile failure mechanisms or critical structural 

weaknesses in EPBs (New Zealand Society for Earthquake Engineering, 2006). The New Zealand 

Society for Earthquake Engineers (NZSEE) therefore considered 67% NBS as a suitable minimum 

standard. Comerio (2004) explained that the minimum requirements by most building-oriented 

legislative mechanisms are only intended to ensure public health and safety in an earthquake event, and 

in most cases would lead to a complete economic loss of the building in such a scenario (Prater and 

Lindell, 2000). Social and human vulnerability to earthquake disasters has been demonstrated in the 
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recent earthquakes around the country. The recent Christchurch earthquake swarm have an estimated 

182 fatalities and a US$22 billion financial loss (CERC 2011) demonstrated the economic, social and 

environmental implications of the Act‘s minimum seismic performance requirement and the 

consequence of non-retrofitting of EPBs.  

The minimum seismic standard adopted by the Building Act and the NZSEE‘s recommendation of a 

higher seismic performance level has created misinterpretation among building owners and other 

retrofit stakeholders regarding the retrofit performance level that provides the optimal result in terms of 

seismic strength and limited financial resources (Egbelakin and Wilkinson, 2010). Many building 

owners were found to adopt the lowest permissible seismic performance level without considering the 

hazard implication (Hopkins, 2005). Conversely, anecdotal evidence suggests that adopting a high 

seismic standard in local mitigation policy is politically difficult because additional economic burden is 

created for building owners and property developers. Adopting a high seismic standard in policies is 

also difficult for policy-makers because the benefits of seismic rehabilitation cannot be easily 

demonstrated as they only accrue at the time of an earthquake.  

The hands-off central government stance from seismic hazard mitigation provides TAs with wide 

latitude in developing policy and programs to foster earthquake risk mitigation at the local level. The 

Act allowed the TAs to determine the seismic performance level and policy implementation approach 

applicable to their respective regions (sections 131-132). Seismic performance levels and the 

implementation approach adopted by the TA have several implications for building owners‘ adoption of 

adequate mitigation measures. The implications include high costs of implementing mitigation 

programs for the active approach and a large percentage of high-risk buildings not being retrofitted due 

to the passive approach. Similarly, the social and economic feasibility of the policy implementation 

process can affect earthquake risk mitigation.  

The decisions regarding the extent of mitigation programs implemented are left primarily to TAs. One 

outcome of such a model is that some territories have good programs in place to mitigate earthquake 

hazards, while other communities have done little or lack adequate resources to implement mitigation 

measures. Dowrick (2003) made a useful contribution to the development and enactment of seismic 

policies and legislation, emphasising the need for national and local governments to consider the 

economic and social feasibility of earthquake policies and legislation on the implementing jurisdictions 

before they are passed into law. Dowrick concluded that care must be taken so that the adopted policy 

does not overstrain the jurisdiction‘s economic and human resources in the short-term to achieve long-

term goals. Another constructive suggestion made by Burby and May (1999) to ensure local 

government commitment to earthquake hazard mitigation is for the central government to introduce 

incentives and initiatives, such as the insurance industry program and financial incentives specifically 
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for seismic retrofitting of EPBs. These initiatives may lead to greater efforts to promote seismic safety 

from the legislative perspective. 

Some of the recent devastating earthquakes such as in Haiti in 2010, Indonesia in 2004 and New 

Zealand in 2011 demonstrate the ineffectiveness in decision-making processes of policy formulation 

and implementation. In most cases, a severe disaster often necessitates a change in legislation, which is 

partly due to the public‘s increased risk awareness immediately after a disaster such as the Christchurch 

event in 2011 (Lavell, 1994; Birkland, 1998). This increased awareness creates an opportunity for 

policy-makers to amend or introduce new legislation within a short period after such severe disasters 

(Prater and Lindell, 2000). Risk mitigation decision made within this short period is often referred to as 

a reactive decision to the policy decision-making process. However, Tierney (2004) recommends that 

proactive or pre-emptive approaches, rather than reactive decisions, are necessary to formulate, adopt 

and implement effective mitigation policy, which should be planned part of a long-term strategy. Thus, 

effective methods for reviewing present policy and regulation are necessary to improve future 

regulations.  

An IEP conducted in one of the cities in New Zealand further reinforces some of the problems 

associated with seismic retrofit implementation. Building owners‘ responses to the issued notice during 

the IEP process is summarised in Table 2.1. Approximately 34.5% of owners of buildings classified as 

earthquake-prone did not respond to the initial procedure notice, while 43% of EPB owners requested 

time extensions ranging from 10 to 15 years to implement seismic upgrade.  

Table 2.1 Initial evaluation procedure (IEP)  

Analysis of EPB owner responses  Percentage (%) 

Number of buildings where no response received within six months, or information received 

to confirm that building is earthquake-prone 

34.5 

Number of buildings where information received or time extensions requested (10-15 years)  43.0 

Number of buildings where further clarification was sought 4.4 

Number of buildings where time extensions given to provide additional information 13.1 

Number of buildings further served with notices after the IEP assessment under EPB policy 1.4 

  Source: Stevens and Wheeler (2008) 

 

A low response from EPB owners to the notices issued to them by the TAs as shown in Table 2.1 above 

further indicates that EPB owners are reluctant to implement earthquake hazard mitigation measures. 

There is a possibility that these owners are not motivated to address the risks in their EPBs. There is 

also a possibility that the application of other earthquake risk mitigation measures could contribute to 

building owners‘ unwillingness to reduce their vulnerability to earthquake disasters. The next section 

will examine other earthquake risk mitigation mechanisms applicable to New Zealand for seismic risks 

reduction. 
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 Other Earthquake Risk Mitigation Mechanisms Applicable in New 2.4

Zealand  

Earthquake risk mitigation measures or mechanisms as earlier discussed in Section 2.2.5, apart from 

regulatory frameworks, consist of several other approaches to minimise or eliminate losses from 

earthquake disasters to both individuals and communities. These measures include insurance policies, 

earthquake warning and prediction systems, land-use regulation, and the application of technical design 

and engineering principles through building codes and standards, with the intention of making new 

structures and existing ones more resistant to earthquakes (Mileti, 1999). These mechanisms have 

developed a body of empirical research tied to their respectively professional disciplines and have been 

implemented at various levels: households, communities, cities, regions and nationally.  

The implementation of these mechanisms has considerable benefits, such as improved public safety 

(reduced losses such as deaths, injuries and homelessness), increasing a building‘s functional life, 

reduction in economic ripple effects (from indirect business interruption loss), preservation of historic 

sites, reduced direct property damage, and preventing the dislocation to businesses and individuals 

(Rose et al., 2007). Other benefits include reduced emergency response as well as those that are 

difficult to quantify such as peace of mind and the social well-being of vulnerable communities. 

However, Tierney (2008) argued that efforts on earthquake hazard mitigation have resulted in only 

minimal satisfactory success in reducing the economic and social losses from disasters. This section 

discusses the implementation of these mitigation mechanisms, and their effectiveness and associated 

problems in earthquake hazard and disaster mitigation.  

2.4.1 Engineering Technical Solutions 

Engineering technical solutions for earthquake risk mitigation entail the design of structural and non-

structural systems to improve a building‘s seismic performance in an earthquake event. According to 

Dowrick (2003), improving this performance can be achieved by increasing its ductility, strength and 

stiffness and reducing the seismic load inputs on the building. Several technical design solutions 

available for improving a building‘s seismic performance include base isolation, diaphragms and shear 

walls or braced frames (Federal Emergency Management Agency, 2000). Allen (2007) argued that this 

type of mitigation mechanism, i.e. designing earthquake-resistant buildings, has been most effective in 

the past. Fierro et al. (1994) explained that the design and implementation of seismic retrofitting of 

existing buildings is sometimes complicated. This complication is because each building is approached 

based on its own individual merits, as most properties have distinct characters. Fierro and colleagues 

further explained that the proposed technical solution must be evaluated with respect to both the 

existing condition and the proposed seismic strengthening of the building. Similarly, the vast variety of 

building typologies such as timber, concrete and masonry impede a one-size-fits-all approach (Dowrick, 

2003). 
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Improving the seismic performance of existing buildings can adversely impair the building‘s rentable 

space, as technical solutions are most often dictated by building-user oriented issues rather than seismic 

designs solutions, leading to less adoption from building owners (Federal Emergency Management 

Agency, 2007). Five significant issues of concern that were raised by building owners and users 

regarding the adoption of the technical solutions recommended by engineers include high construction 

cost, occupants‘ disruption leading to loss of revenue, building functionality and sustainability, 

aesthetics and historic preservation (FEMA 2007). Addressing the concerns raised by building owners 

may increase their likelihood of adopting these technical solutions, which invariably would promote 

seismic hazard mitigation. 

2.4.2 Building Code  

The New Zealand building code is significant for earthquake risk mitigation as it ensures compliance to 

prescribed levels of quality assurance in building construction processes and practices. The design and 

implementation of seismic building code over the years have been improved through past earthquake 

experiences and other natural disasters. Building code when adequately applied, can substantially 

reduce natural hazards and disaster impacts at individual locations and on society as a whole (Spence, 

2004; Malhotra, 2009). There is an on-going fundamental shift in the orientation of the building code 

from prescriptive approach towards performance-based and consequence-based approaches (Malhotra, 

2009). Building code that are usually prescriptive in nature, and can be ineffective in encouraging 

mitigation aimed at loss reduction (Malhotra, 2009). Conversely, a performance-based approach allows 

for structural design that meets the desired performance objectives, allowing property owners and other 

stakeholders to make decisions about the building‘s earthquake performance subject to the constraints 

of cost implications and minimum standards (May, 2004). The performance-based approach is desirable 

over the prescriptive approach because it overcomes the limitations of the current prescriptive approach 

through precise definition of quantitative performance objectives, which considers owner‘s objectives 

and constraints from an engineering perspective. Papadrakakis et al. (2007) explained that the 

performance-based approach is desirable because it allows for change and means of negotiation within 

the policy to achieve the desired mitigation objectives, which are not allowed in the use of prescriptive 

policies.  

In New Zealand, compliance to the earthquake building code is mandatory. The use of the building 

seismic code was established and has been in use only since the Napier earthquake in 1931, with the 

first code published in 1933. Several amendments have since been adopted. The New Zealand building 

code feature the performance-based approach, with a particular focus on addressing life safety, 

controlling damage in minor and moderate earthquakes, and preventing collapse in a major earthquake. 

The development of the building code has significantly improved the New Zealand construction 

practices and the quality of existing building stock in this country (Spence, 2004). The impact of the 
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improved code is evident from the performance of some new and existing buildings during the recent 

earthquakes in New Zealand.  

A significant challenge associated with the New Zealand building code is that it does not support cost-

effective constructions, which renders the adoption of seismic risk mitigation measures unaffordable 

(May, 2004). Another challenge is the complexity of interpreting building codes. Modern building 

codes have become complex, needing highly qualified professionals to adequately interpret and 

understand them. Spence (2004) suggested that simpler codes that are still able to satisfy the safety 

requirements are better than the overarching complex ones. Although the New Zealand building code is 

associated with some limitations, efforts aimed at improving the its effectiveness will increase its 

objective towards earthquake risk mitigation.  

2.4.3 Earthquake Insurance 

Earthquake insurance is a major component in the overall risk management strategy focused on quick 

recovery of the insured individuals and organisations from disasters and ensures that activities within 

the affected communities return to normalcy as quickly as practicable (Wang et al., 2009). Earthquake 

risks are covered under different types of insurance schemes which include property and contents, life 

and health, business delay and interruption, workers compensation and loss of profits. Earthquake 

insurance in New Zealand is administered by the Earthquake Commission (EQC) through the Natural 

Disaster Management Fund, which oversees most of the property earthquake insurance schemes.  

The EQC covers land and property from hazards such as earthquake, natural landslip, volcanic eruption, 

hydrothermal activity and tsunami. The New Zealand government acts as the guarantor for this 

insurance scheme, while the EQC invests in substantial reinsurance to enhance its ability to pay claims 

and minimise the possibility of falling back on government guarantees. The EQC mandatory insurance 

scheme since 1993 covers only private residential dwellings and adjacent land. As stated in Chapter 

One, this study focuses only on commercial properties, thus the EQC insurance does not cover 

buildings examined here. 

Conversely, earthquake insurance schemes for commercial buildings are not mandatory and property 

owners can decide on the type of insurer and policy plan. One of the drawbacks of the non-mandatory 

insurance scheme is that some buildings may become uninsurable due to site high seismic risk 

characteristics. Also, in some cases the premium may be high-priced, becoming uneconomical for the 

building operation and maintenance costs. Most commercial earthquake insurance and reinsurance 

policies in New Zealand do not include a mitigation scheme, which is a major shortcoming for using 

insurance as a mitigation mechanism. Although purchasing insurance is a major component in a 

property risk management plan, insurance itself is not a method to improve the seismic performance of 

a potential EPB. Some building owners perceive insurance as a means of dealing with earthquake risks 
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rather than acting safely by adopting hazard mitigation measures (Egbelakin and Wilkinson, 2008). This 

perception of insurance is an example of a moral hazard, where insurance diminishes the insured‘s 

motivation to act safely, resulting in under-investment in mitigation plans (Er, 1996). Insurance used 

only as a risk management approach is not a measure to reduce seismic risks of EPBs.  

A better approach in risk management strategy of earthquake risks, as suggested by Prater and Lindell 

(2000), is to combine earthquake insurance with compliance to seismic retrofitting of EPBs. Their study 

showed that, first, reducing insurance premiums for undertaking seismic mitigation measures will 

encourage owners to adopt mitigation measures and, secondly, premium rates should reflect the extent 

of the seismic risk in the building. Burby (1998) explained that premium rates that reflect the building 

seismic risk will provide risk signals and future savings to individual owners and encourage them to 

engage in cost-effective mitigation measures to reduce their vulnerability. Conversely, Kunreuther 

(2000) suggested that another way to encourage people to adopt risk preventive measures is to modify 

the nature of their insurance coverage by offering lower deductibles rather than reducing the premium 

rate.  

There are several benefits of adopting a good earthquake insurance policy in both property risk 

management and earthquake risk mitigation, but its role in managing seismic residual risk in New 

Zealand is yet to reach its full potential.  

The review of literature on earthquake risk mitigation mechanisms discussed above revealed the 

inherent benefits and challenges associated with each risk reduction instrument. The mitigation 

mechanisms discussed in this section, although operating independently, have as their ultimate goal to 

contribute towards improving earthquake risk mitigation. For instance, building codes and standards 

aimed at providing protection from seismic actions on buildings, but they cannot eliminate other 

residual risks. There is a need for other mechanisms like insurance policies to reduce the residual risks, 

such as losses incurred from business disruption from earthquake disasters, and land-use planning to 

prohibit property developments in high-risk sites. Achieving a balance in the decision adoption and 

implementation of these mechanisms relies on a holistic approach to earthquake risk management to 

achieve disaster mitigation objectives.  

However, the decision to adopt these mitigation measures depends on the choice that people make to 

reduce their vulnerability to earthquake risks. The subsequent section focuses on earthquake risk 

mitigation decisions in order to understand the motivation orientation that underlies disaster 

preparedness decisions. 

 Earthquake Risk Mitigation Decision-Making Process  2.5

The increasing severity of recent earthquake disasters has demonstrated the seismic vulnerability of 

various communities around the world. Buildings having insufficient seismic capacity contribute to the 
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built environment‘s susceptibility to earthquake hazard and are the key contributors to earthquake losses 

(Spence, 2007). These buildings are constructed, owned and inhabited by people who make a range of 

decisions and choices that shape their level of vulnerability. As defined in Section 2.2.6, earthquake risk 

mitigation decisions refer to choices made by people to reduce losses related to earthquake disasters and 

theses decisions could be influenced by several psychological, social, economic, cultural, institutional 

and political factors and processes within the community.  

The discussion in this section focuses first on the different stakeholders within their respective operative 

environments who directly or indirectly contribute to seismic mitigation decisions. Secondly, 

earthquake risk mitigation decision-making processes and several frameworks available to aid the 

decisions were examined in order to investigate their practical implications for property owners‘ 

earthquake mitigation decisions. Lastly, the different types of probable risk mitigation decisions 

adopted by the stakeholders are discussed.  

2.5.1 Stakeholders Involved in Earthquake Risk Mitigation Decision-making Process  

Various stakeholders are involved in seismic risk mitigation decision-making process. These 

stakeholders include owners of buildings and businesses, government, economic and social influentials 

as well as and hazard-related professionals (Lindell et al., 1997; Petak, 2002). For the purpose of this 

research, stakeholders involved in earthquake risk mitigation in New Zealand include building owners 

(private, public and non-profit), managers of financial and insurance institutions, property valuers and 

managers and hazard-related professionals such as engineers or architects. These stakeholders operate 

within different sectors (private and public) and operative environments such as built, regulatory, 

investment and external environments and are illustrated in Figure 2-5. An overview of characteristics 

of the several stakeholders involved in seismic risk mitigation decisions is presented in this section. The 

stakeholders‘ roles in relation to their operating environments and impacts on building owners‘ 

mitigation decisions are also discussed. 
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Figure 2-5 Seismic risk mitigation decision-making stakeholders. 
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 Built Environment 2.5.1.1

The built environment has been of much focus and discussion regarding the adoption of seismic risk 

mitigation measures, by concentrating more on seismic techniques and design solutions. As shown in 

Figure 2-5, the players within the built environment include hazard-related professionals such as 

engineers, architects, contractors and building users. The professionals are technical experts who play 

major roles in seismic risk mitigation decisions and consequently in managing earthquake risks. These 

experts design and build property and infrastructure to particular performance standards in compliance 

with buildings codes and policies, in order to reduce the built environment‘s vulnerability to seismic 

hazard (see Section 2.3.1). The stakeholders within the built environment provide earthquake hazard 

and risk mitigation information that will aid owners‘ decisions to adopt and implement the most 

appropriate mitigation mechanisms. For instance, these stakeholders provide information about the 

seismic performance analysis of existing buildings, so that owners can make informed decisions about 

the strengthening performance level to adopt. These technical experts in the built environment can also 

use their knowledge to influence earthquake policy, for example, the introduction of new or 

modification of existing building codes and standards and land-use regulations (Mileti, 1999). Likewise, 

the provision of technical information about potential consequences of EPBs in an earthquake event 

would provide the rationale for government, insurance and financial institutions to invest in protection 

against seismic disasters.  

The building occupier or user is another stakeholder operating within this environment. Among the 

different types of stakeholders, the end-user or building occupier is relevant because they are the 

primary living units who are most affected by adverse consequences from an earthquake disaster. The 

building occupier rents or buys space in the property market, which indicates their interest in the 

building‘s end use-value, and especially in matters affecting business productivity, operating costs, 

aesthetics, comfort and efficiency. Building occupier‘s actions affect their vulnerability to earthquake 

hazard through their choice to lease, live or use buildings in hazard-prone locations (Lindell and Prater, 

2000). Building occupants can influence an owner‘s seismic risk mitigation decisions by leasing only 

buildings with a higher seismic performance standard or demanding that the level of the building‘s 

seismic risk is reflected in the rents before signing the lease agreement (Nakhies, 2009). Consequently, 

a high or low demand for low seismic risk building may affect owners‘ decisions regarding the adoption 

of seismic risk mitigation measures. However, most building occupants generally attach low priority to 

natural hazard mitigation, because they are generally unaware of the property‘s seismic risks, unless 

issues regarding the building safety are raised (Butcher and Cooper, 2004). Ultimately, within the built 

environment both the technical experts and building occupiers could have a significant impact on 

building owners‘ decisions to adopt earthquake risk mitigation measures. 
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 Regulatory Environment  2.5.1.2

Stakeholders within the regulatory environment have a significant impact on building owners‘ seismic 

mitigation decisions through the formulation and enactment of policies and regulations, and offering 

recommendations regarding the regulatory mechanisms enacted for earthquake risk mitigation (see 

Section 2.3.3). The stakeholders within the regulatory environment in New Zealand include 

governmental agencies at the national and local levels involved in natural hazard mitigation such as the 

DBH, city and district councils, industry groups such as the NZSEE and the Property Council of New 

Zealand. These stakeholders have a legal responsibility to protect the public‘s safety, property and 

environment from earthquake hazard. The national government in New Zealand under the auspices of 

several of its agencies, such as the DBH, often takes the lead in managing risk from natural disasters by 

formulating and enacting legislation for earthquake hazard reduction, such as the Building Act, land-use 

regulation and building code, standards and earthquake policies, as discussed in Sections 2.3.3 and 

2.3.6.  

At the local level, district councils and TAs adopt and implement earthquake mitigation policies that 

deal with the potential EPBs within their jurisdictions. The local councils are important because they 

are the level of government directly affected by a disaster and most capable of affecting property and 

business owners‘ decisions to adopt mitigation mechanisms through policies and regulations (Lindell et 

al., 1997). The industry organisations provide policy-makers and implementers with seismic hazard and 

risk information on potential impacts and appropriate mitigation mechanisms and encourage building 

owners to adopt actions that will protect their properties from seismic hazard. The regulatory 

frameworks formulated by the stakeholders in the regulatory environment could influence building 

owners‘ risk mitigation decisions via mandatory compliance to the regulations.  

 Investment Environment 2.5.1.3

The investment environment comprises property managers, valuers, real estate agents and managers of 

capital fund as shown in Figure 2.5. Each of these stakeholders contributes to the property market value, 

which often influences building owners‘ seismic retrofit and investment decisions. According to 

Dokmeci et al. (2004), earthquake risk has a potentially significant effect on the overall income return 

from a property and hence could also affect the building‘s market value (Willis and Asgary, 1997; 

Onder et al., 2004). The valuer‘s knowledge regarding the building‘s seismic risks can affect the market 

valuation analysis of the building. Most commercial building owners generally considers the income-

producing capacity of the building before expending money on seismic rehabilitation (Egbelakin et al., 

2011). Consequently, a property valuer‘s appraisal of their building market value is used by insurance 

and financial institutions when making risk management and monetary decisions about the building. In 

addition, a real estate developer could make an initial allocation of resources to increase economic 

activity in a location that is susceptible to earthquake hazard, but may or may not invest in any long-

term mitigation measures. Real estate agents play a supporting, yet important, role in seismic risk 
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management. They are required by regulation to inform potential new owners about the  buildings 

potential risks (Nakhies, 2009). Examples of such hazard information include the building location to 

an existing earthquake fault-line and the extent of prior seismic retrofitting in the building. All the 

stakeholders operating in the investment environment contribute to the moderation of business 

transaction of EPBs and retrofitted EPBs in the property market, which consequently could affect 

owners‘ decisions to adopt and implement mitigation measures. 

 External Environment 2.5.1.4

Stakeholders in the external environment, as illustrated in Figure 2-5, comprise managers in charge of 

earthquake insurance policies and mortgage funds in insurance and financial organisations. Insurers 

provide protection to property owners for losses resulting from earthquake disasters through insurance 

policies. Losses from earthquake disasters can have a severe impact on an insurer's financial situation, 

thus they could limit coverage in any given area or charge higher premiums in order to keep the 

likelihood of insolvency at an acceptable level (Lindell et al., 1997). Earthquake insurance premiums 

and deductibles are a vital consideration in managing earthquake risks through increased building 

operating costs, thus they have a significant implication for building owners‘ risk seismic mitigation 

decisions (Spence and Coburn, 2006).  

In addition, financial institutions or lenders have a significant stake in a catastrophic event, especially to 

the degree that a substantial portion of their financial assets are at risk from a single earthquake disaster 

(Lindell et al., 1997). They provide owners with mortgages and loans to buy or rehabilitate buildings, 

thus lenders have a vital stake in the risk management process as they are unlikely to recover the full 

value of a loan/mortgage on a piece of property destroyed by a catastrophe (Lindell et al., 1997). 

Therefore, lenders can play a significant role in managing risks of extreme events by providing capital 

and funding opportunities for risk reduction programs. Stakeholders within the external environment 

have the capacity to influence building owner‘s seismic mitigation decisions because earthquake 

insurance and funds availability ensure the business sustainability of the property market during the 

recovery and reconstruction phase following an earthquake disaster. 

 Building Owners 2.5.1.5

Building owners among the various stakeholders are central to earthquake risk mitigation decisions 

because they incur personal losses in an earthquake event, and are most likely to have the opportunity to 

make decisions and undertake actions that may affect the building‘s vulnerability to earthquake risks. 

For instance, an owner or investor makes choices about whether or not to purchase or invest in 

properties located in earthquake-prone regions, and whether they choose to adopt mitigation 

mechanisms to reduce the risks. Owners of commercial buildings can choose from a range of risk 

management strategies to mitigate losses from earthquakes as discussed in Section 2.3. Commercial 

property owners or investors, who are the focus of this research (See Section 1.6), are concerned not 
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only with life safety and insolvency issues, but also with operation of the building after an earthquake 

event through the income streams from the occupier‘s rents, capitalised into the exchange or investment 

value of the property. Thus, commercial owners‘ strategies to manage risk are different from those of 

residential owners. In general, building owners are responsible for making the final decisions whether 

to adopt mitigation measures or not. The type of mitigation decision adopted by these owners is often a 

function of the ownership type and type of information received from the different stakeholders. An 

attempt to examine the different building ownership types and how their corresponding characteristics 

may influence their seismic mitigation decisions is discussed in subsection section. An understanding of 

the concept of the ―building owner‖ and the associated characteristics is relevant in the appraisal of 

earthquake risk mitigation processes before crafting policies and designing programs that would 

influence owners decisions whether to adopt mitigation measures or not.  

Different Building Ownership Types 

Ownership is an important determinant in the ultimate decision to adopt seismic risk mitigation 

mechanisms. Building owners are generally categorised into three types, namely: private; public; and 

non-profit owners. Private owners include individuals, corporations, trusts and joint owners as part of 

portfolio investment such as REIT (Real Estate Investment Trust). Public owners include governmental 

organisations and agencies such as city and district councils, civil services and in some cases public-

private joint ownership. Non-profit owners include an individual, organisation, institution, corporation 

or other entity who owns buildings used for charitable purposes. Building owners‘ different 

characteristics often influence the type of decisions made and what incentives might change their 

behaviours to adopt appropriate risk mitigation measures. One of these characteristics is the number of 

the decision-maker. Private owners are comprised of individuals or a small group of two or more 

people, which facilitates a quick and easier decision-making process. Conversely, public and non-profit 

owners are comprised of a large number of stakeholders whose contributions are influenced by their 

various backgrounds and motivations, thus complicating the decision-making process (Zakhem et al., 

2008).  

Another characteristic relates to the owner‘s level of perceived responsibility to protect people from 

seismic risk (Mulilis et al., 2001). Public and non-profit owners are generally responsible for protecting 

a wider segment of the society than are private owners, who are only responsible for a limited number 

of people such as family members and employees. For instance, public and non-profit owners may be 

liable for the safety of school children, hospital patients, worshippers and public employees. Hence, 

these owners may accept the responsibility of ensuring safety from seismic risks, act in a leadership 

capacity and set an example for reducing earthquake risk. Additional characteristics of the building 

owners that may influence their mitigation decision include financial capability, age and health status, 

risk propensity, market and economic condition, owner-occupier factor, geographical and psychological 

distance from the building, and previous experience with earthquake events (Lindell and Whitney, 
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2000; Mulilis et al., 2001). These characteristics in relation to the different ownership types and impacts 

on seismic risk mitigation decision are summarised in Table 2.2. 

Property owners, depending on the ownership type, make decisions about seismic risks in single or 

several buildings. Some owners make decisions regarding numerous facilities and on essential services 

such as hospital and schools, and lifeline support amenities. These owners differ in size and revenue 

base, time horizons, tolerance for risk and uncertainty, and the stake involved in making decisions about 

seismic safety often influence their risk mitigation decision. Despite these differences, there are 

common decision-related considerations that dictate the different types of decisions that people make 

regarding their vulnerability to seismic risks. Awareness about how the different property owners 

respond to risk and how they make seismic risk mitigation decisions will help to develop and tailor 

strategies that could meet the specific needs of the different owners to adopt appropriate risk mitigation 

measures.  

Table 2.2 Building owners‘ characteristics 

Profile Private Owner Public Owner Non-profit Owner 

Size of decision-makers 

Individuals or a small group 

(two to five people) 

Large group (greater than 

five people) 

Large or a group of 

individuals 

Organisational principles Low level of bureaucracy High level of bureaucracy 

Medium level of 

bureaucracy 

Percentage of EPBs 

owned Medium/high High Low 

Extent of liability Personal or tenants 

Wider segment of the 

society Personal, groups of people 

Financial status Low Medium Low/medium 

Benefits expected from 

the building Financial benefits 

Public safety and welfare, 

social recognition 

Public safety and welfare, 

social recognition 

Experience in EPB 

rehabilitation projects Low High Low 

 

Overall, stakeholders operating in the different environments illustrated in Figure 2-5 have significant 

direct or indirect impacts on building owners‘ earthquake mitigation decisions. These stakeholders can 

play a significant role in promoting voluntary adoption of seismic mitigation mechanisms such as 

disseminating adequate hazard-related information to building owners and the public (Lindell and 

Perry, 2004). The interplay between these environments provides an important role that could fashion 

the type of earthquake mitigation decision adopted by building owners. In subsequent chapters, the 

discussion is focused on the seismic risk decision-making process in an attempt to examine the 

adequacy of different risk management frameworks used for making seismic mitigation decisions. 
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2.5.2 Earthquake Risks Mitigation Decision-Making Process 

Seismic risk mitigation decisions often entail a risk management approach that allows the strengthening 

of vulnerable EPBs within an acceptable performance level, in order to circumvent the severe impacts 

of earthquake disasters to the public and environment (Paté-cornell, 1996). The most common strategies 

to manage earthquake risk include risk transfer, avoidance, reducing the negative risk consequences, 

and accepting some or all of the consequences of a particular risk (Hubbard, 2009). Several risk 

decision-making frameworks are used by building owners to decide on appropriate risk mitigation 

strategies in order to select the most suitable mitigation method after considering several alternatives 

(Paté-cornell, 1996). Some of these frameworks are generic and applicable to a variety of risks, while 

others are exclusively tailored for specialised perils. This section provides an overview of both generic 

and specialised seismic risk management frameworks to reveal their practical implications for effective 

earthquake risk mitigation.  

 Australian/New Zealand Standard for Risk Management (AS/NZS 4360:2009) 2.5.2.1

This standard and the associated Handbook for Environmental Risk Management (HB 203:2006) 

provide a generic risk framework and guidelines for the design, implementation and maintenance of 

risk. The framework is applicable to any type of risk with either positive or negative consequences and 

consists of seven steps as illustrated in Figure 2-6. The generic nature of this framework has come 

under criticism for having no measurable improvement on risk even when the confidence in seismic risk 

estimation and decision increases (Hubbard, 2009). The design and implementation of risk management 

plans should take into account the varying needs of specific individuals and organisations, objectives, 

context, structure, operations, processes and specific practices employed in the risk management 

strategies (Standards New Zealand, 2009). Likewise, the complex psychological and societal processes 

characterising environmental risks such as earthquake indicate the need for a multi-criteria decision-

making system that incorporates inherent uncertainties and human factors that affect seismic risk 

decisions. 

 

Figure 2-6 Risk Management Frameworks (AS/NZS 4360:2009). 
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 California Seismic Safety Commission (SSC) Earthquake Risk Decision-Making 2.5.2.2

Framework 

Another risk management framework is specified by the California Seismic Safety Commission (SSC) 

(1999), which has been especially designed for earthquake risk mitigation. The framework illustrated in 

Figure 2-7 comprises three-distinctive-phased seismic risk mitigation decision-making processes. The 

three main steps are: (i) risk estimation, (ii) examining mitigation alternatives; and (iii) making a 

decision, which is characterised by several sub-steps. The sub-steps include problem definition, 

communication and consultation with relevant stakeholders to quantify the risk baseline, risk 

identification, risk analysis (based on consequences and likelihoods of risk occurrence and impacts), 

identifying and evaluating mitigation alternatives, risk evaluation, risk treatment and a process for 

monitoring and review. The framework shows that the process of adopting the probable solution for 

seismic risk mitigation depends on the circumstances, values and priorities of any individual owner or 

enterprise. The framework is useful in making decisions specifically for structural retrofitting of EPBs. 

For the application of the framework, a table detailing 13 sequential tasks to assist seismic retrofit 

decision process is also provided (see Table 2.3). Although the table is not part of the decision-making 

process, it is an important earthquake risk management element that should be included in the process 

to improve the quality of the information provided to the decision-makers.  

Table 2.3 Seismic retrofit decision-making process 

 Task Toolkit Section Done by Aided by 

1 Define acceptable risk 3.4 Decision-Maker Risk Manager 

2 List facilities 3.4 Risk Manager Various  

3 Task-out screening 3.4 Risk Manager Various  

4 Building screening 3.6 Asset Manager Structural Engineer 

5 Building assessment 3.7 Structural Engineer Asset Manager 

6 Equipment assessment 3.8 Asset Manager Structural Engineer 

7 Equipment screening 3.9 Mechanical Engineer Asset Manager 

  8 

Loss-of-use assignment 3.1 Risk Manager 
Structural and Mechanical 

Engineer, Asset and 

Financial Manager  

9 Cost-benefit analysis 4.3 Risk Manager Financial Manager 

10 Recommended retrofit strategy 4.4 Risk Manager Structural Engineer 

11 Decide retrofit strategy 4.4 Decision-Maker Risk Manager 

12 Perform and maintain retrofit 5.3 Asset Manager Structural Engineer 

13 Enact emergency plans 5.6 Risk Manager Asset Manager 
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 Earthquake Engineering Research Institute (EERI) risk management decision-2.5.2.3

making framework 

The Earthquake Engineering Research Institute (EERI) (2000) proposed a risk management decision-

making framework illustrated in Figure 2.8. The framework was established with the intent to develop 

clear seismic information processes, where risk can be quantified and retrofit decisions can be 

effectively and efficiently made. The EERI‘s framework consisted of the classic management phases 

compared to the Seismic Safety Commission (SSC)‘s framework with the exception of the following 

three phases: determining primary and secondary losses and cost and benefit analysis of the alternative 

mitigation strategies. These phases are important components in earthquake risk mitigation because the 

quantification of economic losses allows the estimation of individual and community vulnerability and 

helps to determine the most effective and economical mitigation strategy (Rose et al., 2007). This 

quantification accordingly improves mitigation and recovery decisions, and informs insurers and 

lenders of their potential liabilities from a potential earthquake disaster (Rose, 2004). The framework 

allows for strategies evaluation and comparison from different stakeholders, facilitating the negotiation 

process that is required to select a strategy with a broader support.  

One significant shortcoming of this framework relates to its failure to recognise the complexity 

associated with an earthquake risk decision-making process that typically involves several stakeholder 

types, by ignoring the impacts of the roles of the decision-makers and related attitudinal characteristics 

on final decision outcomes. Likewise, the criterion upon which the final decision outcome is made is 

limited cost-benefit analysis. Other significant attributes such as value are excluded, which may lead to 

a sub-optimal decision outcome.  

A review of the different types of risk management frameworks shows that current practice in 

earthquake risk management does not completely account for peculiar EPB characteristics and that of 

the several parties that hold financial stakes in the uncertain future performance of the building in an 

earthquake event. According to Porter and Kiremidjian (2001), a decision-maker‘s risk attitude and 

perceptions can make a significant difference in the selection of the optimal risk-management 

alternative. Likewise, the frameworks reviewed above either lack probabilistic basis for earthquake risk 

estimation or fail to account for individual EPB‘s unique characteristics or a decision-maker‘s risk 

attitude. Using such frameworks, a seismic risk mitigation decision will made on a highly subjective 

basis with significantly less information available (Porter and Kiremidjian, 2001).  

In addition, certain risk management frameworks, for example the EEERI‘s framework, allows the use 

of cost-benefit analysis to choose the optimal risk management alternative. Although cost-benefit 

analysis is useful in situations without uncertainty, it is inadequate for hazards with uncertain outcomes 

and severe consequences such as earthquakes (Porter and Kiremidjian, 2001). The assumption of risk 

neutrality implied in cost-benefit analysis can result in the exclusion of significant strategies such as the 
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purchase of insurance, whose benefit-to-cost ratio is typically less than 1.0 (Porter and Kiremidjian, 

2001). This calls into question frameworks that assume risk neutrality, rely solely on cost-effectiveness, 

and fail to address the complexity of the interaction between the individual, social, institutional and 

political characteristics that influence the stakeholder‘s decision-making processes. Managing risk in 

natural hazard and disaster mitigation is increasingly evaluated in the context of integrated risk 

management. However, it is useful to manage seismic risk from a risk management standpoint that is 

specifically designed for earthquake risks and the associated characteristics of the stakeholders. The 

following section discusses the different types of decision outcomes adopted by the several stakeholders 

in the seismic risk mitigation process.  

2.5.3 Types of Seismic Risk Mitigation Decision 

Making decisions about seismic risk mitigation entails the decision-maker in selecting amongst several 

alternatives: do-nothing alternative, or one of several competing risk-mitigation alternatives. This 

section addresses the different types of decisions that people make about earthquake risks through a 

review of findings in relevant decision sciences and disaster management literature. Critical stages 

relevant to the mitigation decisions shown in Table 2-4 were used to discuss the different types of risk 

mitigation decisions exhibited by property owners. For instance, if an individual cannot determine a 

satisfactory answer to the question posed at one of the decision stages, then progress toward the 

adoption and implementation of seismic mitigation measures or actions is likely to be terminated. 

Table 2.4 Seismic mitigation decisions stages and actions (Lindell and Perry, 2004)  

 Task Toolkit Section Done by Aided by 

1 Define acceptable risk 3.4 Decision-Maker Risk Manager 

2 List facilities 3.4 Risk Manager Various  

3 Task-out screening 3.4 Risk Manager Various  

4 Building screening 3.6 Asset Manager Structural Engineer 

5 Building assessment 3.7 Structural Engineer Asset Manager 

6 Equipment assessment 3.8 Asset Manager Structural Engineer 

7 Equipment screening 3.9 Mechanical Engineer Asset Manager 

  8 

Loss-of-use assignment 3.1 Risk Manager 
Structural and Mechanical 

Engineer, Asset and Financial 

Manager  

9 Cost-benefit analysis 4.3 Risk Manager Financial Manager 

10 Recommended retrofit strategy 4.4 Risk Manager Structural Engineer 

11 Decide retrofit strategy 4.4 Decision-Maker Risk Manager 

12 Perform and maintain retrofit 5.3 Asset Manager Structural Engineer 

13 Enact emergency plans 5.6 Risk Manager Asset Manager 

 



Chapter 2- Earthquake Risk Mitigation Decision   

37 

Define Problem 

Estimate Baseline 

Risk 

Describe 

Alternatives 

Select Basic for 

Analysis

Choose a Decision 

Method

Communicate 

Results 

Estimate Baseline 

Risk 

Apply Decision 

Method 

Collect and 

Organise Data

Identify 

Alternatives 

Determine 

Further Action 

Needed

Screen 

Alternatives

Make 

Decision

Stop 

External Policy 

Eternal Constraints 

Further 

Analysis

Values

Uncertainties 

PROBLEM 

ACTION 

Alternatives 

Eliminated

Yes

No

Stage 1

Estimate 

Risk

Stage 3

Make a 

Decision  

Stage 2 

Examine 

Mitigation 

Alternatives 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 2-7 Earthquake risk decision-making process 

Figure 2-8 Seismic risk management decision-making 

process. Source: EERI (2000) 
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 Do-Nothing Decision 2.5.3.1

Decision to do nothing regarding low probability and high consequence risks such as earthquake occurs 

at the first and second seismic mitigation decisions stages shown in Table 2.4. The decision to do 

nothing about seismic risks could stem from risk personal attributes relating to risk denial and 

acceptance of loss. 

Risk denial occurs when there is an unbelief regarding a threat or existence of risk, leading to a 

refutation of such risk. Denying the existence of risk relates to how people perceive the probability of 

occurrence and severity of the impact of the risk. From Table 2.2 in stage 1, when the existence of a 

threat is denied, risk unbelief is created leading to a do-nothing decision. The relative rarity of an 

earthquake event provides a psychological reinforcement for risk denial (Renn, 2004). People who 

make this type of decision mainly convince themselves that earthquake risk will not affect them or that 

the risk will only affect others. Accordingly, they do not perceive the necessity to adopt any seismic risk 

mitigation measures. The do-nothing decision can be said to stem from the denying behaviour that 

occurs due to factors such as a feeling of fate, luck, chance, acts of God, fatalistic mind-sets or denial of 

the existence of the hazard altogether (McClure et al., 1999; Rossetto et al., 2011). Where denying 

behaviour exists, a negative response to seismic risk will probably be observed rather than positive 

adoption of earthquake mitigation mechanisms (McClure et al., 2007) 

Acceptance of loss occurs when people belief the existence of a threat but think that they do not need to 

take action to mitigate seismic risks. From Table 2.2 in stage 2, people who make the decision to do 

nothing are seismic risks are generally aware of risks, but are behaviourally weak to take actions. In 

other words, they accept the loss, but perceive that their actions will not significantly reduce the adverse 

consequences from the disaster. Natural disasters, for example earthquakes, are usually seen as 

unavoidable events with catastrophic effects or an ―act of God‖ that is beyond human control (Turner et 

al., 1986). Such individuals tolerate the prospective loss without undertaking any seismic risk 

mitigation measures (Asgary and Willis, 1997). According to Lehman and Taylor (1988), this type of 

decision is often frequent, mostly because individuals feel that the event is random they are unable to 

reduce it. Consequently, under acceptance of a loss decision, individuals may deal with risks by 

managing emotional responses, rather than by adopting mitigation mechanisms. In the event of an 

earthquake, a decision to not take action could be costly in terms of life and property loss.  

 Do-Something Decision 2.5.3.2

A do-something decision takes place from stages one to eight in Table 2.2. Positive answers to all the 

questions in all the stages will lead to the adoption of earthquake mitigation mechanisms. The decision 

to do something to reduce earthquake risk is discussed under three types of decisions, namely: safety-

based; performance-optimised; and investment-based (May, 2004). According to Tierney et al. (2001), 

people often make decisions to adopt mitigation measures when they believe that their actions can 

significantly reduce earthquake losses. However, some individuals may undertake extreme actions to 
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reduce risk by specifying a very high seismic performance level for their buildings, even though 

buildings with lesser seismic performance conforming to the code would not collapse or suffer major 

structural damage in an earthquake event within the region. Asgary and Willis (1997) explained that 

people exhibiting such extreme risk-averse behaviour may choose to live in places that are geologically 

less prone to earthquake risk. In relation to EPBs, responses to this type of decision can be either to 

demolish or adopt seismic retrofitting. Only a decision to adopt mitigation measures will be discussed 

in this section, as it is central to the research problem addressed in this study (see Section 1.2).  

Safety-based decisions in earthquake risk mitigation refer to decisions that comply with the minimum 

mandatory code requirements (safety level) prescribed in earthquake policies and regulations. Extent of 

risk exposure and safety are by-products of this type of decision, which rely on the decision-maker‘s 

subjective judgment of acceptable risk (Lindell and Perry, 2004). According to May (2001), ―acceptable 

risk‖ refers to the current minimum performance standard for ensuring life safety in vulnerable 

buildings in an earthquake event, which often varies among the different stakeholders. This approach is 

limited by the subjective judgements of the stakeholders that define the acceptable level of risk, design 

and building standard, and an emphasis on retrofit cost, while falling short of examining the trade-offs 

in other alternative mitigation options. May (2004) explained that this type of decision constitutes the 

most common form of practice and decision-making among practitioners and decision-makers. The 

increasing disastrous consequences from recent earthquake events globally have renewed attention to 

performance objectives that go beyond life safety.  

Performance-optimised decisions recognise both the regulatory requirements and the owner‘s desired 

level of seismic performance while optimising the design to reach or exceed that performance level. 

The aim of this decision approach is to achieve a desired level of safety, subject to individual building 

characteristics (site, construction materials and design), and the objective of the decision-makers. As 

guidelines to this type of decision, a ‗‗graded approach‘‘ is specified for selecting appropriate seismic 

performance objectives for upgrading different buildings (U.S. Department of Energy (DOE), 1994). 

This approach is expedient because it makes explicit the seismic safety objectives for a given structure, 

and allows these objectives to match particular building usage. However, a performance-optimised 

decision limits the ability to address trade-offs in seismic safety expenditure that may lead to lumpy 

choices for seismic performance (May, 2004). This approach is commonly used in rehabilitating 

essential and public facilities such as nuclear power plants, major dams, hospitals and schools.  

Investment-based decisions focus on the trade-offs in cost of adopting seismic mitigation mechanisms 

and associated benefits over the time of investment. The main objective in this decision type is to make 

comparisons among alternative investment options such as demolish and rebuild versus seismic 

rehabilitation, purchase insurance and whether to adopt a higher or lower seismic performance standard 

or not. When evaluating the cost and benefits of adopting earthquake mechanisms, future costs and 
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benefits are discounted, taking into account the time value of money and addressing uncertainties 

associated with the given costs/benefits with respect to earthquake probability and severity (May, 

2004). The cost of adopting mitigation measures in relation to buildings include those of earthquake-

resistant upgrades, facility loss of use after an earthquake, losses related to injuries and/or deaths, and 

benefits associated with reduced damage and increased value (capitalisation) of seismic improvements. 

Benefits include the revenue stream from the use of the building such as rental income, added value of 

production, usefulness for other purposes, life safety and value of the asset at time of disposal. To aid 

the investment-bases seismic retrofit decision, a variety of decision frameworks are available, of which 

cost-benefit analysis and life-cycle cost analysis are the most predominant. Although, both these 

frameworks are beneficial to making decisions among several alternatives, the decision rule for life-

cycle costs is the least cost, while the former focuses on highest net benefits. Investment-based 

decisions provides a framework for making explicit trade-offs between the various aspects of seismic 

performance and the retrofit costs (May, 2004).  

In summary, the different earthquake risk decisions that building owners make range from those not to 

adopt mitigation measures to making a choice to reduce seismic risks to varying seismic performance 

levels. These decisions types can be related to the different factors, from individual attributable 

rationales to regulatory and organisational perspectives regarding seismic risk mitigation objectives. 

Although understanding the cost of adopting different levels of seismic performance levels and the 

associated cost of failures is necessary, earthquake risk mitigation decisions, most especially retrofitting 

of EPBs, should be made in the context of the mitigation of other risks to society (McGuire, 2008). 

Thus, resources can be are allocated in an optimal way to achieve effective results.  

It is worth noting that New Zealand has embraced earthquake risk assessment and mitigation at all 

levels of governance (see Section 2.3). It is also evident in the National Hazard Scope Report (Civil 

Defence & Emergency Management (CDEM) 2007) and Regional Group Plans for disaster 

management (Civil Defence Emergency Management  (CDEM) Group, 2004).  

Similarly, several decision frameworks and techniques are available in New Zealand to enable the 

different types of building owners to make appropriate risk mitigation decisions. Yet the rate of 

adoption of risk mitigation measures, particularly the strengthening of EPBs and the uptake of insurance 

policies, is relatively low (Stevens and Wheeler, 2008). These owners are often unwilling to adopt 

adequate retrofit measures and in some cases were found to adopt lower performance levels despite 

higher recommendations from consulting engineers (Hopkins, 2005). Understandably from the 

literature discussed in this chapter, earthquake risk mitigation decisions, particularly structural 

retrofitting of EPBs, are usually subject to many complex factors. The discussion in the next section 

examines the challenges related to earthquake risk mitigation decisions in order to understand why 

building owners of EPBs are reluctant to adopt adequate mitigation mechanisms. 
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 Problems Related to Earthquake Risk Mitigation Decision 2.6

Implementing earthquake risk mitigation involves addressing both the uncertainties associated with 

EPBs, and the risks that are particular to the multi-disciplined stakeholders involved in the decision-

making process (see Section 2.4.1), thus rendering seismic risk mitigation challenging. This challenging 

nature of the decision-making process affects how property owners decide to adopt and implement risk 

reduction measures. Lindell et al. (1997), in an attempt to understand the nature of an earthquake risk 

mitigation decision at the household level, proposed that risk mitigation measures should be linked to 

the extremes in the physical environment (hazard) and societal stakeholders by three dyadic 

relationships illustrated in Figure 2.9. The relationship between the hazard in the physical environment 

and societal stakeholders is defined by the consequences of impacts of the hazard occurrence, which is 

measured by the earthquake hazard related attributes such as severity, probability and personal loss. 

Similarly, cost of mitigation necessary to reduce disaster impacts defines the relationship between the 

stakeholders and hazard mitigation measures. Conversely efficacy, i.e. the degree to which a mitigation 

measure can reduce risks, characterises the relationship between hazard and risk mitigation measures. 

These inter-relationships will be used in subsequent subsections to explain some of the problems 

associated with earthquake risk mitigation decisions.  

2.6.1 Uncertainty of Earthquake Probability and Severity  

Uncertainty in earthquake probability and severity represent some of the hazard-related attributes that 

delineate the relationship between the stakeholders and characteristics of the hazard in the built 

environment. Uncertainty of earthquake occurrence has a significant influence on seismic mitigation 

decisions, specifically when stakeholders or decision-makers do not perceive earthquake risk as an 

immediate threat. The dilemma of procrastination is likely to set in, leading to a delay or non-adoption 

of seismic mitigation measures, unless the immediacy of threat can be justified (Lindell and Perry, 

2004). The problem of procrastination is severe when considering long-term earthquake mitigation 

because hazard mitigation programs and policies cannot specify an approximate time by which action 

must be taken, which is due to the uncertainty in earthquake occurrence. Continuing uncertainty 

associated with earthquake risks impedes the ability to make the best possible decision (Bradley et al., 

2008). 

Likewise, less severe earthquake events with little or no impact can make people perceive the adoption 

of mitigation measures as less significant (Tierney et al., 2001). Similarly, uncertainty regarding 

earthquake probability and severity can render seismic hazard and risk analysis and loss estimation 

inaccurate as the estimation should be based on real-life data which is often not available for making 

informed decisions in seismic risk reduction (Grossi et al., 1999). Uncertainty in earthquake probability 

and severity could significantly affect the insurer‘s profitability and chances of insolvency and 

subsequently as a result of poor estimation in the risk assessment (Grossi and Kunreuther, 2001). 
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Ultimately, uncertainty in earthquake risk probability and severity often leads to lack of belief in 

earthquake occurrence and low credibility in risk analysis (Grossi and Windeler, 2005), which 

undermines the adoption adequate mitigation measures. 

 

 

 

2.6.2 Perception of Earthquake Risk and Mitigation Measures 

Perception of earthquake risk from the physical environment affects how people make seismic 

mitigation decisions (Lindell and Prater, 2002). The relationship between risk perception and mitigation 

decisions has been widely studied across several disciplines (Mulilis and Duval, 1995; Weinstein et al., 

1998; Lindell and Prater, 2000; Tierney et al., 2001; Lindell and Prater, 2002; Lepesteur et al., 2008). 

The impact of seismic risk perception on mitigation decision has been linked to various earthquake 

hazard-related attributes such as probability and severity, imminence, perceived personal consequences 

and control over risk (Lindell and Perry, 2000; Mileti and Peek, 2002; Lindell et al., 2009).  

Although preparedness towards an earthquake event such as seismic retrofitting of EPBs can reduce the 

disaster impacts, a number of seismic zone residents often hold a fatalistic belief that implementing 

mitigation measures will not prevent damage from earthquakes (Turner et al., 1986; Lindell and Perry, 

2000). A fatalistic attitude hinders seismic mitigation decisions because an earthquake incident is 

perceived as an act of God that is beyond human control (Lindell and Hwang, 2008; Smith, 2009). A 

fatalistic attitude has been attributed to a lack of awareness of effective mitigation measures that can 

reduce disaster damage or measures that meet individual resource constraints such as retrofit cost, 

knowledge and skills requirements (Lindell and Hwang, 2008). 

Figure 2-9 Inter-relationships among environmental hazard extremes, societal stakeholders, and 

hazard mitigation. Source: Lindell et al., (2009)  
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Furthermore, Lindell and Perry (2000) argued that the decision to adopt seismic risk mitigation 

measures is defined by two categories of variables: efficacy of mitigation measure and resource 

requirements. The first refers to the effectiveness of hazard mitigation mechanisms such as seismic 

retrofitting technical solutions as a means of reducing or avoiding negative consequences. When people 

perceive that a particular seismic mitigation measure will not reduce the disaster loss, the likelihood of 

adopting such protective action is reduced. In the second category, perception of resource-related 

attributes including cost of mitigation, knowledge, skills and time requirements were found to influence 

a stakeholder‘s decision regarding the adoption and implementation of the adequate mitigation 

mechanisms (Lindell et al., 2009). For instance, Mulilis and Duval (1995) found that an individual is 

unlikely to adopt strategies that will mitigate an earthquake threat if the appraised available level of 

resources is inadequate to reduce or avoid it. Palm et al. (1990) found that the cost of an earthquake 

insurance when over-estimated often increases individuals‘ perceived inability to afford it. Perceived 

barriers that affect the adoption of seismic mitigation measures decisions arise mainly from the resource 

constraints that preclude the selection of the desired protective actions and obstacles subjected to the 

achievement of protection by the mitigation measure.  

2.6.3 Complexity of the Decision-Making Process 

Complexity in earthquake risk mitigation is particular to the multi-disciplinary stakeholders involved in 

the decision-making process (Earthquake Engineering Research Institute, 1998). The discussion in 

Section 2.4.2 on the earthquake risk mitigation process suggests that a complex risk mitigation decision 

making-process exists. For instance, seismic risk mitigation of existing EPBs is rarely the sole 

consideration during a building rehabilitation program, but instead sits alongside competing factors 

such as mechanical upgrade and maintenance, increasing rental value and other risks related to the 

property including fire and flood. The final decision to adopt earthquake risk mitigation mechanisms 

would be influenced by compliance to building codes, profit-making, heritage conservation and 

ensuring safety (Egbelakin and Wilkinson, 2008).  

Other economic, social, and environmental factors such as ownership types, cost and the building‘s 

structural characteristics that become apparent during the decision-making process also influence the 

final decision outcome (Earthquake Engineering Research Institute, 1998). An examination of many 

different seismic mitigation decisions and interviews with a range of building owners made it clear that 

no two buildings go through precisely the same process (Earthquake Engineering Research Institute, 

1998). The context and associated environments in which each decision is made is a major determinant, 

and many trade-offs are considered during the process. Thereby, the final decision becomes complex 

because the factors affecting earthquake risk decisions are inter-related and difficult to analyse 

individually, thereby confounding the decision-making process.  
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Likewise, as earlier discussed in Sections 2.4.1 and 2.4.2 and from Figure 2-4, earthquake risk 

mitigation decisions involve several diverse stakeholders and the building owner needs to assess 

recommendations from them (Dowrick, 2003) because their contributions are influenced by their 

various backgrounds and motivations. Arguably, these stakeholders have varying impacts on the 

building owner‘s final risk mitigation decision (Lindell et al., 1997). The stakeholder group diversity 

and different levels of involvement in making the final decision could lead to biased inputs (Gibson, 

2000; McElroy and Mills, 2008). Another significant problem associated with the complex decision-

making process relates to how perception of earthquake risk differs amongst stakeholders. Uncertainty 

about earthquake occurrence discussed in the previous Section 2.6.1, can create divisions among the 

stakeholders regarding the level of acceptable perceived risks (Slovic, 2001; Arlikatti et al., 2007). This 

variation influences their recommendations, thereby impacting on the quality of the final seismic 

mitigation decision, such as the level of seismic performance, type of mitigation measures 

recommended and technical solution suggested (Jaeger et al., 2001).  

The complexity of the decision-making process discourages building owners and impedes the decision 

to adopt and implement adequate seismic mitigation measures. Langston et al. (2008) highlight the need 

for a transformation in the traditional decision-making processes of earthquake risk mitigation towards 

more sustainable practices, strategies and outcomes. Therefore, it is necessary to examine methods and 

strategies that will improve the decision-making processes in earthquake risk mitigation, in order to 

improve rate of adoption and implementation of risk mitigation measures. 

2.6.4 Sociological Perspective of Seismic Mitigation Decision 

Research in earthquake risk mitigation has recently leaned towards understanding the impacts of the 

sociological factors and processes on seismic risk mitigation decision. The disparities that exist between 

experts and the public in hazard risk management have been the primary motivation for this research 

orientation (MacGregor et al., 2008). These disparities explained how perceived risk and outcomes of 

disaster events interact with psychological, social, institutional and cultural processes to produce 

substantial impacts upon society and economy, and consequently affect building owners‘ mitigation 

decisions (Pidgeon et al., 2003). According to Kasperson et al. (1988), these interactions are 

characterised by factors associated with individuals, social and government agents. This includes how 

risk information is communicated, trust, confidence and expectations in hazard management 

professionals and organisations, as well as past experience of people dealing with the hazard-related 

professionals and organisations (MacGregor et al., 2008).  

Trust is significant for seismic mitigation decisions when dealing with unfamiliar, infrequent and 

complex environmental hazards such as earthquakes, most especially when there is little public 

information about the hazard and its occurrence (Siegrist and Cvetkovich, 2000; Paton, 2008). The 

importance of trust has been cited in such areas as decision-making (Siegrist and Cvetkovich, 2000), 
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communication (Giffin, 1967), leadership (Atwater, 1988), management by objectives (Scott, D., 1980), 

negotiation (Bazerman, 1994), and performance appraisal (Cummings, 1983). The concept of trust used 

in this study is based on the decision of one party relying on another party under conditions of risk such 

as earthquake disaster (Bachmann and Inkpen, 2011). The trustor makes decision based on the trustee 

advice which allows his or her fate to be determined by the trustee under conditions of risk (March and 

Shapira 1987; Sitkin and Pablo 1992). According to Paton (2007), in natural hazard  and disaster 

mitigation, people tend to rely more on expert sources before making decisions due to their lack of 

experience when they process information about risks and the proposed mitigation options. If the 

objectives of risk mitigation are achieved and tested to adequately reduce losses in a disaster event, a 

high level of trust will emanate, leading to the adoption of seismic mitigation measures and vice versa 

(Solberg et al., 2010). The concept of institutional-based trust refers to the phenomenon that individuals 

or collective actors develop trust in the face of specific institutional arrangements within their operating 

environments  (Bachmann and Inkpen, 2011). Hence, trust is defined in this study by adopting 

Bachmann‘s perspective (2011) of institutional-based trust. According to Bachmann (2011), trust is an 

‗organizing principle‘ (McEvily et al. 2003) or an efficient means to coordinate expectations and 

interaction (Bachmann 2001) in relationships between individual actors (i.e. professionals or managers) 

and/or collective actors (i.e. organizations), and not as an attitude or state of mind of an individual. 

Specifically in this study, an examination of how and when institutions involved in earthquake 

mitigation matter with regard to trust building among the stakeholders involved in seismic risk 

mitigation decision.  

Trust in inter-relationships among the stakeholders builds on a decision which is based on an 

assessment of the other party‘s competence, integrity and benevolence (Currall 1992; Sako 1992; 

Mayer et al. 1995). Trust in inter-relationships among the stakeholders highlight that they are 

significant to planning and the development of consensus building regarding seismic risk mitigation. 

Generally, people‘s attitudes towards seismic risk mitigation measures are shaped by their wider 

attitudes and trust among the stakeholders (Drabek, 1986; Lindell et al., 2007). The large number of 

stakeholders and their interactions in earthquakes can create a distance between the three groups – 

stakeholders, building owners and the public-resulting in loss of trust (Waugh, 2000). A continual 

reticence of people living in communities at risk from natural hazards to adopt protective measures 

suggests a lack of trust in information provided by civil authorities (Waugh, 2000; Paton et al., 2006).  

In addition, attribution of credibility is an embedded concept in trust (Giffin, 1967). According to 

Griffin (Giffin, 1967), credibility is influenced by two factors: expertise and trustworthiness. Expertise 

implies competence in a set of skills applicable to a single, fixed field such as earthquake risk 

mitigation, while trustworthiness was assessed based on an individual‘s ability, benevolence and 

integrity (Mayer et al., 1995). In natural hazard and disaster mitigation, the attribution of credibility to 

sources of risk information could affect seismic mitigation decisions (Paton, 2007). For example, a 
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recommendation for risk mitigation from a credible source is likely to be considered as an effective and 

feasible means of protection (Lindell and Perry, 2004). Sources of risk information include authorities, 

media, peers and they are judged in terms of credibility. Information source credibility is comprised of 

three primary characteristics: expertise, trustworthiness and past reliability in communicating 

information (Perry and Lindell, 1990). Generally, governmental authorities, mass media and peer 

contacts are commonly considered a credible source of hazard-related information (Greene et al., 1981; 

Mileti and Sorensen, 1988). According to Turner et al. (1986), many local residents also considered 

celebrities or mystics as credible information sources. Turner and his colleagues however considered 

this attribution of credibility as misplaced attributions and explained that it relates to the paucity of 

actual earthquake events and limits the possibilities for seismic scientists to prove that their technical 

assessments are superior to mystical predictions.  

Availability of seismic risk information, and the process of communication and dissemination of this 

information to property owners and the public, are significant sociological parameters that can affect 

people‘s perception and decisions regarding risk mitigation (Keeney and Winterfeldt, 1986; MacGregor 

et al., 2008). A lack of knowledge regarding hazards and mitigating mitigation measures impedes the 

ability to make appropriate mitigation decisions (Lindell and Perry, 2004). Although, according to 

Lindell and Perry (Lindell and Perry, 2004), the provision of information does not necessarily motivate 

people to divert significant effort into the assessment of alternative sources and channels, particularly 

earthquake risks characterised by long-term hazard mitigation measures, because of the low sense of 

urgency in mitigation. This low sense is likely to lead people to passively monitor their routine 

information sources and channels (Lindell et al., 1997). A significant portion of people preferred to 

remain ignorant about natural hazards because of a failure to personalise the risk, avoidance attitudes or 

perceived incapability of making use of additional information (Lion et al., 2002). Likewise, 

inconsistency and disparity in risk information reduce its credibility, diminishes public trust and reduces 

the ability of the information to assist in making constructive mitigation decisions (Poortinga and 

Pidgeon, 2004; Paton, 2007). Another concern regarding seismic risk communication is whether the 

information provided will be effectively communicated to generate enough concern and response.  

Other sociological factors that affect how people perceive and respond to risk mitigation include 

individual and community interrelationships toward mitigation, personal attitudes, socio-economic and 

cultural issues, prevalence of pro-social mitigation behaviours, and how the implementation of 

government-initiated programs and policies affect preparedness decisions towards reducing hazard 

vulnerability (Slovic, 2001; Horlick-Jones et al., 2003).  

2.6.5 Regulatory Perspective of Seismic Mitigation Decision 

Recent devastating earthquake disasters reflect the various inadequacies of policy-making and 

administration processes. Most of these regulatory frameworks such as building codes, policies and 
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legislation recommend a minimum safety standard requirement from earthquake events (May, 2001). 

This minimum requirement in earthquake-related policies though has been found to increase seismic 

risk awareness and reduce fatalities in an earthquake event, but they are inadequate to reduce the 

economic losses associated with seismic disasters (May, 2001; Lindell and Hwang, 2008). Moreover, 

commonly used prescriptive policies do not allow for change and a means of negotiation for property 

owners to achieve the desired mitigation objectives, therefore impeding the decision to adopt mitigation 

measure alternatives with the best-valued outcome (Pearce, 2003). A policy implementation approach 

adopted by jurisdictions to reduce earthquake vulnerability could affect how the stakeholders perceive 

seismic risks and undertake mitigation decisions. For instance, in New Zealand (see Section 2.3.3), 

Nakhies (2009) explained that an active implementation approach in a seismic risk mitigation policy 

that includes proactive risk communication, awareness programs, and encouraging building owners to 

adopt adequate seismic risk mitigation measure in their EPBs would promote a constructive risk-

preventive behaviour leading to an increase in the EPB rehabilitation projects. However, a higher 

percentage of high-risk buildings could remain non-retrofitted, when a passive approach is adopted in 

the earthquake policy. 

Similarly, the implementation of seismic-related policies and legislation to achieve hazard mitigation 

objectives can be difficult. Without a national mandate, many local governments failed to plan for 

earthquake risk mitigation. Even when seismic mitigation plans are put in place, many local 

governments still fail to update plans to current standard or to give seismic risk mitigation adequate 

attention (Steinberg and Burby, 2002). This inattention to planning for seismic hazard mitigation stems 

from the very low priority many local governments and citizens attach to seismic risk reduction. Burby 

and May (1999) showed that most local governments in areas of moderate to high seismic hazard 

assigned low priority to the enforcement of seismic provisions and are further subjected to the vagaries 

of local resources and pressures. May and Birkland (1994) found that most local governments showed a 

low level of commitment to earthquake hazard mitigation, which in most cases leads to poorly 

implemented, risk-reduction programs across the medium to high-risk regions. Also, May et al. (1998) 

identified other factors responsible for local governments‘ lack of commitment towards earthquake 

hazard reduction. These include fatalistic attitudes from the public, infrequent severe seismic events, 

low public demand for seismic risk mitigation, and the profusion of more immediate local concerns 

such as healthcare, education, unemployment and transportation.  

Another significant factor affecting seismic risk mitigation decisions relates to the disadvantaged 

political nature of earthquake risk mitigation via the formulation and enactment of earthquake polices 

(Platt and Rubin, 1999; Prater and Lindell, 2000). The formulation of earthquake risk mitigation 

policies was found to be more politically-oriented than scientifically and technically-orientated as 

earthquake risk mitigation involves a present investment or opportunity in order to obtain an uncertain 

future benefit such as reduced disaster losses (Prater and Lindell, 2000). According to Garber (2007), 
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earthquake risk mitigation is intensely political because it places additional economic cost on some 

stakeholders such as property owners, developers and investors, which involves a redistribution of 

resources. Wood (2004) expounded that such stakeholders would try to ensure that such policies are not 

implemented.  Prater and Lindell (2000) found that significant political factors affecting earthquake risk 

mitigation include a lack of a seismic policy entrepreneur who can frame hazard mitigation as a salient 

issue in the community, lack of constituency mobilisation and the absence of hazard-related 

professionals in policy formulation and development process. The factors are significant because the 

presence of a policy entrepreneur and constituency mobilisation for earthquake risk mitigation is 

important because earthquake policy and implementation often require a coalition of people who 

understand and can agree on the nature of the risk, best possible solutions and the overall ways to 

achieve a hazard-resilient community. Prater and Lindell (2000) emphasised that these identified 

political factors must be integrated into mitigation strategies by hazard management professionals in 

order to reduce community earthquake vulnerability. The understanding of the political nature of hazard 

and disaster mitigation indicates the need to politically negotiate the adoption and implementation of 

earthquake risk reduction measures in order to achieve the successful risk reduction programs.  

2.6.6 Economic Perspective of Seismic Mitigation Measures Decision 

Seismic risk mitigation, specifically the retrofitting of existing EPBs, is a key issue in any earthquake-

prone region (Nuti and Vanzi, 2003). A variety of technical solutions have been developed for seismic 

retrofitting of EPBs, yet several economic-related challenges such as cost of implementing mitigation 

measures, insurance premiums and changes in local economic conditions affect the decision to adopt 

this mechanisms (Nuti and Vanzi, 2003; Kunreuther, 2006; Nakhies, 2009). The cost of implementing 

seismic risk mitigation measures has been identified as an impediment to earthquake mitigation efforts 

(Nuti and Vanzi, 2003). The cost of implementing seismic mitigation mechanisms, specifically 

structural rehabilitation of EPBs, is a significant economic driving force affecting the decision to adopt 

risk reduction measures (Dowrick, 2003). The cost involved in seismic retrofitting can vary widely, 

making it difficult to adequately estimate the total amount of cost that might be involved (Bradley et al., 

2008). This variation is dependent on a number of factors such as location and type of structure, 

characteristics of individual buildings, rehabilitation scheme, level of performance desired and other 

work(s) in the building code triggered by this decision. Both direct costs (construction cost, non-

seismic-related construction cost and non-construction cost) and indirect costs (costs due to business 

disruption and revenues), associated with seismic retrofit further complicate the whole process of cost 

estimation in seismic retrofit projects. The inability to accurately estimate the cost thus becomes an 

impediment to seismic retrofitting (Kunreuther, 2002). 

According to Bradley et al. (2008), seismic performance requirements and cost of opportunity lost 

contribute to the high cost of retrofit EPBs. Performance requirement is dependent on the local 



Chapter 2- Earthquake Risk Mitigation Decision   

49 

council‘s mitigation policy and the owner‘s preference of seismic standard, while lost opportunity costs 

results from the duration of business disruption. One of the motivating factors to invest in seismic 

retrofit is the likelihood of cost recovery through increased rents or profits at the time of sale (Nakhies, 

2009), but the potential of cost recovery in seismic rehabilitation is rather difficult, because the money 

expended on rehabilitation does not increase the market competiveness of the building. Also, a lack of 

access to finance to implement mitigation measures also impedes the adoption of risk mitigation 

measures (Erdik and Durukal, 2008).  

Furthermore, changes in economic and property market conditions affect seismic mitigation decisions. 

Economic conditions include the national economy, business conditions and capital goods, while the 

property market condition relates to the real estate market, both in sale and lease. The property market 

can act as an obstacle to decisions aimed at reducing seismic risks because of lack of knowledge about 

seismic risk mitigation among stakeholders in the property market (Egbelakin et al., 2011). Most of the 

stakeholders in the market have little or no knowledge about seismic retrofit performance standards, 

legal obligations and potential liabilities relating to earthquake risks (Nakhies, 2009). Thus, obligations 

imposed by changes in the legislation were not anticipated and factored into the market and investment 

analysis (Onder et al., 2004). Consequently, potential buyers and sellers attached insufficient weighting 

to retrofit cost in investment and purchase decisions, which results in buyers paying more than the 

actual value for old buildings. Even some informed potential investors who factor retrofit costs into 

investment decisions are usually out-bid by less informed buyers, resulting from the failure to 

sufficiently account for seismic retrofit requirements (Nakhies, 2009). EPBs acquired without including 

seismic retrofit cost at the time of purchase later become economically unfeasible to retrofit. Costs 

expended on seismic retrofitting are not often reflected in the property value or income streams of the 

buildings, thus rendering retrofitting of such EPBs less viable in the market. Besides, lack of demand 

for improved performance of older buildings is an obstacle to seismic rehabilitation of EPBs. Nakhies 

(2009) explained that there is a gradual decrease in the demand for older buildings, as market 

preference now tends towards newer buildings where energy efficiency and sustainability can be 

optimally achieved.  

In addition, high deductibles and premiums in earthquake insurance can affect building owners‘ 

mitigation decisions. According to Kunreuther (1996), a critical issue regarding earthquake insurance 

relates to seismic mitigation actions in a retrofitted EPB not reflected in the cost of insurance premiums 

and deductibles. Spence and Coburn (2006) however explained that lack of a reliable database hampers 

the assessment of the mitigation actions undertaken. The EERI (1998) suggested that insurance 

premiums should reflect risk and take into account mitigation actions on the building provided the 

insurance losses on the structure are reduced by implementing such an action. In contrast, the 

availability of insurance can act as an impediment to taking action to improve a building‘s performance 

via the insurer‘s attitude related to moral hazard, which diminishes the insured‘s motivation to act 
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safely, resulting in under-investment in mitigation plans. Other issues about the economic perspectives 

of seismic mitigation decisions relate to the method used for property valuations assessments. The 

challenges discussed in this section are significant economic-related factors affecting the choice of risk 

management strategy for EPBs. The next paragraph summarises the overall challenges associated with 

seismic risk mitigation decisions. 

In summary, the design and implementation of disaster mitigation earthquake risk mitigation measures 

to facilitate greater and more effective preparedness are often challenged with various behavioural 

social, institutional, political and regulatory factors. Various research projects around engineering and 

social and decision science disciplines have been conducted to understand why building owners in 

hazard-prone areas are often reluctant to undertake adequate loss prevention measures voluntarily 

(Laska, 1991; Burby et al., 2000; Tierney et al., 2001; Liel, 2004; Sengezer and KoÃ§, 2005; 

Kunreuther, 2006; Halvorson and Hamilton, 2010). For instance, Burby (2006) in a study on how to 

encourage homeowners in the United States to adopt mitigation measures demonstrated that the 

principal reason for the reluctance in the uptake relates to how building owners perceive earthquake 

risks. The risk perception problem was reinforced by ineffective enforcement of the building code and 

land-use regulations by the local public officials. Poor enforcement of both of these is explained by 

Burby (2006), which has led to increased development in hazard-prone areas. Spence (2004) also found 

that the implementing seismic strengthening of EPBs has been complicated because earthquake hazard 

mitigation policies for upgrading them are often difficult to formulate and enact, and slow to be 

implemented by regulatory authorities, and in some cases the EPBs are either abandoned or demolished. 

Another study in the United states by Kunreuther (2006) found several inter-related factors that 

influence building owners‘ uptake of hazard mitigation measures. These factors include an under-

estimation of the probability of the disaster occurring or even treating the earthquake event as if its 

likelihood was zero. Individuals myopic behaviours were reflected in short time horizons for estimating 

benefits and interdependency with neighbours‘ mitigation decisions. Kunreuther explained that these 

factors undermine seismic mitigation decisions and implementation. 

In Turkey, Sengezer and Koç‘s (2005) work on earthquake disaster management explained that factors 

such as lack of political saliency for hazard mitigation, financial constraints and poor design and 

building techniques are responsible for low uptake of earthquake mitigation measures. Sengezer and 

Koç concluded that disaster mitigation management should be considered as a social, cultural, moral 

and economic issue. Another research conducted in Turkey by Liel (2004) found that the economic, 

political and social structures in the country has increased its vulnerability to earthquake hazard. Liel 

explained that factors such as fatalistic mind-sets of people towards hazard mitigation, poor housing 

conditions, poverty and ineffective building codes and policy enforcement deter the adoption of 

mitigation measures. Another significant feasibility study conducted in Turkey by Hopkins et al. (2006) 

on rebuilding that country after the Marmara 1999 earthquake revealed that a lack of belief in seismic 



Chapter 2- Earthquake Risk Mitigation Decision   

51 

retrofitting techniques, trust in designers, authorities and builders and funding deters people from 

adopting seismic risk prevention measures. Hopkins and colleagues concluded that the most critical 

challenges are not technical but political, economic and socially-related factors. Likewise, Halvorson 

and Hamilton‘s (2010) study on seismic disasters in Pakistan argued that seismic risk perception, rapid 

population growth and concomitant urbanisation led to the propagation of structures that were 

incompatible with the level of seismic hazard. Halvorson and Hamilton elucidated that the lack of 

planning for earthquake hazard mitigation at the national level increases the social and physical 

vulnerability to seismic hazards. 

Several factors that may act as obstacles to seismic risk mitigation were identified which range from 

economic, social, political, regulatory and environmental contexts. Recognising these challenges, it is 

obvious that the application of earthquake hazard mitigation mechanisms has not been adequately 

undertaken by homeowners or implemented by related officials. Tierney (2008) argued that 

implementing the existing knowledge about earthquake risk mitigation is the most important challenge 

of the hazard management sector, most especially strengthening EPBs. Moreover, researchers in the 

field of earthquake risk and disaster management have continued to seek ways to prepare individuals 

and communities for disasters (Burton et al., 1978). Yet annual losses from seismic hazards have 

increased appreciably over the past few decades. Making a reasonable decision regarding the adoption 

of appropriate seismic mitigation measures depends on resolving the problematic nature of seismic 

mitigation measure decisions and the continuum of factors that influence the adoption of protective 

actions as discussed in this section. In view of these circumstances, it is reasonable to conclude that 

earthquake risk mitigation is characterised by factors that would discourage building owners from 

making appropriate decisions to reduce their vulnerability to seismic risk. Hence, a better understanding 

of the inter-relationships among all these factors is necessary, particularly in the New Zealand context, 

in order to develop and tailor strategies that will overcome the problems associated with seismic 

mitigation decisions.  

 The Need to Enhance Earthquake Risk Mitigation Decisions 2.7

Earthquake disasters pose a serious threat to many seismically active communities, despite remarkable 

advances in earthquake science and engineering technical solutions, which is evident from the 

increasing scale of earthquake losses. The literature reviewed in this chapter has continually highlighted 

the need to enhance building owners‘ earthquake risk mitigation decision and further demonstrates the 

necessity to reduce the built environment vulnerability‘s to seismic hazard and risks. The CBD of most 

New Zealand cities comprises many pre-1976 buildings, which are often earthquake-prone due to 

inadequate seismic strength, age and deterioration of construction materials. This highlights the 

necessity for the important of increasing the likelihood of building owners undertaking adequate 

mitigation actions. For instance, from the IEP to assess the building stock‘s vulnerability to seismic 
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hazard and risks conducted in Wellington (one of the cities in New Zealand at the forefront of 

earthquake hazard mitigation), Bothara et al. (2008) noted that 92% of the unreinforced masonry 

buildings (URM) in Wellington are estimated as potential EPBs, while Stevens and Wheeler (2008) 

found that 52% of the overall building stock in Wellington are potential EPBs. Russell and Ingham 

(2010), in a study on URM buildings, found that 35% of these currently existing in New Zealand are 

potential EPBs, vulnerable to seismic hazard, with a value estimated at NZ$1.5 billion. Goodwin (2009) 

noted that many of these URM buildings date back to the several century ago and are worth more than 

their financial valuation, including an architectural and heritage value to the community, which are 

difficult to quantify. An additional 52% of the total URM buildings in New Zealand are estimated as 

not being earthquake-prone as defined by the Building Act 2004, but most of these buildings are located 

within the seismically active cities and may perform poorly in a moderate earthquake event. Although 

damages to these buildings are not likely to lead to significant loss of lives or fatalities, they may result 

in the complete economic loss of the building, thus increasing the overall economic vulnerability of 

New Zealand built environment. This is evident now to the New Zealand communities and government 

from the recent Christchurch earthquake in 2011. 

Implementing seismic risk mitigation is a major challenge in many earthquake-prone regions, despite 

the availability of a significant number of reduction measures to ensure that EPBs are seismically 

retrofitted to reduce their vulnerability to earthquake risks. However, these efforts have not always 

resulted in satisfactory success. Seismic rehabilitation of EPBs lags behind advances in scientific and 

engineering understanding because little attention has been focused on how to motivate building 

owners‘ decisions to adopt appropriate seismic mitigation in New Zealand (Hopkins et al., 2006). It is 

possible that the current institutional, socio-political and regulatory mechanisms in New Zealand to 

facilitate effective preparedness for hazard mitigation are not adequate, but may be rather increasing the 

individual and societal vulnerability to hazards.  

The World Health Organization (WHO) (1999) highlights that disaster mitigation activities should be 

coordinated in each country at different pre- and post-disaster stages by the different organisations 

concerned, so that the overall goal of vulnerability reduction can be achieved. Likewise, the disaster 

management literature makes it clear that reducing the physical, social and human vulnerability can be 

used in a holistic contextual approach to the mitigate losses from natural hazards. This study considers 

that such holistic approach will not only acknowledge that location and construction of buildings as 

important determinants of vulnerability reduction.  

 

It also emphasises that reducing seismic risk vulnerability can never be isolated from the social, 

cultural, economic and political realms that influence earthquake risk mitigation decisions and, 

consequently, the adoption of preventive behaviours by building owners and communities.  It is 

envisaged that in this current study, the resilience of the New Zealand‘s built environment can be 
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improved through enhanced mitigation decisions and the adoption of adequate preventive measures 

towards preparedness for earthquake disasters. The findings from this research may help to facilitate the 

understanding of owners of earthquake vulnerable buildings regarding the benefits associated with the 

adoption of mitigation measures to reduce their vulnerability to earthquake disaster. Therefore, the 

overall objective of this study is to address the gap between seismic mitigation mechanisms and their 

implementation in order to mitigate earthquake risks by adopting a multi-disciplinary approach that 

incorporates diverse insights, decision sciences, and economic and regulatory perspectives. 

 Summary  2.8

Seismic risk mitigation decisions involve the evaluation and selection of an appropriate course of action 

to reduce losses from earthquake disasters. However, people‘s response to seismic risks mitigation 

differs because various factors interact to influence their decisions. The examination of the different 

stakeholders and their roles in risk mitigation decision-making process in this chapter revealed how 

individuals and communities become vulnerable to earthquake hazards and risks, and how their 

vulnerability can influence mitigation decisions and the adoption of preventive measures. The adoption 

and implementation of the existing risk mitigation measures is one of the most important challenges in 

earthquake risk management, as various factors influence how building owners and other stakeholders 

make decisions about risk reduction. The review of the disaster management literature further suggests 

that building owners are often reluctant to adopt appropriate mitigation measures. An examination of 

the significant problems associated with people‘s decisions to adopt protective measures against 

earthquake disasters indicated that the risk mitigation decision is characterised by various impediments 

that discourage building owners from making appropriate seismic risk mitigation decisions. An in-depth 

understanding of these challenges highlights the need for a holistic approach to the successful uptake of 

mitigation measures by building owners.  

The examination of these challenges provides a medium for further investigation of the corresponding 

challenges within the New Zealand context. There is also a need to tie the physical, social, regulatory 

and environments reforms in disaster reduction and management into a holistic framework to assess the 

mitigation efforts. This research intends to contribute to the field of hazard mitigation by adopting a 

holistic perspective incorporating economic, socio-political, institutional and environmental 

perspectives that could increase the likelihood of building owners undertaking adequate mitigation 

actions to reduce earthquake risk vulnerability in New Zealand. The next chapter provides a review of 

previous studies and theoretical approaches that have been used to understand people‘s seismic risk 

mitigation behaviours and decisions. The examination of the different theoretical perspectives and 

empirical research underpinning seismic risk mitigation decisions presented in Chapter three will 

provide useful accounts for understanding the rationale behind owners risk mitigation decisions 
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   CHAPTER 3

 Review of Theories and Approaches  

3.1 Introduction  

The previous chapter provided a general overview surrounding earthquake vulnerability, disaster 

mitigation approaches and the various challenges relating to the implementation of risk reduction 

mechanisms. It also looked at previous attempts used by hazard management researchers to understand 

why the rate of adopting seismic mitigation measures by building owners has consistently remained 

low. This chapter presents a review of the literature relating to the seismic risk mitigation decision in 

order to understand how people make choices about reducing earthquake risks. Theoretical perspectives 

and empirical research underpinning the earthquake risk mitigation decision were examined in order to 

understand the factors that influence people about the risk mitigation decision. Further, in this chapter 

the motivational aspects of decision-making are examined in line with the overall objective of this study 

(see Section 1.4), which is to seek ways and strategies to increase the likelihood of building owners 

undertaking mitigation actions to reduce earthquake hazard vulnerability. A review of different 

motivational theories relevant for understanding how to enhance building owners‘ seismic mitigation 

decisions is presented. In so doing, three related motivational perspectives are examined to understand 

how people make choices among several alternatives: intrinsic, extrinsic and an integrated system 

orientation. In the final section, the chapter discusses the applicability of motivational concept to 

earthquake mitigation decisions and the reason why motivation is necessary to enhance these decisions, 

and reviews several motivational theories applicable to risk decisions.  

3.2 Review of Existing Theories and Research Approaches 

Many theories in psychology, sociology, economic and the decision sciences have been advanced to 

explain the adoption of precautionary behaviours including seismic mitigation decisions (Lindell and 

Perry, 2000; Kirschenbaum, 2004). Drawing from theories from social psychology and the decision 

sciences, this section highlights how people seek out and process information about risks and how they 

make choices among alternative options of risk mitigation. Various attempts have been used in the 

literature to explain the rationale behind the different seismic risk mitigation decisions that people 

make. The process by which they choose to undertake protective decisions and actions has been 

approached mainly from three different theoretical perspectives, namely: attitude-behavioural theories 
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and social and cognitive processes theories. The first perspective seeks to explain the rationale behind 

individuals' behavioural patterns by examining the relationships between attitude and behaviour, and 

identifying the variables that influence the strength of these associations. There is a growing research in 

the second area, which draws from the attitude-behavioural theories, but is distinctively different in 

research approaches.  

These theoretical frameworks have been applied in different research works in natural hazard and 

disaster management to identify factors that affect the decisions that people make regarding risk 

mitigation. The applicability of these two tenets of theoretical frameworks in earthquake risk mitigation 

and decision are discussed in subsequent sections. 

3.2.1 Attitude-Behavioural Theories 

Attitude-behavioural theories seek to explain the rationale behind individuals' behavioural patterns by 

examining how the different human characteristics such as beliefs, and available information from the 

environmental, personal, and sociological factors, serve as major elements of behavioural predictors 

(Sheeran et al., 2003). In recent years, there has been increased interest in the application of these 

theories in natural disaster management, with the main objective of understanding the reasoning behind 

how people make decisions among several choices (Dutta-Bergman, 2005). Within the tenets of the 

attitude-behavioural theories, the most prevalent theories that have been applied to earthquake risk 

mitigation are the Theory of Reasoned Action (TRA) and the Theory of Planned Behaviour (TPB) 

(Ajzen, 1991). These theories emphasise the role of behavioural intentions in human decisions and 

behaviour. Although, these theories are different from each other and are developed in diverse contexts, 

they both attempt to explain how perception of risk affects peoples‘ decisions and responses to 

environmental hazards. Paton (2008) however, explained that the interpretive process is influenced by 

cognitive biases and people‘s sociological background, limiting the potential of risk perception to 

predict protective adoption behaviour, consequently exploring other precursors.  

Specifically, TRA has a major shortcoming regarding the inability to predict the specific nature of the 

―beliefs‖ and ―consequences of an act‖ that affect behavioural intents in any given situation and across 

individuals, and its failure to predict non-volitional behaviour (Sheppard et al., 1988; Ajzen, 1991). 

However, TRA has significant predictive accuracy and has been useful in identifying where and how to 

target strategies for changing behaviour to induce a preferred behaviour or decision in earthquake risk 

mitigation (Lindell and Whitney, 2000; Ajzen, 2002). In understanding and predicting earthquake 

preparedness behaviour, people‘s intentions to mitigate seismic risks and actual adoption of seismic 

mitigation measures were found to significantly correlate more with people‘s beliefs and perceptions 

regarding the efficacy of the seismic mitigation mechanisms than with their beliefs and perceptions 

regarding the hazard itself i.e. earthquake (Lindell and Prater, 2002).  
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Likewise, Theory of Planned Behaviour (TPB) which extends the boundary conditions of the TRA 

(Ajzen, 2002; Ajzen et al., 2009) to non-volitional behaviour by incorporating the notion of perceived 

behavioural control to the TRA model. TPB is flawed because it overlooks the impact of emotional 

variables such as threat, fear, mood and negative or positive feeling on actual behaviour, which is 

particularly important in making decisions about unpredicted events such as earthquakes. This is a 

decisive drawback for predicting earthquake risk mitigation decisions (Armitage and Conner, 2001; 

Sniehotta, 2009). However, TPB identifies the importance of assessing the amount of control an 

individual has over their decision or behaviour. The ability of this model to predict behavioural 

preparedness towards seismic hazard has been supported by research findings in earthquake hazard 

mitigation, specifically by considering the impact of social influence and control on behavioural 

intention studies (Paton, 2003; Paton et al., 2005; McClure et al., 2007).  

3.2.2 Theories Incorporating Social and Cognitive Process Theories 

Another approach to the study of risk mitigation decision relates to the adaptation of theories in health 

protective behaviours to reveal social cognitive variables such as problem-focused coping, self-efficacy 

and a sense of belonging to a community to predict preparedness and resilience to natural hazards. The 

pursuit of this line of research is justified by the fact that the precursors of protective behaviour 

identified in health research have reinforced their potential to influence seismic mitigation decisions in 

natural hazards research (Duval and Mulilis, 1999; Paton, 2003; Linley et al., 2004). Theories 

incorporating social and cognitive processes draw on the tenets of the attitude-behavioural theories to 

address the psychosocial constructs that explain why people make the decisions they do. Four of these 

theories which are: Protection Motivation Theory (Rogers, 1975); Person-Relative-to-Event Theory 

(PrE) (Mulilis and Duval, 1995); Protective Action Decision Model (PDAM) (Lindell and Perry, 2004); 

and Social Cognitive Preparation Model (Paton, 2003). Collectively, theories incorporating social and 

cognitive processes have been successfully applied to predicting behavioural intentions and decisions to 

engage in various behaviours or decisions for earthquake preparedness (Mulilis and Lippa, 1990; 

Asgary and Willis, 1997).  

Protection Motivation Theory (PMT) (Rogers and Prentice-Dunn, 1997) relates to the use of negative 

threat appeals in persuasive communication to induce change in attitude and behaviour and 

consequently in decision-making. PMT proposes that an individual evaluates a threat (e.g. earthquake) 

and possible means of either coping or averting it through a series of four cognitive processes: 

perceived severity of a threatening event; vulnerability to such an event; efficacy of the recommended 

preventive behaviour; and self-efficacy (Rogers and Prentice-Dunn, 1997; Norman et al., 2005). The 

theory assumes that these four cognitive processes mediate the impacts of negative threat appeals on 

attitude and intention by arousing protection motivation, which is an intervening motivational variable 

(Mulilis and Lippa, 1990). Therefore, the intent to adopt the recommended preventive response 
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behaviour or decision is influenced by the amount of protection motivation aroused during the cognitive 

processes. The PMT model has been used to initiate motivation for preparedness for potential 

earthquakes (Mulilis and Lippa, 1990).  Mulilis and Lippa (1990) examined behavioural changes in 

earthquake preparedness using the PMT. The empirical findings showed that PMT demonstrated that 

two characteristics of an earthquake event – probability of occurrence and severity of damage and 

efficacy of the seismic mitigation mechanisms (response efficacy) would significantly predict intentions 

to adopt the recommended seismic mitigation measures rather than the actual behaviour. However, 

PMT has not been able to determine how the key theoretical variables combine to produce actual 

behavioural change to adopt risk mitigation measures (Neuwirth et al., 2000). Thus, the theory‗s ability 

to predict changes in actual behaviour remains unanswered (Mulilis and Lippa, 1990).  

Further,  the Person-Relative-to-Event Theory (PrE) model asserts that people‘s decision to adopt 

protective mechanisms against earthquake risk are determined by the level of threat in relation to their 

personal resources available for mitigating the risks posed by the threat (Mulilis and Duval, 1995; 

Duval and Mulilis, 1999). PrE assumes a primary cognitive appraisal of an event that triggers threats 

such as an earthquake, and a secondary appraisal process that evaluates the resources required to 

manage the threat. These appraisals determine the extent to which a person engages in strategies that 

will reduce the impacts of potential threats. The model claims that the degree to which people engage in 

problem-focused coping and emotion-focused coping responses to negative threat is a function of the 

appraised level of the person‘s coping resources to mitigate the appraised threat (Mulilis and Duval, 

1995; Duval and Mulilis, 1999). The relationship between the appraised level of the resources and the 

appraised urgency of the threat is critical in determining the extent to which the person engages in 

problem-focused coping. Duval and Mulilis (1999) applied the PrE model to predict earthquake 

preparedness decisions and found that the severity and probability of an earthquake, efficacy (beliefs 

regarding personal capacity to do act), and outcome efficacy (perceptions of whether actions will reduce 

the hazard) would significantly predict the extent to which an individual will adopt a risk preventive 

mechanism. The findings generally support the assertion of the model indicating that an appraised level 

of threat increases earthquake preparedness only if coping resources to reduce seismic risk are 

appraised as sufficient. However, when resources are appraised as insufficient, the level of preparedness 

decreases as the level of event magnitude increases (Duval and Mulilis, 1999). The application of the 

PrE model to earthquake preparedness emphasises that the perception of the earthquake hazard and 

one‘s own ability to respond to the reduction of the hazard impacts are significant parameters for 

preparedness against earthquake disasters (Mulilis et al., 2003).  

In addition, PADM developed by Lindell and Perry (2004) is an integrated model comprising the social 

influence, behavioural and information-seeking processes that characterise how people respond and 

make decisions about adopting mitigation measures to protect themselves against environmental 

hazards. The PADM stated that threat awareness arises from exposure to environmental observation and 
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risk communication from informal and formal sources developed from perceived trustworthiness and 

expertise (see Section 2.6.4). According to Lindell & Perry (2000), threat perception motivates a search 

for an appropriate response to mitigate the impacts posed by the threat, followed by a clarification of 

the efficacy of the selected mitigation measure. Generally, findings from studies adopting the PADM 

indicates that people's beliefs about earthquakes are defined by hazard-related attributes (certainty, 

severity, immediacy and personal consequences) and response efficacy for protecting persons and 

property, cost, time and effort, knowledge and skill, and required cooperation with others (Perry and 

Lindell, 2007). Moreover, beliefs about the hazard-related attributes and response efficacy are 

influenced by environmental cues, other people‘s behaviour, and messages from the news media, 

authorities and peers. All these parameters would interact to initiate a decision-making process that 

begins with risk identification and concludes with the adoption of seismic mitigation mechanisms 

(Perry and Lindell, 2007).  

Finally, the Social Cognitive Preparation model developed from a psychological perspective recognised 

the need to understand the ―reasoning and judgment that underpin decisions regarding disaster 

preparedness‖. The model draws from Social Cognitive Theory (SCT) (Bandura, 1986; Perry et al., 

1997) and stress and coping theory (Lazarus, 1991) and is illustrated in Figure 3-1. 

 

Figure 3-1 Social-Cognitive Preparation Model. Source: (Paton, 2003) 

The Social Cognitive Preparation Model comprises three phases. The first phase contains the motivators 

or precursors that characterise an individual‘s behaviour, the second phase is the intension formation 

phase, and the last stage links intentions to actual preparations for disaster (Paton, 2003). Consistent 

with social-cognitive approaches, the model indicates that variables such as risk perception, self-
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efficacy, response efficacy and problem-focused coping are predictors of behavioural intention to adopt 

disaster preparedness measures. Paton (2003) argues that other attributes may also influence intention, 

thus including variables such as critical awareness and hazard anxiety in the model (Paton, 2003).  

According to Paton (2003), an individual would be motivated to take action when a hazard is perceived 

as critical. Problem-focused coping would encourage people to confront the threat or hazard. However, 

if they do not believe they have adequate resources to reduce the impacts of the threat, they are unlikely 

to take action (Mulilis and Duval, 1995; Paton, 2003). Additional variables that may influence the link 

between intention and preparation, such as sense of community, belonging and perceived responsibility 

were included as moderating factors that may contribute to or affect an individual‘s decision to prepare 

or not prepare. The Social Cognitive Preparation Model has been modified to study the impact of the 

different proposed variables on several natural hazards such as earthquakes, volcanic eruptions and 

tsunami (Paton, 2006; Paton, 2007; Paton, 2008; Paton et al., 2008; Paton et al., 2010). However, 

comparisons of the different adaptations of the model suggest that there are variations across different 

hazard types and people‘s cultural orientations. 

In summary, theoretical perspectives examined above have focussed attention on understanding the 

protective decisions antecedents beyond risk perception. These studies emphasised a sequential process 

of seismic adjustment decision, and distinguished three main elements of a risk mitigation decision: risk 

perception, attitude and belief towards the hazard and the appraisal of seismic adjustments and 

resources to mitigate risk. Other key factors such as fatalistic mind-set; trust; demographic 

characteristics; perceived benefits of adopting mitigation measures; ethnicity; social identify and 

networks, impinge on these three key elements (Lindell and Prater, 2000; Solberg et al., 2010).  Most of 

the research works adopting the attitude-behavioural approach have been directed towards the 

differences among social groups in their risk perceptions or at most the prediction of behavioural 

intentions rather than actual behaviour (Lindell and Perry, 2004). Likewise, some of these studies have 

neglected the significant social context variable(s) that characterise natural hazard disaster mitigation, 

while some only focused on the effects of persuasive influences such as informal news, media and 

official sources of hazard and mitigation measures on risk mitigation decisions. Although the theories 

discussed above have many useful features and offer some plausible explanation of people‘s response to 

earthquake risk mitigation, their very generality limits their ability to identify how building owners‘ 

seismic adjustment decisions can be motivated. 

3.3 Discussion and Knowledge Gaps  

The review of previous studies and theoretical approaches adopted in earthquake risk and disaster 

management discussed in both the previous and present chapter highlight some of the gaps in current 

empirical work and research approaches relating to seismic risk mitigation decisions. This section 

provides a summary of these knowledge gaps. 



Chapter 3 - Review of Theories and Approaches  

 

60 

The literature review presented in this study highlights that the conceptualisation of seismic risk 

mitigation decision has mainly focused only on the building owners at the individual level. Solberg et 

al. (2010) explained that this focus on property owners is due to the fact that they are the most 

vulnerable to incur personal and financial loses in an earthquake event, and have the opportunity to 

adopt seismic mitigation measures. Only a few studies have examined the differentials in the risk 

mitigation decisions of the different types of owners discussed in Section 2.5.1.5, including private, 

public and non-profit owners. Examining the differentials in the risk mitigation decisions of these 

different ownership types dictates the overall attempts by the community to reduce earthquake risk 

vulnerability. An understanding of the different ownership characteristics is also important because it 

sheds more light on the extent of the different types of owners‘ risk tolerance capability and the stakes 

involved in reducing seismic risks, which strongly mediates their mitigation decisions.  

In addition, empirical research involving the opinions of other stakeholders in seismic risk mitigation 

decisions discussed in Section 2.5.1 have been neglected, which can cause discrepancies in the 

determination of the overall community‘s protective decisions. Solberg et al. (2010) suggested that 

including other stakeholders who may be directly or indirectly involved in seismic mitigation decisions 

and implementation in future research is necessary because many non-property owners also die or incur 

losses from an earthquake disaster. Moreover, these stakeholders‘ actions and activities within their 

different operative environments have a significant impact on building owners‘ final mitigation 

decisions. Hence, the need for future research to include their opinions and perspectives when 

examining earthquake risk mitigation decisions because a successful risk mitigation approach requires 

effective participation of all involved stakeholders.  

Furthermore, the review reveals the various problems associated with earthquake risk mitigation 

decisions (see Sections 2.5 and 2.6). The problematic nature of the decision-making relating to the 

adoption of adequate risk mitigation measures demonstrates how several factors affect property owners‘ 

decisions to adopt and implement risk reduction measures. The review showed how the different factors 

such as hazard-related, human-related and resource-related attributes influence owners‘ decisions to 

implement seismic mitigation measures. These factors suggest the rationale for the differences in 

people‘s behavioural responses to seismic hazard mitigation. Making a rational decision regarding the 

adoption of appropriate seismic mitigation measures depends on resolving the problematic nature of 

seismic mitigation measure decisions and an understanding of how this continuum of factors interacts to 

influence the adoption of protective actions. Therefore, it is reasonable to suggest that research focusing 

on the inter-relationships among all these factors is necessary. This is particularly so in the New 

Zealand context, in order to develop approaches that will overcome the challenges created by the 

interactions among these factors affecting building owners‘ risk mitigation decisions. 
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Similarly, the reviewed literature assumes that the most important causes of seismic mitigation 

decisions can be conceptualised as a mental process that operates within the individual‘s mind (Solberg 

et al., 2010), which includes the cognitive representations of risk such as perceptions, perceived control 

and self-efficacy. According to Solberg et al. (2010), research work considering the wider contexts such 

as the social, cultural, institutional and political processes within which seismic mitigation decisions are 

made has remained opaque. Therefore, it is essential for future empirical studies to encapsulate how 

these varying contexts affect earthquake risk mitigation decisions. Research on earthquake risk 

mitigation adopting a holistic approach that simultaneously examines the impacts of socio-behavioural, 

economic and institutional and regulatory mechanisms on earthquake mitigation decisions is necessary 

to provide studies that are more conclusive in promoting disaster loss prevention. 

In addition, the review of different theoretical frameworks and research approaches discussed in Section 

3.4 revealed how a wide variety of theoretical perspectives provide useful accounts for understanding 

the rationale behind human risk mitigation decisions. Lindell and Perry (2000) criticised some of the 

models used in predicting earthquake risk mitigation decisions regarding their neglect of the social 

context that embodies these decisions and poor accounts of people‘s cognitive representations of 

earthquake hazard and risks. For instance, some studies ignored antecedent variables of people‘s 

cognitive representations such as risk perception, previous hazard experience and the social contexts. 

Also, some of the studies seem to disregard the inter-related nature of the factors affecting owners‘ 

mitigation decisions. Improving existing theories requires natural hazard researchers to recognise the 

relevance of the broader literature on attitudes and decision-making and other relevant perspectives that 

will provide directions on people‘s uptake of protective actions. According to Lindell and Perry (2000), 

there is a necessity for better theories that recognise the relevance of broader literature and research 

contexts in earthquake risk and disaster management research. Consequently, improved research models 

and better testing approaches are necessary for the assessment of a broader range of constructs and 

perspectives in earthquake risk mitigation decisions. 

In general, research in the last two decades has focused attention on understanding the antecedents 

preceding mitigation decisions and protective behaviour in order to solve the problem associated with 

the uptake of seismic mitigation to reduce vulnerability to earthquake risks. Despite this understanding 

and knowledge, building owners are still reluctant to adopt seismic risk mitigation measures (Egbelakin 

et al., 2011) as evidenced in the recent devastating earthquakes in New Zealand in February 2011 and in 

other regions around the globe. It is possible that building owners are not motivated to adopt 

appropriate seismic performance standards when making decisions regarding the rehabilitation of their 

EPBs (Egbelakin and Wilkinson, 2010). Hence, the need for empirical studies that will examine the 

motivational processes underlying human reasoning and decisions in the context of earthquake risk 

mitigation. Moreover, the influence of human motivational orientations on decisions and behavioural 
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outcomes has been established in the literature (Cavalier, 2000; Paton, 2003), hence its applicability of 

motivation to seismic mitigation measure decisions. 

A motivational perspective in making earthquake risk mitigation decisions would provide vital 

information, as well as a complete understanding of the process of designing effective strategies and 

mechanisms tailored to the specific needs of different property owners, in order to successfully 

implement these decisions successfully. Relevant elements from the reviewed theoretical approaches 

can be integrated with the findings from earthquake risk and disaster management research and other 

related disciplines such as the decision sciences, sociology, psychology and economics to provide a 

more complete understanding of the process necessary to induce, enhance and sustain appropriate 

decisions to adopt risk mitigation measures. An important aspect of earthquake hazard reduction 

identified by the New Zealand Historic Place Trust (NZHPT) focused on how to understand the socio-

behavioural constraints existing among several stakeholders involved in seismic retrofit implementation 

in different seismic risk regions in order to motivate EPB owners to improve their buildings‘ seismic 

performance voluntarily (McClean, 2009). Thus, this research submission sought to integrate the utility 

of motivational theories and relevant elements from findings from disaster research to enhance building 

owners‘ seismic mitigation decisions. This approach may help to increase the likelihood of building 

owners‘ adoption of mitigation measures that will reduce their exposure to earthquake vulnerability. 

3.4 Enhancing Earthquake Mitigation Decision – A Motivational Approach 

The concept of motivation has been adopted in various disciplines relating to decision-making and 

predicting behavioural patterns, and has evoked immense debate and discussion in the literature 

(Mitchell and Daniels, 2003). Previous research in psychology and the decision sciences has established 

that motivation can significantly affect the choices that people make by demonstrating its utility to 

initiate, promote and sustain a desired decision and behaviour (Cavalier, 2000; Higgins, 2000; Ryan and 

Deci, 2000; Hickson and Khemka, 2001; Kressler, 2003). According to Huczynski & Buchanan (2010), 

motivation relates to the cognitive decision-making process through which a goal-directed behaviour is 

manifested. Motivation can affect whether a person chooses to engage in a decision-making process at 

all, to what extent, as well as their selection of a goal and their means for attaining it (Hickson and 

Khemka, 2001). Likewise, the degree to which an individual makes a decision is a manifestation of 

their underlying motivational orientation (Cavalier, 2000; Ryan and Deci, 2000). The utility of the 

motivational concepts and theories in many decision-making processes provides a framework for 

applying the concept for predicting and enhancing property owners‘ risk mitigation decisions. Since 

motivational-related factors play a significant role in the decisions and choices that people make, this 

study addressed the efficacy of the concept of motivation in this section by explicitly modelling the way 

that it will affect earthquake mitigation decisions and protective behaviour.  
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3.4.1 Motivational Orientation of Risk Mitigation Decision  

Motivational orientation of making decisions under risk and uncertainty from a behavioural perspective 

is grounded in different conceptual frameworks. Decision models generally assume that people‘s 

preferences for safety or risk depend on two factors: probability that the risk would affect them; and the 

value that people ascribe to the outcomes. Larrick (1993) explained that this approach of characterising 

the risk mitigation decision process focuses on two questions: (a) How do people place a value on the 

outcomes of their decisions?; and (b) How do people assess uncertainty and risk? Larrick further argued 

that standard answers to these questions have appealed to the cognitive motivational orientation that 

underlies the decision-making processes.  

Decision models draws heavily from the literature focusing on the situational (Kahneman and Tversky, 

1979; Weber et al., 2002; Kahneman et al., 2006) and personality determinants of motivation 

(Zuckerman et al., 1964). Studies examining the situational determinants of risk decision postulate that 

risk-taking is asymmetric about a reference point, and that people will be risk-averse when they 

perceive themselves to be in the domain of gain and risk-seeking in the domain of loss (Kahneman et 

al., 2006). A key finding from these studies is that situational determinants of making decisions under 

risk and uncertainty explains how human judgement and decision-making is influenced by a low-

probability/high-consequence event such as an earthquake (Tamura et al., 2000; Havenaar et al., 2003; 

Sacco et al., 2003; Dearstyne, 2007). Some researchers have found that natural disaster often elicits 

strong negative emotions such as fear in people who have recently experienced it (Leopold and Dillon, 

1963; Park et al., 2008). Such negative emotions are likely to influence the cognitive process of risk 

perception and risk mitigation decision that could lead to risk denial, avoidance, acceptance and 

perceived risk control explained in Section 2.3.3 (Han et al., 2007; Siegrist and Gutscher, 2008). 

Similarly, research relating to personality determinants suggests that individual differences may help to 

explain why some types of individuals appear to be more susceptible than others to risk-taking 

behaviour, arguing that decisions about risk and uncertainty are mediated by individual risk attitudes 

(Zuckerman and Kuhlman, 2000; Ben-Zur and Zeidner, 2009).  

According to Atkinson (1978), making decisions about risk mitigation is connected to individual 

psychological mechanisms related to motivation. Situational and personality factors thus heighten 

motivational concerns, leading to systematic differences in risk mitigation decisions. Larrick (1993) 

concluded that decision-making under uncertainty must take into account the motivational 

consequences of making a decision that go beyond the stated probabilities and outcomes of different 

alternatives. Larrick proposes that a complete understanding of decision-making must take into account 

both the psychophysical and motivational explanations of the decision outcome or behaviour.  

In relation to a natural hazard such as an earthquake, Paton (2008) emphasised that the understanding of 

the motivational orientation that underlies human thought processes and reasoning is necessary in order 
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to investigate seismic mitigation decisions at the individual‘s level. The key question is thus to examine 

how these motivational orientations may be utilised to initiate and to increase the likelihood of building 

owners undertaking adequate mitigation actions to reduce earthquake hazard vulnerability.  

3.4.2 Concept of Motivation 

Motivation is one of the significant factors influencing decision-making, which also determines how a 

person will behave or carry out a particular task (Clark, 2006). Motivation as a concept has been 

extensively studied in the past century. Its application within various contexts produces different 

outcomes at different times, which is attributed to diversity of the concept itself (Dahlgaard and 

Dahlgaard, 2003). Motivation has been defined in several ways and in relation to specific contexts. 

Cavalier (2000) defined motivation as an individual specific feature that arouses a person‘s action 

toward achieving a desired goal or the rationale for an action that gives purpose and direction to a 

behaviour. Similarly, Conroy (1994) described it as a "a person's active participation in and 

commitment to achieving prescribed results". Clark (2003) added that motivation comprised of "the 

forces either within or external to a person that arouse enthusiasm and persistence to pursue a certain 

course of action" or engage in a particular behaviour.  

Explicitly, motivation emphasised the rationale for engaging in a particular behaviour or making a 

decision. Motivational-related factors such as values, intention, perception and self-efficacy help 

generate the human desires that engage the mental processes of seeking opportunities to take actions 

that will reduce the level of risk exposure (Sjöberg, 2000; Clark, 2003; Paton, 2003). For instance, when 

a need arises to take action to reduce a threat posed by an earthquake, motivation can provide the 

initiative, direction, intensity and persistence to achieve a safer environment. It also nurtures people‘s 

self-efficacy and controls the willingness to make decision to persist at a specific task or action in the 

face of distractions and competing priorities (Clark, 2006). Likewise, motivation can nudge intention 

into decision and consequently lead to implementation of the decision that may include implementing 

seismic mitigation measures. Clark (2006) however noted that motivation will not directly influence a 

task. Instead, it would guide people to use their resources, time, knowledge and skills and apply them 

effectively to implement the task. Motivation thus explains why people behave or act the way they do, 

and it has been classified into two different two categories (Ryan and Deci, 2000). These two different 

categories set out in the subsequent section (intrinsic and extrinsic) provide useful ways to codify 

motivation as a concept. 

3.4.3 Intrinsic and Extrinsic Motivation  

The hierarchical model of motivation (Vallerand, 1997) and self-determination theory of motivation 

(Deci and Ryan, 1985) provide a framework in which the concept of the intrinsic and extrinsic 

motivation phenomenon can be understood by emphasising a multi-dimensional perspective of 
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motivation. The hierarchical model takes into consideration the interactions of the different categories 

of motivation (intrinsic and extrinsic) at three hierarchical levels of generality (Vallerand, 1997). 

Equally, self-determination theory (Deci and Ryan, 1985) has helped to clarify the roles of intrinsic and 

extrinsic motivation on an individual‘s capacity to influence his or her environment as well as the 

impact of motivation on their decisions and actions. The theory also suggests a motivated 

developmental process, whereby people build upon and refine their regulatory processes to integrate 

and internalise behaviours that allow them to be more self-determined.  

 

Intrinsic motivation refers to the performance of a task driven by personal interest rather than external 

pressures or some separable consequences (Ryan and Deci, 2000). Intrinsic motivation can be used to 

explain spontaneous and persuasive decisions and behaviour that clearly bestow adaptive benefits on a 

person (Deci, 1975; Pink, 2009). An intrinsically motivated person would make a decision to act or 

carry out a task based on inherent internal satisfaction that the activity provides. Ryan and LaGuardia 

(2000) explained intrinsic motivation as a human natural tendency to predict a decision or behaviour. 

Three types of intrinsic motivation exist in the literature including: intrinsic motivation to know; 

intrinsic motivation to accomplish things; and intrinsic motivation to implement an act (Vallerand and 

Rousseau, 2001; Vallerand, 2007). These three intrinsic motivation types can be related to earthquake 

risk mitigation decisions. For instance, an EPB owner who seeks out information regarding how to 

manage the seismic risk in their building displays intrinsic motivation to know (Lindell and Perry, 

2004), while intrinsic motivation to accomplish is about persistence to engage in the adoption of 

mitigation measures such as retrofitting of EPBs and may be related to past earthquake experiences 

(Kenneth et al., 2005). Lastly, intrinsic motivation to implement an act could be related to outcome 

expectancy; perceptions that actions will effectively mitigate or reduce disaster impacts (Paton, 2003). 

This tripartite distinction highlights the different fashions in which intrinsic motivation could be 

experienced in relation to earthquake risk mitigation decisions. Intrinsic motivation thus provides 

explanations for experiences associated with performing the task.  

In contrast, extrinsic motivation refers to the performance or engagement in an activity that originates 

because of external influences or rewards (Pintrich and Schunk, 2002). According to Eliott and Mapes 

(2002), an extrinsically motivated individual would engage in activities in pursuit of rewards such as 

money, prestige, safety, coercion and threat of punishment. In relation to earthquake risk mitigation 

decisions, extrinsically motivated EPB owners may adopt seismic mitigation mechanisms in order to 

ensure personal safety and prevent losses in a disaster event or to avoid regulatory sanctions of non-

compliance to mitigating earthquake risks. Conversely, the decision to adopt seismic mitigation 

measures in order to ensure personal safety or prevent losses suggests a personal endorsement and a 

feeling of choice in the decision-making process, whereas avoiding sanctions indicates an act of 

compliance with an external control. Deci and Ryan (1985) proposed four types of extrinsic motivation, 

namely: external; introjected; identified; and integrated regulations: 
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 External regulation refers to behaviour that is regulated through external means, such as 

rewards and constraints. For instance, a building owner may be willing to retrofit an EPB 

because of the provision of financial incentives to reduce the cost of mitigation or due to 

demolition imposed by non-compliance to the regulation.  

 In introjected regulation, individuals begin to internalise the reasons for their actions by 

experiencing self-imposed pressure. An EPB owner may be obliged to adopt mitigation 

measures because of a perceived responsibility to protect their family or employee from an 

earthquake disaster.  

 The identified regulation refers to when an individual engages in the activity even when it not 

pleasant in itself. An example of the identified regulation is when an EPB owner adopt a 

beyond compliance seismic performance standard even when he or she knows that it will cost 

them more than the minimum requirement.  

 Integrated regulation involves making a decision out of several alternatives because the activity 

represents a harmonious part of the individual‘s self. A policy entrepreneur for earthquake risk 

mitigation, for instance, may mobilise community support for earthquake risk mitigation based 

on its inherent personal pro-social mitigation behaviour. 

Furthermore, the research of DeCharms (1968) and Porter and Lawler (1968) suggests significant 

interactions between intrinsic and extrinsic motivational variables. These interactions describe how 

one‘s behavioural motivation can range from amotivation or unwillingness, to passive compliance, and 

consequently to active personal commitment (Ryan and Deci, 2000). Other empirical studies on 

motivation have been extended to include basic needs or drives and the influences of thought processes 

and cognition on decision-making (Cavalier, 2000; Judge et al., 2007). Findings from these empirical 

studies suggest that attributes such as self-efficacy, values, relatedness, autonomy, previous 

experiences, social pressures and individualised motivational characteristics and the presence of optimal 

challenges are motivational determinants that tend to regulate people‘s decisions and behaviour 

(Vallerand, 1997; Eliott and Mapes, 2002; Chirkov et al., 2003; Vansteenkiste and Deci, 2003; Deci 

and Ryan, 2004). These motivational determinants could promote satisfaction and performance of an 

activity that could include adopting seismic risk mitigation mechanisms. 

Building on the relevant literature, motivation in this research and context is conceptualised as the 

intrinsic and extrinsic factors that could influence people‘s thought processes. This is in order to initiate, 

energise, enhance and sustain the decisions or actions directed towards implementing a particular goal, 

and which are used to guide or enhance a desired decisions and behaviour. Motivation can thus have the 

capability to influence and enhance building owners‘ intentions or decisions to adopt appropriate 

seismic mitigation measures. A review of motivational theories and literatures is discussed in the 

subsequent section to provide an overview of the perspectives from which the motivational factors used 

in this study are developed. An understanding of the role of motivational theories in seismic mitigation 
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decision will help to create an atmosphere necessary to comprehend the motivational orientations 

associated with making risk mitigation decisions. 

3.5 Motivational Theories  

Motivational theories seek to explain the rationale behind people‘s decisions, why they carry out a 

particular action, and how the outcomes of such actions help to achieve their objectives (Cavalier, 2000; 

Eliott and Mapes, 2002; Hanych, 2002; Dahlgaard and Dahlgaard, 2003; Halepota, 2005). There are 

several categories of motivational theories established in the literature that could be potentially useful 

for enhancing seismic mitigation measure decisions. Three categories of motivational theories‘ 

relevance to decision-making are examined in this section, namely: need theories; process theories; and 

reinforcement theories (Weiner, 1985; Petri, 1996; Steers et al., 1996; Cavalier, 2000). Brief 

descriptions of some of the motivational theories within each category are discussed in connection to 

decision-making.  

3.5.1 Need theories of motivation 

Need theories are based on some of the earliest research on motivation that focuses on identifying the 

innate structure of human needs. Conversely, need theories postulate that intrinsic motivation is the 

essential driving force of decisions and behaviour. Popular need theories of motivation include 

Maslow‘s Hierarchy of Needs (Maslow 1954), Acquired Needs theory (McClelland, 1961) and 

Alderfer's ERG theory (Alderfer, 1972). The shared aim among the need theories is that individuals 

have a basic set of needs that they try to fulfil. Maslow's Need‘s theory (1954) is one of the widely 

known theories of motivation that demonstrated the multiplicity nature of human needs. The theory 

posits that human needs constitute the main motivator that drives a person to act and is determined by 

biological, cultural and situational conditions that can be ordered in a hierarchy from lower to higher as 

follows: physiological, safety, belongingness, esteem and self-actualization (Lord, 2002; Martin et al., 

2002). Maslow explained that once a lower order need is satisfied a person could move to the next level 

of needs. The need to ensure safety is at the second lowest level of Maslow‘s hierarchy, indicating that 

the need to ensure safety is achievable once the foremost physiological need has been minimally 

satisfied. Iso-Ahola (1980) pointed out that Maslow‘s‘ hierarchy of needs indicates an individual has 

inner-directed and socially motivated need that can be enhanced.  

Although Maslow‘s hierarchy model of motivation has been very useful in understanding and 

evaluating people‘s different needs, values, drives and priorities, the theory has been criticised by many 

authors because it lacks empirical verification (Steers et al., 1996; Mullins, 2002). The theory was 

flawed because of its broader conceptualisation and rigidity (Petri, 1996). While recognising this 

limitation, Maslow‘s theory provides a starting point that recognises the need to ensure safety as an 

example of intrinsic motivation inherent in an individual. Building on Maslow‘s theoretical base, 
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several theories were formulated such as the Alderfer‘s ERG theory (1972) and McClelland‘s (1971) 

Acquired Needs theory. Alderfer re-categorised Maslow's original needs and proposed some movement 

between the levels, making it less rigid. Similarly, McClelland‘s (1971) Acquired Need‘s theory 

emphasised that earlier life experiences can determine whether people acquired these needs or aimed to 

acquire them. Generally, the need theories conceptualised behaviour and decision outcomes as the 

product of needs or innate psychological characteristics that explain how individuals prioritised their 

needs. These theories explain the specific factors that motivate people by providing answers to the 

question: What drives decisions and behaviour? It is important to note that none of the content theories 

have been conclusively shown to be valid, yet they provide a conceptual foundation for research 

intended to explain how individuals can be or are motivated to achieve the desired outcome (Burton, 

1994; Lacey, 1994; Gibson et al., 2008). 

3.5.2 Reinforcement Theories of Motivation 

Reinforcement theories are based on the relationship between behaviour and its consequences, mainly 

on extrinsic motivators, which is used for guiding and predicting future behaviour. These theories are 

adopted in an attempt to change or modify behaviours by applying a reward and punishment system 

(Montana and Charnov, 2008). According to Landy and Conte (2009), reinforcement theories explain a 

cause-effect relationship between rewards and behaviour and that a behavioural or decision outcome 

depends on three elements, namely: inducement; response; and reward. Some of the novel 

reinforcement theories such as Skinner‘s Reinforcement theory and Higgins Regulatory Focus theory 

(Schermerhorn Jr, 2009) are discussed briefly in this section. 

Skinner‘s Reinforcement theory (1953) takes into consideration both motivation and the environment, 

focusing on incentive and decision outcome relationships. Skinner‘s theory proposed that that an 

individual‘s behaviour is a function of its consequences, based on ―law of effect‖. In other words, an 

individual‘s behaviour with positive consequences tends to be repeated, but behaviour with negative 

consequences tends not to be. McCoy (1992) found that people tend to have an intrinsic need for 

positive reinforcement, and that when behaviour is ignored it may not be repeated or tends to become 

extinct. Skinner and Frederic (1965) highlight incentive as a precursor to behaviour, by emphasising 

that this will initiate behaviour in a particular direction. They advocated that monetary or non-monetary 

incentives such as praise, recognition, or a raise and promotion after a desired behaviour increase the 

probability of repeating the behaviour. Whereas, punishments such as fines after an undesired behaviour 

decrease the probability of repeating it.  

In addition, Higgins Regulatory Focus theory (1998) postulates that people are guided by two different 

motivational systems, promotion-focused and prevention-focused, when making a decision to 

implement a task. With the first, people are motivated by the perception of positive outcomes, while the 

second they are driven by the perception of avoidable potential losses. Higgins‘s theory illustrates how 
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individuals regulate themselves in decision-making situations. Spiegel et al. (2004) explained that an 

individual‘s motivational strength is enhanced when the manner in which the person works toward a 

goal sustains their regulatory orientation. For example, an individual who is promotion-focused will 

value attainment decisions more highly than avoidance decisions. The opposite predisposition applies 

for people who have a prevention-focused attitude. Regulatory Focus theory has important implications 

for decision-making and problem-solving situations (Crowe and Higgins, 1997; Higgins et al., 2003; 

Spiegel et al., 2004). In contrast to the need theories, reinforcement theories have been useful in 

providing clues on how to motivate people through external factors (extrinsic motivation) such as a pay 

rise, punishments and promotion (Operant Conditioning, 2006). The theories deal with learned 

behaviours that promote its ease of application (Kaptein, 2011). However, reinforcement theories of 

motivation overlook the internal state of individuals by ignoring the intrinsic motivational causes of 

behaviour. Likewise, the theories ignore the impacts of individual differences on motivation (Catania et 

al., 1988). Individuals are different and unique, thus the use of the same reward could produce different 

behavioural outcomes among several people. 

3.5.3 Process Theories of Motivation 

Process theories describe how individuals choose particular behaviours and how they determine if these 

meet their needs. Process theories emanate from early cognitive theories discussed in Section 3.2.2, 

emphasising that behaviour results from conscious decision-making processes and intentions. Some of 

the notable theories within the process theories include the expectancy theory, equity theory and goal-

setting theory (Steers et al., 2004). Process theories attempt to explain the mechanism by which people 

make decisions when intrinsic and extrinsic motivators are present. Specifically, expectancy theory will 

be examined in this study because of its applicability to motivating a behaviour or decision. 

The expectancy theory of motivation developed by Vroom (1964) explains how individuals make 

decisions to adopt a particular behaviour among various alternatives. The theory postulates that the 

motivational force behind a behaviour, action or decision is a function of three distinct perceptions, 

namely: expectancy: instrumentality; and valence. A motivational force is the force directing specific 

behavioural or decision, which is suggested when making decisions among several alternatives. 

According to Vroom (1964), motivation depends on the perception regarding a person‘s capability to 

carry out a particular task, the reward associated with the accomplishment of the task, and the value 

placed on the reward. Therefore, for an individual to motivated, he or she must have positive outcome 

expectancies and high-value decision outcomes. Conversely, expectancy theory relates that an attractive 

reward would lead to a stronger perception, where extra effort leads to a higher reward (Vroom, 1964; 

Porter and Lawler, 1968; Tien, 2000). This theory has been verified in the literature as a predictor of an 

individual‘s decision within various contexts (Lee, 2007; Chiang and Jang, 2008), thus its integration in 

this study. Expectancy theory can be used to predict the motivational processes and consequences, not 
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only on financial returns, but also for social benefits and recognition of achievements (Warren, 1989). 

This theory has been applied to design various incentive systems to achieve several prescribed desired 

outcomes (Schrader, 1972; Smithers and Walker, 2000; Vansteenkiste et al., 2005; Uwakweh, 2006). 

The theory provides a general structure for assessing, interpreting and evaluating individuals‘ behaviour 

in decision-making, attitude formation and motivation.  

In addition, Porter and Lawler (1968) expanded the expectancy theory by recognising how individual 

differences affect motivation. The variable of perceived effort was incorporated into the model to 

clearly link effort to actual task performance. Porter and Lawler (1968) argued that the relationship 

between performance and satisfaction is mediated by the extent and quality of the rewards. Their model 

consist of nine variables, namely: valence of the reward; effort-reward probability; effort; abilities and 

traits; role perceptions; performance; intrinsic and extrinsic rewards; perceived equity; and satisfaction. 

Porter and Lawler‘s model. although comprehensive, was criticised for its lack of social and 

psychological variables that may further affect an individual's motivation, its lack of parsimony and 

increased complexity (Mitchell, 1974; Vansteenkiste et al., 2005). However, the theory was considered 

to be a good one for predicting a behavioural or decision outcome (Landy and Trumbo, 1983), and 

useful for examining people‘s behavioural choices and directions, as well as how people make decisions 

to achieve valued outcomes.  

The review of motivational theories mentioned above revealed three common components of 

motivation: (i) what prompts  human behaviour (ii) what channels such behaviour and (iii) how the 

behaviour can be sustained. The first component implies that how intrinsic human factors such as 

perception of risk and behavioural control, needs, beliefs, attitudes relate to forces drives behaviour. 

The second component considers intention as the rationale for behaviour, ascertaining that an 

individual‘s behaviour is directed towards achieving a particular objective. The third component relates 

to a system orientation that describes how behavioural intention, intrinsic and extrinsic forces, interact 

to either dissuade or reinforce behaviour. Empirical studies adopting these motivational theories 

revealed that intrinsic human factors affecting decisions include attitude and beliefs, values placed on 

decision outcomes, social norms, perceived risk and behavioural control. Extrinsic motivators identified 

include benefits associated with decision outcomes, positive and negative reinforcements such as 

incentives, punishments and sanctions (Cavalier, 2000; Higgins, 2000; Ryan and Deci, 2000; Hickson 

and Khemka, 2001; Kressler, 2003). These findings compliment some of the results from the 

application of theories discussed earlier, specifically regarding the first two components of motivation. 

Therefore, the third component defines the approach of the applied motivational theories by examining 

how a behavioural goal or intention, intrinsic and extrinsic forces, and the corresponding motivators 

interact to reinforce decisions and behaviour towards a particular direction. This approach will lead to 

understanding human decision motivational processes, and devising strategies aimed at enhancing 

building owners‘ adoption and implementation of seismic mitigation measures. 
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A motivational input is necessary in this study because the research is aimed at understanding and 

changing behaviour and attitudes of the building owners and other stakeholders involved in earthquake 

risk mitigation. The preceding section will discuss the applicability of the concept of motivation for 

enhancing building owners‘ mitigation decisions.  

3.6 Supplementarity and Complementarity of Motivation and Previous 

Research on Earthquake Mitigation Decision  

The review of theories (both in risk mitigation decision and motivation) discussed in this chapter though 

are different; they are all concerned about the process that characterises human cognitive decisions and 

actions. These theories all assumed that individuals have expectations regarding the outcomes of their 

decisions. Applying motivational concepts to the study of earthquake hazard mitigation decisions 

complements the existing approach in the following ways.  

The social and behavioural perspectives of seismic mitigation decisions (see Section 3.2) are based on 

the premise that people‘s decisions to undertake natural hazard mitigation is influenced by the 

interaction within psychological, social, economic, cultural, institutional and political processes within 

their community (Kasperson et al., 1988). Conversely, several human-related factors, hazard-related 

attributes, resource requirements, mitigation measure-related attributes, behavioural choices and social 

contexts affect the decision-making process to adopt and implement appropriate seismic mitigation 

measures. This implies that building owners‘ ultimate seismic mitigation decision is an outcome of the 

interaction between internal (personal) and external (environment) characteristics. This approach 

complements studies in motivation by emphasising that decision-making is characterised by an 

influence from within and external to the decision-maker. 

Similarly, in motivational studies researchers posit that intrinsic and extrinsic motivation constitutes the 

rationale for people‘s conscious decisions to undertake a task or action. Empirical studies adopting 

these motivational theories revealed that intrinsic human factors affecting decisions include attitude and 

beliefs, values placed on decision outcomes, social norms, perceived risk and behavioural control. 

While extrinsic motivators identified include benefits associated with decision outcomes, positive and 

negative reinforcements include those such as incentives, punishments and sanctions (Cavalier, 2000; 

Higgins, 2000; Ryan and Deci, 2000; Hickson and Khemka, 2001; Kressler, 2003). These findings 

complement some of the results from the theoretical frameworks adopted in earthquake risk mitigation 

discussed in Section 3.2.  

Further, the commonalities between the motivational and seismic mitigation decision constructs provide 

additional rationales regarding the complementarity of motivation to existing research in earthquake 

mitigation decisions. People‘s expectation from behavioural or decision outcomes is central to the 

concept of outcome expectancy discussed under the Social Cognitive Preparation theory (see Section 
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3.2.2.4), which is also a key construct of motivation (see Section 3.5.3). Likewise, people‘s perception 

about a task or situation or risk is central to the concept of perceived behavioural control. Traditional 

models of decision-making such as the attitude-behavioural, social and cognitive theories have 

highlighted the motivational relevance of a person‘s perceptions of control in terms of the ability to 

perform a particular task goal and the extent to which the outcome from such a task is valued. 

Alternatively, risk perception refers to people's judgments and evaluations regarding their exposure to 

hazards. Such perception steers decisions about the acceptability of risks and is a core influence on 

behaviours before, during and after a disaster. People's risk appraisals are a complex result of hazard 

features and personal philosophies (Rohrmann, 2008). Hence, the concept of perception in both 

research realms is complementary to each.  

In addition, the attitude-behavioural, social and cognitive theories also recognised that individuals exist 

in an environment characterised by uncertainty and limited information, specifically in natural hazard 

disaster management. Earthquake uncertainty and less severity influence people‘s attitude to undermine 

risk mitigation decisions (Tierney et al., 2001). People rely on information provided by others when 

they process information about risk and mitigation options because of their lack of experience (Paton 

2007). Inconsistency and ambiguity in risk information reduces its credibility to assist in constructive 

decision outcomes (Poortinga and Pidgeon, 2004). The uncertainties and ambiguity in risk information 

highlights the roles of attitudes and beliefs in behavioural intentions; a key construct in motivation. 

In view of these commonalities between motivational constructs and seismic mitigation measures 

decisions, it is reasonable to hypothesise that the concept of motivation is applicable to earthquake risk 

mitigation because of the supplementarity and complementarity of motivation and previous research in 

earthquake mitigation decisions. Motivational input is necessary as it is aimed at understanding and 

changing behaviour and attitudes of building owners and other stakeholders involved in seismic hazard 

and risk mitigation. However, it is crucial to note that motivation does not directly influence the 

adoption of risk mitigation measures. Instead, it helps us to reason in a particular direction while using 

our knowledge and skills to effectively make appropriate decisions regarding the mitigation of 

earthquake risks. The application of the concept of motivation to earthquake risk management will 

supplement existing approaches because it combines several criteria such as economic, socio-

psychological and behavioural to understand what motivates people‘s decisions and behaviour, thus 

supplementing existing approaches to natural hazard and disaster management.  
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3.7 Applicability of Motivation to Earthquake Mitigation Decision  

The applicability of different motivation theories lies in the fact that motivation embraces many fields, 

not only in the interest of the behaviourists, but because it embraces all aspects of life (Cheng and Yeh, 

2009). Significant theoretical perspectives for decision-making research reviewed in this chapter have 

provided explanations regarding the human motivational orientation and its impact on an individual‘s 

decision-making process (see Sections 3.2 to 3.5). Likewise, Cavalier (2000) believes that decisions 

stem primarily from intrinsic and extrinsic motivational constructs. Cavalier explained that motivation 

affects whether a person chooses to engage in a decision-making process at all, to what extent, as well 

as their selection of a goal and of their means for attaining that goal such as the adoption and 

implementation of seismic risk mitigation measures.  

Motivational concepts are applicable to every individual‘s decision-making process including 

earthquake risk mitigation decisions. The three categories of motivational theories discussed in Section 

3.5 offered insight into human motivation, or helped answer the question of why people do what they 

do. When applying motivation to enhance building owners‘ decisions to adopt seismic mitigation 

measures, several possible motives for these decisions may emerge. For instance, these include:  

 The need motivation whereby researchers believe that a person has to be intrinsically motivated 

to ensure personal safety. 

 The information-seeking potential of a building owner in order to ensure safety suggests that he 

or she may be responsive to adopt seismic hazard mitigation measures provided that adequate 

risk information is provided 

 A prevention-focused owner of an EPB could seek to adopt seismic hazard mitigation measures 

to avoid potential losses in an earthquake event or avoid the consequence of non-compliance to 

mitigation policies.  

 Likewise, the application of the expectancy theory may suggests that building owners will 

make conscious decisions to adopt and implement seismic hazard mitigation measures because 

of the benefits, values and rewards associated with earthquake risk mitigation such as 

prevention of life and property from disasters.  

 The reinforcement theories suggest that the presence of eternal rewards or stimulus such as 

incentives, recognition and appreciation of efforts towards environmental loss prevention could 

initiate, promote and sustain appropriate preventive behaviour among building owners. 

In earthquake disaster management, there is a high potential for building owners and other stakeholders 

to disregard seismic risk-related issues due to low probability of seismic events (see Section 2.6.1). 

Tierney (2008) explained that of utmost importance is the understanding of why decision-makers and 

even the general public are unresponsive to hazard mitigation, and emphasised that future research 

should focus on what can be done to get their attention and increase their interest in taking action that 
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will reduce earthquake vulnerability to the built environment. However, previous studies in natural 

hazard management provide little information on how to enhance or motivate people‘s decisions to 

adopt seismic adjustments. The literature on motivation does suggest that a positive motivational 

atmosphere may enhance building owners‘ decisions for several of the reasons mentioned above. The 

application motivation could help develop effective incentives and reward strategies that would enhance 

seismic retrofit decision-making processes and improved implementation of adequate mitigation 

measures.  

The third component of motivation discussed in Section 3.5.3 conceptualised as a system that which 

described how both forces within the individual and the surrounding environments interact and 

influence the individual‘s decision either to reinforce or dissuade the behaviour towards a particular 

direction. This third component defined the approach of the applied motivational theories in this study 

by examining how a behavioural goal or intention, intrinsic and extrinsic forces, and corresponding 

motivators interact to reinforce seismic mitigation decisions. An understanding of how intrinsic and 

extrinsic motivation would influence the intention and decision to adopt seismic mitigation measures, 

and subsequently how protective behaviour is formed and sustained, should therefore provide more 

complete and vital information not only for designing formal mitigation mechanisms but also for their 

implementation. This approach will lead to understanding human decision motivational processes and 

assist in devising strategies aimed at enhancing building owners‘ adoption and implementation of 

seismic mitigation measures. 

3.8 Why Motivation Matters in Earthquake Risk Mitigation Decision 

There are three reasons why motivation matters in natural hazard disaster management. First, given the 

infrequent nature and severity of earthquakes, seismic retrofitting of earthquake EPBs is essential to 

sustain community resilience and economic sustainability. The two recent earthquakes of 7.2 and 6.3 

magnitude in Christchurch, New Zealand in 2010 and 2011 with an estimated 182 fatalities and US$12 

billion financial loss (Vervaeck and Daniell, 2011) demonstrated the economic implication of the Act‘s 

minimum seismic performance requirement and non-retrofitting of EPBs. Promoting and enhancing 

building owners‘ earthquake risk mitigation decision is essential to reduce losses such as fatalities, 

damage to property and infrastructure, as well as economic and social disruption in a seismic disaster. 

These losses can be minimised or avoided with the implementation of appropriate risk mitigation 

decisions (Bostrom et al., 2006).  Secondly, human behaviour in disaster mitigation constitutes a 

process of adapting conventional behaviour in an effort to respond to the unusual demands of a 

changing environment such as earthquake disasters (Lindell and Perry, 2004). Based on the problems 

highlighted in Sections 2.3 and 2.6, which include uncertainty in earthquake probability and severity, 

risk perception and cost of mitigation often increase the latitude people have to become far less 

concerned about earthquake risks mitigation.. This, in turn, could lead to fatalistic attitude and 
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unwillingness among building owners to adopt seismic mitigation. It may be difficult for people with 

these attitude or those that are less concerned about seismic risk to become intrinsically motivated on 

their own, thus the need for behavioural reinforcements to reactivate their intrinsic motivation. Thirdly, 

the complexity of the decision-making process discourages building owners and impedes the decision to 

adopt and implement seismic mitigation measures (see Section 2.6.3). This complexity mainly arises 

from issues such as risk perception and propensity in complex strategic decision-making situations 

(Mittal & Ross, 1998), influence of interpersonal relationship and trust (Das & Teng, 2004), and 

information availability and processing style.  

Above all, the essence of motivation in natural hazard and risk mitigation is to prompt people to 

redefine the situation from the physical environment as primarily protective to the environment which is 

threatening. The process of redefining the situation leads to the identification of possible actions that 

could be taken and concludes with decisions about appropriate responses to mitigate the earthquake 

threat. 

3.9 Summary  

Earthquake risk mitigation decisions involve the evaluation and selection of an appropriate course of 

action to reduce losses from earthquake disasters. However, people‘s response to seismic risks 

mitigation differs because various factors interact to influence their decisions. The review of the disaster 

management literature suggests that building owners are reluctant to adopt appropriate seismic 

mitigation measures. This chapter examined various alternative theories and research approaches that 

have been used to explain and manage the uptake of seismic mitigation measures by building owners. 

Despite the numerous studies on protective behaviour and earthquake mitigation decisions, little 

attention has been given to the examination of how human motivational orientations can be used to 

enhance building owners‘ decisions to adopt and implement risk reduction measures. The research 

study has thus identified some of these problems and summarises the key contributions or gaps in Table 

3.1.  

Table 3.1 Summary of knowledge gaps  

Knowledge contribution Gaps in the literature 
Conceptualisation of seismic risk mitigation decisions 

focuses only on building owners  
Limited empirical research involving the opinions of 

other stakeholders involved in seismic risk mitigation 

decisions 
Previous research in seismic risk mitigation has 

focused on seismic mitigation decisions from various 

different perspectives  

Lack of a holistic approach that simultaneously 

examines the impacts of socio-behavioural and 

economic factors, and institutional and regulatory 

mechanisms on seismic mitigation decisions  
Rationale for differences in people‘s behavioural 

responses to seismic hazard mitigation has been 

identified  

No empirical research that addresses how to induce, 

enhance and sustain appropriate seismic risk 

mitigation decisions 
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Knowledge contribution Gaps in the literature 
The impact of human motivational orientations on 

decisions and behavioural outcome established in 

literature 

Limited theoretical explanation and little empirical 

research on understanding the motivational processes 

underlying human reasoning and decisions on 

earthquake mitigation 

Significance of motivation to earthquake preparedness 

decisions has been suggested 
The role of motivation in seismic mitigation decisions 

both theoretically and empirically has not been 

considered 

 

This section concludes with the identification of the research problem and the overall knowledge gap 

examined in this study. The research problem seeks to provide solutions relating to people‘s 

preparedness decisions from a motivational perspective. The application of motivation could 

complement and supplement other approaches in the study of enhancing seismic mitigation decisions 

because it goes beyond seeking to understand how protective decisions are formulated or behaviour is 

developed. The applicability of motivation in this study lies in the fact that people‘s decisions and 

behavioural outcomes stem primarily from their motivational orientations towards the performance of a 

task. The next chapter presents the research methodology employed in this study. 
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   CHAPTER 4

Research Methodology and Design  

 Introduction  4.1

This chapter explains the approach utilised in this study to examine the research problem and objectives 

addressed in it. This chapter primarily explains the research methodology and approach used to 

accomplish the study objectives and is divided into two parts. The first justifies the research approach 

and methodology used in this study. To ensure the conceptual understanding of the research problem, 

and that the conduct of the research results follow established research practice, this chapter discusses 

the use of the research problem and objectives analysis, philosophical approaches and research 

traditions for studies in earthquake hazard and risk management. This is to establish the choice of 

method used in this particular study. The discussion also provides justification regarding the use of the 

mixed methods research approach as the principal methodology. Likewise, it establishes the research 

design and procedures used in the study, that is, a sequential mixed methods approach which is 

comprised of both qualitative and quantitative methods. The sequential mixed methods research process 

used allows the qualitative findings to lead to the design of the confirmatory quantitative phase. 

 Research Methodology  4.2

Research methodology refers to the overall approach adopted to examine the research problem by 

drawing a synthesis amongst the theoretical underpinnings of the research problem, data collection 

techniques and analysis strategies. Easterby-Smith et al. (2008) defined research methodology as the 

combination of established scientific techniques used for enquiring about a particular problem in a 

specific situation. A number of issues (such as research objectives, epistemological concerns, norms of 

practice, resource availability, and ethical and personal factors) play important roles in the choice of 

research methodology adopted to study a phenomenon (Buchanan and Bryman, 2009). According to 

Healy and Perry (2000), research methodology is a systematic examination of potential methods 

through the philosophical backgrounds that embody the research problem and questions addressed in a 

study in order to conduct quality research. In this section, an examination of the research background 

and paradigms, as well as analysis of the research problem and questions, will be investigated in order 

to choose the most appropriate research method(s) for this study.  
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4.2.1 Research Background and Paradigm 

Studies into phenomenon such as the adoption of risk reduction measures requires explicit underpinning 

of the study to the research backgrounds in hazard and disaster management studies. This is in order to 

develop the appropriate method to investigate the research problem. Rohrmann (1998) notes that most 

researchers in hazard and disaster management do not completely analyse whether the fundamental 

philosophical background of the adopted methodologies fits the nature of research problem or not. 

Rohrmann (1998) further explained that better research outcomes and solving problems in a more 

holistic fashion could be achieved if the researcher understood the distinctions between research 

backgrounds and paradigms that envelope individual research designs.  

Research in hazard and disaster management is neither pure natural science nor absolute social science, 

but lies at the intersection of these two (Love et al., 2002; Fellows and Liu, 2003). However, Rohrmann 

(1998) argues that studies in hazard and disaster management tend more towards the social sciences. 

According to Chau et al. (1998), scientific approaches presume that human beings regularly follow a set 

of behaviours, which in reality is untrue. Therefore, scientific methods have limited use in studying 

human behaviour and decisions (Chau et al., 1998), particularly in the context of risk mitigation 

decisions. This is because the decision is totally subject to a number of social and psychological forces 

in which it operates. Studies of human behaviour and decisions emphasise that social interactions 

influence people‘s philosophies about a phenomena. Disaster events (such as earthquake) interact with 

human psychological, social, institutional and cultural processes creating substantial impacts on people, 

society and the economy (Kasperson et al., 1988). Hazard and disaster management research is thus 

closely embodied within a sociological context that geared many researchers towards understanding the 

impact of the various social, institutional and cultural factors and processes on the adoption of 

protective behaviours (MacGregor et al., 2008). Thus, the study of human social interactions in relation 

to behaviour and decisions emphasised the need for interpretive phenomenological, positivist and 

epistemological research paradigms (Bryman, 2008). These paradigms recognise that different methods 

are appropriate for different situations (Healy and Perry, 2000) and it is crucial to choose the 

appropriate research strategy. A pragmatic review of some of the strengths and weaknesses of the two 

dominant research paradigms related to the analysis of the research questions discussed in Section 4.2.1 

is illustrated in Table 4.1 below.  

From the utilitarian view of a hazard and disaster management researcher, it seems that positivist and 

phenomenological approaches have merits depending on the research problem and context. Rohrmann 

(1998) asserts that researchers need to adopt research methodologies that account for viewpoints needed 

to understand the different individual attitudes and behaviour towards natural hazard and risk 

mitigation. This strengthens the argument that a pure positivist approach on its own is not adequate in 

social inquiries such as the study on risk mitigation behaviour and decisions examined in this research. 

Consequently, both the positivist and phenomenology approaches have roles to play in this research 



Chapter 4 - Research Methodology and Design  

 

79 

topic, suggesting that earthquake risk mitigation behaviour and decisions can be adequately examined 

from a multi-paradigm approach, a view advocated by Healy (2000). In this current study, a 

combination of both positivist and phenomenology paradigms has significant merits in the examination 

of the building owner‘s risk mitigation decisions. 

Table 4.1 Comparisons of research paradigm strengths and weaknesses  

 

Theme 

 

Strengths 

 

Weakness 

 

 

 

 

 

 

Positivist  

(quantitative 

paradigm)  

They can provide wide coverage of 

the range of situations  

The methods used tend to be rather inflexible 

and artificial  

They can be fast and economical  They are not very effective in understanding 

processes or the significance of the people 

attached to actions 

Where statistics are aggregated from 

large samples, they may be of 

considerable relevance to policy 

decisions  

They are not very helpful in generating 

theories  

Because they focus on what is, or what has 

been recently. They make it hard for policy-

makers to infer what changes and actions 

should take place in the future  

Phenomenological 

(qualitative 

paradigm) 

Data-gathering methods seen more as 

natural than artificial  

Data collection can be tedious and require 

more resources  

Ability to look at change processes 

over time 

Analysis and interpretation may be more 

difficult 

Ability to understand people‘s 

meaning  

Harder to control the pace, progress and end-

points of research process 

Ability to adjust to new issues and 

ideas as they emerge  

Policy-makers may give low credibility to 

results from qualitative approach  

Contribute to theory generation Contribute to theory testing and 

generalisation of results 

  Source: Easterby-Smith et al. (1991) 
 

In addition, Bryman (2006) highlights the significance of analysing the research questions before 

choosing the appropriate research methodology. According to Bryman (2006), research questions are 

crucial because they provide a means for a finding a solution to a particular problem and help to link the 

researcher‘s knowledge of domain to the kinds of data that will be collected to sort the solution. 

Therefore, it is necessary to analyse the research questions and problems developed for this study in 

order to determine the appropriate methodologies that envelope the research. 

4.2.2 Analysing the Research Questions 

Currently, the knowledge and mitigation measure implementation gap that exists within the earthquake 

risk and disaster management sector discussed in Section 1.2 can be linked to building owners‘ 

unwillingness to adopt adequate seismic mitigation measures to reduce their vulnerability to earthquake 

disasters. The research problem therefore explores the need to provide insights and initiatives aimed at 

enhancing owners‘ risk mitigation decisions through a holistic approach (see Section 1.3). To address 

the research problem, the three main research questions developed are: 
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RQ1: Why are building owners generally reluctant to adopt appropriate seismic mitigation 

measures despite New Zealand’s high vulnerability to earthquake disasters? 

 

RQ2: What are the potential intrinsic and extrinsic motivators that could enhance building 

owners’ decisions to adopt appropriate seismic risk mitigation measures?  

 

RQ3: How can building owners be motivated to increase the likelihood of undertaking 

adequate mitigation measures? 

The following research objectives are set based on the research questions:  

1. To identify the factors affecting building owners‘ seismic mitigation decisions and adoption 

within the New Zealand context. 

2. To examine potential intrinsic and extrinsic motivators that could enhance building owners‘ 

decisions to adopt appropriate seismic risk mitigation measures. 

3. To develop and test a framework of the relationships among the factors affecting seismic 

mitigation decisions and potential motivators to enhance building owners‘ risk mitigation 

decisions.  

4. To identify key determinants of risk mitigation decision and motivators for enhancing building 

owners‘ adoption and implementation of seismic mitigation measures  

5. To validate the research  model and overall findings 

 

Table 4.2 shows the inter-relation between the stated research questions and objectives. Subsequent 

subsections focus on an analysis of both of these, which allows an in-depth understanding of the 

research problem and helps to select an appropriate strategy that will investigate this phenomenon 

within its real life context.  

Table 4.2 Inter-relationships between research questions and objectives 

Research Questions Research Objectives 
RQ1: Why are building owners generally 

reluctant to adopt appropriate seismic 

mitigation measures despite New Zealand‘s 

high vulnerability to earthquake disasters? 

1. To investigate the factors affecting building 
owners‘ seismic mitigation decisions and adoption within  

the New Zealand context. 

RQ2: What are the potential intrinsic and 

extrinsic motivators that could enhance building 

owners‘ decisions to adopt appropriate seismic 

risk mitigation measures? 

2. To examine potential intrinsic and extrinsic motivators that 

could enhance building owners‘ decisions to adopt 

appropriate seismic risk mitigation measures. 

 

 

RQ3: How can building owners be motivated 

to increase the likelihood of undertaking 

adequate mitigation measures? 

 

3. To develop and test a framework to examine relationships 

among the factors affecting seismic mitigation measures 

decisions and adoption and potential motivators to enhance 

building owners‘ risk mitigation decisions.  
4. To identify key determinants of risk mitigation decision 

and motivators for enhancing building owners‘ adoption and 

implementation of seismic mitigation measures  

5. To validate the resultant model and research findings 
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 Nature of the Research Problem (Multi-disciplinary and Complexity)  4.2.2.1

Earthquake risk mitigation decision is a phenomenon that involves sociological, behavioural, 

psychological, economic and institutional disciplines (see Section 2.6). Such vastly varying disciplines 

need a commensurate methodology that captures this diversified context, suggesting a multi-

disciplinary research approach. In terms of the disciplines, methodological approaches to research in 

sociology and behavioural studies are generally qualitative, whereas psychology often employs more 

quantitative approaches (Denzin, 2006). Thus, the choice of methodology applicable to this type of 

study should take into account the multi-disciplinary nature of the research problem. 

Furthermore, investigating mitigation decisions across varying seismic risk regions with the central 

focus of understanding the subjective nature of individual experiences and roles of stakeholders 

involved in seismic retrofit projects suggests an intuitive contextual qualitative approach. Likewise, the 

complexity associated with earthquake risk mitigation decision-making processes and multi-disciplinary 

stakeholders discussed in Sections 2.5 and 2.6 suggest cause-effect relationships affecting building 

owners‘ mitigation decisions. These relationships used for measuring behaviour and predicting 

decisions through previous research approaches can fit into a limited number of predetermined 

categories to which numbers can be assigned (see Chapters 2 and 3). This signals an approach towards 

objectivism and positivism. Hence, enhancing seismic risk mitigation decisions is therefore recognised 

in this study as multi-disciplined, complex and contextual with an attempt to focus on objective reality. 

Thus, methodology comprising multi-research methods and paradigm forms of investigation can be 

adopted.  

 Nature of the Research Questions and Objectives 4.2.2.2

The nature of the research questions guides the decision about research design and methods to achieve 

the study objectives (Bryman, 2007). The nature of risk mitigation decisions discussed in Chapters 2 

and 3 indicate a complex, psychological, socially construed and contextual character. Some of these 

characteristics are consistent with many of the established qualitative and quantitative modes of enquiry 

(Patton, 2002). However, before choosing the research method(s), a balance must be made when 

describing the nature of the research questions between qualitative and quantitative approaches. A 

balance is achieved by considering the description of ‗why‘ a phenomenon happens and ‗how‘ it 

happens against ‗what‘ happens (Yin, 2004). The research questions used in this study answer ‗what‘ 

‗why‘ and ‗how‘ questions (see Section 4.2.1), which points the study towards a methodological 

position that can incorporate both qualitative and quantitative approaches. The relationships between 

the research questions and stated objectives are inextricably interlinked, indicating the appropriateness 

of both approaches (see Table 4.1). 
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 Generalisability (Scope) 4.2.2.3

It is reasonable to conclude that building owners‘ unwillingness to implement seismic retrofit 

implementation of their vulnerable EPBs is both specific and generalisable because the 

recommendations from the research findings could be applied to other seismically active regions both 

locally and internationally (Sections 2.6 and 2.7). The research problem is specific because it directly 

examines the different stakeholders‘ characteristics, roles, perceptions and experiences in earthquake 

risk mitigation decisions. Also, the research would examine the impacts of the social and regulatory 

related factors on seismic mitigation decisions and implementation. Moreover, the solution should be as 

generalisable as possible to all building types across different risk zones because the decision-making 

process that characterises other building typologies is more or less the same (Bostrom et al., 2006). The 

methodological approach and research design must therefore be able to deliver a broadly generalisable 

result. Therefore, to achieve a research solution that is generalisable across all building and ownership 

types indicates a positivist quantitative approach. 

In summary, the examination of the research background and paradigms (as well as analysis of the 

research problem and questions in this current study) can be described as being generic, contextual, 

interpretive and multi-disciplinary in nature. Likewise, the growing concern about the increasing 

impacts, frequency and magnitude of natural hazards (such as earthquake) indicates the need for a 

research methodology that is capable of developing appropriate mitigation strategies that combines 

knowledge in both the physical, social and economic sciences (Bryman, 2006). The methodological 

framework and research design employed in the research must therefore reflect these characterises, 

leading to the applicability of a mixed methods approach in this study. 

The mixed methods approach within the pluralism paradigm tends to support a multi-disciplinary 

research by introducing a pragmatic process i.e. applying various perspectives to study a research 

problem (Amaratunga et al., 2002; Flick, 2007), which is essential in this research. Likewise, a mixed 

methods approach combines the use of several research approaches in a single study to inquire into the 

same phenomenon (Lewis-Beck et al., 2004). Combining research methods is in agreement with 

discussion regarding the analysis of the research problem and questions that emphasise the 

appropriateness of both the qualitative and quantitative approaches illustrated in Table 4.1. A mix of 

methods can be adopted once it is best suited to the research problem under consideration and the 

objectives of the researcher (Cameron, 2009). The current study conscientiously uses the sequential 

exploratory strategy of the mixed methods approach that involves a first phase of qualitative data 

collection followed by the quantitative phase. The implementation of seismic retrofitting of EPBs can 

be adequately investigated through a combination of more than one research method and paradigm, as 

established in this study. Likewise, various studies in hazard and disaster management research have 

used the mixed methods research approach (Tierney et al., 2000; Buckle et al., 2003; Hewson, 2006; 
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Barnshaw and Trainor, 2007). The next section enumerates the justification for adopting the mixed 

methods research approach used in this study. 

4.2.3 Rationale for the Mixed Methods Approach Used in this Study  

The mixed methods approach adopts philosophical assumptions and the use of qualitative and 

quantitative approaches that improve the overall strength of a study (Creswell and Plano Clark, 2007). 

The rationale as outlined below indicates in each case the adoption of a mixed research approach in this 

current study: 

i. The nature of the research problem discussed in Section 4.2.2.1 indicates a complex, 

psychological, socially construed, contextual and holistic character. These combined factors 

suggest a methodological position that should incorporate both qualitative and quantitative 

methods. 

ii. The acknowledgement of risk mitigation decisions as complex and with multi-faceted 

perspectives (see Section 4.2.2.1) leads to the view that the investigation of the research 

problem addressed in this current study should involve the use of more than one research 

approach and paradigm. 

iii. The objective of developing a framework for enhancing seismic risk mitigation decisions for all 

building types, and across medium to high seismic risk regions (see Section 4.2.2), requires a 

representational view of a generic decision-making process. A generic model points strongly 

towards a positivistic philosophical standpoint for the research process. Consequently, the 

research strategy designed must reflect these fundamental positivistic underpinnings. 

iv. The review of different theoretical frameworks and research approaches discussed in Chapter 3 

indicates the need for studies adopting a range of mixed methodologies in earthquake risk 

mitigation decision in order to improve the predictability and reliability of research outputs. 

v. A mixed methods approach can provide ways to overcome deficiencies intrinsic to a single-site, 

single-theory, single-method and single-unit of analysis and increases the confidence and 

robustness of the research findings. 

The five reasons identified above have informed and provided the rationale for the methods used in this 

current study. The study envisages that the final output gives more credence to the mixed methods 

approach employed in this study, thus enhancing the validity of the current research findings. In the 

next section the research design and process is outlined. 
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 Research Design  4.3

Subsequent to clarifying the theoretical background and the adoption of a mixed methods approach 

adopted in this study, the development of an appropriate research design is necessary. A research design 

provides structure to the conduct of the study and shows how major parts of the research work together 

to address the research questions and objectives. According to Babbie (2008), research design involves 

two major aspects: specifying precisely what is to be studied; and determining the most suitable 

approach to conduct the study. This section describes the research design, methods and procedures used 

in this study to address the research problem and questions. Specifically, it discusses the mode of 

observation, unit of analysis, how to analyse the data and what types of statistical techniques to use.  

As discussed in Section 4.2.4, a sequential mixed methods approach comprising both qualitative and 

quantitative methods is adopted in this current study. Apparent from the literature review discussed in 

previous chapters, no other study has considered ways of enhancing the seismic mitigation decisions of 

commercial EPBs owners by adopting a motivation perspective. In addition, the use of a mixed methods 

approach allows the researcher to uncover theoretical insights with one method and subsequently 

confirm the theory using a different method. The lack of a meaningful theoretical framework and 

substantial empirical studies indicate that an exploratory approach is initially required for this research. 

Hence, a sequential mixed methods approach is necessary to assess the exploratory nature of the 

research problem by adopting a two-phase research approach comprising an exploratory qualitative 

method, which is followed by a broader quantitative study to produce statistically reliable data that is 

representative of the population. The intent of this two-phase, sequential mixed methods study is to 

provide confident and robust findings that could be applied to other seismically active regions both 

locally and internationally.  

The first exploratory qualitative phase adopts a multiple case studies approach. The qualitative 

exploratory phase is important because it allows the intuitive investigation of the factors that influence 

building owners‘ decisions whether or not to adopt a particular level of seismic performance while 

examining the varying stakeholders‘ perspectives. Building on the findings from the qualitative phase, a 

framework and hypotheses would then be developed and tested using the quantitative method. The 

second quantitative phase adopts a nationwide online survey and will assist in the interpretation of the 

qualitative results, while explaining the inter-relationships among the several factors affecting building 

owners‘ earthquake mitigation decisions.  

Figure 4-1 provides an overview of the research design and process used in this study. The diagram 

shows the progression of conducting the research from the initial to the final phase of the study. The 

research commenced with a preliminary literature review and the identification of the research problem 

and knowledge gaps. An in-depth literature review was then conducted to identify potential important 

variables and relationships that affect building owners‘ mitigation decisions. The literature review was 
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also substantiated with the content analysis of relevant hazard mitigation policies and reports. This was 

later followed by exploratory multiple case studies conducted in four cities in New Zealand. The 

outcome of these studies provided a focus for clarifying linkages among the several factors affecting 

earthquake risk mitigation decisions and further allowed a framework to be developed. The next section 

provides an outline of the implementation of the exploratory qualitative phase. 

 Qualitative Study Design 4.4

This section discusses the exploratory qualitative phase of the sequential mixed methods approach 

employed in this research. Attempts at examining protective risk decisions and behaviour using a 

qualitative paradigm have been reported in the literature (Tierney et al., 2005; Tekeli Ye il et al., 2010). 

These studies have adopted different ways to extract these methods including case studies, semi-

structured interviews, critical incident methods and interviews. According to Yin (2003), different 

research strategies relevant to qualitative study include case study, experiments, archival analysis and 

history. Each strategy has a peculiar way of collecting and analysing empirical evidence and can be 

used for different purposes and at different research stages (Amaratunga et al., 2002). The examination 

of the research background (see Section 4.2.1) and questions (see Section 4.2.2) indicate that the 

research strategy under the qualitative research approached that commensurate with the 

phenomenological and replicative frames required in this study (see Section 4.2.1). It also relates to the 

case study design. Case study research is a process-oriented and contextually grounded method that 

provides meaning to data. Yin (2009) defined a case study as "an empirical inquiry that investigates a 

contemporary phenomenon within its real-life context‖.  

Table 4.3 Research strategies and characteristics  

Strategy Form of research 

Questions 

Requires control of 

behavioural events 

Focuses on 

contemporary events 

Survey how, why No Yes 

Archival analysis Who, what, where, 

how many, how 

much? 

No No/Yes 

History How and why? No No 

Case study How and why? No Yes 

Experiments How and why? Yes Yes 

 Source – Yin (2003) 

According to Yin (2009), the type of question posed, control required over actual behavioural elements, 

and the degree of focus on contemporary events are conditions that should provide the rationale for 

choosing a case study as a strategy choice. In particular, case study strategies are appropriate when the 

research question is in the form of a 'why' or 'how', where the researcher does not require control over 

behavioural events and the study focuses on contemporary events (Yin, 2009) as posed in this study. 

Specifically, a case study method is applicable in this research because of the nature of the research 

questions (see Section 4.2.2.2).  
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Also, the exploratory nature of the research problem (see Section 4.2.2.1), which seeks to understand 

why building owners make decisions whether or not to adopt seismic mitigation measures within the 

New Zealand context, can be adequately investigated using an exploratory case study method.  

Likewise, a lack of substantial empirical studies aimed at promoting earthquake risk protective 

behaviour, decision and implementation by commercial owners, from a stakeholder‘s perspective 

necessitate the need to conduct an exploratory study in this research.  

Due to the complexity of the research problem and the diversity of the different seismic risk regions in 

New Zealand, a multiple case studies approach is adopted in this current study. Such an approach 

allows the stakeholders involved in earthquake risk mitigation to describe seismic retrofit decision-

making process and explain the causative factors that affect mitigation behaviour and decisions across 

the different seismic risk regions.  

4.4.1 Multiple Case Studies Approach  

Multiple case studies provide a process-oriented approach, contextually grounded, and giving meaning 

to data by seeking to understand the different perspectives of stakeholders participating in the 

phenomenon under study. A multiple case studies research approach, as referred to by Yin (2009) was 

chosen over the single case because it allows the different stakeholders in different regions involved in 

earthquake risk management to describe the complex retrofit decision-making process, offering new 

insights and explanations regarding the relationships found among the identified factors. This process 

allows the comparison of the participants‘ opinions within a case and across the cases thus providing a 

holistic perspective of examining the research problem. Multiple case studies approach is important in 

this study because of the stakeholder‘s diversity and differences in the seismicity and hazard factor of 

their geographical regions. The use of multiple case studies was also determined by the desire to 

understand the variations in people‘s perception of earthquakes and the impact of the regulatory 

framework on present mitigation efforts of the different jurisdictions. 

Another purpose of conducting the multiple case studies is to develop measurement scales for themes or 

constructs such as seismic adjustments intention, decision-making and analysis, as well as for the 

intrinsic and extrinsic motivation adopted in this study (see Chapter 3).  O‘Brien (1993) asserts that 

using findings from qualitative studies such as multiple case studies to develop survey items is the key 

to improving survey questionnaires especially when the construct has not been examined in great depth 

in a particular phenomenon or a scale measuring the construct does not exist. Both situations are 

applicable to this study, as no existing literature has applied a motivational approach and related 

constructs to earthquake risk mitigation decisions from a stakeholders‘ perspective. The following 

subsections describe the operations of the multiple case studies approach that include the selection of 

the cases and participants, data collection and analysis techniques and how the reliability and validity of 

the qualitative findings would be examined. 
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 Selection of Cases 4.4.1.1

A case study should be selected based on its theoretical usefulness, the provision of diversity across the 

contexts and an opportunity to study the complexity of the different contexts (George and Bennett, 

2005; Stake, 2006). Also, Yin (2009) added that cases should be selected to provide the required control 

and variation required by the research problem. The primary criterion used for case selection in this 

study is the direct relevance to the research problem, objectives and criteria proposed in Section 4.4.  

Four distinct geographic cities selected in this study are: Case 1 – Auckland, Case 2 - Christchurch, 

Case 3 – Gisborne and Case 4 – Wellington. These regions were chosen using a risk-based selection 

method with criteria such as seismicity, hazard factor and percentage of retrofitted and non-retrofitted 

EPBs (see Table 5.6). The New Zealand Standards (2004) specifies the earthquake hazard factor (Z) 

(the equivalent to acceleration coefficient with annual probability of exceedance in 1/500) for different 

locations in this country. According to the New Zealand Standards, earthquake hazard factor and 

seismicity are used to establish the probability and severity of a seismic event, which varies between 

regions. Likewise, EPBs are determined using the performance achievement ratio (PAR). This is a 

measure of individual building expected performance in an earthquake event, independent of location, 

which primarily takes into consideration the critical structural weakness such as plan, vertical 

irregularity and pounding potential (Standards New Zealand, 2004).  

The selection of the cases was also determined by the desire to understand the variations in people‘s 

perception of earthquake risks and event, and the impact of the social and regulatory frameworks on 

present mitigation efforts of the different jurisdictions susceptible to seismic events (high, medium and 

low earthquake risk regions).  Four of the 15 cities in New Zealand selected for the study showed 

diversity in seismicity, mitigation efforts, past earthquake events, economic resources and population 

(Statistics New Zealand, 2011).  For instance, Case 4 is a city with a very high seismic risk, a 

population of 483,200 people and a GDP of USD 142.5 million but with no recent earthquake event 

since the last decade, while Case 3 is relatively a high-risk city with a recent seismic event, a population 

of 46,600 people and an income of USD 66.3 million. Case 2, however, identified as medium seismic 

risk has a recent earthquake of magnitude of 7.1, which resulted in severe damage to property, 

infrastructure and lifelines.  

The selected four cases are significant for addressing the research objectives and questions discussed in 

Section 4.2.2. These cases provide diversity of the risks faced by the different regions and a range of 

mitigation approaches adopted within the zones. The different risk zones represent the New Zealand 

and contemporary international seismic zones. The examination of these cases provides an in-depth 

understanding of the real-life contexts that surrounds issues regarding seismic risk mitigation decisions.  
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 Participants Selection – Purposeful Sampling  4.4.1.2

The participants of interest in this study include the stakeholders involved in seismic risk mitigation 

decisions. The stakeholders identified for this research include building owners, property valuers, 

engineers and architects, and managers of insurance, financial and governmental organisations that have 

been involved in seismic rehabilitation projects. The participants are chosen within each case based on 

their knowledge and experience in earthquake risk mitigation projects. Building owners include both 

those who have and have not retrofitted their EPBs, while other participants should have had at least a 

minimum of two years of recent involvement in EPB projects.  

Participants were selected through a purposeful sampling procedure (Neuman, 2006; Babbie, 2008; 

Easterby-Smith et al., 2008) based on their knowledge and experience in seismic risk mitigation 

decisions and rehabilitation of EPBs. According to Maxwell (2005), purposeful sampling is a sampling 

strategy in which, ‗‗particular settings, persons, or events are deliberately selected to provide an in-

depth information on the research problem that are difficult to get‖. Neumann (2006) highlights the 

efficacy of purposive sampling through the use of expert judgements and the provision of in-depth and 

relevant information. As noted by Babbie (2008), purposive sampling is useful when it is not possible to 

enumerate the totality of the population under study, such as in this research.  

Purposive sampling is appropriate in the context of this study because participants were selected based 

on their relevance to the research topic and objectives, geographic location, knowledge and experience 

in EPB rehabilitation projects. The objective is to capture as many different perspectives as possible and 

to understand the issues involved. The difficulty in getting an accessible data of owners of vulnerable 

EPBs and other stakeholders involved in seismic rehabilitation projects makes it impossible to 

enumerate the population sample frame, thus the use of purposive sampling. Also, relevant key 

participants are necessary to establish valid and reliable data that will be used to examine the rationale 

for present protective decisions and implementation processes displayed by the stakeholders. 

To gain access to the potential participants for the multi-case studies, the different councils‘ database of 

approved seismic-related structural renovations approved from October 2007- April 2010 and the 

database of potential EPBs were studied for each region. Building owners and other team members‘ 

names were extracted from the database. The councils‘ database ensured that participants with recent 

experience in earthquake risk mitigation decisions and owners of potential EPBs partook in the 

research. In addition, key informants‘ methods and referrals were also adopted. In this technique, 

informants are chosen because they have the expertise or knowledge related to the research problem 

within the industry (Brown and Lusch, 1992). This method ensured access to participants who could 

meaningfully comment on the research questions. The key informant methodology provides an 

economical way of reaching potential participants (Kumar et al., 1993). The participants selected for the 

interviews provided an avenue to establish contacts and access to other potential respondents through 
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industry organisations or professional groups for subsequent participation at the quantitative data 

collection phase. 

 Data Collection Methods and Procedures  4.4.1.3

This section describes the data collection methods and procedures used in eliciting information needed 

to accomplish the objectives relating to the qualitative study. Data collection methods such as 

interviews, informal discussions, direct observations, and document reviews are associated with 

qualitative inquiry (Silverman, 2000). The use of more than one source of evidence in qualitative 

research has the advantage of developing a converging line of evidence (Stake, 2006; Creswell and 

Plano Clark, 2007), thus increasing the validity of the results. The two qualitative data collection 

methods adopted in this study are document analysis and in-depth interviewing. The plan and structure 

for data collection methods used in this research was designed to ensure that information could be 

systematically gathered and synthesised across all the selected four cases. As suggested by Marriam 

(1998), the use of multiple cases, sources of data and methods assist to confirm the emerging findings 

and ensure that data reliability and internal validity is strengthened.  

 Document Analysis 4.4.1.4

The evaluation of policy information and industry reports regarding earthquake hazard and risk 

mitigation could provide a means of understanding building owners‘ earthquake mitigation decisions. 

Therefore, it is necessary to undertake in-depth contextual analyses of earthquake regulations, policies 

and mitigation programmes, research reports and commentaries in New Zealand and other similar 

international seismically active regions. Information on both local and international seismic hazard 

mitigation phenomena was collected. A large amount of information on earthquake risk management, 

and in particular seismic retrofit implementation, was obtained through electronic searches of reports 

and official documents of similar earthquake risk regions. Several seismic risk mitigation measures 

implemented in different countries were reviewed to understand the comprehensive list of challenges 

associated with the adoption and implementation of earthquake mitigation measures. The review of past 

earthquake hazard mitigation measures and cases were significant in this study, as it provided insights 

into the currently used risk strategies and programs.  

The New Zealand regulatory frameworks relating to earthquake risk management, which have 

significant impacts on seismic mitigation decisions and implementation, were reviewed and analysed. 

The regulatory frameworks examined include the Building Act (2004), Local Government Act (2002), 

Resource Management Act (RMA) (1991), Local Government Official Information Management Act 

(1987) and several councils‘ individual earthquake policies. In addition, documents relating to past 

earthquake reconstruction and recovery activities, policy development and implementing processes, 

evaluation reports, existing earthquake mitigation programs and incentives, and related earthquake 

insurance and financial reports of retrofitted EPBs, were reviewed. The reviews and analysis of relevant 
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documents highlight the constraints placed on the implementation of adequate risk mitigation measures 

by the existing legislative provisions. Key lessons from the document analyses and cases are presented 

in Chapters 2, 3 and 5. 

 Interviews  4.4.1.5

The exploratory nature of this research signifies that an in-depth interview is more likely to inform the 

research problem and address the study‘s questions. Interview is appropriate when it is necessary to 

gain a comprehensive understanding of a particular construct within a defined context (Fontana and 

Frey, 2002). Likewise, interviews provide an opportunity for the researcher to uncover new clues and 

open up new dimensions of a research problem (Easterby-Smith et al., 1991). In-depth interviewing is 

used in this research to derive a theoretically grounded picture of the relevant constructs. In-depth 

interviews of key participants involved in seismic retrofit decisions were used as primary sources of 

evidence to understand how building owners make decisions regarding whether or not to adopt 

protective measures. Personal in-depth interviews are one of a range of interviewing techniques 

available to researchers. Other techniques are focus/group interviews, telephone interviews, and 

workshop participation (Silverman, 2000; Tan, 2004).  

A personal face-to-face interview was adopted as the data collection technique for the qualitative 

research phase because it allows an in-depth understanding of the research topic, its relevance to the 

stakeholders and the use of intensive probing questions to gain more insights into the research problem. 

The interviews were designed with the following objectives: 

 To investigate the factors affecting building owners‘ seismic mitigation measures decisions and 

adoption, and to develop theoretical relationships among the factors affecting seismic 

mitigation measures decisions and adoption. 

 To examine potential intrinsic and extrinsic motivators that could enhance building owners‘ 

decisions to adopt appropriate seismic risk mitigation measures. 

 To establish interest and contact with the research participants and other potential respondents 

in order to facilitate involvement in the subsequent quantitative data collection. 

The review of essential documents, such as policy information and industry reports regarding 

earthquake hazard and risk mitigation, highlight the inadequacies of existing legislative provisions and 

risk mitigation strategies. In-depth interviews would provide an opportunity for the researcher to 

uncover new clues and open up new dimensions of a research problem and objectives. These two data 

collection mechanisms are used as primary sources of evidence at the qualitative study phase. The data 

collection mechanisms provide a process whereby the adoption and implementation of seismic 

mitigation measures can be explored in terms of its relevance to the identified stakeholders involved in 

the decision-making process. An interview protocol developed and explained in the subsequent 

subsection was used as the data collection instrument.  
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 Interview Protocol  4.4.1.6

A semi-structured interview protocol (see Appendix A2) was used rather than a more structured one. 

The protocol consisted of pre-determined open-ended questions that allowed the interviewer to probe 

and clarify issues raised during the interview. The interview protocol focused on issues relating to 

earthquake risks knowledge, perceptions and mitigation decisions, and was built around the two main 

research questions guiding this initial phase of the investigation. The protocol allows for structure, 

spontaneous discussion and follow-up questions on the research topic. The protocol was designed with 

open-ended questions and prompts to ensure that all research issues were at least touched on to allow 

comparisons among the cases. The use of replication logic was adopted in this study to maintain 

consistency and adherence to protocol among the cases, as suggested by Yin (2003). Participants were 

free to answer questions relevant to the important constructs listed in the interview protocol.  

The researcher‘s supervisors and industry experts reviewed the interview protocol and made useful 

comments on the research questions, objectives and significant areas to probe during the interviews. 

The interview protocol was similar for all the stakeholders but there were few questions added or 

subtracted and changes in the wordings to reflect the different stakeholder‘s perspectives. The protocol 

is important because it allowed the comparisons of responses among the participants. The protocol 

assists to clarify linkages between the identified factors affecting earthquake mitigation decisions.  

 Conducting the Interviews  4.4.1.7

Potential participants were first contacted by email to explain the nature of the research and obtain their 

consent to participate in the research. The participant information sheet (PIS) and consent form (CS) 

were attached in the invitation email. Non-responding potential participants were later followed with 

phone calls to solicit participation and arrange for interviews. The PIS and CS were also sent to 

respective participants‘ companies to seek permission for participation at the organisational level. 

Solely, the primary researcher conducted the interviews within a period of five months from July to 

November 2008. The interviews took place in the interviewee‘s respective offices within the different 

regions. The research protocol used for the in-depth interviews was designed for an hour‘s duration. 

However, the interviews conducted ranged from one to two hours and were audio taped with the 

interviewee‘s permission. Thirty-five interviews were conducted in the four cases used in this study. 

This number of interviews was consistent with the recommendations of Eisenhardt (1989) and Yin 

(2009) for exploratory data collection. In addition to semi-structured interviews, some participants also 

provided some documents such as organisation or industry reports on seismic rehabilitated projects, 

territorial earthquake policies and insurance and financial documents of some EPBs, which were useful 

during the data analysis stage.  



Chapter 4 - Research Methodology and Design  

 

93 

4.4.2 Data Analysis  

The overall analytical strategy used for the qualitative data analysis in this study relies on the research 

questions and objectives highlighted in Section 4.2.2 as well as the theoretical propositions guiding this 

study. Generally, in case study research, data analysis involves the use of different types of methods 

such as content analysis, explanation building, examination of contents, pattern-matching logic and 

categorising, or a combination of the different sources evidence to address the initial study questions 

(Yin, 1994; Amaratunga et al., 2002; Babbie, 2008). Pattern-matching logic represents one of the most 

desirable strategies for qualitative data analysis, and it compares an empirically-based proposition with 

a predicted pattern that can either produce a ―literal replication (similar prediction) or theoretical 

replication (contracting prediction)‖ (Yin, 2009).  Similarly, Yin (2009) explained that explanation 

building is another iterative analysis strategy for qualitative data analysis. It is considered as a 

complementary technique to pattern matching, where the data analysis begins with a theoretical 

statement, which is then refined and revised during the data collection and analysis stage in order to 

build an explanation for the case. Explanation building is mostly useful in explanatory case studies and 

for generating hypotheses (Stake, 2006).  According to Babbie (2008), content analysis is an 

unobtrusive method of research that may involve the examination of written documents. Content 

analysis starts by developing the operational definition of the key variables of the enquiry. Combining 

several analytical techniques in a single qualitative study increases the robustness of the research 

findings (Yin, 2003). Therefore, a combination of content analysis, pattern-matching and explanation 

building analytical techniques will be adopted in this study for the analysis of the qualitative data. 

Content analysis was adopted for the analysis of the relevant documents and Miles and Huberman‘s 

analytical procedure is used to analyse the interview findings. The analysis of the relevant document 

was directed at identifying the strengths and weaknesses of legislation that currently influences seismic 

risk mitigation plans, strategies and programs.  

The interview data analysis process commences with the transcription of the recorded interviews. The 

transcripts provided a complete record of the interviews, which facilitated the content analysis of the 

discussions. The researcher reviewed documents, notes and transcripts for readability and consistency 

with the audiotape version. Care was taken to ensure that the information provided by the participants 

was transcribed accurately and validated by the participants. Participants were re-contacted by phone to 

clarify the relevant section of the transcript that was unclear. The interview analyses were done using a 

cross-case analysis; it is desirable to draw theoretical generalisations across the cases (Stake, 2006). The 

across-case analysis requires first a within-case analysis of the different cases, and subsequently the 

analysis across all cases (Patton, 1990; Miles and Huberman, 1994; Merriam, 1998; Yin, 2009). In this 

study, ―within-case‖ allows data analysis within the individual regions using the participants as a unit of 

analysis. The unit of analysis considered included building owners and other several stakeholders 

involved in the seismic retrofit decision-making process. This current research focuses on commercial 
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and heritage EPB owners (see Chapter 1) and the stakeholders discussed in Chapter 3 because they 

contribute to the overall earthquake risk mitigation decisions and implementation. It is therefore 

appropriate in this study to use these stakeholders as the unit of study. In addition, the ―across-cases‖ 

allow the comparison of findings across the cases using the case as a unit of analysis. The use of the 

different region as a unit of analysis in the across-case provides comparison of the research findings 

over the several regions.  

The main objective of the data analysis was to identify trends or themes that appeared or were repeated 

in the interviews. The interview data analysis procedures involve the transcription of recorded 

interviews and a combination of a pattern-matching technique and thematic content analysis of the 

transcripts using the NVIVO software. The software allows the development of themes and categories, 

as well as a comparative analysis of the text codes under the same category to ensure consistent coding 

and interpretations. The data was coded and major themes and categories were developed. The coding 

scheme adopted for each research question was based on relevant constructs identified during the 

interviews and from the review of the literature. Owen‘s criteria for thematic analysis (as cited by Zorn, 

1998) were used to analyse the transcribed text. The logic behind this type of analysis is ―to identify the 

issues in the words of the participants that they use to conceptualise constructs in the framework‖. The 

resulting data matrix was used to explore the relationships among the developed themes and constructs. 

The matrix also provided an analysis of numerical patterns within the data and allowed the development 

of the framework and formulated hypotheses. The qualitative data analysis procedure is summarised in 

Table 4.4. 

Table 4.4 Qualitative analysis process 

Analysis step Research Tactic Procedure 

Create analysis framework Visualise analysis plan 

Create nodes for base data and framework, 

and tree nodes for research questions 

Devise data weighting scheme 

Create codes-by phrase 

and frequency of 

appearance in the 

transcripts  

Create coding scheme based on 

the transcript, framework and 

research questions 

Create a node for each code and place text that 

applies into node 

Evaluate and assure reliability of codes  

Phrase the participants’ 

words  

Locate commonly used words or 

phrases as they appear in the 

transcripts 

Use text search procedure 

Disregard irrelevant information 

Include relevant quotes in 

analysis 

Compare and contrast the 

developed themes and categories 
Use index search and compare node function 

Create charts  
Print charts of relationships 

amongst the data 

Use matrix charts feature to examine linkages 

between nodes 

 

Overall, pattern-matching, thematic content analysis and explanation building techniques ware 

employed in this study to analyse data from the four different cases to determine the factors influencing 
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seismic risk mitigation decisions in New Zealand and compare the patterns that were established in the 

review of literature. Content analysis of relevant documents provided insights and interpretations of 

some of the emerged themes and helped to clarify some of the recurring categories. Explanation 

building, although complementary to pattern-matching, was used in this research to ―explain‖ the 

seismic retrofit decision-making process by stipulating a set of causal links regarding how building 

owners make decisions about the performance level to adopt. Cross-case analysis was used to draw 

conclusions on the findings from the study across the four cases used in this study.  

The data analysis procedures allowed theoretical explanations of themes and patterns, similarities, 

differences and outliers in the identification of the critical challenges impeding seismic mitigation 

decisions and the motivators and incentives that will enhance the adoption and implementation of 

seismic mitigation measures. All of the identified themes and sub-themes were categorised separately 

and discussed in relation to the research questions. The major themes developed are supported with key 

phrases and quotes from the participants. The findings are reported in the following Chapter 5 (see 

Section 5.3) and were used collaboratively with the results from the content analysis of relevant 

document to develop the framework tested in the quantitative research phase (see Section 4.5). 

4.4.3 Reliability and Validity in Qualitative Study  

The reliability and validity of research findings are important in all scientific research (De Vaus, 2001). 

The value of scientific research depends on an individual researcher‘s ability to demonstrate the 

credibility of the research findings through improved rigor at the data collection and analysis stages 

(Miles and Huberman, 1994; Yin, 2009). Validity is one of the concepts used to determine whether 

correct operational measures relevant to phenomena investigated have been collected in an unbiased 

way. Yin (2009) considers reliability as the extent to which a test or procedure produces similar results 

under constant conditions, with a goal of minimising errors and biases in the study. Validity and 

reliability in qualitative research are achieved using a range of techniques and tactics such as 

establishing construct validity, internal and external validity and reliability (Miles and Huberman, 1994; 

Yin, 2009). The procedures adopted in this study for ensuring reliability and validity of the qualitative 

data are discussed in detail in Section 5.8.  

In summary of the qualitative research phase, the use of multiple case studies and data from the in-

depth interviews serves as the main source of evidence in this part of the study. Interviews with 

stakeholders involved in seismic risk mitigation decisions provided different perspectives to the 

research problem and are supplemented with relevant published secondary data, industry reports and 

legislative frameworks. The explicit research process described in this section is supported by an 

appropriate chain of evidence and participants verified the transcripts as being correct. In addition, 

results of the qualitative findings have been published in reputable journals and presented at both local 
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and international peer-reviewed hazard and disaster-related conferences (see Appendix C for a list of 

the research publications).  

The findings from the qualitative data phase were used to develop a framework (see Chapter 6) and 

generate several hypotheses that were tested in a subsequent quantitative study phase. The subsequent 

section discusses the second part of the sequential study approach – quantitative research design.  

 Quantitative Study Design  4.5

This section discusses the quantitative phase of the sequential mixed methods approach employed in 

this study. This phase is designed to validate the research findings obtained from the framework and 

hypotheses developed from both the literature review and findings from the qualitative phase (see 

Chapters 5 and 6). The results emerging from the qualitative findings could not be generalised to a 

wider population, because the stakeholders involved in seismic retrofit decisions are not sufficiently 

represented in the interviews (see Section 4.4.3). Thereby, explanations regarding causal relationships 

cannot be adequately inferred. In order to validate the framework, test the generated hypotheses, as well 

as achieve generalisability of findings in this study, a causal quantitative research approach was 

adopted.  

The two main research methodologies applicable to investigate quantitative research that reflect the 

positivist and post-positivist philosophical assumptions discussed in Section 4.2.1 include survey and 

experimental designs (Babbie, 2008; Creswell, 2009). Experimental designs in social sciences include 

studies conducted in a laboratory environment where human subjects are used. Field and Hole (2003) 

explained that a researcher has direct control over the research environment in experimental research 

and subjects through randomisation and manipulation. Hence, researchers using experimental designs 

can manipulate and control selected independent variables to determine their effects on the dependent 

variable. Conversely, Babbie (2008) explained that the use of a hypothetical scenario, instead of real 

life cases, could cast doubts on the external validity of experimental research results. Thus, to generalise 

the experimental research findings to the real world may pose a serious problem. In this study, 

experimental design was considered inappropriate for the following two reasons. First, the seismic risk 

mitigation decision and implementation process are complex and difficult to model in the laboratory. 

Second, the complexities involved in human interaction and risk mitigation decisions necessitate a real 

life investigation in this study rather than laboratory experiments, therefore the survey is used in this 

study.  

Survey is the most frequently used mode of observation in social sciences related studies such as hazard 

and disaster management (Lindell and Prater, 2000). According to Neumann (2006), the strength of a 

survey as a research approach lies in its suitability for questions regarding self-reported beliefs, 

attitudes, perceptions and patterns of past behaviour and it is an excellent vehicle for measuring 
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attitudes and predicting human decisions and behaviour. Likewise, Babbie (2008) added that a survey 

design is suitable for studies involving the use of individuals as a unit of analysis, such as the one 

addressed in this study. Similarly, survey was adopted because of its suitability to investigate human 

beliefs, perceptions and decisions, which are central to this research. This research employs survey at 

the quantitative phase to examine how building owners‘ seismic mitigation measures decisions can be 

enhanced in order to facilitate voluntary implementation of adequate risk mitigation measures. The use 

of survey in this research allows the investigation of how people perceive earthquake risks, make 

decisions and strategise to mitigate earthquake risks in a real life situation.  

In designing a survey, Babbie (2008) suggests that the explicit and implicit assumption made about time 

must be examined in deciding whether to adopt a longitudinal or cross-sectional design. A longitudinal 

survey is a correlational study that involves the observation of a particular population over a long period 

of time. A cross-sectional survey involves the observation of a population or a representative subset at a 

defined time (Neuman, 2003). Cross-sectional design was used in this study because of the predictive 

effect of the factors affecting building owners‘ mitigation measures decisions on the adoption and 

implementation of adequate risk mitigation measures. Specifically, the decision to rehabilitate EPBs or 

purchase earthquake insurance policy may be described as an activity that could occur at a particular 

time. In addition, time constraints regarding the completion of the researcher‘s PhD programme limited 

the use of a longitudinal survey.  

In view of the assumptions stated above, a cross-sectional survey was used in this study at the 

quantitative phase to capture building owners‘ and other stakeholders‘ perceptions, beliefs and patterns 

of past mitigation decisions.  The design of a cross-sectional survey is thus necessary to examine the 

overall impact of the factors identified from the literature review and the qualitative findings on a 

building owner‘s‘ overall risk mitigation decision, in order to provide useful information on how to 

enhance building owners‘ seismic mitigation decisions within the New Zealand context. 

4.5.1 Population and Sampling Frame  

Sampling is the process of selecting the units of observation (such as a subset of people or organisations 

from a population of interest) with the objective of obtaining knowledge and generalising results back 

to such population (Babbie, 2008). The population frame of this study comprised all EPB owners and 

stakeholders involved in seismic risk mitigation decisions and retrofit implementation in New Zealand 

(see Section 1.6.2). However, lack of access to the database consisting of the identified EPBs and their 

corresponding owners and previous seismic retrofitted projects inhibited the exact description of the 

population frame. Moreover, the infrequent nature of rehabilitating EPBs contributed to the poor 

description of the exact population frame. Yet, it was necessary that responses used in this research 

were directly from the study population, to ensure that the quantitative findings were consistent with the 

theoretical framework developed.  
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Three sampling frames were used in this study to achieve a good level of survey response. The first one 

comprised the list of owners and project team members sourced during the qualitative study (see 

Section 4.4.3). The interview participants were excluded in the survey to avoid duplicate information. 

The second sample comprised owners of potential EPBs identified after the enactment of the Building 

Act (2004). The councils‘ database developed during the initial evaluation procedure by corresponding 

Territorial Authorities was used to extract only the addresses and names of the identified vulnerable 

EPBs. The council, due to privacy issues, did not release details of the owners. Details of the identified 

owners of potential EPBs (such as names, emails and phone numbers) were extracted from the 

certificate of title from the New Zealand properties database. This database was purchased from 

Property IQ, a commercial organisation that provides online building information to the New Zealand 

property market. The organisation also provides customised data extracts to both corporate and public 

sectors. Lastly, the third sampling frame comprised members of industry or professional organisations 

involved in earthquake risk mitigation decisions and the rehabilitation of EPBs, which is sourced from 

different industry organisations. The industry and professional organisations include: the Property 

Council of New Zealand (PCNZ); the Property Valuers Association New Zealand (PVA); the New 

Zealand Society for Earthquake Engineers (NZSEE); the New Zealand Institute of Architects (NZIA); 

and the Insurance Council of New Zealand. Thus, the developed sampling frame represented a list of 

stakeholders involved in seismic retrofit implementation in New Zealand as at February 2010.  

The sampling frame described above thus comprised the unit of analysis and observation examined in 

this study. The respondents observed at the quantitative phase comprised various stakeholders involved 

in the seismic retrofit decision-making process, with a particular focus on commercial buildings (see 

Section 1.6). In this study, these stakeholders were the unit of analysis because they have been involved 

in previous seismic rehabilitation projects and have contributed to the seismic risk mitigation decision 

of EPBs.  

4.5.2 Data Collection Strategy  

An online questionnaire was used as the data collection instrument to elicit relevant information from 

the respondents. The framework developed from the literature review and qualitative study findings 

contains a number unobservable constructs inferred from measurable or observable indicators and 

hypotheses that were used in the development of the questionnaire. This section outlines the procedures 

used for the data collection process which include the development and design of the questionnaire 

followed by its pre-test and administration.  

 Questionnaire Development  4.5.2.1

Findings from the multiple case studies presented in Chapter 5 provided significant insights into the 

challenges associated with the adoption and implementation of seismic risk mitigation in New Zealand 

and an understanding of the motivational orientations underlying human reasoning processes regarding 
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disaster preparedness. The findings also served an important function by informing the development of 

a quantitative survey. This section discusses the development of the questionnaire items based on 

literature review provided in Chapters 2 and 3 as well as interview findings presented in Chapter 5. 

These involved designing the structured questionnaire and then pilot testing the questionnaire in order 

to check for questions clarity and ability to test the proposed theoretical framework quantitatively. A 

four-step approach to questionnaire design recommendation by Straub (1989) and Churchill (1979 ) was 

adopted in order to develop an appropriate survey for this study. These steps include specifying 

constructs domains, generate samples of items, data collection and measurement items ratification.  A 

summary of these steps are discussed in this section. 

As earlier discussed in Section 4.3, the findings from the document analysis and interviews are designed 

to inform the development and testing of a framework in the quantitative study. The analysis of the 

qualitative findings identified several factors affecting the adoption and implementation of earthquake 

mitigation measures at the individual building owners‘ level. All the factors were categorised in to 

different themes. In order to design an effective questionnaire, measurement items or indicators of the 

identified factors and themes or constructs are generated.  According to Bergkvist and Rossiter (2007),  

the adopted definition of each construct is dictated by the operationalisation of its measurement items. 

In this study, measurement items for individual themes or constructs were generated from literature 

review, content analysis of relevant documents (see Chapters 2 and3) and findings from semi-structured 

interviews (see Chapter 5).  Most of the measurement items were validated by the interview findings 

and were further enhanced by discussions with experienced industry and academia practitioners.  

According to Churchill (1979), the use of qualitative data through individual interviews is a viable way 

in which to generate items in scale development. Existing scales from previous validated instruments 

were utilised to a feasible extent in this research. Additional scales developed form the qualitative 

findings would also be used in the questionnaire development to explain the differences in the 

participants‘ responses regarding seismic mitigation decisions. Response options and item codes were 

assigned to each item to facilitate data analysis.   

A multiple-measurement item approach was adopted for the development of the construct measurement 

items, with at least three measurement items for each construct (Hair et al., 2010). This approach 

attempts to capture the domain of constructs adequately and accurately, which in turn increase the 

reliability and validity of the questionnaire. The use of multiple items to measure the ‗attributes of a 

construct ‗increases its reliability by combining several relevant items, reduces measurement errors and 

allows a more accurate prediction of the construct (Leung et al., 2005; Jin et al., 2007). Likewise, the 

use of multiple items is popular within the natural hazard management research and studies using 

structural equation modelling (SEM) technique as quantitative data analysis strategy, such as in this 

study (see Section 4.5.3) (Chin, 2002; Paton, 2008). Construct specification specifically for adopting 
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SEM technique is discussed in Appendix B2; Section 2. The constructs and definitions used in the 

questionnaire design are summarised in Appendix B2; Table 4.  Information on each construct enables 

the design of a structured online questionnaire to elicit relevant information from the respondents. 

 Questionnaire Design  4.5.2.2

The design of any reliable measurement instrument such as a questionnaire necessitates a high degree of 

accuracy and consistency in measuring what it is supposed to measure. This involved designing the 

structured questionnaire and then pre-testing it in order to check for question clarity and ability to test 

adequately test the framework quantitatively. A good questionnaire design is crucial in order to generate 

data that is beneficial to the research objectives (Creswell and Plano Clark, 2007). Therefore, the 

emphasis in this section is on content validity and the reliability of constructs and measurement items 

included in the questionnaire. Besides borrowing validated measurement items from previous studies of 

a similar research nature, the questionnaire development process involved standardising the meanings 

and perceptions on several earthquake mitigation decision terms, constructs and measurement items. 

Parameters considered important in the design of a questionnaire include question types, measurement 

scales and its relevance to the respondents (De Vaus, 2007). Other parameters considered include length 

of the questionnaire, ease of completion and layout to ensure reliability, validity and sustained 

engagement of the respondents (Bird, 2009).  

The questionnaire was designed to gain insights and understand the inter-relationships among the 

several factors affecting earthquake risk mitigation decisions from the stakeholder groups. Distinct 

questionnaires, but with similar questions, were designed for all the identified five stakeholders. 

Questions were worded and structured to suit different stakeholder groups, while some questions were 

adjusted or removed from the original questionnaire to complement the different professional and 

regional settings. The questions covered themes and sub-themes in line with the research objectives and 

relate to all the constructs of the framework. In addition, it contained both open and closed questions to 

produce quantifiable and in-depth results that will provide meaningful results to earthquake risk 

management stakeholders and agencies. The open-ended questions were probing in nature, which 

illuminated and helped to interpret participants‘ responses and allowed them to share their experiences 

and understanding. This provided a rationale for their opinions and additional comments. Further, 

respondents were asked to indicate their answers on a categorical rating and Likert scales with 

nomenclatures assigned to the response options, depending on the nature of the question. Most of the 

questions were on a five-point Likert scale including a neutral position option when respondents could 

not provide a valid answer to question posed. The consistent use of a five-point scale throughout the 

questionnaire allowed participants‘ easy adjustment to questions, which helped to sustain their interest 

during the process of completing it (Bird, 2009). Respondents were also required to rate several 

statements in different sections of the questionnaire according to their opinions on the subject matter. 
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These statements were positively and negatively worded to minimise respondents‘ responses towards 

one end of the scale (Sekaran and Bougie, 2010). 

The next step in questionnaire design involves structuring the questions into a logical order that allowed 

smooth transitions from one section to the other. The questionnaire‘s logical sequence was achieved by 

grouping related questions under a short heading and describing the section‘s theme. McGuirk and 

O‘Neill (2005) explained that a logical sequence of questions ensures participants‘ understanding of the 

research purpose, leading to accurate answers to the questions. Also, the questionnaire wording was 

kept as simple as possible. Finally, it was sent to key industry experts and the researcher‘s supervisors 

to ensure the use of familiar words and phrases for the intended participants or stakeholders. Key 

industry experts and the researcher‘s supervisors ensured that the principles adopted in the 

questionnaire design were appropriate. A sample of the questionnaire used in this study is presented in 

Appendix B1.  

 Questionnaire Pilot Test 4.5.2.3

The questionnaire was pre-tested by the researcher‘s supervisors, research team members, industry 

practitioners, and selected prospective respondents to eliminate possible weaknesses and flaws in the 

design. Parfitt (2005) explained that to determine a questionnaire‘s usefulness and suitability, a pilot 

investigation should be conducted with at least 20 participants. Following Partitt‘s suggestions, 28 

people participated in a pre-test to investigate the questionnaire‘s efficacy to provide valuable 

information that might be relevant to investigate strategies and motivators that could be used to enhance 

building owners‘ risk mitigation decisions. Some of the suggestions from the pilot study relate to the 

questionnaire‘s structure, use of expressions and the language refinement of some of the questions. An 

example of the type of minor wording changes includes that the use of the term ―seismic performance 

standard‖ suggested by one of the building owners was changed to ―seismic performance level‖ in 

section C of the questionnaire. The change of the term was relevant for understanding the differences 

between the seismic performance requirements adopted during retrofit decisions. In addition, some 

technical difficulties in the design of the online questionnaire were identified during the pilot test. The 

Survey Monkey Portal used in administering the questionnaire needed some readjustments. An example 

of such a technical difficulty includes the need for respondents to complete the questionnaire without 

broken or missing links while the survey is open. Another technical issue raised is the mandatory 

request to complete significant questions before participants would proceed further. The questionnaire 

and online Survey Monkey Portal were subsequently modified and customised in accordance with the 

pilot test feedback received from the participants. The revised questionnaire and customised online 

portal facilitated the administration of the online questionnaire. 
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 Administering the Questionnaire  4.5.2.4

This current study used an online self-administered questionnaire as a delivery mode among several 

options such as interview and telephone surveys. The online self-administered questionnaire delivery 

was selected to distribute the survey instrument because of its ability for faster geographic coverage, 

cost-effectiveness, time constraints and allowing the respondents more time to consider the questions 

before submitting the questionnaire. Initial contact in the form of a personalised email invite was 

devised to build rapport and motivation for respondents‘ participation in the survey. The invite included 

the respondent‘s name and address, the researcher‘s credentials, the research purpose and why the 

respondent has been selected for the study. A short summary of the results was offered to participants 

on request. The personalised invite was sent to respondents with attachments containing a participant‘s 

information sheet and consent forms. The survey was open for a period of 12 weeks commencing from 

March to May 2010. The survey portal allows the tracking of uncompleted responses and non-

responding participants. To address the risk of non-participation or poor responses, respondents who 

had not replied within three weeks received a follow-up reminder email and a phone call. Another step 

taken to achieve good response was to solicit participation through industry and professional 

organisations. Emails were sent to the respective industry groups to seek permission to include their 

members in the research and assistance was sought for potential respondents‘ contact details. Some of 

organisations allowed email invites to be sent directly by the researcher to their members, while other 

organisations sent the email invites provided by the researcher to their respective members. A 

breakdown of the final survey participation through the different stakeholders is provided in Table 7.1 

of Chapter 7. 

4.5.3 Data Analysis – Structural Equation Modelling (SEM) Approach 

The quantitative data collected in this study needs to be analysed appropriately to achieve the aims and 

objectives of the study. Different multi-variate methods available to analyse relationships among 

variables include correlations, simple and multiple regression analysis, factor analysis (FA), path 

analysis (PA) and structural equation modelling (SEM) (Norman and Streiner, 2003). These 

techniques can be applied to statistically analyse several specified relationships (dependence and 

interdependence) amongst variables (Sharma, 1996). According to Malhotra (1996), the selection of an 

appropriate data analysis should take into account the research problem and purpose as well as the 

underlying assumptions regarding statistical techniques. Chin (1998) further explained that to test a 

framework or model, the analytical strategy must recognise the latent variables in their theoretical 

context and networks and gain meanings from their definition. This section provides the justification for 

the selected quantitative data analysis method used in this study. 
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 Justification for using Structural Equation Modelling (SEM) Approach 4.5.3.1

The research problem addressed in this study involves a theoretical and hypothesised network of latent 

constructs (Figure 6-1) which includes several unobservable or predicted constructs such as seismic 

mitigation measures of intention (SA-intention) and adoption (SA-adoption), and exogenous/predictor 

constructs such as risk perception (PER), seismic mitigation measures efficacy (SAE) and intrinsic 

motivators (IM). 

The framework indicates complex inter-relationships among the constructs and variables used in this 

study. These complex interrelationships rule out the use of statistical techniques such as correlation 

analysis as  this analytical method can only examine linear relationship between two variables and 

cannot be used to establish causality amongst variables (Sharma, 1996), as required in this study. 

Similarly, reliance on factor analysis (FA) only as a data analysis strategy in this study is not sufficient 

because it cannot provide information about the detected relationships among the latent variables. 

Likewise, simple regression (one independent variable) and multiple regression modelling (more than 

one independent variable) techniques are not applicable in this study because the theoretical framework 

illustrated in Chapter 6 contains more than one dependent and independent variable/construct. 

Moreover, multiple regression modelling proposes that data used for analysis comes from normally 

distributed population, dependent and independent variables are easy to measure and are observable 

during data collection (Abdi, 2003). Multiple regression analysis also requires no correlation among the 

independent variables, but in this study the independent latent variables are correlated. Thus, multiple 

regression analysis is not appropriate for use in this study. Also, this analysis deals with observed 

variables rather than latent variables and assumes that the data used is normally distributed. However, 

quantitative data in this study involves perception and pinion ratings of unknown distribution. In 

addition, path analysis (PA), which is similar to multiple linear regression (MLR), deals with observed 

variables rather than latent variables and is also sensitive to normality of data (Norman and Streiner, 

2003), therefore it is not appropriate for this study. 

An SEM analysis technique is adopted for this research. SEM can model relationships among multiple 

predictors and measurement items, unobservable latent variables, model measurement errors for 

observed variables, and statistically test a priori theoretical and measurement assumptions against 

empirical data, which is applicable in this study. In this research, SEM serves as a way of dealing with 

research problem addressed by simultaneously estimating the relationships among the theoretical 

constructs (LVs) and assessing the reliability and the validity of the manifest variables (measurement 

items) of the LVs (Barclay et al, 1995; Kilne, 1998). SEM enables individual measurements of these 

constructs through multi-item scales, hence its adequacy to examine the theoretical framework 

developed in this study. With SEM, the simultaneous examination of the relationships among dependent 

and independent variables within a framework is allowed. It enables the determination of inference 

from any examined relationships and allows simultaneous testing of multiple dependent constructs 
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(Hair, 2006). Based on the characteristics of SEM, it is considered adequate for use as the data 

analytical strategy adopted in this study.  

Another rationale for using SEM over other statistical approaches lies in its greater flexibility in 

modelling (Chin and Newstead, 1999). Other analytical techniques such as correlation, FA and MLR 

usually underestimate the accurate relationship between variables (but they do not consider the 

existence of measurement errors of individual variables). SEM can simultaneously predict multiple and 

interdependence relationships. SEM can also assess individual constructs in the presence of their 

interdependence relationships without being contaminated by the measurement errors (Hair et al., 

2010). Another advantage of using SEM over other data analysis techniques is that it incorporates 

extension statistical functions such as PA and confirmatory factor analysis (CFA) into its modelling 

framework system, and both analyses are effected concurrently in a single structural equation model in 

SEM (Amoroso and Cheney, 1991). In addition, SEM enables the specification and examination of 

multiple structural relationships between identified constructs and assesses the reliability and validity of 

variables. It does this by integrating multiple dependent constructs and relating to theory with empirical 

data, while identifying error terms. Thus, it provides the proficiency of an extended understanding 

which is not achievable in other data analysis techniques. Further advantages of SEM as identified by 

Chin (1998) and Dilalia (2000) include measure unobservable latent construct/variables, model errors in 

measurement for observed variables, model the relationships among multiple predictor and criterion 

variables, statistically test a priori substantive/theoretical and measurement assumptions against 

empirical data (confirmatory analysis). 

Equally, SEM has been widely used in social, behavioural and decision sciences research for 

developing and testing theories (Matzier et al., 2007; Jensen, 2008). The use of SEM has been extended 

to construction management research and specifically in natural hazard management studies which 

include research conducted by Paton (2008), McIvor et al. (2009), Sagala et al., (2009) and Paton et al. 

(Paton et al., 2008).  

For the reasons discussed above, SEM is used to analyse quantitative data in this study. In addition, 

descriptive statistics and exploratory factor analysis (EFA) were employed in this research as 

supplementary statistical methods. Descriptive statistics was used to describe the properties of central 

tendency (mean) and variation in the data by computing arithmetic means, variance and standard 

deviation and consequently to summarise the data. EFA was conducted to examine the proposed 

dimensionality of the “extrinsic motivator” construct. The next section examines the differences 

between the two types of SEM analytical techniques and provides an explanation for the use of the 

PLS-SEM approach used in this study. 
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 Adopting the Component-Based SEM (PLS) Approach 4.5.3.2

SEM analysis comprise of two multi-variate analysis approaches, namely the covariance-based SEM 

approach and component-based SEM approach, also known as partial least square (PLS-SEM) 

(Haenlein, 2004). The covariance-based SEM approach is well-acknowledged in social science research 

and exists in several software packages such as LISREL, AMOS, EQS, Mplus, SEPATH and 

RAMONA (Chin, 2010). In contrast, the component-based SEM (PLS-SEM) is a variance-based causal 

modelling approach, consisting of two iterative procedures using least square estimation for single- and 

multiple-component models (Wold, 1996). The PLS-based SEM techniques are available in software 

packages such as PLS-GUI, LVPLS, SmartPLS, PLS-graph and VisualPLS. These two SEM 

approaches have their relative advantages and limitations. Table 4.5 provide major distinction between 

the two SEM approaches. 

Table 4.5 Difference between covariance-based and component-based SEMs 

Criterion Covariance-based Component-based (PLS) 

Type of Approach Focused on covariance. Focused on variance.  

Assumptions 

Usually multi-variate and distributed 

normally. Observations are 

independent and parametric 

The predictor is specific but 

requirements are not. They are non-

parametric in nature.  

Epistemic relationship 

between a latent variable and 

its measures 

Usually with reflective indicator only 
Can be modelled in either formative 

or reflective mode. 

Implication Parameter accuracy is optimal Prediction accuracy is optimal. 

Latent variable (construct) 

score  
Constructs are indeterminate Constructs are explicitly estimated. 

Model complexity  

Usually small to moderate 

complexity (e.g. less than 100 

indicators). 

Usually large complexity (e.g. 100 

constructs and 1,000 indicators). 

Objective Concerned with parameter.  Concerned with prediction.  

Parameter estimates Usually consistent. 

Consistent as indictors and sample 

size increases (i.e. consistency at 

large). 

Sample size 

Preferably based on power analysis 

of specific model – minimal 

recommendations range from 200 to 

800 cases. 

Power analysis is based on the 

portion of the model with the 

largest number of predictors. 

Minimal recommendations range 

from 30 to 200 cases. 

  Source: Chin and Newstead (1999) 

The major differences can be found in their objectives. While the covariance-based SEM approach is 

concerned with theory testing and development, the component-based SEM approach is focused on 

predictive applications (Joreskog and Wold, 1982). According to Chin et al. (2003), the component-

based SEM approach is more comprehensive and suitable for explaining complex relationships among 

multiple predicted and predictor constructs. Further, component-based SEM comprises many other 

multi-variate analysis techniques such as canonical correlation, redundancy analysis, multiple 

regression, MANOVA, CFA and principal components analysis (Fornell et al., 1990; Chin et al., 2003). 

Considering the characteristics of the PLS approach, the component-based (PLS) structural analysis, 
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conducted with the SmartPLS software statistical package, is adopted as the appropriate analytical tool 

for this study. The justifications for using the PLS approach are summarised below.  

Estimation Assumptions  

As mentioned earlier, the covariance-based SEM approach uses the maximum likelihood estimation 

approach. This approach is similar to the multiple regression approach and path analysis which are 

sensitive to deviation from normality. Thus, the results may not be an accurate reflection of the actual 

relationships among variables (Norman and Streiner, 2003). As such, the covariance-based SEM is not 

suitable since its normality cannot be demonstrated. PLS does not presume any distributional form of 

measured variables (Wold et al., 2010), hence PLS is suitable for data from non-normal or unknown 

distributions (Frank and Miller, 1998). Most of the measurement items of this study are subjective 

because they are based on opinions and are perception-based, measured mostly on a Likert and rating 

scale and are of unknown distribution, and normality cannot be demonstrated. Thus, PLS is most 

suitable for this study. 

Measurement assumptions  

The nature of the link between the measurement items and their construct can be reflective or formative 

(Hulland, 1999). Reflective indicators are created under the perspective that they all measure the same 

underlying phenomenon. This indicates that all measurement items are affected by the same concept i.e. 

they all have the same latent variable (Chin 1998). Formative measurement items are regarded as cause 

variables that provide conditions under which the latent variables that they are connected to are formed 

(Chin, 1998). The measurement items used in this study comprised both reflective and formative 

indicators. Covariance-based SEM assumes that measurement items are reflective in nature, while PLS 

assumes that the indicators or measurement items can both be reflective and formative, hence PLS-SEM 

is most suitable. Another advantage of using the PLS in measurement assumptions is that it adopts that 

the explanation of all observed measure is suitable, whereas the covariance-based SEM considers that 

observed measures have attributes such as measure-specific variance and random error variance 

components (Anderson and Gerbing, 1988). These measurement attributes are not of theoretical interest 

and are not included in the measurement model in this study.  

Estimation Information and Model Complexity  

The theoretical framework developed for this study is based on the integration of concepts and theories 

from motivation, the decision sciences and the earthquake risk and disaster management fields. This 

integration suggests some form of complexity in the data analysis. Also, the theoretical framework 

developed for this study exhibits a high complexity with seven latent constructs and 89 measurement 

items. As such, it requires a technique which is capable of explaining complex relationships with large 

numbers of constructs and indicators, and where such a novel theoretical model is not well-established 

(Joreskog and Wold, 1982). The covariance-based SEM approach adopts only an established theoretical 
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model centred on well-known theory and prevents attempts at model re-specification which may be 

problematic should important data be misplaced from the itemised model. PLS is thus a more 

appropriate technique considering the estimation information and model complexity characteristics 

because it is primarily intended for predictive analysis in situations of model complexity and less strict 

statistical assumptions (Fornell and Bookstein, 1982; Wold, 1982). Besides, PLS can approximate 

parameters with limited theoretical information and where theories are not well-established and 

developed.  

Sample Size 

The minimum sample size for covariance-based SEM is 200 cases in order to ensure that accurate 

assessments of model fit (Hoelter, 1983). In the covariance-based SEM approach, sample size affects 

the explanatory ability of its statistical power and the normality assumption. However, PLS 

approximates the model parameters even in situations where the sample size is relatively small (Fornell 

and Bookstein, 1982). PLS adopts a resampling method to validate models through random subsets of 

data and also to determine the confidence interval of the model parameters (Jack et al., 2001). The SEM 

approach does not provide these results (Hsu et al., 2006). The uniqueness of the PLS approach in this 

study can also be accounted for by its boot-strapping procedure which is useful for conducting 

hypothesis testing and obtaining the standard errors of the parameter estimate. It is also a robust 

alternative to statistical inference based on parametric assumptions of unknown distribution and 

normality. The detailed procedure for conducting the PLS data analysis procedure is discussed in 

Appendix B2. 

 Research Model and Results Validation Exercise  4.6

The validation exercise is often designed to enhance the research results by pulling together all the 

obtained information into a meaningful conclusion. Validation of the research model and overall 

research findings in this study was initiated to ensure that the results obtained from the qualitative and 

quantitative analysis are generalisable to the population and not specific to only the sample used in the 

estimation (Hair et al., 2010). Subject matter experts (SMEs) were used to validate the research 

findings.  A summary of the SMEs and process of the validation used in this study is provided in the 

following subsections. 

4.6.1 Subject Matter Experts (SMEs) 

A subject-matter expert (SME) expert is a person who is an expert in a particular area, activity 

or topic (Sugar and Schwen, 1995). SMEs are engaged in the current study to provide critical 

industry experience and examine the applicability of the research model and findings in practice. The 

research is mindful of the need to examine the developed model‘s capabilities, limitations, and 

appropriateness for addressing the research problem addressed in this study, hence the engagement of 
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SMEs to verify the research model and overall findings. Five SMEs who have been involved in 

earthquake risk mitigation for at least twenty years were selected to verify the results obtained 

from both the qualitative and quantitative study as well as confirm whether proposed 

recommendations could be applied in real-life situation. The SMEs were expected to provide 

their opinions on issues relating to their field of expertise and other general issues around 

seismic retrofit implementation of EPBs and natural disaster mitigation in New Zealand. The 

SMEs were coded to provide anonymity in the research study. Table 4.6 provides a summary 

of the SMEs used in this study. 

Table 4.6 Profile of SMEs  

SMEs Experience in Earthquake Risk Mitigation  

SME 1  Has over 30 years international experience in 

structural and earthquake engineering in a multi-

discipline context. 

 Has developed a wide understanding of all 

aspects of earthquake ―engineering‖ including 

technical, economic, social and insurance aspects. 

 Has been responsible for many commercial, 

industrial and infrastructure development projects 

and his wide range of consulting experience 

includes technical, management and business 

development roles 

 a chartered professional Engineer 

 Director of  David Hopkins Consulting 

Limited 

 Senior Technical Advisor, Department of 

Building and Housing; 

 Director, World Seismic Safety Initiative  

 Chairman Earthquake Engineering New 

Zealand  

 Former Director, International Association 

for Earthquake Engineering  

SME 2   Has over 20 years of work experience in 

earthquake risk mitigation in both New Zealand 

and overseas.  

 Has a very good understanding of the Building 

Act and engages with the document on a regular 

basis. 

 Chief Engineer, Department of Building 

and Housing, Wellington. 

 Member of Access Advisory Committee 

in the Ministry of Business, Innovation 

and Employment (MBIE). 

SME 3  Over 20 years of experience in earthquake and 

natural disaster mitigation in New Zealand  

 Has very good knowledge of relevant legislative 

documents used for earthquake risk mitigation  

 Has valued opinion on policy-type issues around 

earthquake risk mitigation 

 Director of the Centre for Resource 

Management Studies 

 Manager, Civil Defence Emergency 

Management Policy in the Department of 

Internal Affairs, Te Tari Taiwhenua, 

Wellington 

SME 4  Over 25 years of experience in government 

Liaison – and Policy Advocacy 

 Has close working knowledge of local and central 

government public policy processes affecting 

housing an property developments in New 

Zealand  

 Has valued knowledge in Housing stock 

management and tenancy management 

 Chief Executive Officer – property 

council New Zealand   

 Chair of Auckland City Council's CBD 

Board 

 Senior Consultant - Strategic Change and 

Operations at Deloitte & Touche 

 Former Regional Manager at Housing 

New Zealand 

SME 5  Over 20 years of experience in earthquake and 

natural disaster mitigation in New Zealand  

 Heads the building control Team that  

 Provide specialist reviews of building 

 consents, fire safety advice, administer the 

building warrant of fitness system and deal with 

building claims 

 Provide advice and input into administration of 

the Building Act and local EPB policy 

 Chartered Professional Engineer 

 Manger - Christchurch Council's 

Engineering Services 
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4.6.2 Validation Exercise   

Face-to-face interviews were conducted with five SMEs. They were asked to comment on the 

practicality and comprehensiveness of the resultant theoretical model, the identified intrinsic and 

extrinsic motivators as well as the overall research findings. Also, to facilitate the interviewing process 

an interview guide was developed (see Appendix B8). This consisted of: (i) a brief introduction to the 

validation process and a summary of the key research findings; (ii) a list of questions; and (iii) the 

model diagram showing the influences and inter-relationships among the motivators and the three 

sequential process of seismic risk mitigation decision and adoption of measures. The results and 

observations from the validation exercises are reported in Section 8.5. The information obtained 

from this verification exercise enable a re-classification of practicable solutions beyond those 

generated from the data collection exercise and analyses, as well as extended the author‘s 

knowledge beyond that held in the current study. 

 Ethical Considerations  4.7

Ethical issues must be given consideration at all stages of the research process as integrity is 

fundamental to the work of scientists, scholars and researchers (Tolich, 2001). Ethics approval that 

addressed the conduct of this research was obtained through the university ethics committee, and the 

application was approved on 13 August 2008 with the reference number 2008/254. Consents to 

interview participants and participate in the survey from organisations and participants were secured 

before the data were collected.  

This current research has very limited ethical issues. The only issue that may arise could be possible 

accidental findings regarding the opinions of the interviews and respondents used in this study. This 

issue has been taken care of in the confidentially agreement that no material or information would 

personally identify the participants or respondents in any report or publication. Participants were 

provided with the participant information sheet (PIS) before the data collection process, outlining the 

research purpose, objectives and procedures and how their privacy would be protected. There is no 

requirement to name or identify individuals or groups of people who participated in this study. This 

study adopts a system of coded information when data are stored and used. Data are kept secured within 

the university premises with limited access to only the researcher and the main supervisor. This study 

thus complied with ethical issues that may arise in the conduct of the research.  

 Summary 4.8

This chapter explained and justified the use of a mixed methods approach used to address the research 

problem in this current study. This chapter established the epistemological, positivism and ontological 

grounds for the research methodology adopted in this research. A sequential mixed methods approach 

comprising both qualitative and quantitative methods was elaborated to address the research questions 
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and objectives. The research design involved approaches to generate data needed to make 

recommendations to enhance property owners‘ earthquake mitigation decisions and to improve seismic 

retrofit implementation in New Zealand and other similar seismically active countries. Sampling 

techniques, data collection methods and analysis were discussed in detail. Pertinent issues relating to 

data collection, analytical techniques, software selection and validation exercises were also explained. 

Details of analysis and emerging findings are discussed in the subsequent chapters. The following 

chapter presents detailed results from the multiple case studies analysis, leading to the development of a 

framework. The preceding chapter is undertaken in regard to objectives one and two of the research 

study outlined in Section 1.4 of chapter one. 
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   CHAPTER 5

Qualitative Study Findings 

 Introduction 5.1

This chapter addresses objectives one and two addressed in this study: (i) to identify the factors 

affecting building owners‘ seismic mitigation decisions and adoption within the New Zealand context; 

and (ii) to examine potential intrinsic and extrinsic motivators that could enhance building owners‘ 

decisions to adopt appropriate earthquake mitigation measures. The objective of conducting the 

exploratory multiple case studies approach was to: (1) provide insight into the research problem and 

questions; (2) reflect on the views of the study participants in the New Zealand context; and (3) to 

ensure that important variables and themes are included with the research context. The multiple case 

studies approach was employed at the qualitative research phase while pattern-matching and thematic 

content techniques were used to synthesise the findings from the data analysis procedures.  

The analysis of the findings and discussion in this chapter address research questions one and two 

poised in this study. The comments elicited by the participants‘ interviews and review of relevant 

documents were used as evidence and facts. Findings from the qualitative study provided themes and 

variables needed for the development of the framework developed in subsequent chapters. 

 Background of Cases 5.2

Four regions in New Zealand were selected as cases for the qualitative study: Auckland (Case 1); 

Christchurch (Case 2); Gisborne (Case 3); and Wellington (Case 4). The four regions were selected 

because of their direct relevance to the research problem and objectives. The individual cases are 

described in the following subsections and a summary of each is provided in Table 5.1. 

5.2.1 Case 1 – Auckland  

Auckland region is located in the North Island of New Zealand. The city is the largest and most 

populous urban area in the country with 1,354,900 residents and a sub-national GDP of US$28,250 

million (Statistics New Zealand, 2011). Auckland‘s region is categorised as a city with low risk and 

vulnerability of earthquake hazard and disaster having a hazard factor of 0.13 (New Zealand Society for 

Earthquake Engineering, 2006). The main effects and hazards likely from earthquakes in the Auckland 

region include ground shaking, fault rupture, liquefaction, rock falls and landslides (Auckland Regional 
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Council, 2009). Buildings, roads and services could suffer damage in an event of an earthquake. The 

Auckland region has about 42% of its building stock as potential EPBs, and has adopted 33% of the 

New Building Standard (NBS) as a minimum standard of seismic retrofitting for EPBs within the region 

(Auckland Regional Council, 2009). A passive seismic risk mitigation approach was adopted in its 

earthquake-prone and dangerous buildings policy.  The last significant earthquake in the Auckland 

region was of 2.9 magnitude recorded 10 km east of Auckland on July 2011 (Rees et al., 2011). The 

earthquake had minimal impacts such as bringing down a chimney in the city‘s Onehunga district and 

minor damage to fragile items and plasterwork. Auckland residents are referred to as the least prepared 

for an earthquake event in New Zealand (Auckland Civil Defence Emergency Management Group, 

2011). 

5.2.2 Case 2 – Christchurch 

Christchurch is in the Canterbury region located in in the South Island of New Zealand. It has the 

largest settlement area and is the second most populous urban area in the country with 390,300 residents 

and a sub-national GDP of US$15.074 million (Statistics New Zealand, 2011). Christchurch City 

Council has about 48% of its building stock assessed as potential EPBs before the 2011 earthquake 

event. The buildings at highest risk of collapse are approximately 960 unreinforced masonry buildings, 

which are likely to fail in a moderate earthquake. There are about 490 heritage buildings that are 

earthquake-prone as defined by the Building Act (2004). About 295 properties are unreinforced 

masonry, while nine buildings are reinforced concrete and 163 are timber-frame and other building 

types. The council‘s earthquake-prone and dangerous building policy adopted 33% NBS as the 

minimum standard of seismic retrofitting for ordinary EPBs and 67% NBS for heritage EPBs 

(Christchurch City Council, 2010). The council adopts an active-passive risk mitigation approach to 

implement its earthquake-prone and dangerous buildings policy (Christchurch City Council, 2010). 

Christchurch is categorised as a city with moderate risk and vulnerability of earthquake hazard and 

disaster and has a hazard factor of 0.22 (New Zealand Society for Earthquake Engineering, 2006).  An 

earthquake hazard factor (Z) is defined as the equivalent to an acceleration coefficient with an annual 

probability of exceedance in 1/500) and is specified for different locations in New Zealand (Standards 

New Zealand, 2004).  According to Standards New Zealand, earthquake hazard factor and seismicity 

are used to establish the probability and severity of a seismic event, which varies between provinces. 

For instance, a hazard factor score of ≤ 0.13 indicates that the region‘s vulnerability to seismic hazard is 

low, a factor score of less than ≤ 0.22 indicates a medium vulnerability, while a factor score of ≥ 0.36 

indicate a high vulnerability. The region have been characterised with several earthquakes since the 7.2 

and 6.3 magnitude in 2010 and 2011 respectively. The earthquake in February 2011 had an estimated 

182 fatalities and a US$22 billion financial loss (CERC, 2011) 
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5.2.3 Case 3 – Gisborne  

Gisborne is located in in the North Island of New Zealand, having a settlement area of 8,351 km2, a 

population of 46,600 and a sub-national GDP of US$66.3 million (Statistics New Zealand, 2011). 

Gisborne is categorised as a municipal susceptible to high earthquake hazard and risk with a hazard 

factor of 0.36 (New Zealand Society for Earthquake Engineering, 2006). Gisborne District Council has 

about 68% of its building stock as potential EPBs, and it adopted a 67% NBS as the minimum standard 

of seismic retrofitting for EPBs within its jurisdiction (Gisborne District Council, 2008). An active 

seismic risk mitigation approach was adopted in its earthquake-prone and dangerous buildings policy 

(Gisborne District Council, 2008). The District Council has approximately 50% of its building stock 

identified as potential EPBs. The last significant earthquake in the region was of magnitude 6.8 which 

struck in the Pacific Ocean, 50 km off the eastern coast of New Zealand's North Island in December 

2007. The earthquake had no fatalities but caused significant damage to property and lifelines. A 

number of buildings in central Gisborne were significantly damaged, with three collapsed structures and 

widespread minor damage to properties in the region (Evans, 2009). The earthquake was estimated to 

have caused USD 40 million of financial loss (Geological and Nuclear Sciences (GNS), 2007). The 

Gisborne earthquake in 2007 provides a platform and reminder regarding the cost and dangers 

associated with seismic events and disasters in New Zealand.  

5.2.4 Case 4 – Wellington 

Wellington is the capital city and third most populous urban area of New Zealand with a population of 

389,700 and a sub-national GDP of US$142.5 million (Statistics New Zealand, 2011). Wellington is 

categorised as a city with very high vulnerability to earthquake hazard and risk with a hazard factor of 

0.4 (New Zealand Society for Earthquake Engineering, 2006). It has a major fault line running through 

the city centre and other minor fault lines identified within the urban area (New Zealand Society for 

Earthquake Engineering, 2006). Wellington region has suffered serious damage in a series of 

earthquakes since 1848 and the last significant earthquake was in August 1942 (McSaveney, 2009). The 

earthquake had a magnitude 7.2 and there was one recorded fatality. Presently, Wellington City Council 

has about 52% of its building stock as potential EPBs (Stevens and Wheeler, 2008), and has adopted 

33% NBS as the minimum standard of seismic retrofitting for EPBs within its jurisdiction (Wellington 

City Council, 2009). An active seismic risk mitigation approach was adopted in its earthquake-prone 

and dangerous buildings policy (Wellington City Council, 2009). The number of EPBs within the 

region is distributed as follows; CBD area 14,272 (51%), Te-Aro/Cuba St area 411,293 (71%) and 

suburban area 363,114 (31%). Among the 15 major cities, Wellington has been at the forefront of 

seismic risk mitigation in New Zealand.  
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Table 5.1 Summary of cases  

City's characteristics 
Case 1 

(Auckland) 

Case 2 

(Christchurch) 

Case 3 

(Gisborne) 

Case 4 

(Wellington) 

Hazard factor (Z) 0.13 0.22 0.36 0.4 

Level of earthquake risk Low Medium High Very high 

Last significant earthquake June 2011 April 2011 Dec. 2007 Aug. 1942 

Percentage of EPBs 42% 48% 68% 52% 

Standard of seismic retrofit 

adopted 33% NBS 33% NBS 67% NBS 33% NBS 

Mitigation approach Passive Active-Passive Active Active 

Population 1,354,900 390,300 46,600 389,700 

Area (km
2
) 5,600 45,346 8,351 8,124 

Sub-national GDP US$28,250 bn US$15,08 m US$66.3 m US$142.5 m 

No. of interviewees 

BO-3;PRO- 2; 

GO-1; PV- 1 

BO-4; PRO-2; IP-1; 

GO-1;PV-2 

BO-3;PRO-2; IP-

1; GO-1;PV-1 

BO-4; PRO-2; 

IP-2; GO-1; PV-

1 

7 10 8 10 
Note: NBS; New Building Standard; BO-Building owners; PRO-Professionals; IP-Insurance Providers; GO-Governmental 

Organisations; PV-Property Valuers 

5.2.5 Participants and Sampling  

The context for this research involves the adoption and implementation of earthquake mitigation 

measures in New Zealand by owners of EPBs. Within the process of making the decision to adopt and 

implement seismic mitigations, several stakeholders directly or indirectly contributed to this process. 

These stakeholders included building owners, property valuers, engineers and architects, managers of 

insurance, and managers of financial and governmental organisations involved in issues regarding 

EPBs. Some of these stakeholders were selected to participate in the qualitative study. Purposeful 

sampling procedure was used to select the participants for the qualitative study based on their 

knowledge and years of experience in seismic retrofit decisions and rehabilitation of EPBs. Details of 

the sampling procedure and rationale for participants‘ selection are provided in Section 5.5.3. The 

number of participants and professions selected within the different regions to participate in the 

interview sessions are presented in Table 5.1. 

5.2.6 Participants’ Characteristics 

The data collected comprises different types of participants used as the main unit of analysis. 

Participants‘ demographics are summarised in Table 5.2. Most participants are in the senior 

management category; 45% are building owners while 55% are other stakeholders involved in seismic 

retrofit decision-making processes or project implementation. Three types of owners were identified: 

private (53.3%); public (26.7%); and non-profits (20%). 42% of the participants have personally 

experienced an earthquake event. The average working experience of the participants in seismic retrofit 

building projects is 5.5 years, with a minimum and maximum of 3.0 years and 8.0 years. The average of 
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5.5 years‘ experience indicates that most respondents have reasonable working experience in seismic 

retrofitting of EPB projects.  

Table 5.2 Participants‘ profiles 

Characteristics Category No % 

Participants 

Building owners 16 46 

Type of 

owners 

Private  8 8 50 

Public  4 4 25 

Non-profits 4 4 25 

Professionals (engineers etc.) 5 14 

Insurance providers 3 9 

Government officers 6 17 

Property valuers 5 14 

 

 

Designation 

Senior managers  25 71 

Middle level managers 7 20 

Junior level managers 3 9 

Years of experience with 

EPBs 

≤ 5 years 3 9 

6 - 10 years 7 20 

11 - 15 years 6 17 

16 - 20 years 8 23 

21 - 25 years 4 11 

> 25 years 7 20 

Location 

Wellington 10 29 

Gisborne 10 29 

Christchurch 7 20 

Auckland 8 23 

Personal experience of 

earthquake 
Yes 14 40 

 

 Analysis of Qualitative Findings  5.3

The qualitative results presented within this chapter focus solely on the participants‘ viewpoints 

regarding their involvement and experience in seismic mitigation decisions and the rehabilitation of 

EPB projects. The qualitative findings provide significant insights into the factors affecting building 

owners‘ seismic mitigation decisions and possible ways of enhancing EPB rehabilitation decisions. The 

findings are intended to provide avenues and strategies aimed at reducing earthquake vulnerability in 

New Zealand. The viewpoints of the participants are compared and contrasted collectively, both within 

each case and across the cases. The analysis of the qualitative findings is presented based on the 

research questions outlined in Chapters 1 and 4.  
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5.3.1 Analysis of Research Question One 

Research question one: Why are building owners generally reluctant to adopt appropriate seismic 

mitigation decisions, despite New Zealand’s high vulnerability to 

earthquake risks?  

Research question one seeks to understand the challenges associated with seismic mitigation decisions 

at the individual owner‘s level. The question was addressed from two perspectives. First, an 

investigation of the critical challenges affecting building owners‘ decisions from the general societal 

perspective and, second, from the stakeholders‘ practice perspective, which represents participants‘ 

opinions from the main research domain. The review of the problems associated with seismic mitigation 

decisions discussed in Section 3.6 suggest a holistic approach that comprises these two perspectives are 

necessary to fully capture how building owners and society at large respond to hazards posed by their 

physical environment. Hence research question one was addressed under the two sub-questions below: 

RQ1a: What are the factors affecting building owners’ decisions whether or not to adopt 

earthquake risk mitigation measures within the New Zealand context? 

RQ1b: How do the stakeholders’ practices within their operative working environments 

influence seismic mitigation decisions?  

5.3.2 Answers to Research Question 1a 

Answers to research question 1a were sought through the use of an interview protocol. Within this 

protocol, participants were asked other sub-questions related to research question 1a. These sub-

questions are: 

 How do you perceive the probability and severity of an earthquake event in your region? 

 Given the nature of your business/profession, can you describe the strategies that you employ in 

reducing earthquake risks? 

 What are the challenges that you encountered when you were involved in any seismic retrofit 

project? 

 How does the regulatory framework regarding earthquake risk mitigation (such as the Building 

Act, local earthquake-prone building policy) influence your decision to implement seismic 

retrofitting? 

 Can you describe the benefits and values that you associate with seismic retrofit 

implementation and EPBs? 

The major themes that emerged from the analysis of research question 1a centre on the identification of 

critical challenges to seismic mitigation decisions. The challenges were grouped under the following 

four themes: perception-related impediments; sociological impediments; economic-related 
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impediments; and institutional impediments. These themes were consistent with the empirical research 

relating to the problems associated with seismic mitigation decisions discussed in Section 3.3. This 

consistency suggests that impediments related to earthquake risk mitigation decisions are not peculiar to 

New Zealand alone, thus possible suggestions to overcome these impediments can be applied to other 

countries having similar challenges. The findings suggest the need to adopt broad-ranging perspectives 

to address these impediments in order to successfully reduce earthquake risk and disaster impacts. The 

themes are discussed in the following subsections. 

 Perception-related Impediments  5.3.2.1

The findings discussed in this section focus on how risk perceptions affect mitigation decisions. Table 

5.3 illustrates how stakeholders‘ perceptions of risk differ widely and their influence on building 

owners‘ seismic mitigation decisions.  

5.3.2.1.1 Perception about Possible Earthquake Events and Risks 

The perception of risk plays an important role in the decisions people make. Interview findings reported 

in Table 5.3 indicate that the participants living in cities with low (80%; Case 1) and medium seismic 

risks (60%; Case 2) are less concerned about earthquake risk and occurrence. A total of 58% of the 

building owners interviewed did not perceive that they or their buildings were at risk from earthquakes, 

regardless of whether they has been served notices by their Territorial Authority (TA). A total of 91% 

and 87% of the participants in Cases 1 and 2 respectively were not willing to undertake any mitigation 

actions in the next five years. These participants believed that an earthquake event would not happen in 

their lifetime or have significant impacts on their buildings and therefore there was little or no need to 

adopt risk-preventive measures such as seismic retrofit. The passive mitigation approach adopted by the 

TAs could prevent owners from perceiving that their buildings were at risk from earthquakes. One 

owner in Case 2 mentioned that:  

“I don’t think my building is at risk again from earthquake since the last policy change 

because I have not been served any notice regarding it, but I think one of my buildings in 

Wellington is at risk because I have been notified by the council”.  

From the findings, the perception about the possible occurrence of an earthquake disaster was 

associated with uncertainties in earthquake predictions, risk judgements, TAs‘ passive mitigation 

approach and the retrofit levels adopted in their respective earthquake policies (see Table 5.3). 

Conversely, 98% and 87% of the participants in high risk or very high risk cities (Cases 3 and 4) 

showed concern about earthquake risks, which was attributed to those cities‘ high susceptibility to 

earthquakes and the public‘s awareness of earthquake risks due to the TAs‘ active approach to seismic 

hazard mitigation. Despite the concern about seismic risks, 28% of participants in Case 3 were not 

willing to undertake mitigation actions in the next two to five years, while 90% of the participants in 

Case 4 would delay implementing retrofit until a period of 10-20 years. These findings revealed that 
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irrespective of the high disaster awareness level in New Zealand, a strong assumption exists among the 

interviewees that an earthquake event will always have less severe impacts on their buildings. 

Table 5.3 Perception-related impediments 

Impediments 

Case 1 

(Auckland)  

Low risk 

Case 2 

(Christchurch) 

Medium risk 

Case 3 

(Gisborne)  

High risk 

Case 4  

(Wellington) 

Very high risk 

Perception about 

possible 

earthquake 

event and risks 

 

80% of the 

participants are less 

concerned about 

earthquake risks 

and occurrence  

 

 

91% not ready to 

take action  

60% of the 

participants are less 

concerned about 

earthquake risks 

and occurrence  

 

 

87% not ready to 

take action  

2% of the participants 

are less concerned 

about earthquake 

risks and occurrence 

 

 

28% not ready to take 

action 

13% of the 

participants are less 

concerned about 

earthquake risks 

and occurrence 

 

 

10% not ready to 

take action 

Possible causes 

 

 

Low probability of earthquake risks 

Passive approach adopted by the TA 

High probability of earthquake risks 
TA mitigation approach 

High public awareness of earthquake risks 
Recent significant 

earthquake  

Present insurance 

issues  
Future changes in 

earthquake policy  

 

Recent changes in 

earthquake policy 

Perception that 

earthquake risks 

and losses are 

unavoidable 

28% of the 

participants 

believed losses 

cannot be mitigated 

37% of the 

participants 

believed losses 

cannot be mitigated 

37% of the 

participants 

believed losses 

cannot be mitigated  

18% of the 

participants believed 

losses cannot be 

mitigated  

Possible causes Individual beliefs Individual beliefs, professional understanding 

Perception about 

financial 

involvement for 

earthquake 

mitigation 

76% of the 

participants 

perceived that high 

seismic standard is 

equivalent to high 

cost 

56% of the 

participants 

perceived that high 

seismic standard is 

equivalent to high 

cost 

53% of the 

participants 

perceived that high 

seismic standard is 

equivalent to high 

cost 

36% of the 

participants perceived 

that high seismic 

standard is equivalent 

to high cost 

Possible causes 

 

Lack of cost-benefit analysis at the design stage, years of experience in EPB projects, lack 

of in-house professionals 
 

 

A willingness to implement mitigation measures among the participants in Case 3 relates to the recent 

significant earthquakes, present insurance issues due to the recent seismic event in the regions and 

possible future changes in earthquake policy. This willingness demonstrated by participants in Case 3 

indicates that the recent earthquake promoted the efficacy of approaches adopted by some owners, thus 

diverting people away from their fatalistic attitudes and beliefs. The delay in undertaking seismic 

retrofit implementation in Case 4 relates to the recent increased timeline for retrofitting EPBs adopted 

in the local TA‘s earthquake policy. The findings also showed that building owners‘ geographical 

distances from the building could influence their commitment to seismic retrofit implementation. Some 
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owners who lived in low-risk regions, but who had properties in medium-risk regions, showed less 

concern about adopting earthquake risk mitigation measures.  

5.3.2.1.2 Perception that Earthquake Risks and Losses are Unavoidable 

The interviews showed that opinions regarding earthquake loss reduction differ. Most building owners 

believed that losses from large earthquake disasters were unavoidable, but that damage could be 

reduced substantially, if mitigation measures are adopted. A total of 66% and 72% of the participants in 

Cases 3 and 4 believed that adopting a high seismic standard during retrofit implementation could 

reduce earthquake damage. The belief regarding earthquake loss reduction can be associated with 

individual beliefs and risk propensity, professional understanding of seismic risks, personal earthquake 

experience and years of experience in seismic retrofitting of EPBs (Mileti and Fitzpatrick, 1993; Lindell 

and Prater, 2002; Lindell et al., 2009). It is also possible that these building owners have a perception 

that the seismic mitigation measures adopted are ineffective. In Case 3, some of the participants who 

experienced the last earthquake mentioned that undamaged buildings were still there because of the 

higher strengthening level adopted during rehabilitation. One owner mentioned: 

“Thank God I listened to the building officer at the District Council, who advised me to 

adopt a higher seismic standard. My building has very minimal damage unlike those of my 

neighbours. This earthquake has demonstrated the difference between the high and low 

retrofit levels adopted”.  

A total of 87% of the building owners in Case 3 agreed that adopting a higher seismic standard before 

an earthquake event was profitable (when the cost of retrofit was compared with damage cost). This 

belief promotes protective behaviours among owners. Conversely, 22% of the building owners 

interviewed understood their city‘s seismic risks and vulnerability but would not undertake any 

mitigation action, as they believed that earthquake damage was not preventable. This misconception is 

predominant among owners of older buildings (more than 70 years) whose buildings were affected by 

earthquake despite previous seismic upgrade. It is possible that these building owners have a fatalistic 

and erroneous belief that dictates against attempts at risk-reduction measures (Lindell et al., 2009). 

Belief about seismic risk and mitigation can also relate to an owner‘s personal characteristics, financial 

circumstances (Lindell and Perry, 2000) and risk propensity (McClure et al., 1999). 

5.3.2.1.3 Perception about Financial Involvement in Earthquake Risk Mitigation 

The financial implication of seismic retrofitting of EPBs is a major driving force affecting mitigation 

decisions (Lindell and Perry, 2004). The interview findings revealed a preconception regarding the 

relationship between higher seismic strength and retrofit cost. This involves the belief that doubling a 

building‘s seismic strength doubles the retrofit costs. Findings reported in Table 5.3 show that across 

the cases, participants living in high seismic-risk cities (53%, Case 3; and 36%, Case 4) agreed that a 

high seismic retrofit level correlates to a higher cost, while in Cases 1 and 2 (76% and 56% 

respectively) the participants also believed this preconceived correlation. The percentages of 
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participants who agreed to the higher standard-higher cost correlation in Cases 3 and 4 (high-risk cities) 

were lower than in Cases 1 and 2 (low and medium-risk cities). It was deduced from the interviews that 

the perception regarding this correlation could be attributed to the high percentage of seismic retrofitted 

projects implemented within the cities. The various retrofit projects conducted within these cities 

increased experience in the project cost estimation, which consequently reduced the preconceived 

notion. 

Furthermore, among building owners the belief that high seismic strength correlates to higher cost was 

found predominantly among private and non-profits owners (private owners, 35.7%; public owners, 

7.43%; non-profits owners, 21.4%). Public owners do not share the higher standard/higher cost belief, 

which is due to the various EPB projects retrofitted by public owners. Private and non-profits owners‘ 

seismic strength versus cost understanding is due to a lack of experience in retrofitting EPBs. The cost 

of improving a building‘s seismic performance varies, making the total cost estimation difficult 

(Earthquake Engineering Research Institute, 1998; Baker and Cornell, 2008). The cost variation largely 

depends on a number of factors such as location, structure type, individual building characteristics, 

rehabilitation scheme, desired performance level and other works triggered by retrofit decisions 

(Bradley et al., 2008). One participant mentioned that in his recently retrofitted building the difference 

between adopting a lower (33% NBS) and higher (67% NBS) seismic retrofit level was approximately 

NZD11, 000. Presently, evidence of a linear relationship is yet to exist between seismic retrofit level 

and retrofit cost even though the circumstance surrounding each building differs. 

 Sociological Impediments 5.3.2.2

Many international organisations and governments have recognised that sociological barriers to seismic 

risk mitigation must be bridged in order to achieve successful implementation of hazard management 

strategies. Sociological barriers impeding seismic retrofit implementation are discussed below. 

Table 5.4 Sociological impediments  

Barriers 

Case 1  

(Auckland) 

Low risk 

Case 2  

(Christchurch) 

Medium risk  

Case 3 

(Gisborne) 

High risk  

Case 4 

(Wellington) Very 

high risk  

Lack of trust 

and belief in 

seismic 

techniques and 

professionals 

52% of the 

participants lack 

trust in seismic 

design solutions 

and professionals 

42% of the 

participants lack 

trust in seismic 

design solutions 

and professionals 

67% of the 

participants lack trust 

in seismic design 

solutions and 

professionals 

48% of the 

participants lack trust 

in seismic design 

solutions and 

professionals 

Possible causes 

Absence of any 

significant 

earthquake 

Disparities among 

consulting 

engineers 

Impact of recent 

earthquake  

and disparities 

among consulting 

engineers 

Disparities among 

consulting engineers 

Pro-social 

mitigation 

behaviours 

22% of the 

participants 

encourage public 

recognition award 

72% of the 

participants 

encourage public 

recognition award 

56% of the 

participants 

encourage public 

recognition award for 

61% of the 

participants 

encourage public 

recognition award for 
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Barriers 

Case 1  

(Auckland) 

Low risk 

Case 2  

(Christchurch) 

Medium risk  

Case 3 

(Gisborne) 

High risk  

Case 4 

(Wellington) Very 

high risk  

for pro-social 

mitigation 

behaviours 

for pro-social 

mitigation 

behaviours 

pro-social mitigation 

behaviours  

pro-social mitigation 

behaviours 

Possible causes Heritage related values, ensuring safety, and public recognition of mitigation efforts  

 

 

5.3.2.2.1 Lack of Trust and Belief in Seismic Techniques and Professionals 

The interviews revealed that trust and belief in delegated authorities has a significant influence on 

building owners‘ mitigation decisions, revealing a need for owners of EPBs to have trust in the design 

engineers and a belief in the seismic structural solutions recommended. The findings in Table 5.4 show 

that trust and belief are highly inter-related; owners‘ trust in professionals influences their belief in the 

effectiveness of the recommended technical retrofit solutions. Fifty-eight percent of the owners 

consulted neither believe in the effectiveness of the engineer‘s design solutions nor think that the 

engineer is capable of providing functional retrofit designs. One of the building owners declared that:  

“I don’t believe any of the solutions recommended to me by these engineers. You see that 

building over there, when I wanted to rehabilitate it, one engineer recommended 33%, 

while another 67% NBS. Do you think they know what they are doing? I have decided not 

to do anything about it for now since the last Gisborne earthquake where my friend’s 

retrofitted building was damaged”.  

Participants‘ belief in the efficacy of seismic retrofit design solutions differs among the cases. In Case 

1, 52% of the participants indicated that they do not in believe the seismic retrofit techniques available 

in New Zealand. This lack of belief in retrofit techniques relates to the absence of any significant 

earthquake in the region as the solutions adopted have not been tested. Case 3 has the highest 

percentage of participants (67%) with no belief in engineering techniques. Insights from the interviews 

suggested that the differences in the responses to questions regarding trust and belief in seismic retrofit 

techniques and professionals across the cases relate to damage to new buildings by the recent 

earthquake event. Damage to new buildings with a supposed high seismic strength affects people‘s 

perception of the engineers and the efficacy of the structural solutions recommended. The study further 

discovered that disparities among consulting engineers in New Zealand contributed to the lack of trust 

in seismic retrofit professionals. Engineers do not have a consensus on the appropriate seismic 

performance standard that should be adopted when recommending solutions for retrofitting. Most 

owners become confused when two engineers recommend strengthening levels that differ widely, which 

is interpreted as incompetence. Findings on lack of trust and belief in retrofit techniques and 

professionals suggest the need for engineers to have a consensus on an acceptable range for structural 

performance standards for retrofitting EPBs. This consensus will help to reduce the disparities observed 

by property owners. Also, engineers, delegated TAs and council officers should pay more attention to 
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the seismic designs recommended and approved to reduce the impact of earthquake disasters on new 

buildings in order to improve people‘s trust in their recommendations.  

5.3.2.2.2 Pro-social Mitigation Behaviours 

Pro-social behaviour refers to voluntary actions that are intended to help or benefit another individual or 

society (Eisenberg and Mussen, 1989). In earthquake risk management, pro-social mitigation 

behaviours include actions that an individual or group of people do to promote seismic rehabilitation of 

EPBs (Goodwin, 2009). The value that people ascribed to a particular attribute (e.g. heritage building) 

determines its importance and decision weight which could consequently promote voluntary actions 

towards achieving a target behaviour (seismic rehabilitation of heritage EPBs) (Dahlgaard and 

Dahlgaard, 2003). The findings reported here found that the values that individuals or a group of people 

have assigned to heritage buildings can promote mitigation behaviour and action towards such 

structures. A total of 73-81% of participants across all cases (Cases 1-4) accorded high values to EPBs 

with heritage values. The participants explained that these buildings are important cultural artefacts 

worth saving. The emphasis on the heritage values of EPBs is also evident in the TAs‘ earthquake 

policies, which mandate higher seismic strengthening for heritage buildings and further provides 

monetary incentives for retrofitting. However, buildings without heritage value are not considered 

necessary for retrofitting by this group of people exhibiting pro-social mitigation behaviours, thereby 

impeding the adoption of earthquake mitigation measures for non-heritage EPBs. 

Another pertinent issue relating to pro-social mitigation behaviour is the lack of public recognition 

community and governmental support for personal contributions towards the preservation of heritage 

EPBs. A total of 56-72% of EPB owners from Cases 2-4 explained that although the cities support 

heritage conservation of EPBs through incentives, personal contributions to preserve these buildings are 

not recognised. The absence of public recognition of efforts towards seismic risk mitigation does not 

encourage pro-social mitigation behaviour and investment in EPBs. Buildings retrofitted adequately 

should be publicised to increase public awareness about seismic retrofit implementation. However, in 

Case 1 only 22% of participants viewed a public recognition award as a promoter of seismic mitigation 

of EPBs, which relates to the city‘s low seismicity (see Table 5.4). This signals that the participants 

viewed seismic retrofit implementation as insignificant. However, in Case 2 the TA had embarked on 

appreciating building owners‘ contributions to seismic risk mitigation, leading to increased numbers of 

EPBs owners retrofitting their vulnerable buildings. 

 Economic-related Impediments 5.3.2.3

The research findings revealed the different economic-related impediments to seismic risk mitigation 

decisions. Economic-related barriers identified are the high cost to implement seismic mitigations, 

economic and property market conditions and cost of insurance deductibles. These impediments are 

presented in Table 5.5. Findings reported here suggest that the economic-related impediments identified 
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are critical to seismic retrofit decisions and specifically regarding the choice of risk management 

strategy adopted for EPBs.  

Table 5.5 Economic-related impediments 

Impediments 
Case 1  

(Auckland) 

Low risk 

Case 2  

(Christchurch) 

Medium risk 

Case 3  

(Gisborne) 

High risk 

Case 4 

(Wellington) 

Very high risk 

Seismic retrofit 

cost  

32% of the 

participants explained 

that the cost of 

retrofitting is high 
 

70% of the 

participants 

explained that the 

cost of retrofitting 

is high 

98% of the 

participants explained 

that the cost of 

retrofitting is very 

high 

76% of the 

participants 

explained that the 

cost of retrofitting 

is high 

Possible causes 
Hidden costs, difficulty in establishing overall cost, seismic performance requirements, 

lost opportunity costs, low income from retrofitted EPBs in terms of rent/sale  

High insurance 

premium and 

deductibles 

78% of the 

interviewees agreed 

that insurance 

premiums and 

deductibles are 

relatively high 

86% of the 

interviewees agreed 

that insurance 

premiums and 

deductibles are 

relatively high 

84% of the 

interviewees agreed 

that insurance 

premiums and 

deductibles are 

relatively high  

76% of the 

interviewees 

agreed that 

insurance 

premiums and 

deductibles are 

relatively high  

Possible causes 
High seismic activity in New Zealand, probability of earthquake occurrence and moral 

hazard 

  
Property Market 

condition 

79% of the 

participants are 

unaware of the 

legislation regarding 

EPBs and seismic 

risk mitigation issues  

32% of the 

participants are 

unaware of the 

legislation 

regarding EPBs and 

seismic risk 

mitigation issues 
 

26% of the 

participants are 

unaware of 

legislation regarding 

EPBs and seismic 

risk mitigation issues 

40% of the 

participants are 

unaware of the 

legislation 

regarding EPBs 

and seismic risk 

mitigation issues 
 

Possible causes 
Uninformed market stakeholders, sluggish economy, weak real estate and rental market 

condition, and recent significant earthquake event  

 

 

5.3.2.3.1 Cost Associated with Seismic Retrofitting 

Findings from the interviews showed that a high cost of retrofitting an EPB is a significant impediment 

affecting owners‘ decisions to adopt seismic mitigations (see Table 5.5). 90% of the interviewees across 

all the cases disclosed that seismic retrofit cost is excessive and usually a burden only on building 

owners. One of the interview participants, a building owner who had just retrofitted one of his 

buildings, mentioned that: 

“The cost of improving the seismic performance of a building is enormous. I don’t think I 

will strengthen any building again. Money spent on retrofit cannot be recouped. Only the 

contractors and consultants are making a profit”. 

From Table 5.5, 70% and 76% of the participants in Cases 2 and 4 respectively disclosed that seismic 

retrofit cost is generally high and 98% of the interviewees in Case 3 emphasised that seismic cost is 

very high. The emphasis of “very high‖ was attributed to the city‘s small size, fewer resources and the 
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inability to generate a similar rate of income from buildings when compared to the other cases studied 

(see Table 5.1). Owners in Case 3 experienced difficulty in recovering the cost expended on mitigation, 

while retrofit cost of similar EPBs across the four cases usually remains the same. 

Hidden costs associated with retrofitting EPBs were regarded as one of the main contributors to the 

high cost of doing this. Hidden costs make it difficult to adequately estimate the overall cost of 

retrofitting EPBs, which consequently deters seismic mitigation decisions. Across the cases, 

participants mentioned that cost estimation is essential for resource allocation planning. One of the 

participants added that the range of cost estimation allocated for his building during rehabilitation was -

10% to +50%, which is unduly large. Another participant said: 

“I could not convince the directors of my organisation to invest in retrofitting the 

company’s EPBs because the initial capital for retrofitting cannot be adequately estimated, 

therefore funds can’t  be set aside for it”. 

The inability to accurately estimate the overall retrofit due to hidden costs thus becomes an impediment 

to seismic retrofit decisions. Hidden costs relate to expenditure that cannot be estimated until the 

rehabilitation work commences or is completed (Bradley et al., 2008). These costs are characterised by 

several variations which complicate the estimation of the overall seismic rehabilitation cost. These 

variations depend on factors such as location, type of structure, building characteristics, rehabilitation 

scheme, performance standard desired and other work(s) relating to the provisions in the building code 

that are triggered by the decision to retrofit. Both direct costs (seismic and non-seismic retrofit 

construction costs) and indirect costs (those due to business disruption, loss of revenue) associated with 

seismic retrofit further complicate the cost estimation process (Bradley et al., 2008).  

Another factor found from the qualitative findings attributed to the high cost of retrofitting EPBs relates 

to the seismic performance criteria specified in the TA earthquake-prone building policy and costs of 

opportunities lost. The performance requirement specified for strengthening EPBs is dependent on the 

region‘s seismicity, TA‘s mitigation policy and the owner‘s preference of seismic standard, while cost 

of lost opportunity relates to cost incurred from the duration of business disruptions or loss of revenue 

during seismic rehabilitation. Regions adopting 67% NBS as the minimum performance criteria for 

retrofitting EPBs such as in Case 3 indicate that building owners are likely to expend more money on 

retrofitting, leading to the attribution of high costs for retrofitting. Likewise, loss of opportunity costs 

during retrofitting is reported to be high, and when added to the direct cost of retrofitting, the overall 

amount involved become exceedingly high. Thus, high seismic performance criteria and cost of 

opportunity loss could be impediments to building owners‘ seismic mitigation decisions. 

A motivating factor identified from the interviews that could enhance building owners‘ decisions to 

invest in seismic retrofitting is the likelihood of cost recovery through increased rents or profits at the 

time of lease or sale. However, 92% of the owners of EPBs explained that cost recovery from retrofitted 
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EPBs is rather difficult as the money expended on rehabilitation does not increase the market 

competiveness of the building. Only 10% of the owners elucidated that although the investment is 

prohibitive at the time of retrofitting, implementing seismic retrofit could help to save costs associated 

with future rehabilitation and minimise business disruption due to possible changes in regulation. The 

findings discussed above emphasised the need for cost-effective technical solutions for retrofitting 

EPBs.  

5.3.2.3.2 Insurance Deductibles and Premiums  

Insurance is a major component in the overall risk management strategy of a building, and using this as 

a risk management strategy has a significant implication for seismic mitigation (Spence and Coburn, 

2006). As evidenced from Table 5.5, there is a general consensus among the participants in all the cases 

that the cost of earthquake insurance and the policy deductibles is relatively high in New Zealand. One 

of the building owners stated that: 

“It was difficult for me to get insurance for this building and I have to pay a huge amount 

of money in insurance premiums. Moreover, the deductibles are really high. How can I 

source for such an amount of money if an earthquake does occur?  

86% of the participants in Case 2 mentioned that owners of EPBs often find it difficult to obtain 

earthquake insurance and in most cases pay high insurance premiums and are being subjected to higher 

deductibles. High premiums further increases the building operating costs, thus becoming an obstacle to 

seismic mitigation decisions and action. Generally, among the participants the high earthquake 

insurance premiums and deductibles in New Zealand were attributed to the country‘s high seismicity 

and short-term insurance policy program. The recent significant earthquake in February 2011 has 

demonstrated the economic implication of disaster impacts, thus contributing to the increase in 

insurance premiums and deductibles. Insights from the interviews suggest that properties in seismically 

active zones usually carry higher deductibles and premium rates than those in regions that are less 

seismically active. Also, short‐term insurance policies create significant social costs in the event of an 

earthquake disaster (Kunreuther and Michel-Kerjan, 2009). Evidence from recent disasters reveals that 

many property and small business owners fail to adequately protect their home/business or even insure 

at all, thereby creating significant social cost to themselves and to all taxpayers in the form of 

government disaster assistance. Participants from the insurance industry occupying senior management 

positions responded that the high premiums could also be attributed to risks associated with earthquake 

uncertainty, building characteristics (age and material), location and how the market responds to 

seismic risks. They argued that the market reacts to risk and uncertainty by increasing the investment 

risk premium. If investors and owners can accurately assess the cost of retrofit required and 

subsequently factor this into investment decisions, then risk premiums relating to seismically retrofitted 

EPBs may reduce. This could optimally increase the capitalisation rates of retrofitted buildings due to 
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lower investment risk. The capitalisation rate of a building relates to the expected income that the 

property will generate (Kunreuther and Roth, 1998). 

The qualitative findings indicate that earthquake insurance is viewed by many property owners as too 

costly but because of the high deductibles and it often reduce their willingness to purchase the insurance 

policy. However, 22% of the building owners in Case 4 claimed that although the premiums are high, 

they are able to negotiate for lower deductibles through a portfolio approach. The findings revealed that 

offering lower deductibles to large-scale property owners is a predominant practice among insurance 

brokers. Coburn (2008) explained that lower deductibles offered as an incentive to building owners to 

purchase earthquake insurance by insurers targets the corporate buyers of insurance policies rather than 

mass markets that comprise small and medium-size owners and businesses where such an incentive 

would be valuable. Kunreuther (2008) suggested that the implementation of a long‐term insurance 

program that is based on the principle of risk‐based rates would provide stability to building owners and 

encourage adoption of cost‐effective measures.  

In contrast, the availability of insurance can act as an impediment to taking action to improve a 

building‘s performance which was apparent among some building owners interviewed. About 73% of 

the participants perceived insurance as a means of dealing with earthquake risks rather than acting 

safely, while only 27% of the owners combined insurance with seismic retrofitting in their risk 

management strategy. Purchasing insurance is a major component in the risk management plan for an 

EPB, but insurance itself is not a method to improve the seismic performance of a building and such a 

practice is termed a moral hazard, where insurance diminishes the insured‘s motivation to act safely.  

5.3.2.3.3 Property Market Condition 

Property market condition in this study relates to how activities within the real estate market (such as 

building sale and lease transactions) affect owners‘ decisions to adopt seismic mitigations. The findings 

from the qualitative analysis revealed that a lack of knowledge regarding earthquake risk mitigation 

among stakeholders in the property market was identified as an impediment to seismic mitigations 

adoption and implementation (see Table 5.5).  

The interviews revealed that most of the stakeholders in the market have little or no knowledge about 

EPBs, seismic retrofit standards, legal obligations and potential liabilities relating to the changes in the 

Building Act‘s (2004) requirements and TA earthquake-prone building policies. 79% of the participants 

in Case 1 were unaware of the recent changes about the seismic risk mitigation obligations imposed by 

the Act. The property market in Case 1 can thus be said to be inefficient as obligations imposed by 

changes in the legislation were not anticipated and factored into market and investment decisions. 

Consequently, an insufficient weighting is attached to retrofit costs in investment and purchase 

decisions by potential buyers and sellers due to failure to sufficiently account for the seismic 

rehabilitation costs and requirements necessary to strengthen the building. Insufficient weighting in 
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investment decisions may result in buyers paying more than the actual value for older buildings 

(Nakhies, 2009). In most cases informed potential investors who factor retrofit costs into investment 

decisions are usually out-bid by less informed buyers (Nakhies, 2009). EPBs acquired without proper 

considerations for the cost of seismic upgrade to code compliance at the time of purchase would 

become economically unfeasible to retrofit and are in most cases abandoned to decay or be demolished 

(see Section 6.3.1.3.1), thus rendering retrofitting of such EPBs less viable in the market. 

Insights from the interviews suggest that the lack of seismic risk awareness and knowledge within the 

market can be linked to property vendors and real estate agents disregarding issues relating to EPBs and 

current strengthening levels, so that the property sale or rent transaction period is not reduced. The 

market stakeholders are misled on information regarding seismic strengthening. Moreover, 67% of the 

owners interviewed claimed that they do not understand how the degree of strengthening is comparable 

to a new building at the time of purchase. Most buildings that have been ‗strengthened‘ in the past have 

had this done to comparatively low levels compared with the current code. The interview findings 

revealed that many tenants or owners have purchased or leased buildings with the belief that they have 

been ―strengthened‖ or even ―fully strengthened to 100% of current Code‖. These owners and tenants 

are unaware that the code being referred to is the 1965 one, and that as a result the degree of 

strengthening is substantially less than that of a comparable new building in the newly revised code 

(2004). Lack of knowledge of seismic risk mitigation issues and legislation thus undermines the 

promotion of earthquake hazard mitigation. This lack of awareness reported in Case 1 can also be 

attributed to the low seismicity and lack of any significant earthquake event in the region. However, in 

Cases 2-3 there is an increasing trend in the level of awareness and knowledge of the market 

stakeholders regarding seismic risk-related issues (see Table 5.5). The rising level of awareness and 

knowledge was attributed to the impacts of recent disastrous earthquake events in the regions.  

Further, changes in economic condition can affect the implementation of adequate earthquake 

mitigation measures. Economic conditions include activities affecting the national economy, businesses 

and capital goods. A change in the overall economic condition (such as recession) has significant 

impacts on the property market. Economic recession usually reduces the growth of house prices and 

slows down property markets transactions, which can accordingly impede building owners‘ decisions to 

expend money to rehabilitate their EPBs. Economic downturn often results in a shortage of finance to 

support businesses such as the construction of new buildings and rehabilitation of existing properties. 

Access to financing thus becomes difficult for some EPB owners as financial institutions become more 

stringent with loan applications while introducing skyrocketing interest rates. Thus, such changes in the 

economic condition attenuate building owners‘ decisions to adopt seismic mitigations.  
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 Institutional-related Impediments 5.3.2.4

Institutional mechanisms such as building codes and standards, policies and risk assessment tools used 

for earthquake hazard mitigation are associated with a number of constraints that could diminish the 

adoption and implementation of adequate seismic risk reduction measures (see Sections 2.8.5 and 

2.8.6). This study explores how some of the institutional mechanisms relating to building and 

earthquake legislation in New Zealand can act as impediments to building owners‘ seismic mitigation 

decisions. Institutional constraints affecting earthquake hazard mitigation identified and summarised in 

Table 5.6 are the responsibility of the building codes and legislation, inaccuracy in earthquake risk 

assessment, and lack of political support for seismic hazard mitigation.  

Table 5.6 Institutional-related impediments 

Impediments 

Case 1  

(Auckland) 

Low risk 

Case 2  

(Christchurch) 

Medium risk 

Case 3  

(Gisborne) 

High risk 

Case 4 

(Wellington) Very 

high risk 

Requirements 

of earthquake-

related policy 

and legislation 

68% of the 

participants support ≥ 

33% to ≥ 40% NBS 

as appropriate level 

of strengthening 

73% of the 

participants support ≥ 

33% to ≥ 40% NBS 

as appropriate level 

of strengthening 

23% of the 

participants support 

≥ 33% to ≥ 40% 

NBS as appropriate 

level of 

strengthening 

32% of the 

participants support 

≥ 33% to ≥ 40% 

NBS as appropriate 

level of 

strengthening 

 

Possible causes 

 

Low mandatory minimum seismic retrofit standard specified in policy and legislation, 

financial implications of adopting high standard, perception of risks, inconsistency between 

the Building Act requirements and the NZSEE recommendations, long-time range specified 

for retrofitting EPBs 

Inaccuracies in 

earthquake 

risk 

assessments 

methods  

38% of the 

interviewees 

indicated that 

inconsistencies in risk 

assessment reduces 

investment in seismic 

risk mitigation 

87% of the 

interviewees 

indicated that 

inconsistencies in risk 

assessment reduces 

investment in seismic 

risk mitigation 

68% of the 

interviewees 

indicated that 

inconsistencies in risk 

assessment reduces 

investment in seismic 

risk mitigation  

59% of the 

interviewees 

indicated that 

inconsistencies in 

risk assessment 

reduces 

investment in 

seismic risk 

mitigation  

Possible causes 

Differences in risk assessment methodologies and models, poor coordination, interpretation 

and dissemination of hazard information among professionals, and ignorance of building 

code requirements 

Lack of 

political 

support for 

seismic hazard 

mitigation 

54% of the 

participants indicate 

that a lack of political 

support reduces 

investment in 

earthquake risk 

mitigation 

68% of the 

participants indicate 

that a lack of political 

support reduces 

investment in 

earthquake risk 

mitigation 

89% of the 

participants indicate 

that a lack of political 

support reduces 

investment in 

earthquake risk 

mitigation  

65% of the 

participants 

indicate that a 

lack of political 

support reduces 

investment in 

earthquake risk 

mitigation 

Possible causes 
 
Lack of policy entrepreneur and insufficient leadership support from the national 

government level 
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5.3.2.4.1 Requirements of Earthquake-related Policy and Legislation 

Building code and legislation such as the New Zealand Building Act (2004), TA earthquake-prone 

building policies and the building code are significant regulatory mechanisms for disaster mitigation. 

These regulatory mechanisms mandate building owners to adopt a particular seismic performance 

standard, mostly recommending the minimum safety requirement such as 33% of the new building 

standard (NBS) for seismic retrofitting of EPBs. Likewise, 73% of the TAs in New Zealand adopted 

seismic retrofit levels between ≥ 33% ≤ 67% NBS (Department of Building and Housing, 2008). This 

minimum requirement for seismic retrofitting of EPBs was found inadequate to reduce the risks 

associated with EPBs and potential economic losses in seismic disasters (May, 2001; New Zealand 

Society for Earthquake Engineering, 2006). 

Findings from the qualitative analysis showed that the minimum requirements of 33% NBS act as an 

impediment for EPB owners to voluntarily adopt higher seismic standards. Most of the participants in 

Cases 1 and 2 (68% and 73% respectively) indicated that the appropriate level of strengthening should 

be low i.e. between 33% and 40% NBS. The choice of lower retrofit levels of ≥ 33% of ≤ 40% as the 

appropriate performance standard despite the recommendations of the New Zealand Structural 

Earthquake Engineers (NZSEE) was attributed to the minimum requirement of 33% NBS by the 

Building Act (2004) and the TAs‘ lack of resources for risk mitigation. 86% of the building owners 

believed the minimum requirement of the regulatory mechanisms as the most adequate level without 

considering that a building retrofitted to 33% NBS might be a total economic loss in an earthquake 

event. One of the building owners said: 

“I believe that the 33% NBS requirement for retrofitting is the most appropriate. I think the 

government knows better and I am happy to abide with the regulation. Moreover, 

implementing the minimum standard is the cheaper option for me”. 

The minimum safety requirements can thus act as impediments to building owners‘ voluntary adoption 

of higher seismic performance standards. The two recent Christchurch earthquakes in 2010 and 2011, 

with estimated 182 fatalities and US$12 billion financial loss (Vervaeck and Daniell, 2011), 

demonstrated the residual risk and economic implication of the Act‘s minimum seismic performance 

requirement.  

Likewise, the findings showed that the actual seismic performance standard adopted by building owners 

in their retrofitted EPBs vary among the different types of owners discussed in Section 3.2.2. 77% of 

the private owners adopted wide-ranging retrofit levels that varied from 33% to 55%, while a few 

private owners adopted ≥ 67% NBS. The owners explained that the lower standard adopted was due to 

the compliance of the obligatory nature of policy in order to avoiding potential liabilities associated 

with non-compliance to regulatory requirements. It can be assumed that most private owners are not 

likely to adopt the seismic standard ≥ 67% NBS unless mandated by law or incentivised because they 

considered themselves unlikely to incur financial losses should an earthquake occur.  
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Further, the inconsistency between the Building Act (2004) and the NZSEE recommendation also 

hinders seismic hazard mitigation because this inconsistency suggests the potential for a future change 

in legislation. 64% of the private owners interviewed claimed that they preferred to implement seismic 

retrofit at a future date, in order to avoid spending additional money on strengthening as a result of 

possible amendment or enactment of a new legislation. Moreover, building owners have a time limit 

ranging from 5-30 years to retrofit depending on the importance level of the building as categorised in 

the TA‘s EPB policy. Consequently, many owners do not consider immediate action to be necessary 

regarding the implementation of seismic improvements to their EPBs. 

5.3.2.4.2 Inaccuracies in Earthquake Risk Assessment Methods  

Assessment of earthquake risks entails the evaluation of the probability and consequences of an 

earthquake occurring in order to make decisions about the best possible earthquake hazard and risk 

mitigation option(s), which largely depending on the outcome of the assessed seismic risks (Kunreuther, 

2002). Earthquake risk assessment involves hazard and vulnerability assessments which are necessary 

for the identification of strategies that will effectively manage the risk (Kreimer, 1999). The different 

models and methodologies used for estimating potential losses when vulnerability and hazard 

assessments are combined present several inconsistencies in the estimates of the probabilities and 

consequences of events of different magnitudes (Tufford, 2001; Rynn, 2002). These inconsistencies 

result from the different models and methodologies used in both vulnerability and hazard assessments 

procedures because these differ in the various assumptions, data and parameters used in generating their 

results (Kunreuther, 2002; Rynn, 2002). 

Findings from the qualitative analysis showed that inconsistencies resulting from earthquake risk 

assessment methods act as a constraint to seismic mitigation decisions. Across all participants 

interviewed there was a general consensus that there were discrepancies in the existing methods used to 

assess earthquake risks, which has diminished people‘s trust in these assessment methods and has 

consequently lead to underestimation of risk. Eighty-seven and sixty-eight percent of the participants in 

Case 3 considered these inconsistencies in risk assessment methods as an obstacle to adopting 

appropriate seismic mitigation measures. One of the participants said: 

“I basically do not bother about looking at the assessments of risk of estimates provided by 

my engineer; because from my past experience, it’s never correct. I just choose the design 

option with the least cost”. 

89% of business owners interviewed explained that their earthquake risk assessment was largely based 

on rough estimates and low probability of earthquake occurrence which proved to be inaccurate. Many 

business and property owners were found to underestimate earthquake hazards. Insights from the 

interviews suggested that this underestimation is partly due to owners‘ ignorance of code requirements 

as they do not realise that minimum compliance to the current code only provides life safety protection 

in an earthquake, but might result in a complete economic loss of the building.  
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In Cases 2 and 3, poor estimation of the probabilities and consequences of earthquake events were 

demonstrated in new buildings and some recent rehabilitated buildings that were significantly affected 

by the earthquake (Petty, 2008). Hence, there is a need to understand the rationale for the differences in 

the models and methodologies used for earthquake risk assessments and attempts should be focused on 

reconciling these in a more scientific manner. Some of the building and business owners interviewed 

suggested that a general simple and standard technique or national guidance on earthquake risk 

assessments for owners and communities exposed to seismic hazards would be more appropriate. One 

of the participants suggested that a risk assessment tool incorporating other factors such as extent of 

liability from a potential earthquake event and adequate building code requirements would be more 

appropriate.  

Another reason for these discrepancies in risk assessment methods were traced to inappropriate 

interpretation of hazard information amongst professionals (working in different fields) involved in risk 

estimation and assessment and variations in the legislative documents guiding their performance 

(Kunreuther, 2002; Glavovic et al., 2010). Poor coordination of hazard information and variations in the 

provision of the different legislative documents related to earthquake hazard management (such as 

district hazard plans and risk management practices adopted by local authorities dealing with the same 

hazard) was found to complicate the risk assessments method. For instance in New Zealand, if the Civil 

Defence Emergency Management (CDEM) plan identifies a region‘s earthquake hazard as ‗high‘, then 

a possible risk reduction measure may be to avoid or modify development in certain areas using the 

Resource Management Act (RMA) 1991 and Land-use planning and development regulation. Thus it is 

probable that strict implementation of the provisions of one document may impact on another. Such 

situations do not permit flexibility in the seismic risk management decision-making process, and the 

agencies are likely to find it difficult to function outside the remit of any legislative documents guiding 

their performance.  

Earthquake risk mitigation would therefore benefit from the coordination and a harmonisation of these 

different provisions and documents, where professionals working in the hazard and disaster 

management field become more aware of commonly encountered issues and imperatives. Coherent 

coordination of hazard and disaster information would require the development or tailoring of policy 

and practices within the district plans and other regulatory mechanisms, which is not the case at present. 

Moreover, there is no existing regulation to guide how risk assessment information is being utilised or 

distributed among professionals, and the provision of an appropriate risk assessment tool is necessary in 

order to improve the level of investment in seismic hazard mitigation.  

5.3.2.4.3 Lack of Political Support for Pre-disaster Seismic Risk Mitigation 

Lack of political support for pre-disaster seismic risk mitigation often results in low priority being given 

to earthquake hazards by all levels of government organisations (TAs, local and national governments) 
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(May and Feeley, 2000; Prater and Lindell, 2000). Lack of political support for seismic risk mitigation 

consequently affects the adoption and implementation of any mitigation policy strategies and plans. 

Findings from the interviews and literature suggest that the current socio-political environment is not 

favourable towards seismic hazard mitigation. Lack of political support for seismic retrofit 

implementation at the local and national government level was also found as a constraint in promoting 

the EPB owners‘ adoption and implementation of seismic mitigations. Across all cases, 69% of the 

interviewees mentioned that the government has not been proactive towards earthquake pre-disaster 

mitigation. A participant from one of the councils said: 

“The government is generally nonchalant about pre-disaster mitigation. We do not have 

enough political support for implementing earthquake pre-disaster mitigation. We need 

people at all governmental levels to convince policy-makers to invest in pre-disaster 

mitigation, rather than mainly focusing on providing post-disaster assistance for post-

disaster recovery and reconstruction”. 

This nonchalant attitude towards pre-disaster earthquake hazard and risk mitigation may be due to the 

absence of a prominent policy entrepreneur to champion the cause of earthquake pre-disaster mitigation 

(see Section 6.3.8.1.2 for details on policy entrepreneurs). Wood (2004) explained that enhancing the 

adoption of long-term mitigations of low probability events such as earthquake may be difficult as these 

events elicit generally low attention levels from both policy-makers and the public. One of the 

participants from a government organisation mentioned that decisions regarding the extent of mitigation 

programs implemented are left primarily to the TAs, most with minimal resources for seismic risk 

mitigation. One outcome of such a model is that some districts and communities have good programs in 

place to mitigate earthquake hazards, while other communities have done little or lack adequate 

resources to implement seismic mitigation measures. Hence the need for a policy entrepreneur to 

mobilise community support for relevant policies and ensure it stays on the agenda until the desirable 

objectives are achieved (Berke and Beatley, 1992; Olson and Olson, 1993). The policy may include the 

need to provide more resources to local governments and financial incentive mechanisms to mobilise 

effective pre-disaster mitigation measures.  

Summarising the findings relating to the analysis of research question one, the results presented in 

Tables 5.4 to 5.7 reveal the various challenges associated with building owners‘ seismic mitigation 

decisions. Significant barriers identified were categorised under perception-related, sociological, 

economical and institutional impediments. The findings offer new insights into the impacts of expert-

driven regulatory frameworks on mitigation decisions across different ownership types and stakeholders 

involved in earthquake hazard mitigation. The analysis of the findings further revealed the need to 

adopt a holistic stakeholder‘s approach that combines socio-psychological, economic, and institutional 

perspectives of hazard management in order to successfully implement adequate seismic risk mitigation 

strategies. The analysis of research question 1b showed that overcoming the identified barriers to 

implementation of earthquake loss prevention measures is achievable if seismic risk mitigation can be 
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financially, institutionally and politically negotiated among the stakeholders and members of the public. 

It suggests the need to adopt a broad-ranging perspective when addressing the constraints to seismic 

hazard implementation if any meaningful success is to be achieved. The analysis of research question 

two is discussed in a subsequent section. 

5.3.3 Answers to Research Question 1b 

Research question 1b: How do the stakeholders’ practices within their operative working environments 

influence seismic mitigation decisions?  

The rationale behind this question was to investigate earthquake risk mitigation decisions within the 

domain of investigation, which entails examining these decisions specifically for pre-1976 commercial 

buildings within the property market. Objective two thus addresses the impact of the property market 

stakeholders‘ practices on commercial building owners‘ retrofit decisions. The stakeholders involved in 

property investment and seismic retrofit decision-making process were examined within their operative 

environments to understand how practices within the investment market affect commercial building 

owners‘ risk mitigation decisions. The influence of the stakeholders‘ operative environments on 

building owners‘ mitigation decisions is illustrated in Figure 3-1 (see Section 3.2). The stakeholders‘ 

different operating environments amidst the property market include the built, investment, regulatory 

and external environments as illustrated above. The interplay between these environments provides an 

important role that fashions property investment and retrofit decisions. In examining research question 

1b, the following sub-questions were explored: 

 What roles do the stakeholders involved in investment and seismic retrofit decisions play in 

earthquake risk mitigation? 

 Can you describe how activities in the property market influence a building owner‘s seismic 

retrofit decision? 

 What are the market-based incentives that can enhance retrofit decisions and how can these 

effectively promote seismic rehabilitation of EPBs?  

Major themes that emerged from the different operative environments during analysis of research 

question 1b are: property valuation assessments of retrofitted and non-retrofitted EPBs; lack of a unified 

safety assessment information system; lack of market-based incentives for adopting seismic mitigations; 

and limited cooperation from the financial institutions towards earthquake risk mitigation. The findings 

from this analysis suggest that earthquake risk mitigation plans failing to recognise the inter-

relationships between these environments and their respective stakeholders may be deficient, leading to 

sub-optimal outcomes. The impacts of the property market on seismic risk mitigation decisions is 

presented in Table 5.7 and discussed in the following subsections from the operational perspective of 

the stakeholders‘ environment. 
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 Investment Environment  5.3.3.1

The investment environment comprised of property managers, valuers and real estate agents as 

illustrated in Figure 3-1 and Table 5.7. A pertinent issue identified in this environment involves 

property valuation assessments of retrofitted and non-retrofitted EPBs. Each of these stakeholders 

contributes to the assessment of the property‘s market value which consequently affects investment and 

seismic risk mitigation decisions. The interview analysis revealed that earthquake risk receives a 

marginal consideration in the current investment practices and property valuation assessments in New 

Zealand. Given that earthquake risk appears to have potential significant effect on the overall income 

return from a property and on the building‘s market value (Willis and Asgary, 1997; Onder et al., 

2004), yet seismic risk is poorly accounted for in property valuation and investment decisions.  

Table 5.7 Impact of stakeholders‘ practices on seismic mitigation decisions 

Environments Players  Stakeholders Practices  
Impacts on Seismic Mitigation 

Decisions  

Investment 

environment  

Property managers 

and valuers, potential 

investors and real 

estate agents  

Property valuation 

assessments  

Australia and New Zealand Valuation 

and Property Standards not directly 

addressing issues relating to seismic 

risks 

Motive for property 

acquisition  

Lack of demand for improved 

performance of older buildings  

Lack of short-term perceived financial 

benefits from adopting seismic 

mitigations 

Built 

environment  

Professionals 

(architects and 

engineers), users 

(tenants, customers 

and employees)  

Lack of a unified 

information system 

regarding an individual 

building‘s seismic risk 

properties  

Lack of knowledge regarding seismic 

risk issues in the property market  

Weak implementation of the 

earthquake risk mitigation policy  

Regulatory 

environment  

City or territorial 

councils, Department 

of Building and 

Housing (DBH), New 

Zealand Society for 

Earthquake Engineers 

(NZSEE)  

Lack of mandatory 

seismic risk disclosure in 

property market 

transactions 

Lack of awareness of seismic risk 

issues 

Inefficient property market 

External 

environment 

Insurance and 

financial institutions 

Lack of a risk-based 

insurance premium scale 

Insurance premiums should reflect risk 

and take into account mitigation 

actions on the building provided  

High loan interest rates  
Difficulty in securing and finance loans 

to retrofit EPBs 

  

Sixty-eight percent of the property valuers interviewed explained that seismic risks are usually not 

considered in property valuation reports unless specifically requested by clients. One of the 

stakeholders interviewed said:  

“Most times when making real estate investment decisions, we assume that risks from rare 

disaster events such as earthquake are negligible compared to other market risks relating 

to the building net operating income and taxation”. 
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This statement and other several other assertions from the interviews suggest that seismic risks are not 

generally considered in the financial analysis of most investment opportunities because earthquake risks 

are usually not included in property valuation assessments. Potential investors are not well informed 

regarding the financial impacts of seismic risks on property value. As a result, there is insufficient 

weighting attached to potential earthquake strengthening costs in investment and purchase decisions. 

There is a possibility that if property valuation directly assesses the economic implication of seismic 

risks, investors could adequately understand and estimate the cost to retrofit a potential EPB for sale in 

the market and factors this cost into investment decisions. 

Excluding earthquake risk assessment from property valuation practice was attributed to the Australia 

and New Zealand Valuation and Property Standards not directly addressing issues relating to seismic 

risks. The onus is left to the valuer‘s discretion. The general practice among valuers is to include a 

disclaimer on any related seismic risks in their valuation report to reduce the scope and rights that may 

be exercised should a case of litigation ensue. Even in cases where earthquake risk is included in 

investment decisions specifically in regions susceptible to high seismic risks, such as in Case 4, there is 

currently no consensus on how to adequately embed the analysis of retrofit cost effectively into a 

property valuation assessment. Earthquake risk analysis in investment decisions is limited to the 

evaluation of probable maximum loss (PML) with no commonly accepted quantitative definition of 

earthquake PML (Zadeh, 2000). Most working definitions involve some level of loss associated with 

large infrequent seismic disasters (Rubin, 1991). Although some financial institutions often use PML to 

decide whether or not to underwrite a mortgage, it provides very little information about the degree to 

which earthquake risk contributes to the overall market risks. PML represents a scenario loss analysis 

that is not appropriate to estimate the adequate value of earthquake risk in the property market (Beck et 

al., 2002). Hence the need for mandatory inclusion of earthquake risks in property valuation 

assessments.  

Further, the lack of perceived financial benefits from adopting seismic mitigations in the short-term was 

found as a constraint to earthquake risk mitigation decisions for long-term owners. Ninety-two percent 

of the building owners interviewed asserted that seismic retrofit cost can be enormous. These owners 

explained it is difficult to recapture money expended on seismic retrofitting of EPBs from increased 

property market values or income streams. Hence, EPB owners are not motivated to adopt seismic 

mitigations because of the lack of perceived financial benefits either at the time of sale or during a 

lease. Increasing the income streams from a retrofitted EPB correlates to an occupier‘s willingness to 

pay for improved safety, which is only possible if they are well informed about the benefits of 

implementing seismic risk mitigation. However, anecdotal evidence suggests most occupiers are 

unaware or less concerned about the significance of retrofitting EPBs. Eighty-six percent of property 

valuers argued that differentiating the income-producing capacity of buildings that have been retrofitted 

from those that have not been retrofitted becomes difficult as the occupiers are likely to pay the same 
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rents for both building types provided they are similar in terms of rental space and location. Therefore, 

owners are unable to capture the added value from their expenditure on seismic retrofit, which possibly 

explains why most of the upper floors of older buildings within the city centre remain empty. 

The motive for property acquisition plays an important role in seismic retrofit decisions of EPBs. Most 

medium-scale owners such as developers and property investors hold properties for a few years at most. 

Also, 88% of the owners interviewed argued that developers typically do not engage in seismic 

rehabilitation, such that seismic risks are usually transferred to future owners because the buildings are 

viewed as short-term investments. Sixty-six percent of the participants mentioned that most developers 

acquire older buildings for anticipated future redevelopment as they are usually demolished and their 

sites used temporarily as car parks. The demolition of EPBs reduces the potential for implementing 

their seismic rehabilitation and the potential for possible heritage preservation. Most pre-1976 EPBs 

have significant heritage characteristics. 

In addition, lack of demand for improved performance of older buildings was identified as an obstacle 

to seismic rehabilitation (see Table 5.7). Most of the older buildings within the city centres and suburbs 

of the cities included within this study were found to have their first or upper floor(s) unoccupied. 

Anecdotal evidence from the interviews suggests that there is a gradual decrease in the demand for 

older buildings, as market preference now tends towards newer buildings where energy efficiency and 

sustainability can be optimally achieved. Ninety-two percent of the building owners consulted 

explained that seismic retrofitting can impair the building‘s functional utility such as the possible loss of 

useable or rentable floor area. These constraints discourage any form of appropriate mitigation decision. 

Nakhies (2009) suggests that another way to capture the added economic value to retrofitted buildings 

is for the property to achieve lower operating costs to the users. This can be in terms of improving the 

building‘s sustainability or obtaining higher occupancy rates by overcoming market concerns regarding 

health and safety issues. In addition, insights from the interviews suggested that an informed market 

could possibly force down the property value of non-retrofitted EPBs in the property market.  

 Built Environment 5.3.3.2

The built environment has been of much focus and discussion in relation to seismic retrofit decisions 

regarding EPBs. The built environment has concentrated more on developing various seismic design 

solutions, emphasising little attention to the adoption and implementation of these solutions by building 

owners (Tierney, 2008). A fundamental issue of concern identified within the built environment relates 

to the lack of information regarding an individual building‘s seismic properties. Information regarding 

individual seismic risk properties includes seismic characteristics of all buildings within a particular 

hazard-pone area, type of building structure, age and potential performance in an earthquake event.  

The interview analysis revealed that a lack of a unified information system regarding an individual 

building‘s seismic properties has a significant influence on an owner‘s mitigation decisions. 
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Professionals in the earthquake engineering industry (such as engineers) are aware of the substantial 

information and knowledge regarding the likelihood of an earthquake event and its potential impacts on 

the built environment through research and experience in dealing with impacts of earthquake disaster on 

buildings. Much of this information is relevant to enhance other stakeholders‘ practices in the property 

market and consequently building owners‘ mitigation decisions (Butcher and Cooper, 2004). For 

instance, insurance brokers and property valuers also need access to the information regarding the 

seismic risk properties of individual buildings in order to determine the likely risk premium and 

appropriate building property value. The lack of a unified information system regarding an individual 

building‘s seismic properties impedes other stakeholders from making significant contributions to 

earthquake risk mitigation.  

The interviews revealed a consensus across all the participants in the four regions that lack of 

information regarding an individual building‘s seismic properties affects an owner‘s retrofit decision 

(see Table 5.7). One property valuer said: 

“We do not have access to many buildings’ seismic risk properties making our job as 

valuers difficult. The lack of this information has contributed to the lack of awareness 

regarding earthquake risk in the market. A generally acceptable risk in the market will 

increase the need to include seismic risk in valuation analysis because owners, investors 

and insurers will ask for it”.  

This lack of information sometimes misleads the market stakeholders regarding issues surrounding the 

property vulnerability to seismic risks. Non-availability of this information could lead to insufficient 

weighting attached to seismic risks and underestimation of risk mitigation cost in investment decisions 

(Beron et al., 1997; Nakhies, 2009) (see Section 5.3. 2.2. 1). Non-availability of an individual 

building‘s seismic properties can render the market for retrofitted and non-retrofitted EPBs inefficient 

because the assessment of insurance risk premiums and property valuation will be erroneous.  

The interview analysis revealed that the lack of information regarding an individual building‘s seismic 

properties was attributed to TAs and councils‘ poor coordination of building hazard information. This 

indicates that the implementation of the earthquake risk mitigation policy is generally weak and their 

influence on seismic risk reduction and disaster management remains insignificant. Eighty-nine percent 

of the participants suggested that a unified safety assessment information system would help other 

relevant professional groups and property market stakeholders to access any building‘s seismic risk 

data. This data will help them become aware of commonly encountered issues and imperatives 

regarding earthquake risks. The availability of this information system to the market will likely 

influence the price-setting and valuation process of individual property transactions, thus informed 

investment decisions can be made.  
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 Regulatory Environment  5.3.3.3

The regulatory environment has key impacts on the property industry and building owners‘ decisions to 

mitigate seismic risks. The stakeholders operating within this environment include city or territorial 

local councils, the Department of Building and Housing (DBH) and industry group organisations such 

as New Zealand Society for Earthquake Engineer (NZSEE). These stakeholders are responsible for 

formulating, implementing and offering recommendations regarding the regulatory frameworks guiding 

earthquake risk mitigation. Building codes, earthquake policies, valuation and property standards and 

other related regulations that may affect the reconstruction and sale transactions of buildings are 

significant drivers of enhanced seismic retrofit and investment decisions. The findings from the 

interviews revealed that a lack of mandatory seismic risk disclosure has a significant influence on 

building owners‘ adoption and implementation of earthquake risk reduction measures. Presently, 

mandatory seismic risk disclosure of a property at the time of sale or lease does not exist in the New 

Zealand. One of the participants disclosed that: 

“It is difficult for all market stakeholders to know the issues around seismic risks unless the 

law mandates that it must be disclosed. Most owners and real estate agents will prefer to be 

salient on such issues because it will affect their business transactions”. 

Across all cases, 63% of the participants believed that disclosing a property‘s seismic risk at the point 

of sale or lease will warn people about the property‘s risk, will improve seismic risk awareness in the 

market, and will consequently enhance the adoption of seismic mitigations. One of the participants 

answered: 

“Mandatory disclosure of seismic risks will increase the risk awareness in the market and 

possibly could force down the value of non-retrofitted EPBs”.  

However, 77% of the building owners, property estate agents and developers claimed that mandatory 

disclosure of seismic risk will slow down the time taken to complete sale or rental transactions. Some of 

the owners of EPBs and developers claimed that mandatory disclosure of seismic risk could cause 

immediate strengthening of EPBs, thus increasing the economic burden on building owners without 

allowing gradual adjustment to the cost of mitigation in the property market. These participants added 

that immediate strengthening of EPBs could cause strong inflationary pressures if there are large 

numbers of property owners being required to upgrade at the same time.  

Currently, there is no incentive for seismic risk disclosure at the point of sale or lease of a building in 

the New Zealand market. Mandatory disclosure of seismic risk in earthquake policies provides 

information that is more accurate to the buyer, insurer and lending institution. All parties involved 

would understand the risk in the building before completing a business transaction. This will no doubt 

help to promote the adoption of risk mitigation measures as property traders are aware that the value of 

the property would be reduced if the building seismic risks were high, while the insurer would be able 

to estimate the building risks through a risk-based premium adequately. Similarly, 56% of the 
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participants advocated that in addition to the regulatory requirements of the Building Act (2004), a 

method of seismic risk building grading system be introduced by TAs. The purpose of such a grading 

system is to ―raise awareness of seismic risk issues and ultimately induce voluntary adoption of beyond-

code seismic performance standard imposed by the legislation. Owners of lower grade EPBs buildings 

would find themselves under pressure to improve or face loss of revenue‖ (NZSEE, 2000). Likewise, 

the grading system would increase awareness of seismic risks issues so that those dealing with a 

building such as owners, investors, tenants and workers could do so with knowledge of its seismic 

resistance. It is possible that such a grading system may have a dramatic effect on the market for old 

buildings by leading to a significant reduction in rents and property values of such old EPBs. This 

reduction would depend on the extent to which occupiers perceived that they are at risk from 

earthquake disasters. This may well raise concerns amongst employers and their employees regarding 

their obligations under the Health and Safety in Employment Act in terms of housing employees in 

buildings that are of comparatively high susceptibility to earthquake hazard.  

The findings from the interview analysis though suggest the use of mandatory disclosure of seismic 

risks in the property market transaction and a building grading system will enhance earthquake risk 

mitigation decision via increase seismic risk awareness. A critical examination and further empirical 

analysis is necessary to examine the impacts of these regulatory mechanisms on property market 

transactions. 

 External environment  5.3.3.4

The stakeholders operating in the external environment include financial institutions and insurance 

companies. Lack of a risk-based insurance premium assessment and high loan interest rates were 

identified in as part of the factors that affect building owners‘ mitigation decisions. A participant stated: 

“The insurance broker told me even if I retrofit my building to higher performance level, 

the insurance premium and deductible is not likely to change”.  

Evidence from the findings showed that the cost of insurance premiums does not reflect seismic 

mitigation actions implemented in a retrofitted EPB. Eighty-two percent of the participants explained 

that generally the insurance premium is not calculated in terms of risk-based analysis and complained 

about the lack of a risk-based premium scale. Forty-eight percent of the owners interviewed who have 

retrofitted some of their EPBs to structural performance standard greater than 67% NBS complained 

that they were unable to secure a policy that reflects the level of risks posed by their retrofitted EPBs. 

EERI (1998) have suggested that insurance premiums should reflect risk and take into account 

mitigation actions on the building, provided the insurance losses on the structure are reduced by 

implementing such action. This is yet to be the case in New Zealand. Participants from the insurance 

industry claimed that accessing individual seismic mitigation actions on EPBs is difficult and costly 

because each building is different requiring separate assessments. Moreover, the lack of a reliable 
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database for information regarding the seismic risk characteristics of these buildings hampers the 

assessment of the mitigation actions undertaken  (see Section 5.3.2.3).  

Ninety-two percent of the interviewees suggested that buildings retrofitted well beyond minimum 

requirement should be eligible for premium discounts indicating that a reduction in insurance premium 

is a key component of any hazard mitigation program aimed towards improving seismic retrofit 

decisions and implementation of EPBs. This study finding showed that insurance premiums that reflect 

the building seismic risk would provide earthquake hazard signals to individual owners. However, 

insurers are unwilling to offer a discount because a reduction in insurance premiums is likely to attract 

more owners of EPBs which increases the insurance company‘s risk exposure in the event of an 

earthquake (Bradley et al., 2008). According to Kunreuther (2008), insurance premiums based on the 

building risk will provide signals to individuals regarding the extent of risk posed by their buildings and 

encourage them to implement in cost-effective measures to reduce their vulnerability to disasters. Risk‐

based premiums would also enable insurers to provide discounts to homeowners and businesses who 

invest in cost‐effective loss reduction measures. If the premiums are not risk‐based, insurers have no 

economic incentive to offer these discounts. In fact, they prefer not to offer coverage to these property 

owners because it is a losing proposition in the long‐run. 

In addition, the role of the financial institutions within the property market significantly influences 

seismic mitigation decisions by moderation of business transactions such as investment decisions in the 

property market. Sixty-eight percent of property owners explained that high interest rates attached to 

loans sought for building rehabilitation often discourages seismic mitigation decisions. They explained 

that other bank requirements such as loan-value-ratios, credit issues and debt service coverage (ratio of 

funds available to make loan repayments) on the property before giving out loans to property owners to 

rehabilitate their EPBs are overburdening criteria to qualify for such loans. The study revealed that 

banks are often less eager to lend to owners of older buildings unless the owners have built up enough 

equity to support the loan. Therefore, most small-scale owners often find it difficult to secure loans to 

retrofit their EPBs. Likewise, one of the owners explained that financial institutions usually request a 

full replacement earthquake insurance cover as part of the collateral before approving the desired loan 

to strengthen an EPB. Most insurers are unwilling to provide full replacement cover for such a building. 

Therefore, potential owners are discouraged from retrofitting their EPB.  

Insurance and financial institutions in New Zealand play a minimal role in promoting seismic retrofit 

decision or implementation. Lenders and insurers to date have contributed to a situation in which 

earthquake risk is not managed equitably in the market place (Earthquake Engineering Research 

Institute, 2000), ensuring the government bear a significant portion of the risk by paying for response-

rescue activities, and clean-up and recovery costs, in an earthquake event. Erdik and Durukal (2008) 

suggest that financial organisations should participate in comprehensive urban regeneration projects 
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aimed at reducing earthquake vulnerability within the built environment by providing long-term low 

interest loans to building owners to implement seismic mitigations. The findings of this study suggest 

that insurance and financial institutions should assume greater responsibilities in raising earthquake risk 

awareness in the property market and encouraging owners to adopt seismic retrofit implementation. 

In summary of the findings from the analysis of research question one, the results reveals how property 

market stakeholders‘ practices affect building owners‘ seismic mitigation decisions. The findings 

presented on Table 5.7 provide significant new insights into how property market-based incentives such 

as such as mandatory disclosure of seismic risks in all transactions in the property market, effective 

awareness seismic risk programs and a unified earthquake safety assessment information system can be 

used to enhance EPB owners‘ seismic retrofit decisions. These market-based incentives offer 

compelling reasons for the different property market stakeholders and the public at large to retain, care, 

invest, and act responsibly to rehabilitate EPBs. The findings suggest the need for stakeholders involved 

in property investment and retrofit decisions to work together to foster seismic rehabilitation of EPBs.  

5.3.4 Analysis and Answers to Research Question Two  

Research question two: What are the potential intrinsic and extrinsic motivators that could 

enhance building owners’ decisions to adopt appropriate seismic 

risk?  

The literature review undertaken in Chapter 3 served as a comprehensive base of potential intrinsic and 

extrinsic factors that can enhance property owners‘ disaster preparedness adoption of seismic 

mitigations. Thus, the rationale behind this question was to identify specific intrinsic and extrinsic 

interventions that can be used to enhance the adoption and implementation seismic mitigations. The 

findings to this research question are presented in the subsequent sections. 

 Intrinsic Motivators to Enhance Seismic Mitigation Intentions 5.3.4.1

The qualitative data analysis show that intensifying the use of critical awareness motivators (reiterating 

past earthquake experiences, mass media and policy entrepreneurs to promote the salient of seismic risk 

issues) was found to significantly promote seismic mitigation decision  by facilitating positive changes 

to people‘s perception of risks and mitigation measures. In following subsections, the intrinsic 

motivators are discussed in detail.  

5.3.4.1.1 Reiterating Past Earthquake Experiences 

The research findings indicate that 78% of building owners have an intention to retrofit their EPBs, but 

they rather choose to delay this by applying for time extensions until the end of the period allowed in 

the policy. One participant (an owner of an EPB) mentioned: 
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“New Zealand is prone to earthquakes and I heard that it happens every day. Actually, I do 

not think anyone can prevent the damage from a big one. Well, I have plans to retrofit my 

EPB, but I do not know when I will do it because I am not ready yet”.  

In Cases 1 and 2, 57% and 39% of the participants respectively were not willing to undertake any 

mitigation actions in the next 10-25 years, believing that an earthquake event would not happen in their 

lifetime. A total of 36% and 52% of the participants in Cases 3 and 4 are not willing to retrofit soon, 

although they believed that adopting seismic mitigations could reduce potential earthquake damage. 

The long-time range adopted by owners to retrofit EPBs was attributed to the timelines specified in the 

TAs‘ policies. Most of their policies allowed building owners to retrofit their EPBs within 10-35 years 

with exceptions to buildings of high consequences of failure such as facilities with high crowd volume, 

post-disaster related functions and special purpose (e.g. dams and power plants) (Standards New 

Zealand, 2002). 

The delays in undertaking the decision to adopt seismic mitigation indicate the impact of 

procrastination on retrofit intention because the immediacy of threat is unjustified. The problem of 

procrastination is severe mostly with long-term hazard mitigation such as seismic retrofitting of EPBs 

because policy and hazard awareness programs cannot specify an exact deadline before a disaster 

strikes (Lindell and Perry, 2004). Interview analysis confirmed the findings of Spittal et al. (2008) that 

living in an earthquake-prone location is not enough to motivate the willingness to adopt protective 

measures, revealing that the intention to prepare can be enhanced by the manner in which stories of past 

earthquake experiences and coping strategies are discussed and sustained within the community.  

A total of 65% of the participants believed that an opportunity to discuss with friends, kinsmen and 

community members who are knowledgeable about seismic risk can help to enhance their intentions to 

adopt risk mitigation measures. They explained that such a forum would improve their knowledge about 

the local history of earthquakes leading to a greater acceptance of the reality of an earthquake event and 

its severity. Acceptability of earthquake reality can increase the level of concern for seismic risk 

mitigation (Paton, 2006), increasing their level of perceived responsibility to protect themselves, their 

families and communities from seismic hazard. The community‘s joint ability to identify risk as a group 

would enhance their level of sense of belonging to the community, and the extent of conformity with 

community norms to implement seismic mitigations (Lindell et al., 2009; Solberg et al., 2010). Hence, 

reiterating stories within the community increases the salience of earthquake risks among community 

members, consequently enhancing their intentions to prepare towards hazard mitigation.  

5.3.4.1.2 Mass Media 

Findings from the qualitative data analysis showed that the media can be used to promote the salience 

of earthquake risk issues by intensifying the frequency of hazard-related discussions and information. A 

total of 88% of the building owners interviewed admitted that mass media could largely influence their 

willingness to prepare for disasters, reporting the media as a primary source of information before 
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exploring other means. The participants disclosed that recurrent vicarious experience in reading or 

hearing about hazards, mitigation techniques and other people‘s actions in response to a hazard would 

enhance their retrofit intentions to adopt preparedness measures. One of the participants disclosed that:  

“I heard about a particular cost-effective retrofit technique from the media that another 

owner implemented in his building. After the second time of hearing it, I became interested 

and began to search for information about this technique”. 

The statement reported above and several similar assertions support Lindell and Perry‘s (1992 ) 

findings that people are likely to consider preparedness actions when they have previous experience 

from the media. The more information the mass media and citizens have, the better they will be able to 

react and respond to risks (Wagman, 2003). The research findings demonstrated that the media can be 

used to increase the salience of seismic risk by constructing and amplifying the extent of risk exposure 

and severity of potential disaster impact. Increasing the salience of earthquake risk can shape people‘s 

perception of risk and disaster, awareness and efficacy of seismic mitigations because of the media‘s 

continuous increasing capacity to distribute information and reach a wider audience within a short time-

frame (Quarantelli, 1996; Scanlon, 2009). However, Wenger et al. (1980) warned that the media can 

distort information and become a potential impediment to preparedness decisions because of the 

uncertainty regarding the accuracy and credibility of messages. Specifically, sufficient and appropriate 

media attention that is oriented toward effective risk mitigation rather than sensationalism is necessary 

to provide a favourable political atmosphere for adopting seismic mitigations. Such attention increases 

the public‘s awareness regarding earthquake issues, which in turn stimulates people to develop an 

interest in disaster preparedness and support sound risk mitigation policies (LaFountain, 2004). These 

research findings emphasised the need to intensify the use of the media to significantly promote the 

salience of earthquake risks and the adoption of mitigation measures.  

5.3.4.1.3 Policy Entrepreneurs 

In recent years, there is a growing need for natural hazard professionals to understand the political 

nature of seismic risk mitigation in order to successfully reduce the community‘s earthquake 

vulnerability. Low priority and commitment accorded to earthquake hazards at all levels of the 

government affects the implementation of any risk mitigation strategies (Solberg et al., 2010). Across 

all cases, 79% of the interviewees agreed that the current socio-political environment towards 

earthquake risk mitigation has been unfavourable. Such an unfavourable environment affects public 

perception regarding the extent of seismic risk within communities and consequently impedes 

behavioural intentions to adopt preparedness measures. One of the participants from a government 

organisation said: 

“Developing and implementing mitigation programs is left primarily to the TAs with very 

minimal resources to implement hazard mitigation. Definitely, we have to prioritise our 

scarce resources to other more demanding issues”. 
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This statement and several other accounts reveal some of the deficiencies of the models used for hazard 

mitigation policy development and implementation in New Zealand. One outcome of such a model 

evident from the TAs‘ mitigation approach is that some districts and communities have good programs 

in place to mitigate earthquake hazards, while others would have done little or lack adequate resources 

to implement seismic mitigation measures. Moreover, retrofit levels adopted by the jurisdictions relate 

more to available human and financial resources, political demands and earthquake experience of less 

severe impact than the region‘s seismicity. Likewise, the Building Act‘s (2004) minimum requirement 

contributes to the TAs‘ lack of commitment to earthquake hazard mitigation. This is evident in the 

implementation approach adopted in their policies such as lack of public awareness programs and 

longer timelines for taking action regarding EPBs. The TAs‘ lack of commitment in most cases will not 

lead to consistent, strongly implemented, risk reduction programs across the medium to high-risk 

jurisdictions (May and Birkland, 1994).  

The interview analysis reveals that intensifying the use of policy entrepreneurs for earthquake hazard 

mitigation at all levels of the government would promote a favourable political atmosphere that will 

improve the extent to which people discuss, talk and prepare towards earthquake disasters. The use of 

such political channels is necessary because the process of establishing priorities about what and when 

to mitigate is the product of a political process rather than solely a scientific question (Petak, 2002). 

Sixty-two percent of the government officials interviewed believed policy entrepreneurs could initiate 

political support for earthquake risk mitigation, because they can mobilise a constituency for hazard 

mitigation in the community, while framing seismic risk mitigation as a salient issue on community 

agendas (Alesh and Petak, 1986; Prater and Lindell, 2000).  

Mobilising support for relevant policy adoption at all levels of government will intensify political 

debate on earthquake-related issues which in turn would improve seismic risk awareness among policy-

setters and their understanding of the social, economic and environmental implications of their 

decisions. Such an understanding may possibly lead to the enactment of favourable mitigation policies 

that may increase the local government‘s level of resources and revenue for implementing appropriate 

earthquake hazard mitigation.   

5.3.4.1.4 Promoting Pro-social Mitigation Behaviours  

The findings reported here found that values that individuals or a group of people assigned to heritage 

buildings can promote mitigation behaviour and action towards such buildings. In Cases 1-4, 73-81% of 

the participants accorded high values to EPBs with heritage values. They emphasised heritage buildings 

as important cultural artefacts worth saving. The emphasis on the heritage values of EPBs is also 

evident in the TAs‘ earthquake policies which mandate higher seismic strengthening for heritage 

buildings and further provide monetary incentives for retrofitting. However, buildings without heritage 

value are not considered necessary for retrofitting by this group of people exhibiting the pro-social 
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behaviours, thereby impeding the adoption of earthquake mitigation measures for non-heritage EPBs. A 

pertinent issue with pro-social mitigation behaviour is the lack of support for personal contributions to 

the preservation efforts of historic EPBs.  

A total of 77% of the participants believed in the public recognition of an individuals‘ contributions to 

earthquake hazard mitigation by voluntarily adopting the beyond-code requirements (≥67% NBS). They 

explained that buildings retrofitted adequately should be publicised to increase public awareness about 

seismic retrofit implementation. Of EPB owners from Cases 2-4, 56-72% explained that although the 

cities support heritage conservation of EPBs through incentives, personal contributions to preserve 

these buildings are not recognised. However, in Case 1 only 22% of the participants viewed a public 

recognition award as a promoter of seismic mitigation of EPBs, which relates to the city‘s low 

seismicity (see Table 5.1), signalling that these participants viewed seismic retrofit implementation as 

insignificant. In Case 2, however, the TA has embarked on appreciating building owners‘ contribution 

to seismic risk mitigation leading to a slight increase in EPB retrofitted projects.  

 Extrinsic Motivators to Enhance Seismic Mitigation Decisions 5.3.4.2

Extrinsic motivators that would enhance building owners‘ seismic mitigation decisions to adopt and 

implement appropriate seismic mitigations were revealed from the interview analysis. Extrinsic 

motivators revealed from the interviews include financial incentives such as grants, low interest loans 

and tax deductibles, while non-financial motivators include creating value for seismic risks in the 

property market and building trusting among stakeholders involved in seismic retrofit implementation. 

In ensuing subsections, the extrinsic motivators are discussed in detail.  

 

5.3.4.2.1 Financial Incentives 

The availability of financial incentives such as low interest loans and tax deductibles was the strongest 

motivator to induce owners‘ decisions to adopt seismic mitigations. A total of 90% of the participants 

agreed that these two incentives would largely encourage them to adopt seismic mitigations. One of the 

building owners interviewed mentioned:  

“I have three EPBs and would love to strengthen them but I can’t afford the initial retrofit 

cost. Even the banks are refusing to give out loans for such rehabilitation without a full 

replacement insurance policy, which increases the building running cost. What can I do 

then; nothing but to hide under the time extension umbrella from the council? Financial 

incentives will definitely boost my morale to retrofit my EPBs”.  

The provision of economic incentives revealed in this study reduces the owner‘s initial cost of 

retrofitting, thus strengthening their self-efficacy and resource requirement capability to adopt seismic 

mitigation. Owners of EPBs are likely to develop high self-efficacy if they perceive that they can obtain 

low interest loans to implement seismic retrofitting and tax deductibles to reduce the building 
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maintenance cost. Incentives are likely to influence people‘s thought processes to implement a task 

when analysing the capabilities or resources necessary to execute it (Petri, 1996).  

Conversely, 10% of the participants raised objections regarding the provisions of financial incentives to 

support commercial owners of EPBs. These objections relate to the inadequacy of the policy-makers 

and the public to adequately account for the net benefits of implementing properly designed incentives 

to reduce future disaster recovery and assistance funds. In addition, the interviewees showed a strong 

preference for grants and subsidies for heritage EPBs. A building owner said:  

“I believe that low interest loans and tax deductibles should work as incentives for 

commercial building owners by reducing the initial retrofit cost and on-going maintenance 

cost. However, grants and subsidies should only be available for heritage buildings and 

taxpayers’ money should not be used not support commercial entities”. 

The preference for low interest loans and tax deductibles specifically for heritage EPBs relate to 

benefits associated with heritage conservation and the high cost of protecting these buildings. However, 

documents reviewed and insights from interviews suggested that there are no existing financial 

incentives in New Zealand specifically for the seismic retrofitting of heritage EPBs, except for those 

allocated by the TAs on a case-by-case basis. These TAs‘ financial incentives are too small to make any 

meaningful impact on earthquake risk mitigation. The findings from the analysis showed that 

government can play a role in promoting voluntary adoption of seismic mitigations by providing 

economic incentives that specifically address the needs of EPBs. These incentives can be developed in 

conjunction with other several public policies addressing issues such as preservation of the building 

stock, urban regeneration, housing programs, historic preservation, economic development and 

recovery from natural disasters to maximise potential outcomes. Likewise, the findings recognise that 

financial incentives would fill the gap between initial retrofit cost and what a building owner can 

originally afford, thus enhancing their self-efficacy and resource requirement capability to adopt 

seismic mitigations.  

5.3.4.2.2 Creating Value for Seismic Risk in the Property Market  

People are primarily motivated by the perception of benefits derived from carrying out a particular task 

(Vroom, 1964; Porter and Lawler, 1968). The interviews revealed that building owners can be 

motivated by the perception of perceived benefits associated with seismic risk mitigation. The 

qualitative analysis further revealed that these benefits vary among the different ownership types. Sixty 

percent of non-profit owners and 78% of public owners expected benefits from adopting high seismic 

performance standards which include life protection, heritage preservation, reduced displacement costs, 

ability to provide uninterrupted services after an earthquake event and public recognition. Eighty-nine 

percent of the private owner‘s benefits relate to cost recovery in terms of financial returns from rents or 

property sales, while the remaining 11% of private owners (who are mainly owners of family trusts) 
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sought benefits such as public recognition. Eighty-two percent of the owners across three cases (1 and 

4) complained about little or no economic return from retrofitted EPBs. One of the private owners said:  

“Most of us who own EPBs find it difficult to recover the cost expended to seismically 

retrofit these buildings because the cost of retrofitting does not increase the property value 

or rents from the building”. 

The statement above and several similar assertions suggest that a low level of perceived retrofit benefits 

explains why some owners are reluctant to adopt risk seismic risk mitigation measures. A total of 92% 

of the building owners interviewed across the four regions agreed that they are likely to adopt risk 

mitigation measures if the initial cost of implementation can be recovered through increased property 

rent or value. Tien (2000) explained that an attractive reward leads to a stronger perception to 

accomplish the task where extra effort leads to a higher incentive.  

A total 85% of the participants interviewed rated market-based incentives such as mandatory disclosure 

of building‘s seismic risks in all property market transactions as a strong motivator to improve seismic 

performance of EPBs. These participants believed that mandatory disclosure of risks would increase the 

extent to which people are aware of seismic risks in the market. Mandatory disclosure of seismic risks 

by relevant policies will ensure that owners and property retailers are obligated to disclose the 

building‘s seismic risks to prospective buyers or tenants at the point of sale or rent. The increased 

awareness may lead to informed market stakeholders, which may consequently increase property 

market value or income streams of retrofitted EPBs through enhanced willingness of potential owners 

or tenants to pay for improved safety, thus enhancing the overall property investment decisions. An 

increase in the property value will provide financial returns at the point of sale or rent to the owners, 

thus enhancing their perceived benefits from implementing seismic mitigations.  

Another way to create value for earthquake risk in the market is through the recognition of seismic risks 

by the Australia and New Zealand Valuation and Property Standards. 86% of the property valuers 

interviewed explained that seismic risks are not usually catered for in property valuation reports unless 

specifically requested by clients. One of the stakeholders interviewed mentioned:  

“Most times when making real-estate investment decisions, we assume that risk from rare 

disaster events such as earthquake is negligible compared to other the market risks such as 

net operating income and taxation”.  

This statement and other similar reports from the interview suggest that seismic risk is not accorded 

relative importance in the financial analysis of most investment opportunities. May et al. (1998) and the 

DHB (2005) suggested that creating a standardised building rating system and third party service for 

seismic rehabilitation assessment will promote the inclusion seismic risk in property valuation 

assessment by providing accurate information to a potential buyer or occupier, insurer and lending 

institutions. A standardised building rating system provides an indication of the earthquake risk for a 
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given building, while a seismic rehabilitation assessor will aid information disclosure to property 

market stakeholders.  

5.3.4.2.3 Trust Building 

The role of trust and belief in the risk mitigation decision-making process is apparent in all aspects of 

social interactions such as those that exist between government organisations, industry practitioners and 

the public (Paton, 2008). Trust building among seismic retrofit stakeholders was found in this study to 

significantly influence the extent to which building owners will adopt mitigations measures. A total of 

77% of the participants believed that trust in the engineers and belief in the efficacy of their 

recommended solutions will enhance seismic retrofit decisions.  

Presently, the interviews revealed that a lack of trust in the design engineers influences building 

owners‘ beliefs regarding the efficacy of the solutions recommended and, consequently, the decision to 

adopt mitigation measures (see Section 5.3.2.2.1). This lack of trust results from damage to new 

buildings with supposed high seismic strength in recent earthquake events, inconsistency and disparity 

in risk information, and lack of consensus among the engineers on appropriate retrofit performance 

standards. In order to build trust among the stakeholders, the interview analysis revealed that providing 

building owners with information regarding the possible outcomes of the retrofit solutions adopted in an 

earthquake is important. This information might help to reinstate their recommendation in the event of 

an earthquake, which is evident from the findings reported in Case 3, thus enhancing owners‘ 

perceptions regarding the efficacy of the recommended design solutions. Professionals and regulatory 

authorities should pay more attention to the structural designs they recommend and approve. 

Stakeholders involved in seismic retrofit decision-making processes are therefore encouraged to 

develop a better understanding of the seismic risks and the implications of their corresponding retrofit 

decisions. Trust building among the stakeholders is thus necessary for maintaining and developing trust 

in relationships is necessary to foster the successful implementation of seismic mitigations by 

significantly influencing the efficacy of the recommended design solutions. 

In summary of the analysis of research question two, significant intrinsic and extrinsic motivators 

necessary to enhance building owners‘ seismic mitigation decisions were revealed. The intrinsic 

motivators include intensifying critical awareness motivators such as reiterating past earthquake 

experiences and coping strategies among community members, using the mass media and policy 

entrepreneurs at all levels of government to increase the salience of seismic risks and promoting pro-

social mitigation behaviours. Extrinsic motivators include financial incentives (low interest loans and 

tax deductibles), creating value for seismic risks and building trust among stakeholders involved in 

seismic retrofitting. The findings offer plausible explanations about how human motivational 

orientation and judgements influence preparedness towards natural disaster mitigation. 



Chapter 5 - Qualitative Research Findings  

 

149 

 Discussion of Findings  5.4

The exploratory qualitative study findings discussed in this chapter revealed the challenges associated 

with seismic mitigation decisions and the complexity of the motivational processes that underpin the 

adoption and implementation of seismic mitigations. The investigation was approached from two 

angles. First, an investigation of the seismic mitigation decision-making process and its associated 

challenges regarding disaster preparedness was conducted in order to examine why owners of EPBs are 

reluctant to adopt seismic mitigations from the building owners‘ perspective. These factors were also 

examined from the stakeholder‘s perspective. The examination of the different characteristics of the 

stakeholders involved in seismic mitigation decisions within the research domain (i.e. the commercial 

property market) (see Section 1.6.1) was carried out in order to understand how they directly or 

indirectly influence owners‘ mitigation decisions. Secondly, investigating how the different human 

motivational process can be used to enhance the adoption of earthquake risk mitigation measures. These 

two perspectives made it possible to identify the critical challenges to seismic mitigation decisions and 

potential motivators and incentives to enhance seismic mitigation decisions. The purpose of the 

discussion is to present the areas where there is consensus with the literature and any variation that may 

affect the development and testing of the framework at the quantitative research phase.  

Findings related to research question one provide answers to why the adoption and implementation of 

seismic mitigation in New Zealand is experiencing a rather slow progress despite the country‘s high 

seismicity and vulnerability to earthquake risks. The findings provide insights as to why earthquake risk 

reduction measures are not adequately implemented in New Zealand across low to moderate and high 

seismic risk regions by exploring two different viewpoints. First, findings from the analysis of sub-

question 1a provide insights about the challenges associated with seismic mitigation decisions from a 

building owner‘s and general societal perspective.  

Findings across all the cases showed that people are generally aware of earthquake risks and severity 

within their regions, yet most building owners are not willing to retrofit their EPBs. Several perception-

related, sociological, economic-related and institutional impediments regarding the adoption of risk 

reduction measures were revealed in the exploratory qualitative phase of this study. These barriers offer 

plausible insights into the factors that significantly contribute to owners‘ lack of willingness to retrofit 

their EPBs. The qualitative study findings confirm the multi-dimensional problems associated with the 

adoption and implementation of seismic mitigation measures as suggested by the review discussed in 

Section 2.6.  

 

These challenges are recurring issues as highlighted by some of international empirical findings on 

challenges associated with seismic mitigations implementation reviewed in Chapter 2. Of utmost 

importance in the impediments to seismic mitigation decisions are perception of risk, cost of 

implementing mitigation measures and inadequacies of the some regulatory frameworks to sufficiently 
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reduce seismic risks. How people perceive themselves at risk from earthquake events significantly 

influences their mitigation decisions. Perceptions regarding the uncertainty of earthquake occurrence, 

the impact of less severe earthquakes and the efficacy of mitigation techniques recommended by 

professionals deter building owners from adopting preventive measures. The cost of implementing 

seismic mitigation (specifically retrofitting of EPBs) is a major determinant regarding the adoption of 

adequate mitigation measures. The findings indicate that more owners will adopt adequate mitigation 

measures, if the initial cost of implementation can be reduced through the provision of financial and 

market-based incentives. Insights from the interviews suggested that earthquake mitigation approaches 

adopted by local authorities could affect how the stakeholders perceive seismic risks and make 

mitigation decisions. Several implications could result from the approach adopted by TAs. The active 

approach that includes proactive risk communication, awareness programmes and encourages building 

owners to adopt adequate seismic retrofit standards for their EPBs will promote a constructive risk-

preventive behaviour leading to an increase in the EPB rehabilitation projects, while a higher 

percentage of high-risk buildings remain untouched by the passive approach. Likewise, the findings 

further suggest that the current regulatory frameworks (such as the Building Act and TAs‘ earthquake-

prone building policies regarding earthquake risk reduction) may pose barriers to the adoption and 

implementation of seismic mitigations in New Zealand. The interview analysis also revealed that 

certain provisions in one legislative document may be at variance with those contained in other 

documents creating some level of inconsistences. Such inconsistences do not encourage property 

owners to adopt mitigation measures, rather it confuses them. The adoption and implementation of 

seismic mitigations would therefore benefit from a harmonisation of these different legislative 

frameworks and provisions and could address the inconsistences raised in Section 5.3.2.4.2.  

The findings from the analysis of research question 1a confirm the assumption of the Person Relative to 

Event (PrE) Model and Theory of Planned Behaviour (TPB), and are consistent with the results of 

Lindell and Prater (2003) and Palm (1995) that relate to the perception of risks and availability of 

resources and opportunities regarding hazard preparedness decisions reviewed in Section 3.2. 

Overcoming the economic-related constraints in seismic retrofit implementation is important because 

the likelihood of promoting the uptake of earthquake mitigation measures is dependent on the perceived 

benefits and resources to reduce the level of earthquake risks. Answers to research question one 

provides vital information for environmental hazard managers regarding the unwillingness attitude 

displayed by property owners and other stakeholders towards earthquake hazard preparedness. 

Secondly, the second part of research question one (i.e. 1b) provides insights into the impacts of the 

property market stakeholders‘ practices on building owners‘ seismic mitigation decisions. The findings 

showed the casual agents and pathways of some of the challenges revealed in the analysis of research 

question one, suggesting that the stakeholders involved in seismic mitigation decisions directly or 

indirectly influence building owners‘ seismic mitigation decisions. Significant impacts of practices 

within the property investment market on seismic retrofit decisions identified in this study include the 
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assessment of property valuations, high earthquake insurance deductibles and lack of unified risk 

assessment information of individual buildings. The property investment landscape as a whole has 

gained considerable attention in moderating the market value of a building but little emphasis has been 

placed on understanding its full impact on seismic retrofit decisions. The research findings revealed 

ignoring earthquake risk assessment from property valuation calculations as a significant impediment to 

seismic mitigation decisions. Inadequate risk assessments results in insufficient weighting attached to 

the cost of retrofitting EPBs during market transactions as parties are not aware of the economic 

implications regarding the upgrading of EPBs. EPB owners are therefore not motivated to adopt seismic 

mitigations because of the lack of financial benefits either at the time of sale or during a lease. 

A lack of a unified information system regarding an individual building‘s seismic properties impeded 

other stakeholders from making significant contributions to earthquake risk mitigation. The lack of 

unified earthquake risk information accessible to all the stakeholders could mislead the market 

stakeholders regarding issues surrounding the property vulnerability to seismic risks while rendering the 

market for retrofitted and non-retrofitted EPBs inefficient as the insurance risk premiums and property 

valuation assessments would be erroneous. Likewise, the lack of mandatory disclosure of seismic risks 

limits the stakeholders‘ knowledge of issues related to seismic risk, thus earthquake risk in not factored 

into investment transactions leading to underinvestment in earthquake risk mitigation. The financial and 

insurance institutions in New Zealand play a minimal role in promoting seismic retrofit decision or 

implementation. The activities of these stakeholders such as lack of a risk-based insurance premium and 

high loan interest rates for rehabilitating EPBs impede seismic mitigation decisions because they 

increase the operative costs of the building. The interview findings suggested that impediments to 

seismic mitigation decisions regarding the practices of the property market stakeholders can be related 

to the lack of seismic awareness within the market. The lack of knowledge about seismic risk mitigation 

among stakeholders in the property market was identified as one of the impediments to earthquake 

hazard mitigation. The interviews revealed that most of the stakeholders in the market have little or no 

knowledge about seismic retrofit standards, legal obligations and potential liabilities relating to seismic 

risks. The property market is thus far from efficient as obligations imposed by changes in the legislation 

were not anticipated and factored into the market, nor was investment analysis by the stakeholders in 

the property market. 

The findings from the analysis of research question 1b offer compelling reasons for the different 

property market stakeholders such as insurance companies, financial institutions, building owners, 

tenants, professionals in building and real estate community and the public at large to invest and act 

responsibly to rehabilitate EPBs. Various market-based incentives such as risk-based insurance 

premiums and mandatory disclosure of seismic risks were suggested by the participants as motivators 

that would enhance building owners‘ seismic mitigations. The analysis of research question two 
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discussed in the subsequent section examines the applicability of some of these market-based incentives 

identified in question 1b. 

Findings related to research question two provide insights into how human motivational orientation 

(that underlies human reasoning) affects seismic mitigation decision. The findings provide an empirical 

support regarding the application of motivational concepts in seismic mitigation decisions. The analysis 

of the qualitative data showed that building owners could be motivated to voluntarily adopt appropriate 

seismic mitigations through the application of intrinsic and extrinsic motivation. Intrinsic interventions 

that would enable retrofit intentions to progress to decisions to seismically strengthened EPBs are 

intensifying critical awareness motivators such as reiterating earthquake past earthquake experiences 

and coping strategies among community members,  intensifying the use of the mass media and policy 

entrepreneurs at all levels of government to increase the salience of seismic risks. The research findings 

show that intensifying the use of intrinsic interventions that include critical awareness motivators to 

frame the salience of seismic risk issues) will improve people‘s perception and understanding of 

seismic risks. These interventions will provide sufficient information about seismic risk and mitigation 

measures. Increasing the salience of seismic risks would also raise the level of perceived responsibility, 

and improve fatalistic mind-sets and the extent to which people think about and discuss earthquake risk 

issues. Consequently, this will enhance the intention to prepare towards earthquake risk mitigation. 

Increasing seismic risk salience enhances the human intrinsic prevention-focus precursor that is driven 

by the perception to avoid negative outcomes in the interest of safety or responsibility. Thus, asserting 

the utility of Higgins‘s Regulatory focus theory (1998) of motivation to enhance retrofit intensions (see 

Section 3.5).  

The research findings demonstrate that availability of extrinsic interventions that include financial 

incentives, creating value for seismic risks in the property market and building trust among the 

stakeholders will significantly enhance seismic retrofit decisions and intensify the adoption and 

implementation of seismic mitigations. The provision of financial incentives will enhance owners‘ 

appraisals and beliefs in the available resources to mitigate risk, and consequently enhance retrofit 

intentions and decisions to adopt seismic mitigations. Creating value for earthquake risk in the property 

market significantly influences the adoption of seismic mitigations through mandatory disclosure of 

earthquake risks in all property market transactions and comprisal in Australia and New Zealand 

Valuation and Property Standards. Mandatory disclosure of seismic risks will allow accurate 

information to be communicated to the buyer, insurer and lenders leading to an informed market. 

Property owners will recognise that their property value could be reduced if their seismic risk becomes 

public information, thus promoting the adoption seismic mitigations. Subsequently investors, owners 

and insurers can accurately assess the cost of retrofit required and factor it into property prices and 

investment decisions. The insurer will adequately estimate the building risk through a risk-based 

premium, reducing the capitalisation rates of retrofitted buildings due to lower investment risk. 
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Consequently, the property market would be adequately informed about earthquake risk and seismic 

retrofit benefits. For instance, informed occupiers or investors may be willing to pay appropriate rents 

or prices for a retrofitted EPB, thus increasing the property value of the building. Mandatory disclosure 

of seismic risks will significantly enhance owners‘ benefits from retrofitting such as through increased 

property values and lower insurance premiums. The findings suggest that the market place might end up 

taking care of many EPBs within the communities if adequate strategies considering these factors could 

be developed or nurtured.  

These interventions confirm the extrinsic motivational orientation that people adopt when making 

decisions. Specifically, the findings support the assertions of expectancy and reinforcement theories that 

effective incentives and rewards can be used to promote the intrinsic human need for positive 

reinforcements. The provision of extrinsic interventions will likely annul the dilemma of procrastination 

particular to adopting long-term risk reduction measures, if access to these interventions is subjected to 

mandatory adoption of seismic mitigations. Although the threat of an earthquake event is not seen as 

immediate, the provision of incentives increases owners‘ levels of perceived benefits, leading to 

voluntary adoption of seismic mitigations. The extent to which financial incentives (such as low interest 

loans and tax deductibles) affect retrofit decisions confirms the assumption of the reinforcement and 

process theories of motivation such as Skinner‘s reinforcement theory, Higgins regulatory focus theory 

and Vroom‘s expectancy theory discussed in Sections 3.8.2 and 3.8.3. 

In summary, while none of these motivational interventions identified in the research are truly new or 

novel, they have never been studied in the context of commercial building owners‘ retrofit decisions 

before, and are thus the key contribution of this study. The findings from the analysis of the qualitative 

data have significant implications towards the development of a model undertaken in subsequent 

chapters. Six other extrinsic interventions were also suggested, specifically the non-financial incentives 

category that includes regulatory-based and technological-based incentives.  

 Summary of Themes Developed 5.5

The analysis of the qualitative findings, although exploratory in nature, brings together all of the factors 

affecting the adoption and implementation of earthquake mitigation measures at the individual building 

owners‘ level. All the factors identified in the literature were confirmed in the exploratory study to 

influence seismic mitigation decisions. It may be suggested from the interview analysis that factors 

influencing the adoption and implementation of seismic risk mitigation decisions and implementation 

are summarised in Table 5.8. 
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 Additional Findings – Expanded List of Extrinsic Motivators  5.6

Aside from the primary themes that were developed and presented above, during the analysis a further 

source of six new extrinsic motivators (specifically the non-financial incentives category) was gleaned. 

These extrinsic motivators relate to different types of non-financial incentives that may be combined 

with the existing motivators. These incentives include sanctions, social recognition, technological 

innovations and technical assistance programs. For example, technological innovations (such as a 

sustainable and cost-effective seismic retrofitting design solution) signify a more advanced way of 

achieving risk reduction because they reduce the trade-off between efficacy and cost. These new 

motivators consolidate the existing extrinsic motivators resulting in a more comprehensive list of 

financial and non-financial incentives. The non-financial incentives were re-categorised based on the 

interview data analysis and the new categories are technological based, regulatory-based incentives and 

property market-based non-financial incentives. The expanded list of extrinsic motivators is presented 

in Table 5.9. 

Table 5.8 Significant factors affecting seismic mitigation decisions  

Major Component/Phase Themes Potential Motivators 

Intension formation phase  

Risk perception  
 Reiterating stories from 

past earthquake 

experiences 
 Policy entrepreneurs 

 Mass media 
 Promoting pro-social 

Mitigation behaviours 

 

Critical awareness  

Perceived responsibility  

Fatalistic attitude  

Hazard proximity  

Hazard knowledge  

Past earthquake experience  

Decision-making phase 

Resource requirements  Trust building 
 Financial incentives such 

as grants, low interest 

loans and tax deductibles 

 Creating value for 

seismic risk in the 

property market 

Seismic mitigation efficacy  

Trust in stakeholders‘ inter-

relationships 

Perceived benefits 

Efficacy of regulatory frameworks  

 Adoption and 

Implementation phase  
Seismic mitigation adoption  

 Stakeholder‘s approach  

 

The expanded list of the expanded extrinsic motivators supports the traditional motivation theories, 

including those in the expectancy framework (e.g. Porter and Lawler, 1968; Vroom, 1964), that a 

variety of that intrinsic and extrinsic rewards is necessary to sustain motivation to carry out an act. The 

results of this study also support the postulation made by many theorists in the field of motivation 

regarding the additive effects of intrinsic and extrinsic motivation on task performance. This expanded 

list of extrinsic motivators will be added to the existing constructs presented in Table 5.9 and used in 

the subsequent development and testing of the framework for examining how earthquake preparedness 

decisions can be enhanced in the quantitative survey.  
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Table 5.9 Expanded list of extrinsic motivators 

 

 Reliability and Validity of Qualitative Findings  5.7

This section outlines the procedures to assess the quality of the research procedure, data collection, 

analysis and results. Establishing construct validity was achieved at this qualitative study through the 

use of multiple sources of evidence, which included the literature, in-depth interviews, secondary data 

analysis and a review of the transcripts by the participants. The in-depth interviews help to generate 

authentic insights into the stakeholders‘ experiences and perceptions relating to the adoption of risk (see 

Section 5.3). Such perceptions are useful in establishing the data validity. A draft of the case study 

findings was sent to the participants and industry experts for confirmation and comments. The use of an 

interview protocol, tapes, transcripts and signed consent forms represent an ‗audit trail‘, or a chain of 

evidence, as the actual sequence of data and records are traceable and available for re-analysis by 

others. The tape recordings, transcripts, consent forms and computer files have been retained and are 

kept in a secured location at the university. The objectivity of this study can be assessed by the explicit 

nature of the research procedures adopted and the detailed description of the data collection method. 

The use of multiple sources of evidence and the established chain of evidence helped to improve the 

credibility of the findings. 

The internal validity in this study was addressed by ensuring consistency in developing the coding 

scheme by adopting a method of gradual modification of the regular cross-referencing between the 

coded constructs of seismic intention and decision and the raw data. Internal validity was also addressed 

by the elicit examination of patterns, themes and clusters. The relative weighting of data coding within 

a theme and the overall data assisted with developing constructs and explanations. Data reliability was 

achieved in this study by using an interview protocol, coding scheme and the establishment of a case 

study database. The interview protocol and coding scheme ensured consistent data coding. An 

independent check of the coding scheme and the interview coding were conducted to ensure data 

reliability. The exploratory research findings were reviewed by the participants and industry experts for 

confirmation and comments to establish data validity. Matching the predicted patterns from the 

literature to the research findings further strengthens the internal validity in this study. However, small 

Non-Financial Incentive Category  Incentives  

Regulatory-based  

Sanctions 

Social recognition 

Mandatory disclosure of seismic risks in the property market 

transactions 

Comprisal of seismic risks in property valuation assessments 

 Technological-based  

Cost-effective and sustainable design innovations 

Technical assistance programs 

 

Property market-based incentives  

 

Retrofit education and awareness among property valuers 

Estimating the historic value of heritage buildings  
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samples within the case can affect the validity of the research. The results from the quantitative phase 

will be used as additional confirmation of the research validity.  

External validity is strengthened through replication logic used in the multiple case studies approach. 

The use of the framework developed from the review of various theories applied in this study can be 

used to generalise the results to the domain of self-protective behaviours and actions which also help to 

reinforce the research external validity. In this study, the survey analysis at the quantitative research 

phase will be used to confirm the substance of the qualitative findings, thus enhancing the external 

validity of the results. According to Amaratunga et al. (2002), quantitative research can be used 

systematise and complement the interview findings. This approach can allow statistical relationships to 

clarify contradictory findings, thus aiding the interpretation of results.  

Additional findings from the qualitative phase provide a more complete picture of the extrinsic 

motivators that are specific to the New Zealand community. These additional motivators provide face 

validity of this study because these important factors would be noticed. This qualitative study has 

fulfilled the three methods of Miles and Huberman (Miles and Huberman, 1994) which include 

searching for discrepant evidence, obtaining feedback from other people, checking results with the 

participants and establishing a chain of evidence. As a whole, this qualitative phase of this research 

study should possess a satisfactory level of validity.  

 Summary  5.8

In this chapter, objectives one and two pursed in this study are fulfilled by providing answers to some of 

the research questions pursued in this study. The exploratory qualitative study fulfilled two purposes: 

first, examining the factors affecting seismic mitigation decisions at the individual owner‘s decision-

making level from two different perspectives; and to investigate the role of the motivational processes 

that underlie human reasoning and judgements regarding disaster preparedness decisions. Secondly, the 

qualitative study served as the precedent stage for the subsequent quantitative analysis that examines 

the impacts of extrinsic and intrinsic motivators and seismic mitigation decisions. With respect to the 

first purpose, the results from the qualitative study provide a better understanding of the critical 

impediments to seismic mitigation decisions, as the interviewees expressed a significant number of 

challenges associated with earthquake mitigation decisions and how they can be overcome. Findings 

from the exploratory qualitative phase reinforce previously held opinions about the problems associated 

with seismic risk mitigation decisions and established similar problems in New Zealand. There is also 

some level of consistency in the opinions expressed by the different stakeholders and those of the 

industry experts used in validating the findings from the interviews. Regarding the second purpose, the 

qualitative findings provide empirical understandings about the role of motivation on seismic mitigation 

decisions, and how the motivation can be used to influence seismic mitigation decisions. In general, 

findings from the qualitative phase offer plausible explanations regarding building owners‘ 
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unwillingness to adopt seismic mitigations and how seismic mitigation intentions can be enhanced 

progressively towards actual adoption and implementation of adequate risk mitigation measures. 

Research question one, which is to understand why building owners are generally reluctant to adopt 

appropriate seismic mitigation decisions, despite New Zealand‘s high vulnerability to earthquake risks, 

has been fully answered. Likewise, research question two, which examines the different potential 

intrinsic and extrinsic motivators that could enhance building owners‘ decisions to adopt appropriate 

seismic risk, was also wholly answered. While there is no attempt to draw a conclusion based on the 

relative significance of the motivators examined, the quantitative phase will provide more validity to the 

identified motivators and examines the inter-relationships that exist among the identified factors, 

intrinsic and extrinsic interventions, while providing answers to the third research question pursued in 

this study. The findings reported in this chapter will be used to develop a framework discussed in the 

next chapter. This looks at the development of the framework that was tested during the quantitative 

research phase in order to provide more generalisable results from this current study.  
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   CHAPTER 6

Framework Development  

 Introduction  6.1

This chapter addresses research objective three of this study, which is to develop a framework to 

examine relationships among the factors affecting seismic mitigation decision and adoption and 

potential motivators to enhance building owners‘ risk mitigation decisions within the New Zealand 

context. Two previous chapters (Chapters 3 and 5) provided a rationale for adopting a motivational 

approach in order to adequately enhance the adoption and implementation of seismic mitigation. As 

highlighted in the literature, the lack of an integrated holistic framework to comprehensively grasp the 

required motivators for enhancing building owners‘ decisions to adopt and implement seismic risk 

mitigation measures necessitates the development of the framework.  

A synthesised framework that provides a relatively comprehensive yet parsimonious explanation of 

how people respond to natural hazard threats is developed in this chapter. The framework developed in 

this study aims to synthesise the disparate research findings that constitute the literature on human risk 

response, decision-making, motivation and the adoption of protective behaviours. Drawing on the 

review of the literature and findings from the qualitative study, six main hypotheses and 15 sub-

hypotheses were formulated and constructed in the form of a structural model that describes the 

relationships between the constructs. Finally, this chapter also presents the empirical support for the 

framework and discusses the need for theoretical extensions.  

 Theoretical Synthesis and Framework Validation  6.2

By integrating the theoretical fields of natural hazard management and motivation, and including a 

wider range of variables identified in the literature to influence behavioural change, this study outlines a 

more robust approach to the study of enhancing earthquake risk mitigation decisions. According to 

Paton et al. (2005), the adoption of protective actions results from people‘s successful negotiation of a 

series of decision-making process that describe their relationships with the hazardous environment. The 

concept of negotiating  these phases to achieve successful adoption of risk protective actions was 

demonstrated by the findings of Paton et al. (2005), which formed the basis of the framework 

developed in this study. The validation of the framework conceptualisation is presented in this section. 

The framework illustrated in Figure 6-1 was developed to examine how building owners‘ seismic 
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mitigation decisions can be enhanced. The framework describes the adoption of seismic mitigation as a 

reasoning process that comprises three sequential phases: intention formation; decision-analysis; and 

adoption and implementation. These phases are cross-validated by examining the major theoretical 

frames supported by the previous literature on earthquake risk mitigation and motivation. Three major 

theoretical perspectives and several theoretical models used in the study of human decision-making 

processes and earthquake risk management were reviewed in Chapter 3, in order to understand the 

underlying motivational orientations for enhancing building owners‘ protective decisions.  

 
 

Six theoretical frames that emerged from this review that render the proposed three sequential seismic 

mitigation decision-making phases essential are Theory of Reasoned Action (TRA), Theory of Planned 

Behaviour, Protection Motivation Theory, Person Relative to Event Theory (PrE), Protective Action 

Decision Model (PDAM) and the Social Cognitive Preparation Model (see Section 3.2). Likewise, four 

significant theoretical frames emerged from the review of the motivational theories (see Section 3.4). 

These frames are Skinner‘s reinforcement theory, Higgins regulatory focus theory, Goal-setting theory 

and Expectancy theory. In addition, the six main constructs conceptualised for predicting building 

owners‘ likelihood to adopt seismic mitigation are derived from these ten theoretical frames. Figure 6-2 

shows the relationships among the theoretical frames, dimensions of seismic mitigation decision phases, 

constructs and the successful adoption and implementation of seismic mitigation. These ten theoretical 

frames provide empirical support for the development of the constructs and the corresponding 

measurement items used in the formation of the framework emphasised in this chapter. For instance, 

Figure 6-1   Conceptual framework for motivating earthquake mitigation decisions  
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Theory of Planned Behaviour maps into seismic mitigation intention, while Protection Motivation 

Theory maps into seismic mitigation decision, and the intrinsic and extrinsic motivator constructs. The 

mapping of the theoretical forms, dimensions of seismic mitigation decision phases, constructs and 

successful adoption and implementation of seismic mitigation provide a theoretical validation of the 

conceptualisation of the framework used in this study. Specific details of the relationships among the 

theoretical frames and constructs adopted in this research are discussed in the next section.  

 Framework and Hypotheses Development  6.3

The overall objective of developing this framework is to clarify the multi-faceted relationships between 

the different factors affecting seismic risk mitigation decisions and protective behaviours, and to see 

how such protective decisions can be motivated and sustained. The framework shows that the process 

of making seismic mitigation decisions comprised of three inter-related stages that can be influenced by 

a specific sets of motivators. The first stage concerns intrinsic factors within humans that prompt an 

intention to make decisions to achieve a particular goal (intention precursors), with intervening intrinsic 

motivators to proceed to the next phase. The second stage involves the factors that influence seismic 

mitigation decisions (decision-forming variables) and the corresponding extrinsic motivators that allow 

the decision-making process to advance to the last stage. This last stage describes a system orientation 

that combines the interactions of the variables in phases one and two and a collective stakeholders‘ 

approach in phase three, expecting to result in building owners‘ actual adoption and implementation of 

appropriate seismic mitigation. The utility of the framework lies in its function to examine how human 

motivational orientations influence decisions regarding disaster preparedness, how individuals make 

choices regarding seismic risks mitigation, and how the motivational orientations can subsequently be 

used to predict voluntary adoption of seismic mitigation under specific conditions of the inter-related 

motivational factors.  

Overall, the framework illustrated in Figure 6-1 postulates that increasing the likelihood of building 

owners‘ adoption and implementation of seismic mitigation will depend on the inter-relationships 

among the key determinants of seismic mitigation intention and decision and the impacts of building 

owners‘ motivational potential for earthquake preparedness.  

The following section outlines the derivations and inter-relationships among the different constructs and 

variables involved in the framework. The concepts and variables described at the three inter-related 

stages represent the key determinant predictors of earthquake mitigation decisions. Likewise, the 

statements of hypotheses derive from the inter-relationships among the key constructs and variables. 

Six main hypotheses were formulated depicting the relationships between the constructs of seismic 

mitigation intentions, decision-making and motivational interventions. Also, several sub-hypotheses 

were formulated and constructed in the form of a structural model to describe the relationships between 

the constructs and variables in the three inter-related phases.  
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Figure 6-2 Theoretical formulation and validation of the framework  Established theoretical frames and constructs  

Proposed constructs  
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 Intention Formation Phase  6.4

The discussion in this section will focus on the definition of the constructs in the intention formation 

phase by specifying their antecedents and precursors in relation to the framework. 

6.4.1 Seismic Mitigation Intention (SA)  

As illustrated in Figure 6-1, the first stage comprises the formation of intentions to prepare for 

earthquake disaster. ―Intention‖ or willingness to adopt seismic mitigation measures is a behavioural 

attribute evoked by human intrinsic factors or stimuli to explain why some individuals and not others 

are involved in earthquake risk mitigation (Paton, 2003). In natural hazard management research, 

behavioural intention represents a key precursor of protective decision or behavioural development 

(Lippke et al., 2007). Some theoretical models and findings from previous empirical research postulate 

the predictive potentials of behavioural intention to predict actual decision to implement an act or 

outcome behaviour (Paton et al., 2005; McClure et al., 2007; Lindell et al., 2009). However, ―intentions 

to adopt seismic mitigation measures‖ should not be taken to automatically imply their conversion to 

actions or decisions because the motivating potential of this factor may be influenced by attribution 

processes such as normalisation bias or unrealistic optimism (Paton, 2008). In relation to long-term 

mitigation, specifically structural modification of existing EPBs considered in this study, the presence 

of moderators such as timeframe regarding the probability of hazard occurrence (Lindell and Perry, 

2004) and lack of threat immediacy (Tierney et al., 2001) limit the predictive capabilities of behavioural 

intentions. 

Similarly, Stevens and Wheeler (2008) found that some owners of EPBs indicate an intention to retrofit 

their buildings, but apply for time extensions of 15-25 years from their corresponding city councils or 

Territorial Authorities (TAs) to implement the actual adoption of seismic mitigation. This finding 

suggests that those EPB owners‘ intentions to retrofit their buildings may not manifest into actual 

adoption of seismic mitigation due to several constraints such as procrastination, attitudes and perceived 

resource-related factors that impede the decision-making process. Thus, ―intention‖ or willingness to 

adopt seismic mitigation is conceptualised in this study as an intrinsic behavioural attribute and a 

precursor to a seismic mitigation decision that either can be spontaneous or initiated by a stimulus. 

Explicitly, “intention to prepare” refers to the extent to which an individual is willing to make 

decisions regarding whether or not to adopt seismic mitigation and it can be intrinsically enhanced. 

Accordingly, the hypothesis below is formulated: 

H1: Seismic mitigation intention (SA-intention) will positively influence the development of the 

seismic mitigation decision (SA-decision). 

Several factors identified in empirical findings in the earthquake risk management literature have been 

attributed to predict behavioural intentions (Ortberg et al., 2001; Ajzen, 2002; Paton and Johnston, 
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2006; Ajzen and Albarracín, 2007). Intention precursors used in this study are risk perception, fatalistic 

attitude, critical awareness, perceived responsibility, past earthquake experience, hazard knowledge 

and proximity. The attributive characteristics of these precursors to predict intention to adopt seismic 

mitigation are discussed in the following subsections. 

6.4.2 Critical Awareness (CA) 

Critical awareness (CA) refers to the extent of thought, discussion and information receipt about 

earthquake risk mitigation on a regular basis which raises personal concern about earthquake hazard 

that is judged to be more important to a person (Paton, 2003; Lindell and Perry, 2004). It is dependent 

on maintaining the salience of seismic risks issues (Paton, 2003). CA provides an internal stimulus for 

actions that take place in the absence of an external preceding force (Jackson, 1981). It is measured by 

the frequency of thought, discussion and information receipt about earthquake risk mitigation, and has 

been used to predict seismic mitigation intentions (Lindell and Perry, 2004). The intrusiveness of 

hazard information through CA is important because it disrupts the cognitive processing of other tasks 

(Lindell and Perry, 2004). The degree to which spontaneous thoughts or messages from others cause 

local residents to stop thinking about other tasks and focus on their vulnerability to earthquake risk was 

found as a significant predictor of seismic mitigation adoption (Lindell and Prater, 2000). However, 

predicative tendencies and effects of CA on mitigation intentions have only been assumed on 

conceptual grounds rather than being actually studied (Sorensen and Mileti, 1987). Lindell and Perry 

(2004) concluded that future studies should examine the inter-relationships among the concept of CA, 

proximity to fault lines, hazard knowledge and risk communication. Based on these reviews it is 

hypothesised that: 

h1a: Critical awareness (CA) will have a positive direct impact on the intention to prepare and 

adopt seismic mitigation (SA-intention). 

6.4.3 Fatalistic Attitude (FA) 

Fatalism or Fatalistic attitudes (FA) refers to the acceptance that events such as natural disasters are 

inevitable. Specifically, McClure et al. (2001) explained that earthquake fatalism implies that the causes 

of damage in a seismic event are attributed to the force of the earthquake alone rather than to building 

design or other controllable factors and that the impacts of earthquakes are uncontrollable (McClure et 

al., 1999). Fatalism leads to passivity in the face of serious risk (Lindell and Perry, 2000). Importantly, 

the attribution of earthquake damage to uncontrollable forces or acts of nature can suppress the roles of 

other causal factors (such as property developers and real estate agents aided by market regulations) 

contribute to the lack of intention to reduce seismic risks (Solberg et al., 2010). Previous research 

suggested that a fatalistic attitude about earthquake damage hinders intentions to prepare for natural 

hazard reduction and has also been attributed to the dominant representation of natural disasters in the 
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mass media (Fradkin, 2005; Rozario, 2007). Armaş (2006) explained that earthquake fatalism can also 

be induced when mass media reports do not stress accurate, rate-based information about why certain 

types of buildings collapse and others survive seismic tremors. Various empirical findings found 

negative correlations between FA and intention to adopt seismic mitigation (McClure et al., 2007; 

Spence, 2007). Clearly, FA diminish protection motivation in people living in earthquake-prone 

regions, thus highlighting it as a strong prediction of lack of behavioural intention to adopt seismic 

mitigation. Based on this review the following hypothesis is drawn: 

h1b: A lower level of fatalism or fatalistic attitudes (FA) will have a positive direct impact on 

seismic mitigation intention (SA-intention). 

6.4.4 Hazard Proximity (HP) 

Hazard proximity (HP) refers to the geographic distance from the hazard source (Lindell and Hwang, 

2008). Explicitly relating to seismic risks, it indicates the relative distance of the built environment to 

existing fault lines. Proximity to these lines can be perceived as a potential risk when people make 

decisions regarding alternative residences or location to reside (Lindell and Hwang, 2008). Disparate 

findings have emerged in the literature regarding the impact of proximity to fault lines on seismic 

mitigation intention and decision. Some empirical findings found positive impacts on hazard mitigation 

decisions (Farley et al., 1993), while others have found non-significant and negative effects (Mileti and 

O'Brien, 1992). No useful conclusion has been made regarding the impact on HP to fault lines on 

seismic mitigation intention or decision. Thus, it is worthwhile to examine the extent to which location 

or HP affect seismic mitigation intentions. The following hypothesis is thus as follows: 

h1c: A closer proximity to the source of hazard (HP) (i.e. earthquake fault lines) will positively 

influence the development of seismic mitigation intention (SA-intention). 

6.4.5 Risk Perception (PER) 

Risk perception (PER) refers to the ―perceived likelihood and consequence of a future adverse event‖ 

(Sjöberg et al., 2004). It has long been established as a valid precursor to the intention to prepare or 

adopt preparedness measures, which is consistent with findings in the health protective behaviour 

literature, motivation and several contemporary approaches to natural hazard mitigation (Lindell and 

Perry, 2004; Solberg et al., 2010). According to Dash and Gladwin (2007), perception of risk is shaped 

by how people interpret and personalise hazard and its related impacts. An individual who perceives 

himself or herself as vulnerable to earthquake risk, and believe subsequent disaster may affect them, is 

likely to search for actions to prevent such personal consequences in a disaster event. PER is generally 

measured in terms of three hazard characteristics (probability, severity, and personal consequences) as 

well as the immediacy of disaster impacts relating to the individual‘s exposure such as fatalities, 

property destruction and the disruption of work and normal routines (Lindell and Perry, 2000). Various 
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theoretical models and findings from empirical studies have confirmed the adequacies of these three 

items in measuring PER (Lindell and Perry, 2000). Similarly, numerous studies conducted in earthquake 

hazard mitigation found significant positive correlations between risk perception and behavioural 

intentions, seismic mitigation decisions and the adoption of risk mitigation measures (Lindell and 

Prater, 2000). Based on the proposition that increased levels of perceived risk raise the intention to 

adopt seismic mitigation, and that protection motivation tends to increase the level of hazard mitigation 

adoption, accordingly it is hypothesised in this study that: 

h1d: Risk perception (PER) will have a positive direct impact on seismic mitigation intention 

(SA-intention).  

6.4.6 Past Earthquake Experience (PEE) 

Past earthquake experience (PEE) is defined as the recency and frequency of casualties and damage 

experienced personally by the respondent, family members/relatives or by friends, neighbours, or co-

workers (Lindell and Hwang, 2008). Personal impacts from disaster events include casualties (death and 

injuries), property damage (to structures, contents, and vehicles), and/or disruption of normal activities 

(e.g. work, shopping, and travel). They constitute a significant event for the affected individual and thus 

provide more information than the vicarious experience provided by the mass media (Lindell and Perry, 

2004). The extent to which PEE affects seismic mitigation intentions and decisions has been established 

in the literature. Most empirical findings relating to the impact of PEE on mitigation intention and the 

decision-making found positive correlations with hazard knowledge, perceived risk, threat belief, CA, 

development of adaptive plans, and adoption of hazard mitigation (Tierney et al., 2001; Paton, 2003). 

According to Lindell and Perry (2004), although previous disaster experience has a direct effect on 

hazard mitigation decisions, there are possibilities that additional unidentified variables mediate the 

effect of disaster experience on hazard mitigation adoption. These arguments provide a rationale for the 

following hypothesis: 

h1e: Past personal experience (PEE) of earthquake disasters will have a direct positive impact 

on seismic mitigation intention (SA-intention). 

6.4.7 Perceived Responsibility (PR)  

Perceived responsibility (PR) relates to the extent to which an individual feels responsible for ensuring 

personal or close family members‘ safety from earthquake impacts, which is determined by one‘s 

actions (Mulilis and Duval, 1995). Arlikatti et al. (2007) found that protecting oneself and one‘s family 

is judged to be the greatest reason for adopting seismic mitigation. A causal effect of PR on seismic 

mitigation intention and adoption relates to home ownership, length of community residence, the 

presence of children or other dependents living within the household and conformity to group norms 

(Duval and Mulilis, 1999). This suggests that property owners, who are direct owner-occupiers of their 
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buildings as compared to renters, could be more motivated to adopt costly and time-consuming seismic 

mitigation such as seismic rehabilitation of EPBs. Several empirical findings and theoretical 

frameworks have implied people who feel personally responsible for preparedness against earthquake 

disaster are more likely to develop the intention to adopt mitigation actions (Lindell and Whitney, 2000; 

Paton, 2000). According to Paton (2000), PR is governed by cognitive and attitudinal processes and is 

particularly important in increasing hazard awareness, which enhances people‘s behavioural intentions 

regarding hazard mitigation adoption. Thus, perceived responsibility denotes the extent to which one‘s 

personal safety and that of close relatives is determined by one‘s actions and is an important variable 

that should be considered in earthquake risk mitigation. Based on these considerations it is hypothesised 

in this study that: 

h1f: Perceived responsibility (PR) will have a positive effect on seismic mitigation intention (SA-

intention).  

6.4.8 Effective Risk Communication (RC) 

Effective risk communication (RC )and awareness programs are significant parameters that can 

ameliorate people‘s perception about risk mitigation (MacGregor et al., 2008). According to Neuwirth 

et al. (2000), providing sufficient information about the risk and efficacy of mitigation measures 

produces greater rates of willingness to adopt protective behaviours. Paton and Johnston (2006) 

established that an effective RC strategy at the community level led to risk personalisation that allows 

people to deliberate mitigation plans at the community level and this could lead to preparedness. 

Likewise, PDAM‘s theory (see Section 3.2) emphasised that the use of a momentous RC approach will 

enhance seismic risk mitigation decisions. RC would therefore have a significant influence on both 

seismic risk mitigation and decision-making. Hence, the following hypotheses are set out: 

H2a: Adopting the use of effective risk communication (RC) strategies will positively influence 

seismic mitigation intention (SA-intention). 

H2b: Adopting the use of effective risk communication (RC) strategies will positively influence 

seismic mitigation decision (SA-decision). 

6.4.9 Intrinsic Motivators (IM) 

The adoption of seismic mitigation has consistently remained low despite the presence of personal 

socio-physiological intrinsic attributes that can stimulate the intention to implement risk reduction 

measures. Making the decision to adopt risk mitigation measures under risk and uncertainty (see 

Sections 2.4 and 3.7.1) indicates that hazard vulnerability, and situational and personality determinants 

of human motivation, can reduce the impact of spontaneous intrinsic attributes on risk mitigation 

decisions. As earlier discussed in Section 6.4.1, intention to adopt long-term hazard mitigation can 
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change over time and in the presence of other competing needs, it becomes less influential to affect 

mitigation decisions. Hence, the need to apply motivators to augment the formation of seismic 

mitigation intentions to adopt risk reduction measures. The application of intrinsic motivators at the 

intention formation phase is necessary because it will stimulate people‘s personal interest to voluntarily 

make the decision to adopt seismic mitigation (see Section 3.4.3) and expedite the transitional process 

of transforming intentions into the seismic mitigation decision. As highlighted by LaGuardia (2000), 

intrinsic motivators have critical cognitive, social, and psychological attributes that affect persistence in 

decision-making. Thus, the need to apply intrinsic motivators in order to positively influence seismic 

mitigation intentions. As conceptualised in this study and illustrated in Figure 6-1, the intervening 

intrinsic motivators introduced during the first phase will enable people‘s intentions to adopt seismic 

mitigation to proceed to a decision-forming phase. As a result the hypothesis is set as: 

H3: The intrinsic motivator (IM) will have a positive impact on seismic mitigation 

intention (SA-intention). 

6.4.10 Measurement Items of IM  

The attributes of intrinsic motivators include enhancing CA through story-telling, promoting pro-social 

mitigation behaviour and the use of mass media and policy entrepreneurs. The extent to which people 

ascribe salience to earthquake risk issues is often low in the absence of predictions of risk imminence, 

despite residing in earthquake-prone regions, being aware of future risk and having experienced past 

earthquakes (Armas, 2006). Therefore, the need to introduce CA stimulants to intensifying the salience 

of earthquake risks within the communities. The application of CA attributes in transforming intentions 

to make decisions or carry out protective behaviour has been established in the both cognitive and 

motivation-related research (Dalton et al., 2001; Paton et al., 2005). The measurement items of the 

intrinsic motivator construct are discussed below. 

 Reiterating Stories from Past Earthquake Experience 6.4.10.1

Earthquake disasters can create opportunities for narrating stories about oneself and one‘s community 

(Solberg et al., 2010). Story-telling from past experiences involves the earliest methods of oral tradition 

that focus on educating and transmitting knowledge and skills, and which reflect norms, values and 

culture shared within communities (Haigh and Hardy, 2011). According to Abma (2003), the act of 

knowledge-sharing that tends to make information more memorable will have a greater likelihood of 

assuming significance.  

Story-telling regarding PEE and coping strategies among family and community members can augment 

the level of acceptability of earthquake reality and consequently increase their level of concern for 

seismic risks (Paton, 2006). It can equip people with information on actions to take in order to reduce 

disaster impacts and how to cope during these events. Thus, individuals can assume control over the 
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repetition of such disastrous events (Bendix, 1990). This act of story-telling can subsequently increase 

people‘s level of perceived responsibility to protect themselves, their families and communities from 

seismic hazard, and is likely to convert preparedness intentions to actions (Lindell and Whitney, 2000; 

Paton and Johnston, 2001). Story-telling can address change in people‘s attitudes and behaviour by 

casting the key information somewhere along a wide range of sense-making possibilities, other than 

information accorded with scientific jargons (Brown et al., 2009). Thus, its application to seismic risk 

mitigation.  

 Policy Entrepreneurs 6.4.10.2

Earthquake policies and legislations are mechanisms used to mitigate the risks of natural hazards (see 

Section 2.3). However, the formulation, adoption and implementation of earthquake mitigation policies 

and legislation is characterised by an intensely political process because the justification of enormous 

investment in low probability events can be difficult (Prater and Lindell, 2000; Wood, 2004). Generally, 

disasters characterised with low probability events usually elicit low attention levels from both policy-

makers and the public, despite readily available information about the hazard (Wood, 2004). Successful 

adoption of such policies for effective hazard mitigation policy is unlikely without the efforts of a 

skilled entrepreneur who can mobilise latent public support and associate the legislation with widely 

shared values (e.g. health and safety) (May, 1991). A policy entrepreneur is an advocate or champion 

who mobilises community support for relevant policies and ensures it stays on the agenda until the 

desirable objectives are achieved (Berke and Beatley, 1992; Olson and Olson, 1993). From a broader 

perspective, various empirical findings have documented the fundamental role that policy entrepreneurs 

play during the policy formulation and adoption process (Wood, 2004; Olshansky, 2005). Policy 

entrepreneurs can intensify the salience of seismic risks by mobilising a coalition of people with 

common interests among community members to frame risk mitigation issues as important elements on 

community agendas (Prater and Lindell, 2000). Policy entrepreneurs will thus be responsible for the 

continuous communicating of risk information and analysis in order to generate support from different 

levels of government. As a result of these reviews, the use of policy entrepreneurs to promote CA is 

adopted in this study. 

 Mass Media 6.4.10.3

The mass media represents the primary source of information for the public about natural disasters 

(Fischer III, 1996). They can significantly influence people‘s preparedness towards hazard mitigation 

by constructing, amplifying, and dramatising the extent of risk exposure (Beck, 1992). According to 

Paton (2006), the media can be used to significantly improve the salience of earthquake risk issues. 

Mass media coverage of catastrophic events plays a crucial role in how people attribute different casual 

agents to disasters. Mass coverage that highlights devastation tends to reinforce people‘s belief that 

disasters are too catastrophic for an individual attempt at mitigating the risk, thus reducing their level of 

perception of risk, perceived responsibility and intention to adopt risk mitigation measures (Keinan et 
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al., 2003; Paton, 2006). The more accurate and distinctive information the mass media and citizens 

have, the better they will be able to react and respond to risks (Wagman, 2003). Overall, the mass media 

has the potential to increase the salience of seismic risk within the community. Hence, it is included as a 

measurement item of intrinsic motivators. 

 Pro-Social Mitigation Behaviour  6.4.10.4

In earthquake risk mitigation, pro-social behaviour refers to voluntary actions that are intended to help 

or benefit another individual or society, which includes the act of promoting seismic rehabilitation of 

EPBs (Goodwin, 2009). The value that people ascribe to a particular attribute (e.g. heritage building) 

determines its importance and decision weight, which consequently promotes voluntary actions towards 

a target behaviour (seismic risk mitigation) (Dahlgaard and Dahlgaard, 2003). Thus, the values that 

individuals or a group of people assign to heritage buildings can promote earthquake risk mitigation 

behaviour and action towards EPBs as some of these buildings have heritage attributes. Similarly, 

identifying with a group that focuses on promoting heritage conservation of potential EPBs would 

motivate the members to adopt risk mitigation measures in their own buildings. The social identity 

theory of disaster response (SIT) and social attachment model (SAM) of human behaviour in disasters 

posits that belonging to a group or social roots can be at the heart of earthquake-related behaviours 

(Solberg et al., 2008). People are more likely to engage in a particular behaviour such as seismic 

retrofitting of EPBs if it is in accord with the norms of a behaviourally relevant group membership 

(White et al., 2009). Explicitly, social identity is a significant motivator for enhancing seismic 

mitigation intention. 

Summarising the discussion on the intention formation phase, it is plausible to conclude that these 

factors PER, CA, PR, FA, HP, PEE and HK are proposed variables required to initiate the reasoning 

process that underlies whether a protective behaviour will be developed or not. That is, some level of 

their presence is required for the seismic mitigation adoption process to commence. Likewise, the 

application of the intrinsic motivators, reiterating stories from past expeeinces, the presence of policy 

entrepreneurs, the use of mass media and promoting pro-social mitigation behaviour would enable a 

low motivated person to progress to the decision stage and sustain the motivation of the already 

motivated individual. The next section describes the conceptualisation of the constructs and 

corresponding measurement items used in the second phase of the framework. 

 Decision-making and Analysis Phase  6.5

The decision-making and analysis phase is an intermediary stage between the formations of intention 

and the actual adoption and implementation of seismic mitigation (see Figure 6-1). This phase refers to 

the extent that a building owner who is willing to adopt and implement seismic mitigation has analysed 

critically the decision whether to adopt seismic mitigation and to what seismic performance standard 

required for the EPB. The objective of this second phase is thus to investigate the inter-relationships 
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among the factors affecting seismic mitigation decisions, and how the decision can be enhanced to 

progress to the final stage, which is the actual adoption and implementation of seismic mitigation. The 

conceptualisations of these different factors or constructs used in this phase are discussed next. 

6.5.1 Seismic Mitigation Decision (SA-decision) 

Earthquake mitigation decisions entail taking actions aimed at reducing the risks associated with 

earthquakes and EPBs (EERI, 2000). This decision of specifically retrofitting EPBs is usually evaluated 

along with other property management decisions regarding maintenance, mechanical upgrading, 

increasing rental space, future investment and other building risks such as fire and flood (EERI, 2000). 

Likewise, the decision is made in the context of the complex political, social, economic and 

institutional-related factors that surround the building and disaster management sector (Lindell et al., 

1997; Bostrom et al., 2006). The complex nature of the decision-making process discussed in Section 

2.6 affects how property owners make the final decision regarding the adoption of earthquake 

mitigation measures. Hence, the seismic mitigation decision is a precursor to the actual adoption and 

implementation of risk reduction measures. As a result, the hypothesis below is formulated: 

H4: Seismic mitigation decision (SA-decision) will significantly influence building owners’ 

adoption and implementation of seismic mitigation measures (SA-Adoption). 

The factors affecting seismic mitigation decisions identified from the qualitative findings and past 

literature are resource requirements, mitigation efficacy, trust in stakeholders‘ relationships, perceived 

benefits of adopting seismic mitigation and regulatory requirements. These factors and their 

relationships to seismic mitigation decision are discussed in subsequent subsections.  

6.5.2 Perceived Benefit (PB) 

People are primarily motivated by the perceived benefits (PB) derived from carrying out a particular 

task (Vroom, 1964; Porter and Lawler, 1968). Several expectancy-valence models discussed in Section 

3.5 suggest that an individual‘s hazard mitigation adoption intention and decision are influenced by 

both people‘s expectations (expectancies) and the perceived importance of the mitigation measures 

(valences). Thus, PB is conceptualised in this study as the extent to which people‘s judgement regarding 

the benefits that can be derived from adopting and implementing seismic mitigation will affect their risk 

mitigation decisions. Several research findings in motivation and natural hazard management 

emphasised that the higher the PB ascribed to an expected decision outcome, the greater the utility 

assigned to the mitigation measure, and the higher its chances of likely adoption (Tien, 2000; Lindell et 

al., 2009). The PB of adopting seismic mitigation include ensuring safety (life and property), increasing 

property value, usefulness of mitigation for other purposes, heritage preservation, reduced social and 

economic displacement costs, owners‘ self-esteem and public recognition (Anthony et al., 2007; Rose 

et al., 2007). Although these PBs have been suggested in the literature as possible determinants of 
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seismic mitigation decision, their empirical justifications are yet to be demonstrated. Similarly, no 

existing study found in the literature has examined the preferences of the different types of building 

owners (see Section 2.5.1.5) regarding perceived benefits that can be derived from adopting seismic 

mitigation. This study intends to examine the extent to which the perceived benefits that are yet to be 

tested empirically influence seismic mitigation decision. These arguments therefore provide a rationale 

for the following hypothesis: 

h4a: Perceived benefits (PB) will have a significant positive influence on seismic mitigation 

decisions (SA-decisions). 

6.5.3 Resource Requirement (RR) 

Resource requirements (RR) relates to the belief about the adequacy of knowledge, skills and resources 

that include finance, materials and equipment to mitigate disaster impacts (Paton, 2003; Lindell and 

Perry, 2004; Johnston et al., 2005; Bandura, 2010). For instance, if an individual lacks sufficient 

resources (such as money, time, or skills and knowledge to mitigate hazard impacts), it is unlikely that 

they will adopt seismic mitigation. A review of the research addressing the effect of personal RR on the 

adoption of hazard mitigation revealed that they have been tested to positively correlate to seismic 

mitigation decision and the actual adoption of mitigation measures (Johnston et al., 2005; McIvor et al., 

2009). Other factors attributed to the perception of RR include involvement in community activities, 

popular culture, and the political discourse necessary to alleviate hazard impacts (McClure et al., 2007; 

Rozario, 2007). However, Lindell and Perry (2004) explained that only two of the specific RR attributes 

(financial cost of mitigation and its difficulty or complexity of implementation) have been focused on in 

the literature. Moreover, the effects of financial cost on the adoption of hazard mitigation has mostly 

been inferred, because existing studies have only quantitatively investigated the correlation of reported 

adoption with household income and not the impact of the actual cost of implementing hazard 

mitigation on mitigation decision. This study intends to fill this gap by exploring the four RR on 

seismic mitigation decisions adopted from PADM, which is related to the proposition of PrE and Paton 

et al.‘s (2003) analysis of self-efficacy in the social cognitive preparation model (see Section 3.2.2). 

Hence, it is posited in this study that:  

h4b: The perceived adequacy of resource requirements (RR) to implement seismic mitigation will 

have a significant positive impact on the decision to adopt earthquake reduction 

measures(SA-decision).   

6.5.4 Regulatory Requirements Efficacy (RRE) 

Seismic regulatory requirements(RRE) refer to regulations enacted to protect the public from 

earthquake disaster consequences such as loss of life or injury, damage to property and infrastructure 

and disruption of communities activities (May, 2001). Earthquake-related regulations such as policies, 
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building codes and legislation are significant for disaster risk mitigation because property owners are 

mandated by these legislative frameworks to adopt mitigation measures to a certain level (Burby and 

May, 1999). The constraints and benefits associated with earthquake-related regulatory frameworks are 

discussed in Sections 2.3 and 2.4. As conceptualised in this study, efficacy of earthquake-related 

policies and legislation relate to the extent that the adoption and implementation of these regulations 

affect building owners‘ decisions to adopt and implement seismic mitigation measures (Prater and 

Lindell, 2000). How people assess the effectiveness of earthquake-related regulations has been 

attributed to perceived risks, community level of acceptable risks, policy formulation and the 

implementation approach for treating unacceptable risks, and the policy type which can either be 

prescriptive or performance-based (May and Birkland, 1994; Burby and May, 1999; Prater and Lindell, 

2000; Burby, 2003; Comerio, 2004; Burby, 2005; Burby et al., 2006). Other attributes relating to the 

efficacy of earthquake risk regulations include the influence of state mandate, community participation 

in policy development and adoption, political support and socio-economic conditions (Prater and 

Lindell, 2000; May, 2001; Comerio, 2004; Burby et al., 2006). Although many of the attributes listed 

above have been examined in the literature, there are limited empirical findings to suggest their 

feasibility and success in examining the efficacy of earthquake-related regulations in predicting seismic 

mitigation decision (Burby et al., 2006). Similarly, the attributes used in investigating the efficacy of 

seismic-related regulations have only focused on the implementing jurisdictions and local governments 

and are yet to be examined at the individual owner‘s level. This study examines the efficacy of 

earthquake-related regulations at the individual property owner‘s level by proposing the following 

hypothesis: 

h4c: Regulatory requirements efficacy (RRE) will have a significant impact on building owners’ 

seismic mitigation decisions (SA-decision). 

6.5.5 Seismic Adjustments Efficacy (SAE) 

Seismic adjustments efficacy (SAE) refers to the extent to which people presume or estimate the 

adequacy of seismic mitigation measures to ensure protection from earthquake disasters will affect their 

mitigation decision (Mulilis and Duval, 1995; Lindell and Perry, 2004; Lindell et al., 2009). In other 

words, SAE denotes presumed success of risk mitigation measures such as the extent to which the 

structural designs adopted in the retrofitting of EPBs will protect both persons and property in an 

earthquake event. SAE is measured by the degree of reduction in vulnerability to the hazard impacts 

(Cross, 1980). Theoretical support for including SAE as a determinant of seismic risk mitigation 

decision is emphasised in TRA, PADM, and PrE theories (see Section 3.2). These theories argue that 

mitigation efficacy refers to people‘s estimates regarding the effectiveness of an action in achieving 

protection and is expected to positively affect the decision to adopt hazard mitigation. Equally, a 

number of empirical studies in earthquake risk management have provided justification that mitigation 
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adjustments efficacy could significantly affect an individual‘s decision to adopt risk preventive 

measures (Mulilis and Duval, 1995; Lindell and Perry, 2000). The attributes of SAE adopted in this 

study are effectiveness to ensure safety, aesthetic outcomes and perceived implementation barriers 

(knowledge and skill or tools and equipment, cost and time requirements). Hence, the following 

hypothesis is set out:  

h4d: Perceived seismic mitigation efficacy (SAE) will significantly influence the decision to 

adopt seismic mitigation (SA-decision). 

6.5.6 Trust in Stakeholders’ Relationship (TSR)  

Stakeholder inter-relationships (TSR) is another important factor affecting seismic mitigation decisions 

(Petak, 2002; Arlikatti et al., 2007). This relationship affect risk mitigation decision through either the 

acceptance or non-acceptance of information regarding natural hazard mitigation (Arlikatti et al., 2007). 

The TRA discussed in Section 3.2.1.1 describes this process as the extent to which trust among the 

stakeholders influences people‘s attitudes toward seismic mitigation adoption. The role of trust and 

belief in the risk mitigation decision-making process is apparent in all aspects of social interactions, 

such as those that exist between government organisations, industry practitioners and the public (Paton, 

2008). The level of trust could determine the credibility of risk information accorded to these experts 

(Siegrist and Cvetkovich, 2000). Lack of trust undermines the assumptions that people make concerning 

the motivation of those providing the information, their competence and the reliability of the 

information given (Earle, 2004), and consequently their decision to adopt seismic mitigation. 

Credibility assigned to hazard information sources can therefore positively or negatively influence 

seismic mitigation decisions (Lindell and Perry, 2004). Despite the continual recognition of the relative 

importance of trust in stakeholders‘ inter-relationships in earthquake risk mitigation, limited empirical 

studies have focused on the role of trustworthiness in information exchange among the stakeholders and 

how it consequently affects building owners‘ adoption of seismic mitigation (Burby, 2003; Arlikatti et 

al., 2007). The review and findings from the qualitative study provide the rationale for the hypothesis:  

h4e: Perceptions of stakeholders’ trustworthiness (TSR)  will influence seismic mitigation 

decision (SA-decision). 

6.5.7 Extrinsic Motivators (EM)  

The factors affecting seismic mitigation decisions discussed in the section above are conceptualised as 

attributes that could significantly influence whether a building owner will adopt and implement seismic 

mitigation or not. In order to enhance a seismic retrofit decision and allow it to progress to the actual 

adoption and implementation phase, a set of extrinsic motivators proposed as incentives are introduced 

in the second phase. An incentive is any factor that can be financial or non-financial which enables or 

motivates a particular decision or course of action (O'sullivan and Sheffrin, 2003). According to 
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Hwacha, (2005) incentives could remove some of the implementation barriers to seismic mitigating 

decisions. Several expectancy and reinforcement theories (in addition to findings from the qualitative 

study) have demonstrated the motivational processes and consequences associated with the use of 

incentives to initiate a decision outcome (Skinner, 1953; Vroom, 1964; McCoy, 1992; Higgins, 1998). 

Similarly, research into natural hazard management proposed that extrinsic motivators that include 

financial and non-financial incentives could influence risk mitigation decisions (Lindell and Perry, 

2004; Hwacha, 2005; McClean, 2009).  

Presently, there are no incentives associated with earthquake risk mitigation and specifically the seismic 

retrofitting of EPBs in New Zealand. Hence, incentives deliberated upon in this study are specifically 

for seismic retrofitting of EPBs because they are necessary as the rehabilitation of existing EPBs is 

usually cost, skill and time-intensive (Lindell and Perry, 2004; Rose, 2004). Other seismic mitigation 

measures (such as earthquake insurance and securing house contents) are generally applicable to every 

individual, readily available and can easily be adopted (Kunreuther, 2008). Thus, it is necessary to 

provide additional incentives that are specific only to seismic retrofitting of EPBs. Although several 

empirical studies and predictive models have been used to examine seismic mitigation decisions (see 

Section 3.5), there is no framework that has holistically examined how pre-disaster mitigation decisions 

can be enhanced and sustained. The application of extrinsic interventions as postulated in this study 

would likely enhance and sustain the motivation to adopt and implement seismic mitigation measures. 

This assumption is based on the findings from the qualitaive study and that of Eliott and Mapes (2002) 

that an extrinsically motivated individual would engage in activities in pursuit of rewards such as 

money, prestige, safety, coercion and threat of punishment (see Sections 3.4.3 and 5.6). The hypothesis 

formulated to test the predictive capability of the extrinsic motivators is:  

H5: Extrinsic motivators (EM) will have a positive impact on seismic mitigation decisions 

(SA-decision). 

6.5.8 Measurement Items of EM 

The measurement items of the extrinsic motivator construct are discussed in detail in subsequent 

sections relating to the different potential incentives to property owners to adopt and implement 

earthquake risk reduction measures.  

 Financial-based Incentive (FI)  6.5.8.1

Financial incentives serve as a means of providing extrinsic rewards for building owners to adopt and 

implement seismic hazard mitigation. There are several financial incentive mechanisms proposed in the 

literature such as reduced insurance premium, catastrophe bonds grants, loans at subsidised interest 

rates and tax deductibles (Kunreuther, 2001). Financial incentives could enhance the adoption of 

seismic hazard mitigation by reducing the initial cost of implementation (Lindell and Perry, 2004). 
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However, the use of financial incentives has increasingly raised objections by some regarding the 

rationale for the government to subsidise a particular segment of society (Kunreuther, 2001). According 

to Lindell and Perry (2004), the net effect of well-designed financial incentives lies in the fact that 

households and businesses in such hazard-prone areas benefit by reducing their overall vulnerability 

reduction, as the government spends less tax money on disaster assistance and recovery. Financial 

incentives considered in this study are: reduction in consent fees, tax credits and deductibles, reduced 

insurance premium, public low-interest loan programs, reduced permit fees, fee waivers and a cost-

sharing approach. These incentives are selected based on the findings from the qualitative study and on 

the research scope (commercial properties) discussed in Section 1.6. Hence the hypothesis below is 

specified: 

h5a: Financial-based incentives (FI) would positively reflect an extrinsic motivator (EM) and 

significantly influence a seismic mitigation decision (SA-decision). 

 Technological-based incentive (TBI) 6.5.8.2

Technological innovations and technical assistance programs, especially for seismic retrofitting of 

EPBs, are specified under the TBI. Technological innovations (such as sustainable and cost-effective 

seismic retrofitting design solutions) signify a more advanced way of achieving risk reduction because 

they could reduce the trade-off between efficacy and cost. Lindell and Perry (2004) explained that 

technological innovations in seismic retrofitting techniques could provide greater efficacy at the same 

cost as existing methods of protection, while concurrently in some cases both cost and performance 

improvement can be achieved. The development of sustainable and cost-effective risk mitigation 

measures provides an extrinsic reward for the adoption of a seismic mitigation measure and at the same 

offers value for money (valence). Value for money provides more protection per dollar invested through 

increased efficiency and could enhance the intrinsic motivation to adopt seismic mitigation (Lindell and 

Perry, 2004). Likewise, technical assistance programs specifically for seismic retrofitting of EPBs such 

as publications that include the identification of EPBs and a selection of appropriate mitigation 

strategies can enhance building owners‘ and other stakeholders‘ knowledge when making seismic 

mitigation decisions. The development and adoption of similar publications in New Zealand could 

improve seismic retrofitting of EPBs. Overall the attributes of TBI proposed are: increasing the 

economic sustainability of EPBs; providing technical assistance by city councils and industry 

professionals; carrying out seismic retrofitting alongside building renovations; giving opportunities to 

combine seismic retrofit with environmental sustainability issues during strengthening; making 

available cost-effective and sustainable design innovations; and educating property valuers on issues 

relating to EPBs. The hypothesis below is thus proposed: 

h5b: Technological-based incentives (TBI) would positively reflect an extrinsic motivator 

(EM) and significantly influence a seismic mitigation decision (SA-decision). 
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 Regulatory-based Incentive (RBI)  6.5.8.3

Regulatory-based incentives (RBI) proposed in this study are: implementing mandatory disclosure of 

earthquake risks at the point of sale/rent; comprisal of seismic risks in property valuation assessments; 

implementing sanctions for building owners not retrofitting their EPBs; improving building standards, 

guidelines and building code; implementing a grading system; developing public policies tied to seismic 

strengthening to promote earthquake hazard mitigation, specified permitted uses, plot ratios or site 

intensity zoning; and mandating the use of transferable development rights. Some of these incentives 

are briefly described. 

Mandatory disclosure of seismic risks will enhance a building owner‘s level of PB from retrofitting 

through increased property value and lower insurance premium. Mandatory disclosure of these risks in 

all transactions in the property market would communicate accurate risk information to buyers, insurers 

and lenders, consequently leading to an informed market. A market that is adequately informed about 

earthquake risks and its associated benefits could possibly force down the property value of non-

retrofitted EPBs (Nakhies, 2009). Similarly, the insurer can adequately estimate the building risk 

through a risk-based premium, reducing the capitalisation rates of retrofitted buildings due to lower 

investment risk. Likewise, the extent to which PB  or sanction influence a decision to adopt seismic 

mitigation agrees with Vroom‘s postulation that the rewards (positive or negative) associated with the 

accomplishment of the task influence the thought processes used by individuals when making decisions. 

This indicates that building owners are likely to increase investments in seismic retrofitting if they 

perceive a potential increase in their property value or income streams or that they may be facing 

regulatory sanctions such as pulling down their EPBs or monetary fines for non-compliance. Sanctions 

provide extrinsic motivation for non-compliance to seismic risk mitigation specified in earthquake-

related regulations. Sanctions though appear to be a simple, effective and an economical method of 

ensuring compliance to the adoption of seismic mitigation. However, they can become unpopular 

politically and the target of criticism from economists regarding the inefficiencies of command and 

control systems regarding societal decision-making processes (Horwich, 1993; Lindell and Perry, 

2004). 

In addition, social recognition provides extrinsic reward for adopting and implementing seismic 

mitigation. Social recognition is the acknowledgement of notable achievements by individuals, groups 

or businesses (Honneth, 1996). Recognition can take many forms such as awards and celebrations or 

reporting such risk mitigation efforts in the media. For instance, a TA or community could recognise 

individuals or businesses that adopt seismic mitigation beyond the minimal code or significantly 

contribute to earthquake risk mitigation. Recognition of efforts can also be accorded to policy 

entrepreneurs (see Section 5.3.3.6.3), such as publicly recognising elected officials who have 

significantly contributed to earthquake risk mitigation within a particular city. The hypothesis below is 

thus set out to examine the impact of RBIs on seismic mitigation decision: 
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 h5c: Regulatory-based Incentives (RBI) would positively reflect an extrinsic motivator (EM) 

and significantly influence a seismic mitigation decision (SA-decision). 

  Property-market based incentive (PMI)  6.5.8.4

Three PMIs are proposed in this study: mandatory recognition of seismic risks in property valuation 

assessment; public awareness and education programs about seismic risks for property market 

stakeholders; and creating value for seismic risks in the property market. Seismic risk has not accorded 

relative importance in the financial analysis of most property investment opportunities such as building 

valuation assessment, property sales and rentals. Presently, seismic risks are not usually catered for in 

property valuation reports in New Zealand unless specifically requested by clients. Building values are 

determined only on the amount of rentable space and income generated from the building rather than 

the historical value or structural integrity of the property (Adair et al., 1994). Given that seismic risk 

appears to have a potentially significant effect on the overall income return from a property, and 

therefore on property value (Onder et al., 2004), it is poorly accounted for in property valuation and 

investment decisions. This valuation assessment reduces the actual property value of any retrofitted 

building with equivalent structural capability and of historical relevance. Mandatory comprisal of 

seismic risks in property valuation assessment can create value for seismic risks in the market. 

Moreover, creating such value in the property market has been suggested in the literature and is 

confirmed as a significant motivator for improving a building‘s seismic performance (May et al., 1998; 

Hopkins, 2005; Nakhies, 2009). Creating value for seismic risks in the property market could be used to 

influence the adoption of seismic mitigation through comprisal of seismic risks in property valuation 

assessment. Furthermore, findings from the interviews revealed that public awareness and education 

programs about seismic risk and mitigation methods are necessary to enhance investment decisions 

regarding EPBs. There is now a greater need for earthquake-related information for all the stakeholders 

in the property market. Hence the following hypothesis is posited:  

h5d: Property-market based incentives (PMI) would positively reflect an extrinsic motivator 

(EM) and significantly influence seismic mitigation decision mitigation (SA-decision). 

6.5.9 A Stakeholder’s Approach (STP) 

A stakeholder‘s approach (STP) is hypothesised in this study as a collective system orientation that 

combines the interactions of the constructs in the first and second phases (seismic mitigation intention 

and decision-making phases), immersed in a “social context to influence the adoption of seismic 

mitigation decision and adoption‖. The interactions of the variables of the first two phases are 

individual-based and immersed within a group social context. The stakeholder‘s approach requires a 

joint ability to collectively identify risks, proffer mitigation strategies and plan implementation actions 

that will overcome the problem of procrastination and response to the threat. Specifically, this collective 

system orientation includes the identified stakeholders in this research (see Section 2.5.1), who can 
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serve as credible sources of information about hazards and seismic mitigation, as well as promote and 

sustain building owners‘ decisions to adopt and implement risk reduction measures. Consequently, risk 

information, mitigation measures and implementation actions derived from this collective stakeholders‘ 

approach is more likely to be heeded and comprehended, thereby influencing the implementation of 

seismic mitigation measures. According to the PDAM (see Section 3.2), a seismic mitigation decision 

immersed in a social context is significant for social relationships and developments that foster 

collective protective actions against environmental threats. In natural hazard management, such 

immersion serves as a social psychological function of providing decision-makers with sources of 

information and as a support in evaluating such information (Lindell and Perry, 2004). Although, the 

social context variables have received little attention from disaster management researchers, especially 

earthquake risk mitigation, there is some evidence that these variables have significant relationships 

with more direct determinants of disaster response. A stakeholder‘s approach is therefore hypothesised 

to provide the collaborative opportunities needed to promote participation in natural hazard and disaster 

mitigation. Hence the following hypotheses are formulated:  

H6a: A stakeholder’s approach, i.e. an increased collaboration amongst the stakeholders 

(STP), would have a positive impact on a seismic mitigation decision (SA-decision). 

H6b: A stakeholder’s approach, i.e. an increased collaboration amongst the stakeholders 

(STP), would have a positive impact on seismic mitigation adoption (SA-adoption). 

To summarise the discussion on the decision-making and analysis phase, the identified factors 

influencing seismic risk mitigation decision could be enhanced by the presence of the extrinsic 

motivators, allowing a less motivated property owner to progress from the decision-making and 

analysis phase to the adoption and implementation phase. Similarly, the application of the stakeholder‘s 

approach depicts that the immersion of the first two phases in a social context would have a significant 

effect on all stages of the protective actions and seismic mitigation adoption and implementation 

(Lindell and Perry, 2004). The last phase, about adoption and implementation, is discussed in the next 

section.  

 Adoption and Implementation Phase  6.6

The actual adoption and implementation of seismic mitigation measures refers to the final phase in the 

framework development. Decisions to adopt seismic mitigation will proceed to the actual adoption and 

implementation phase when all the factors influencing intention and decision in the first and second 

phase have been satisfactorily considered and enhanced. Specifically, when building owners make 

decisions to retrofit, it is assumed that an option that is most likely to be effective in achieving 

protection and is logically feasible has been chosen. The developed framework is illustrated in Figure 6-

2. Overall, six main hypotheses were developed and 15 sub-hypotheses formulated in the framework 
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developed for this study. The following section provides the necessary empirical support for the 

developed framework.  

 Empirical Support for Framework 6.7

Previous research on earthquake risk management underscores a need for better theories that adopt a 

holistic approach to the study of earthquake risk management decisions. The framework developed in 

this study derives its strength by integrating theories and research in natural hazard management and 

motivation by amalgamating the different empirical findings on risk decisions and motivation. The 

framework is consistent with research work on behavioural decision-making (Feldman and Lindell, 

1990) and attitude-behaviour relations (Eagly and Chaiken, 1993) and motivation (Ryan and Deci, 

2000). The framework is also compatible with PrE theory (Mulilis and Duval, 1995) and PADM 

(Lindell and Perry, 2000) adopted  to explain seismic mitigation decision by examining similar 

variables (see Section 3.4). Moreover, the framework addresses a broader range of constructs that 

include social, regulatory, institutional, economic and behavioural perspectives that underlie human 

reasoning and judgements regarding disaster preparedness. A motivational approach incorporated in 

this framework adopts Skinner‘s reinforcement theory (1953) and Expectancy theory (1964) to predict 

voluntary behaviour and decisions people make among different alternatives.  

Similarly, Lindell and Perry (2000) suggested that to improve existing theories, natural researchers 

should recognise the relevance of the broader literature on protective behaviour and attitudes and assess 

a wider range of constructs. Previous studies reviewed in Chapter three, the present chapter, as well as 

findings from the qualitative study reported in Chapter five, have addressed most of the important 

variables in the theoretical framework necessary to examine how property owners‘ earthquake risk 

mitigation decisions could be enhanced. Specifically, the studies summarised in Section 3.3 and 

tabulated in Table 3.1 confirmed the empirical observations of these variables. Similarly, the 

predicative capabilities of some of the intrinsic and extrinsic interventions adopted in this study has 

been established in Section 5.3.3.  

Furthermore, consistent with the Social Cognitive Preparation Model (Paton, 2003), the framework 

identifies the critical stages relevant to an individual‘s adoption of protective actions and for each stage 

recognises the factors that can either enhance or discourage the decision-maker. Consecutively, intrinsic 

and extrinsic interventions incorporated in the framework are also consistent with the works of 

DeCharms (1976), Porter and Lawler (1968) and Cavalier (2000) on significant interactions between 

intrinsic and extrinsic motivational variables. Thus, the framework developed in this chapter aims to 

address the gaps in literature and theory on how to induce, enhance and sustain appropriate seismic risk 

mitigation decisions and actions.  

 

SA-

adoption 
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In addition, the framework extends research in earthquake risk mitigation by: (1) identifying the 

potential motivational and psychological mechanisms necessary to sustain seismic mitigation decisions 

to actual implementation; (2) providing theoretical building blocks to investigate the key determinants 

of earthquake mitigation decisions; (3) complementing advances in frameworks for enhancing seismic 

mitigation decisions; and (4) providing a theoretical step toward developing a comprehensive and 

holistic approach to understanding the risk mitigation motives. Such a measure would facilitate targeted 

strategies and interventions to enhance building owners‘ adoption of seismic mitigation at the individual 

property owner‘s level, and overall reduce people‘s vulnerability to earthquake hazard. The 

development of the model from the framework that allow for quantitative analysis procedures are 

detailed in Appendix B2, which include the model specification and operationalisation of the constructs 

and measurement items that guide the research in terms of data collection and analysis.  

 Summary 6.8

This chapter fulfils research objective three of this study by developing a framework necessary to 

examine how building owners‘ adoption and implementation of seismic mitigation measures could be 

enhanced. The framework is derived from a range of existing theories and empirical studies to address 

an individual‘s decision to adopt seismic mitigation and to illuminate strategies that will initiate, 

promote and sustain the adoption of long-term earthquake mitigation. Based on a review of the 

literature presented in Chapters 2 and 3, as well as findings from the qualitative study, six main 

hypotheses and 15 sub-hypotheses were formulated. The framework represents the structural 

relationships between seismic mitigation intention, decision-making and actual adoption and the 

implementation of risk mitigation measures. Overall, there are seven constructs in the model and a total 

of 89 measurement items in the developed model. The framework is quantitatively tested and the data 

analyses results are reported in the next chapter. 
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 Figure 6-3 Framework Development  
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   CHAPTER 7

Testing the Developed Framework  

 Introduction  7.1

The chapter presents the data analysis and results used to quantitatively test the decision enhancement 

model developed in the previous chapter. This chapter addressed the second part of the third research 

objective poised in this study, which is to test a model for examining the relationships among the 

factors affecting seismic mitigation measure decisions in order to enhance building owners‘ risk 

likelihood of adopting adequate mitigation measures. Before proceeding to the results reporting, the 

sample profile of respondents and response rates are first examined, followed by the assessment and 

treatment of the data set which attempts to establish the trustworthiness of the sample data. This is 

followed by the results of both the classical and contemporary data analysis processes that provide 

confidence of reliability and validity of constructs i.e. the structural and measurement model used for 

the modelling attempts. The last section presents the conclusions drawn for the respective hypothesis 

testing in the study, which involves the assessment of the path coefficients that describe the 

hypothesised relationships in the specified decision enhancement model, where six main hypotheses 

and sixteen sub-hypotheses were formulated. Overall, the testing of the model in this chapter seeks to 

understand the underlying motivational orientation of enhancing earthquake risk mitigation decisions.  

 Sample Characteristics  7.2

Sample profiling and analysis of the respondents‘ characteristics allows a comparison of the survey 

participants and their representativeness to the total sampling frame of stakeholders involved in seismic 

risk mitigation decisions as discussed previously in Section 4.5.1.  

7.2.1 Response Rate and Non-Response Bias Assessment 

A total of 510 online questionnaires were administered to the six different stakeholders involved in 

seismic mitigation decisions defined in Section 5.6.1. The surveys were mailed out on 1 March 2010 

and closed on 31 May 2010. A total of 208 surveys were completed online, representing a response rate 

of 40.8%, see Appendix Table B-1 for the response rate analysis result. This response rate compares 

favourably with other studies in earthquake risk management such as Lindell et al. (2009), Lindell and 
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Hwang (2008), Zhang and Lindell (2010) and Ronan et al. (2001) who obtained response rates of 22%, 

26%, 28% and 54%, respectively. 

In addition, a non-response bias assessment was conducted to ascertain that the responses received were 

actually representative of the population examined in this study. An extrapolation method 

recommended by Churchill (1991) was used to examine the non-response bias by comparing the 

responses from early and late respondents. The mid-point of the data collection period can be used to 

differentiate early from late respondents (Compeau and Higgins, 1995), thus the date of 15 April (which 

represents the mid-point of the data collection period) was used to ascertain the differentiation. The two 

groups were compared systematically using demographic data such as location, respondent‘s category, 

designation and years of experience. The mean of each question was compared by conducting non-

parametric two-sample independent sample t-tests with SPSS 19.0. No significant differences were 

found between early and late respondents‘ demographic variables at the alpha level of 0.05. Therefore it 

is plausible to conclude that there was no indication of any significant non-response biases. The non-

response bias assessment is presented in the Appendix Table B-2. 

7.2.2 Respondents’ Profile 

The analysis of the first part of the questionnaire (Section A) provides the background details of the 

respondents. Table 7.1 provides a summary of the general demographic information about the survey 

respondents. The building owners represent most of the respondents (30%), which indicates that the key 

decisions-makers in seismic decisions are adequately represented in the study. The building owners‘ 

category comprised the different ownership types: private (18.5%); public (8%) and non-profit (3%). 

Among the consultants category, engineers were predominantly represented (21%) compared to others 

such as architects (9%), city council officials (12%) and other consultants (7%). The distribution of the 

work designation shows that the engineers are the main professionals involved in EPB decisions and 

projects. Sixty-nine percent of the respondents have been individually involved in making decisions 

regarding seismic retrofitting of EPBs, while 32% have personally experienced an earthquake event.  

Seventy-four percent of the respondents reside in a high-medium earthquake region such as Wellington, 

Christchurch and Gisborne/Napier. The respondents‘ geographical distribution could provide an 

indication of the impacts of proximity to hazard source (fault lines) on earthquake risk mitigation 

decisions. The respondents have an average working experience of 14 years of experience in EPB 

projects, with an average of 16.5 years of professional working experience within the New Zealand 

construction industry and disaster management fields. The respondents‘ profiles show that most of them 

are familiar with earthquake risk mitigation decisions and EPB rehabilitation projects. Hence, they are 

well experienced on the subject matter and in a position to provide reliable information. The next 

section provides a summary of EPB projects implemented by the respondents. 
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Table 7.1 Characteristics of respondents 

 

7.2.3 Profile of Projects Selected by Respondents  

Table 7.2 provides a summary of the EPB projects selected by the respondents upon which responses 

were provided. The responses showed that EPBs used for commercial purposes (52%) are the most 

retrofitted category and were built prior to 1935 (48%) and 1976 (43%). This result is no surprise 

because the Building Act (2004) specifically addressed older commercial buildings built prior to 1976. 

The majority of the projects reported are located in high-risk regions (89%). In addition, most of the 

buildings have recently been retrofitted; 52% were retrofitted less than a year ago and 32% were 

strengthened between the last two and four years. Some of the recently retrofitted EPBs were 

strengthened to a seismic performance level of between 10%-33% NBS, which is below the NZSEE‘s 

recommendation discussed in Section 2.3. Hence, the profile of projects provided by respondents 

represents a good basis to study seismic risk mitigation decisions and how owners of commercial EPBs 

can be motivated to retrofit their vulnerable buildings.  

In summary, a good level of response to the survey was achieved when compared to other studies in 

natural hazard and disaster management studies. The respondents‘ profile and selected project 

characteristics provide an indication of the right mix of respondents required in this research. Hence, the 

data set can be analysed for preliminary assessments which are reported in the subsequent section. 
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Table 7.2 Characteristics of EPB projects handled by respondents 

 

 Preliminary Data Analysis 7.3

This section outlines the initial data cleaning, screening exercise as well as the assessment and 

treatment of any potential problems present in the data set used in this study. The data set was cleaned 

and screened by checking the questionnaire completion rate, entering additional coding for categorical 

data and the treatment of missing data. Questionnaire coding was carried out and the data entered into 

SPSS to check for further accuracy. The data report summary and frequency distributions were run in 

SPSS to check for out-of-range responses and missing data. Analysis of missing data was carried out 

and reported in Section 8.3.1. Other potential problems common to the survey and requirements for 

PLS-SEM analysis (such as normality, common method variance and multicollinearity) were conducted 

and reported in subsequent subsections. 

7.3.1 Missing Data and Sample Size 

A total of eight surveys were incomplete and deemed unusable according to the criteria recommended 

by Hair et al. (2010); it was decided that the eight cases with a missing value ratio larger than 15% 

should be removed. The audit of the remaining usable 200 surveys showed that 19 surveys were 

incomplete, having two or more questionnaire items missing. Hair et al. (2010) recommended that 

variables with a missing value ratio of less than 10% with no missing value pattern can be retained in 

the data. The level of overall missing data of less than 6% is relatively low in the data set (see Appendix 

Table B-3). The assessment of the missing data pattern showed no specific random pattern. Hence, 
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these cases were retained because the overall inferential results would not be affected by them. To fill 

the missing data, Little‘s MCAR test was performed in SPSS 19.0, which showed no significant 

difference between the complete cases and the cases with missing data. The results for this test were X2 

(1205) = 1334, p <.0152. Hence, the statistical imputation method using expectation-maximization 

(EM) was used to estimate replacement values for the missing data (see Appendix B2).  This approach 

allowed all valid responses to remain in the data set while estimating the missing values based on the 

variable variance. After the clean-up of all missing values, the final usable responses were 200.  

The usable surveys generated an effective response rate of 39.2%. A response rate of 39.2% with a total 

of 200 cases indicates that there are sufficient observations to analyse the data set with PLS-SEM (see 

Section 4.5.3.2). Also, according to Hair et al. (2010), a sample size between 100 and 400 is sufficient 

for SEM analysis, thus the data sample set used in this study is adequate for the data analysis strategy 

adopted. Another criterion for checking the adequacy of the data set relates to the number of parameters 

in the model compared to the sample size. Hair et al. (2010) explained that a minimum sample size of 

150 should have a model with seven or fewer constructs and no under-identified constructs. The 

structural model developed for this data set has seven constructs with no under-identified constructs and 

a sample of 200. Therefore, sample size requirements for SEM are met on both criteria.  

7.3.2 Common Method Variance  

A formal statistical test of Harman‘s one-factor test was performed in SPSS 19.0 to address the issue of 

common method variance in this study. All the independent and dependent variables were subjected to 

an exploratory factor analysis (EFA). Common method variance is a substantial problem if a single 

factor accounts for a disproportionately large variance (>50%) in the data sample. The results of the 

Harman‘s one-factor test provided in Appendix B-4 showed that only one factor can be extracted, 

accounting for 7.19% of the variance in the data sample. This suggests that common method variance 

was not a problem in the data set.  

7.3.3 Multicollinearity 

The presence of multicollinearity among the variables poses a significant problem in PLS-SEM 

analysis. To help assess the presence of multicollinearity among the predictor constructs, Neter et al. 

(1996) suggested that the assessment of the variance inflation factor (VIF) values for all predictor 

constructs and respective VIF values and VIP means from a linear regression analysis should range 

between 1.0 and 10. A sample of test results illustrated in Appendix Table B-5 showed that all VIF 

values and VIF means are less than 1.90 and thus are within the suggested range. Hence, 

multicollinearity is not a problem in this data set.  
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7.3.4 Normality 

The variables were tested for normality at a univariate level in SPSS 19.0. They were also tested for the 

presence of skewness and kurtosis to assess the data distribution (see Appendix B2).  In the skewness 

and Kurtosis test, the Z-values should be close to zero in a normal distribution and far away for non-

normal distribution. Hair et al. (2010) suggested the use of ±2.58 at 0.01 significance level and ±1.96 at 

0.05 error level. The examination of the test showed evidence of non-normal distribution in the data set 

(see Appendix Table B-6). Another test of normality known as the Kulmogorov-Sirnov test was 

conducted to confirm the distribution of the data set. An examination of the Kulmogorov-Sirnov test 

indicates that the distribution of most of the variables differed significantly from a normal distribution 

(p <0.05) (see Appendix Table B-7). The non-normal distribution provides further justification for using 

PLS-SEM as an estimation method in this study because it is robust to violations of the normality 

assumption (see Section 4.5.3.2). 

In summary, the preliminary analysis ensured that all observations were accurately entered into the data 

set and those potential problems particular to survey design (such as missing data, common variance 

method, normality and multicollinearity) have been addressed. The sample data was computed into the 

appropriate format specified in the SmartPLS2.0 M3 statistical software. The formatted data went 

through a further validation check to ensure that the data was consistent and compatible for the PLS-

SEM modelling processes enumerated in appendix B2. The results from the assessment of the 

measurement models are discussed in the subsequent section. 

 SEM-PLS Model Assessment 7.4

Assessing a PLS model involved a two sequential stage process which are: (i) assessment of the of the 

measurement model; and (ii) assessment of the structural model. Two approaches that include classical 

and contemporary validation that were adopted in this study to examine the reliability and validity of 

the measurement models specified in previous chapter (see Appendix B2). The results of the validation 

processes using different statistical techniques are discussed next. 

7.4.1 Assessment of the Measurement Models – Classical Validation Approach 

This section examines the adequacy of the individual constructs and their corresponding measurement 

items via the classical validation approach. This approach is necessary because some of the 

measurement items that underlie three of the constructs; intrinsic motivators (IM) and extrinsic 

motivators (EM) and a stakeholder‘s approach (STP)  specified in the model have not been firmly 

established within the context of this current study (see Section 3.7). The classical construct validation 

approach includes statistical analyses such as the Cronbach alpha reliability coefficient test and EFA 

described in Appendix B2. Table 7.3 provides a summary of the criteria for removing inconsistent 

measurement items during the assessment of the measurement models. 
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From the reliability analysis conducted in SPSS 19.0 to ascertain the internal reliability of the individual 

measurement items and constructs, the Cronbach alpha reliability coefficient (α), reliability of linear 

combination analysis and item-total correlations were reported subsequently and summarised in Table 

7.4. 

 Construct Reliability Tests 7.4.1.1

 Cronbach Alpha (α) Reliability Coefficient 

The Cronbach alpha reliability test conducted in SPSS19.0 software shows how well a set of 

measurement items measure a single-dimensional construct. Seven measurement items were removed 

due to their inconsistency with the construct they were measuring and were marked with a single 

asterisk (*) sign in Table 7.4 and the process was repeated. As shown in Table 7.4, the Cronbach alpha 

coefficient of individual items (see column 3) exceeded the threshold level of 0.70, following the 

removal of inconsistent items based on the rules set in Table 7.3. Consequently, the Cronbach alpha 

coefficients range from 0.716 to 0.962. Thus, all constructs showed good reliability. A Cronbach alpha 

coefficient score greater than 0.70 suggests a high level of internal reliability of the individual 

constructs. 

Table 7.3 Criteria for removing inconsistent measurement items  

Classical Validation Approach Contemporary Validation 
Approach 

Statistical analyses 
Exploratory factor analysis 

(EFA) Confirmatory factor analysis (CFA) 
Cronbach’s alpha coefficients 

less than 0.70 are considered as 

lack of internal consistency (Hair 

et al., 2010) 

Individual factor structures should 

to have at least three measurement 

items loading highly on them 

(Norusis 2007)  

Measurement items with factor 

loading of less than 0.45 are 

considered inconsistent (Barclay et 

al., 1995) 

Item-to-total scores of the 

measurement items less than 0.30 

for both subscale and whole scale 

are considered inconsistent 

(Nunnally 1978) 

Measurement items with a factor 

loading that less than 0.50 are 

considered inconsistent (Hair et 

al., 2010) 

Individual measurement item‘s t-

statistic should be significant at least 

to the p < 0.05 level convergent 

validity (Straub & Geffen 2005) 

Reliability of linear combination 

scores of multi-dimensional 

constructs should exceed the 

threshold value of 0.70 (Henseler 

et al., 2009; Hair et al., 2010) 

Variables that do not load 

together with other items 

measuring the construct should be 

removed 

Constructs and their factor structures 

(or dimensions) of a construct having 

a composite reliability index less than 

0.70 are considered inconsistent 

(Chin, 1998; Hair et al., 2010). 

 

Eigenvalue, factor structures (or 

dimensions) of individual 

constructs that account for 

variance less than 1.0 are not 

considered (Hair et al., 2010) 

Square root of the AVE value of a 

construct should be higher than the 

correlations between the construct 

and other constructs in the model in 

order to establish adequate 

discriminant validity (Fornell & 

Larcker (1981) 

Communality values of the 

construct should not be less than 

0.50 

Individual constructs with AVE value 

less than 0.50 are considered 

unacceptable (Chin, 2010) 
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 Reliability of Linear Combination Analysis 

Reliability of linear combination analysis was used to assess the reliability of the multi-dimensional 

construct and its corresponding measurement items (see Appendix B2 for description). An acceptable 

cut-off for the Cronbach alpha coefficient in the reliability of linear combination analysis is 0.7 

(Henseler et al., 2009; Hair et al., 2010). This score suggests a high internal reliability among the multi-

dimensional constructs and its corresponding measurement items. The results of the reliability of linear 

combination scores of the multi-dimensional constructs are 0.728 for SA-intention, 0.730 for SA-

decision and 0.780 for extrinsic motivators (EMs) (see Table 7.4). The relatively high values of the 

Cronbach alpha coefficients and the reliability of linear combination scores indicate a high degree of 

internal consistence and reliability of the uni-dimensional and multi-dimensional constructs used in the 

measurement models.  

Table 7.4 Results of classical validation approach  

Construct 
Measurement 

items (2) 

Cronbach 

alpha (3) 

Item-total correlation 
Factor 

loading (6) 
Communality (7) 

MSA value 

(8) Subscale (4) 
Whole 

scale (5) 

SA-intention [reliability of linear combination = 0.728] 

PER1 

0.848 

0.462 0.484 0.713 0.508 

0.893 
PER 

PER2 0.461 0.505 0.731 0.535 

PER3 0.474 0.458 0.694 0.682 

PER4 0.458 0.466 0.651 0.623 

CA1 

0.781 

0.611 0.558 0.704 0.496 

0.775 
CA 

CA2 0.547 0.482 0.663 0.64 

*CA3 0.464 0.558 0.441 0.511 

FA 

FA1 0.498 0.623 0.87 0.775 

0.710 

FA2 

0.773 

0.503 0.575 0.817 0.694 

FA3 0.602 0.451 0.929 0.871 

FA4 0.467 0.496 0.628 0.449 

**FA5 0.015 0.296 0.625 0.549 

PR 

PR1 

0.767 

0.46 0.545 0.717 0.52 

0.705 PR2 0.57 0.612 0.777 0.622 

*PR3 0.246 0.017 0.777 0.471 

PEE 

PEE1 

0.862 

0.912 0.46 0.957 0.919 

0.867 

PEE2 0.903 0.569 0.959 0.92 

PEE3 0.906 0.517 0.959 0.922 

**PEE4 0.188 0.224 0.978 0.965 

**PEE5 0.196 0.219 0.983 0.975 

HP 

HP1 

0.865 

0.665 0.562 0.661 0.0512 

0.721 HP2 0.807 0.508 0.977 0.954 

HP3 0.815 0.507 0.978 0.956 

SA-decision [reliability of linear combination = 0.730] 

PB 
PB1 

0.830 
0.592 0.473 0.81 0.752 

0.757 
PB2 0.508 0.657 0.754 0.647 
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Construct 
Measurement 

items (2) 

Cronbach 

alpha (3) 

Item-total correlation 
Factor 

loading (6) 
Communality (7) 

MSA value 

(8) Subscale (4) 
Whole 

scale (5) 

**PB3 0.245 0.118 0.823 0.678 

***PB4 0.482 0.6 0.321 0. 456 

PB5 0.409 0.771 0.801 0.653 

SAE: 

*SAE1 

0.823 

0.05 0.257 0.064 0.502 

0.873 

SAE2 0.626 0.474 0.913 0.945 

Recoded SAE3 0.838 0.664 0.837 0.87 

SAE4 0.736 0.625 0.951 0.908 

SAE5 0.519 0.504 0.721 0.576 

SAE6 0.626 0.474 0.913 0.945 

*SAE7 0.081 0.051 0.753 0.579 

RR 

RR1 

0.716 

0.588 0.666 0.68 0.743 

0.745 

*RR2 0.566 0.526 0.591 7243 

RR3 0.672 0.513 0.842 0.711 

RR4 0.456 0.603 0.773 0.599 

RR5 0.47 0.608 0.876 0.808 

TSR 

TSR1 

0.809 

0.514 0.438 0.696 0.484 

0.623 
Recoded TSR2 0.8 0.632 0.931 0.867 

TSR3 0.794 0.595 0.875 0.765 

TSR4 0.533 0.511 0.707 0.499 

RFE 

***Recoded 

RFE1 

0.748 

0.601 0.403 0.307 0.428 

0.798 

RFE2 0.58 0.67 0.65 0.539 

RFE3 0.493 0.533 0.698 0.579 

RFE4 0.55 0.57 0.911 0.887 

RFE5 0.477 0.464 0.893 0.806 

IM 

IM1 

0.962 

0.881 0.477 0.953 0.876 

0.827 

IM2 0.921 0.552 0.945 0.918 

IM3 0.907 0.506 0.935 0.899 

*IMI4 0.293 0.233 0.796 0.753 

IM5 0.914 0.541 0.786 0.908 

IM6 0.736 0.625 0.664 0.639 

Extrinsic motivators [reliability of linear combination = 0.780] 

PMI 

PMI1 

0.558 

0.496 0.481 0.606 0.544 

0.579 

PMI2 0.564 0.476 0.85 0.729 

PMI3 0.543 0.455 0.86 0.74 

***Recoded 

PMI4 
0.272 0.472 0.394 0.519 

PMI5 0.491 0.466 0.685 0.491 

FI 

*FI1 

0.766 

0.164 0.301 0.834 0.511 

0.752 

FI2 0.531 0.511 0.803 0.545 

FI3 0.462 0.396 0.737 0.541 

FI4 0.556 0.482 0.718 0.512 

FI5 0.559 0.52 0.708 0.53 

FI6 0.652 0.517 0.598 0.662 
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Construct 
Measurement 

items (2) 

Cronbach 

alpha (3) 

Item-total correlation 
Factor 

loading (6) 
Communality (7) 

MSA value 

(8) Subscale (4) 
Whole 

scale (5) 

FI7 0.745 0.498 0.957 0.74 

RBI 

RB1 

0.738 

0.648 0.544 0.766 0.664 

0.684 

RB2 0.652 0.483 0.83 0.753 

RB3 0.484 0.339 0.88 0.787 

***RB4 0.625 0.384 0.339 0.891 

RB5 0.504 0.523 0.593 0.61 

RB6 0.507 0.382 0.53 0.503 

TBI 

TBI1 

0.791 

0.606 0.567 0.696 0.487 

0.751 
TBI2 0.454 0.579 0.666 0.451 

TBI3 0.786 0.454 0.939 0.936 

TBI4 0.755 0.554 0.939 0.936 

STP 

STP1 

0.848 

0.536 0.457 0.749 0.899 

0.891 

***STP2 0.545 0.475 0.741       0.753 

STP3 0.606 0.567 0.727 0.507 

**STP4 0.559 0.468 0.712 0.457 

STP5 0.639 0.495 0.706 0.55 

STP6 0.64 0.458 0.676 0.56 

STP7 0.594 0.452 0.655 0.499 

STP8 0.617 0.5 0.651 0.529 

RC 

RC1 

0.801 

0.462 0.949 0.975 954 

0.715 
RC2 0.556 0.949 0.969 0.943 

RC3 0.559 0.57 0.73 0.553 

***RC4 0.652 0.63 0.406 0.704 

SA-adoption 

ASD1 

0.86 

0.52 0.729 0.79 0.639 
0.881 

ASD2 0.517 0.62 0.763 0.627 

ASD3 0.507 0.382 0.53 0.5643  

 

 Measurement Items Reliability: Item-total Correlations  7.4.1.2

The item-total correlation scores reported from the Cronbach alpha reliability test is used to assess the 

internal reliability of the measurement items within individual constructs (see Appendix B2).  The item-

total correlation analysis results are reported in columns four and five of Table 7.4 and the subscale 

scores represent the correlation among the measurement items within each construct while the whole 

scale scores represent correlations among the measurement items at a single-dimensional and multi-

dimensional construct level, respectively. For example, the multi-dimensional construct extrinsic 

motivator (EM) has four structure factors: FI, PMI, RBI and TBI. The subscale scores for the FI 

(financial incentives) construct were deduced solely from the data obtained from its seven measurement 

items of FI, i.e. FI1, FI2, FI3, FI4, FI5, FI6 and FI7. The subscale scores of the same apply to the other 

factor structures of property market based incentive (PMI), regulatory-based incentive (RBI) and 

Technological-based incentive (TBI). Conversely, whole scale scores were obtained from all the 
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measurement items within a multi-dimensional construct. For instance, all the measurement items 

measuring the extrinsic motivator (EM) construct were collectively used to compute the whole scale 

scores.  

Using the same process, the subscale and whole scale scores of individual measurement items of 

respective single-dimensional and multi-dimensional constructs were computed. The subscale and 

whole scale scores of individual measurement items of respective constructs are presented in Table 7.4. 

An item-to-total correlation score greater than 0.30 (for both subscale and whole scale scores) indicates 

the internal consistency of the measurement items within the respective constructs (see Table 7.4). Most 

of the subscale and whole scale scores of the measurement items of both the uni-dimensional and multi-

dimensional constructs are well above the specified threshold level of 0.30 ranging from 0.445 to 0.921 

and 0.396 to 0.953, respectively. Again, this provides strong evidence of internal reliability within 

individual constructs involved, providing a greater level of confidence in the reliability of the 

measurement obtained. However, the subscale and whole scale scores of four measurement items were 

less than the threshold of 0.3 and are denoted with the double asterisk sign (**). These items (FA5, 

PEE4, PEE5 and PB3) have either or both subscale and whole scales scores less than 0.30 and are 

removed from the data set. The next section discusses the EFA test. The items that are internally 

inconsistent with the constructs they are measuring (identified from the Cronbach alpha coefficient and 

item-total correlation scores) were not included in the EFA. A total of 78 measurement items were used 

in the EFA.  

 Establishing Dimensionality: Exploratory Factor Analysis (EFA)  7.4.1.3

An EFA was conducted to determine the proposed dimensionality of the ―extrinsic motivator (EM)‖ 

construct, and to further examine the reliability of the individual measurement items. Reasonably, the 

EFA analysis for the uni-dimensional and multi-dimensional constructs was conducted independently 

since their corresponding dimensions of measurement items or factor structures were specified in 

accordance with their common theoretical underpinnings (Sections 6.8 and 6.9). The EFA was 

conducted in SPSS 19.0 using principal components and varimax rotation.  

A series of inconsistent items evolved upon the EFA analysis (see columns six to eight, Table 7.4). 

Inconsistent or insignificant measurement items were removed after this analysis, having been subjected 

to the series of criteria shown in Table 7.3. Each item and construct was sequentially checked based on 

the criteria, and the potential practical significance of variables not meeting the above specified criteria 

was evaluated before removal. The following factors (PB4, RFE1, PB4, RC4 and RC5) were removed 

from the data set because they did not meet one or some of the specified criteria in Table 7.3. For 

instance, PB4 and RFE1 both have low factor loadings and communalities. These items were removed 

after assessing their appropriateness in the overall model as they can be explained by other variables 

within the extrinsic motivator (EM) constructs. Similarly, five measurement items (TBI1, PMI4, RBI4, 
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RBI6 and FI1) did not load with the other items measuring their construct or had a factoring loading of 

less than 0.50 and were removed from the data set.  For instance, RBI4 (implementing a grading 

system) had a low factor loading of 0.339. The removal of RBI4 can be justified from the interview 

findings as most of the building owners explained that such a grading system will reduce property sales 

or lease periods (Section 6.3.21). Likewise, participants from the city council or territorial authorities 

explained that implementing such a grading system is likely to result in a series of judicial cases where 

the grading will be disputed. PMI4 (including seismic retrofit in property valuations), TBI1 (increasing 

EPB sustainability) and RC4 (sufficient information about exposure to earthquake risks was provided) 

did not load on their corresponding construct and were removed based on inconsistency within the 

construct and theoretical redundancy. After the removal of the inconsistent items, [see items with (***) 

sign], the iterative EFA process was repeated.  

The results from EFA analysis are displayed from columns six to eight of Table 7.4, showing the factor 

loadings, communalities and MSA values of all manifest variables derived from the analysis (see 

Appendix B2 for definitions). The factor loadings, communalities and MSA values were all above the 

specified cut-off values. The EFA results of the multi-dimensional constructs (extrinsic motivators 

(EMs) support the initial reliability validity reported in Table 7.4 in columns three, four and five. In 

terms of dimensionality, the EFA results confirm the multi-dimensionality of the extrinsic motivator 

(EM) proposed in the model. Table 7.5 shows that two components or factor structures met the 

Eigenvalue greater than the 1.0 criterion (see Table 7.3). Also, Table 7.5 shows that the factor structures 

jointly explain 70.86% of the total variance, suggesting that the EFA procedure is appropriate to 

examine the dimensionality of the extrinsic motivator (EM) construct. The final EFA results of the 

single-dimensional constructs; intrinsic motivator (IM), risk communication (RC), stakeholder‘s 

approach (STP) and seismic adoption (SA-adoption) (see columns six to eight in Table 7.4),  indicate 

that all the manifest variables loaded well on the constructs that they were intended to measure, with no 

double-loading problems. 

Table 7.5 Total variance explained extrinsic motivational (EM) construct 

Component 

Initial Eigenvalues 

Total % of variance Cumulative % 

Extrinsic motivator (EM) 

1 (FI) 4.807 21.848 21.848 

2 (RBI) 2.650 12.044 33.892 
3 (TBI) 1.808 8.219 42.111 
4 (PMI) 1.197 5.439 70.86 

Note: Extraction method: principal component analysis. 

 

In summary of the classical validation process, the satisfactory results of the four tests discussed above 

indicate the adequate reliability and validity of the measurement items and their corresponding 

constructs used in the model. This was after the removal of 16 measurement items due to inconsistency 

with the corresponding construct and theoretical validation from the interview findings. Also, the 
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validity and dimensionality of the constructs are well supported. There were no issues of cross-loading, 

indicating that measurement items are distinctive enough to capture the characteristics of their 

corresponding constructs. Consequently, a satisfactory level of discriminant validity is achieved among 

the measurement items. In the following section, the contemporary validation approach of confirmatory 

factor analysis (CFA) is discussed. A total of 73 measurement items that performed adequately well in 

the classical validation approach were used in the CFA in the PLS modelling procedure. 

7.4.2 Assessment of Measurement Models – Contemporary Validation Approach 

The contemporary validation approach of the measurement models involved the use of the CFA in the 

PLS modelling technique. CFA is required for construct validation of the model using the PLS 

modelling process to establish the strength of measurement models by evaluating the internal reliability, 

convergent and discriminant validities of the models (see Appendix B2). CFA is therefore used in this 

study to also validate the construct dimensionality, reliability and validity examined in the classical 

validation process (i.e. the EFA). The retained measurement items from the classical validation 

procedure were used in the CFA procedure. Table 7.6 shows the revised categorisation of constructs 

based on the results obtained from the classical validation procedure. Similar to the classical validation 

approach, any removal of inconsistent measurement items in the CFA is subjected to the rules set out in 

Table 7.3.  

Table 7.6 Revised measurement models specification  

Item Constructs  

Factor 

structure(s) 

Measurement 

items 

Model 

specification 

SA-intention Seismic mitigation intentions  6 18 Formative 

SA-decision  Seismic mitigation decisions  5 20 Formative 

IM Intrinsic motivators  1 6 Reflective 

EM Extrinsic motivators  4 19 Reflective 

STP Stakeholder‘s approach  1 8 Reflective 

RC Risk communication  1 3 Reflective 

SA-adoption Seismic mitigation adoption  1 3 Reflective 

 

Unlike the EFA technique, the CFA approach in PLS modelling focuses on the theoretical specification 

of the relationships between the constructs within the entire estimation process.  Generally, there are 

two types of specification for measurement models: reflective and formative (see Appendix B2 for the 

distinctions between these two model types). As shown in Table 7.6, only two measurement models are 

formative (SA-intention and SA-decision analysis) while the other five measurement models are 

reflective (IM, EM, RC, STP and SA-adoption). This construct categorisation forms the basis for the 

construct validity and assessment exercise in the CFA. The formative and reflective measurement 

model requires different statistical analysis techniques in PLS-SEM and their assessment is discussed in 

the next subsections. 
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7.4.3 Assessment of Reflective Measurement Models 

The adequacy of the reflective measurement model was addressed by assessing the reliability and 

validity of the individual constructs and measurement items. The assessment of the measurement 

models is necessary because statistical significance of all path coefficients and the likely fit of the 

model can be evaluated, thus ensuring the indicator items measuring each construct are robust. 

Reliability and validity can be assessed at the construct level by examining their composite reliability, 

factor loading and its significance, average variance extracted (AVE) and discriminant validity. CFA 

was conducted in SmartPLS using SEM modelling software (see Appendix B2). CFA comprised four 

different statistical tests and the results are presented in Tables 7.7 and 7.8 and discussed below. 

 Composite Reliability Scores 7.4.3.1

In CFA, composite reliability scores are used to evaluate the internal reliability of reflective 

measurement models. Table 7.6 shows that the composite reliability scores of the entire individual 

constructs are above the threshold level of 0.70. The scores are displayed in column three, ranging from 

0.705 to 0.905. The high composite reliability scores indicate a high level of internal reliability for the 

constructs, suggesting that the measurement items are internally consistent with their respective 

constructs. 

Table 7.7 Results of CFA for reflective models  

Constructs 

Measurement 

items (2) 

Composite 

reliability score 

(3) 

Factor loadings 

(4) t-statistics (5) AVE (6) 

Intrinsic motivator (IM) 

 

IM 
 

 

 

IMI1 

0.905 

0.879        2.805 

0.677 

IMI2 0.927 2.848 

IMI3 0.902 2.817 

IMI5 0.917 3.842 

IMI6 0.860        2.918 

Stakeholder’s approach (STP) 

 

STP 
 

 

 

 

 

 

STP1 

0.886 

0.661 16.144 

0.594 

STP2 0.653 16.604 

STP3 0.706 27.683 

STP4 0.672 23.001 

STP5 0.735 29.7066 

STP6 0.748 29.763 

STP7 0.711 29.082 

STP8 0.732 28.537 

Extrinsic motivators (EM) 

 

PMI 

 

 

PMI1 

0.736 

0.704 15.646 

0.512 
PMI2 0.604 4.594 

PMI3 0.594 4.007 

PMI5 0.660 9.809 

 

 

FI 

 

 

 

FI2 

0.881 

 0.723 23.858 

0.554 

FI3 0.690 19.757 

FI4 0.718 17.539 

FI5 0.674 12.381 

FI6 0.802 23.716 

FI7 0.844 17.028 

 RB1 0.827 0.623 18.335 0.591 
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Constructs 

Measurement 

items (2) 

Composite 

reliability score 

(3) 

Factor loadings 

(4) t-statistics (5) AVE (6) 

 

RBI 

 

 

RB2 0.786 30.994 

RB3  0.644 15.298 

RB5  0.730 30.767 

RB6 0.7014 21.623 

 

TBI 

 

 

TBI1 

0.761 

 0.698 4.164 

0.545 
TBI2 0.610 3.862 

TBI3 0.724 3.743 

TBI4 0.724 3.743 

Risk communication (RC) 

 

RC 

 

RC1 

0.820 

0.965 87.736 

0.645 RC2 0.965 84.297 

RC3  0.778 3.800 

SA-adoption   

SA-adoption  

ASD1 

0.705 

0.895 9.349 

0.556 ASD2   0.657 2.735 

ASD3   0.610 2.918 

 

 Factor Loading and Average Variance Extracted (AVE) 7.4.3.2

Similar to the EFA, factor loading in CFA indicates how well the manifest variables measure their 

corresponding constructs and assess the reliability of each measurement item. In Table 7.6, column 

four, the factor loading of all the measurement items are well above the cut-off value of 0.5 (see Table 

7.3). A minimum loading of 0.5 in a CFA is acceptable for studies where a particular theme is not fully 

developed, such as in this study (see Table 7.3). Thus, a minimum loading value of 0.5 is acceptable in 

this research (see Table 7.3).  The factor loadings of the measurement items range from 0.557 to 0.927, 

suggesting a high reliability of the measurement items. Similarly, t-statistics of all individual 

measurement items are greater than 2.43 (column five), indicating that all the measurement items are 

related to their corresponding constructs. The statistically significant high factor loadings indicate 

strong evidence of convergent validity of the measurement items within their respective constructs. 

Furthermore, the AVE value can also be used to assess individual construct convergent validity (see 

Appendix B2).  As shown in Table 7.7, column six, the AVE values of all the constructs range from 

0.511 to 0.677, and above the threshold of 0.5 (see Table 7.3). This shows that at least 50% of 

measurement variance is captured by individual constructs, which indicates an acceptable level of 

convergent validity. Hence, all measurement items adequately measure their corresponding construct. 

 Discriminant Validity  7.4.3.3

To examine the discriminant validity of the measurement models, a comparison of construct 

correlations and the square root of AVE were conducted and the results are presented in Table 7.8. This 

assessment is tabularised into a correlation matrix that includes the correlation between different 

constructs in the lower left off-diagonal elements of the matrix. The square roots of AVE values 

calculated for individual constructs are placed along the diagonal. When adequate discriminant validity 

is established, the value of the diagonal elements is significantly greater than the off-diagonal elements 
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in the corresponding rows and columns. The result shows that there is no correlation between any two 

constructs larger than any of the square roots of the AVE of the constructs. Similarly, the examination 

of the measurement items‘ cross-loading matrices showed all items loaded higher on all the constructs 

they were theoretically specified to measure than any other construct.  Hence, strong evidence of 

discriminant validity is established and further confirms the dimensionality of the extrinsic motivator 

(EM) construct examined in the EFA. 

Table 7.8 Comparison of correlations between latent constructs and square root of AVE 

 

FI IM STP PMI RBI RC 

SA-

adoption TBI 

0.774        

FI -0.043 0.822       

IM -0.083 0.488 0.771      

STP 0.195 -0.630 0.133 0.715     

PMI -0.140 0.357 0.294 -0.224 0.769    

RBI 0.021 0.114 -0.003 0.017 0.035 0.803   

RC 0.349 0.263 0.158 0.337 0.392 0.138 0.746  

SA-adoption 0.174 -0.034 0.023 -0.035 0.048 0.093 -0.044 0.738 

TBI -0.078 0.123 0.139 -0.104 -0.052 0.247 0.062 -0.087 

Note: The values of the square roots of the variance shared between the constructs are in the grey-coloured diagonal, while 

correlation coefficients between constructs are below the diagonal. 

 

To summarise, the results from the CFA above demonstrate that the constructs and individual 

measurement items have adequate reliability, construct convergence and discriminant validities. 

Moreover, all the constructs specified in the model have satisfied all the criteria set to determine a 

construct‘s reliability and validity. Likewise, the results from both the classical and contemporary 

construct validation approaches have established the multi-dimensionality of the extrinsic motivator 

(EM) constructs. The assessment of the formative models is discussed next. 

7.4.4 Assessment of Formative Measurement Model  

Formative measurement models validity used the following tests (see Appendix B2); 

 Theoretical rationale and expert opinions (Rossiter, 2002) 

 Nomological validity (Henseler et al., 2009). 

 Significance of the estimated indicator weights (Chin, 1998; Davison and Hinkley, 2003; 

Tenenhaus et al., 2005)  

 Assess multicollinearity via VIF (Diamantopoulos and Winklhofer, 2001). 

 Theoretical Rationale and Expert Opinions 7.4.4.1

The theoretical rationale and validation of the two formative measurement models (SA-intention and 

SA-decision analysis) specified in this study have been addressed during the framework development in 

Sections 3.2 and 4.2 and the qualitative design phase in Section 4.4. Likewise, sections 3.2 and 6.2 
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provide a review of the cross-validation of the major theoretical frames and perspectives that underlie 

the review of seismic mitigation intention and decision analysis. These theoretical frames and 

perspectives established in the prior literature support the formative nature of the SA-intention and SA-

adoption constructs (see Section 6.2). In addition, the results of the multiple case studies were also 

validated by industry experts before they were used to develop the framework and tested in the 

quantitative phase (see Section 5.7). Similarly, the generation of the measurement items was based on 

an extensive review of empirical findings of related studies and the pilot-testing of the survey 

instrument on inputs from 28 expert opinions that comprised both industry and academic practitioners 

(see Section 5.7). Hence, the development of the two formative measurement models specified in this 

study are theoretically grounded and validated by expert opinions. 

 Nomological Validity 7.4.4.2

The nomological validity of the two formative measurement models specified in this study; SA-

intention and SA-decision analysis have been addressed during the framework development and 

qualitative study phase (see Sections 4.4 and 4.5). Previous empirical findings support the construct‘s 

conceptualisation. Likewise, the findings of the exploratory multiple case studies reported in Section 

5.3 provide evidence that the constructs measure what they are intended to measure and that the 

findings are consistent with conceptual expectations. Thus, the two formative constructs specified in 

this study have met the nomological validity criteria.  

 Assessment of Multicollinearity 7.4.4.3

Another method to assess the validity of formative measurement models is to check for 

multicollinearity among the measurement items. The assessment of multicollinearity was examined 

during the sample preparation phase discussed in Section 7.3.3 by looking at the degree of 

multicollinearity among the formative indicators. The sample of the VIF test results presented in 

Appendix Table B-5 showed the measurement items of these formative constructs are not affected by 

multicollinearity. 

 Significance Indicator Weights 7.4.4.4

The weights of the measurement items were evaluated and obtained from SmartPLS 3.0 software to 

provide information regarding the relative importance of the formative measurement items toward the 

formation of the construct. These weights were used to assess the validity of the formative measurement 

models (Henseler et al., 2009). The significance of the estimated indicator weights determined by 

means of boot-strapping provides evidence of validity for the formative measurement models. The 

weights and the t-statistics for each formative indicator are presented in Table 7.9. 

The results of the weights and the t-statistics of the measurement items of the two formative constructs 

show that some of the weights of the items are not significant at p=0.05 while some are negative. These 

are denoted with the asterisk sign (*) and (**), respectively. In establishing the validity of the formative 



Chapter 7-Testing the Framework/Model 

 

199 

constructs, Jarvis et al., (2003) warned that measurement items should not be discarded simply on the 

basis of statistical outcomes as it may substantially change the content of the formative index. Henseler 

et al. (2009) suggested that the researcher could keep both significant and insignificant formative 

indicators in the measurement model as long as this is conceptually justified. A conceptual examination 

of the items with non-significant weights indicate that the deletion of these items would affect the 

construct theoretical definitions as the study‘s objective is to investigate seismic mitigation intentions 

and decisions from a stakeholder‘s perspective. The elimination of the items would reduce the capacity 

of the measurement models to cover all the stakeholder groups identified in the study. Hence, all the 

items are retained in the formative measurement models. Likewise, none of the measurement items of 

the formative models have weight values of less than 0.1. Thus, none of the indicators is trivial for 

removal in order to build parsimonious models. The formative models evaluation thus brings to a 

closure the assessment of the measurement models. 

In summary of the assessment of the measurement models using both the classical and contemporary 

validation approaches, the specified measurement model measures can be said to have achieved a 

satisfactory reliability and validity. All the measurement models have the demonstrated sufficient 

robustness needed to conduct the assessment of the structural model and hypotheses testing, which are 

discussed next. 

Table 7.9 Results of formative measurement models assessment 

Constructs 

(1) 

Measurement 

items (2) 

Factor 

loadings (FL) 

t-statistics 

(FL) 

Outer 

weights (OW) 

t-statistics 

(OW) 

SA-intention 

PER 

PER1 0.770 38.912 0.454 9.953 

PER2 0.710 21.300 0.336 11.755 

PER3 0.668 16.423 0.331 8.241 

PER4 0.629 16.570 0.303 9.870 

CA 
CA1 0.884 33.195 0.791 18.048 

CA2 0.631 10.698 0.477 9.067 

FA 

FA1 0.306 4.036 0.161 1.797 

FA2 0.829 37.737 0.381 7.960 

FA3 0.902 66.29 0.426 12.381 

FA4 0.666 16.942 0.376 5.345 

PR 
PR1 -0.996 1.0447 -0.994** 1.046* 

PR2 0.109 0.723 0.192 0.711* 

PEE 

PEE1 0.970 1.229 0.433 0.768* 

PEE2 0.954 1.269 0.295 0.754* 

PEE3 0.957 1.2556 0.312 0.810* 

HP 

HP1 0.547 11.291 0.317 15.626 

HP2 0.951 16.275 0.434 9.712 

HP3 0.953 17.566 0.436 9.083 

SA-decision analysis 

PB 

PB1 0.778 1.282 0.401 1.184* 

PB2 0.792 1.244 0.453 1.709 

PB5 0.796 1.339 0.414 1.989 

SAE 
SAE2 0.830 71.955 0.245 57.831 

SAE3 -0.922 18.341 -0.290** 4.393 
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Constructs 

(1) 

Measurement 

items (2) 

Factor 

loadings (FL) 

t-statistics 

(FL) 

Outer 

weights (OW) 

t-statistics 

(OW) 

SAE4 0.771 47.971 0.252 68.071 

SAE5 0.633 22.635 0.207 29.609 

SAE6 0.830 71.955 0.245 57.831 

RR 

RR1 0.808 6.049 0.737 4.807 

RR3 0.603 2.860 0.261 4.749 

RR4 0.495 2.232 0.292 2.742 

RR5 0.322 1.566 0.318 1.766 

TSR 

TSR1 0.724 41.862 0.304 45.647 

TSR2 -0.935 3.572 -0.359** 4.052 

TSR3 0.858 9.492 0.312 9.955 

TSR4 0.691 26.284 0.256 34.283 

RFE 

RFE2 -0.620 2.063 -0.312** 1.412* 

RFE3 0.683 2.242 0.407 1.863 

RFE4 0.500 2.185 0.330 1.714 

RFE5 -0.857 2.455 -0.424** 2.103 

Note: Threshold t-values: t=1.64 for p=0.05; t=2.33 for p=0.01; (*) non-significant weights; (**) negative weights 

 Assessment of Structural Model and Test of Hypotheses 7.5

Reliable and satisfactory results from the assessment of the measurement models allow the evaluation 

of the structural model. This evaluation will be used to determine the explanatory power of the 

structural model and to test the research hypotheses. To assess the structural model, three different 

statistical analyses were conducted. These statistical analyses comprise the assessments of the: (1) 

magnitude of the variance explained (R
2
) of the endogenous variables; (2) effect size; and (3) 

explanatory power of the structural model. Details of each process involved in the structural model 

assessment are discussed in subsequent sections. The details of the evaluation techniques are discussed 

in Appendix B2 and an illustration of the quality criteria used in this study for evaluating of structural 

model is presented in Table 7.10. 

Table 7.10 Quality criteria for structural model assessment 

Form of Quality Evaluation  Definition Quality Criteria 

Magnitude of variance 

explained (R
2
) 

Examines the adequacy of the 

latent and measurement items to 

provide substantial information  

Value of R
2
 must be at least 0.10 (Falk 

and Miller, 1992) 

Effect size (f
2
) 

Substantial influence of the 

exogenous on the endogenous 

variable 

Effect of a predictor (exogenous construct) 

is small if f2 is 0.02, medium if f2 is 0.15 

and large if f2 is 0.35 (Cohen, 1988) 

Explanatory power of the structural model  

F-test for significance of R
2
 

Assess the significance of the 

R
2
 values 

Value of R
2
 should be significant @ p ≤ 

0.05 (Falk and Miller, 1992) 

Predictive relevance Stone-

Geisser test (Q
2 and

q
2
)  

Structural model alignment to 

the empirical data 

q
2
 values of 0.02, 0.15, and 0.35 reveal a 

small, medium, or large predictive 

relevance of the particular endogenous 

construct under evaluation (Chin, 1998; 

Henseler et al., 2009) 
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Form of Quality Evaluation  Definition Quality Criteria 

Estimates of path 

coefficients 

Assess the strength of the 

relationships among the 

constructs 

 

Test of hypothesis  

Inferences were drawn regarding 

supporting or not supporting a hypothesis 

and is based on the significance of the t- 

value at the conventional significance 

level of 0.05 and 0.01 (Kaplan, 2000) 

 

7.5.1 Assessment of R
2
 and Test of Model Re-estimation  

The examination of the magnitude of variance explained (R
2
) for each predicted endogenous construct 

was conducted to ascertain whether all measurement items and hypothesised relationships are 

informative in the model. This assessment allows the determination of the presence of redundant paths 

and to check whether a test for mode re-estimation of the model is necessary. Figure 7-2 shows that the 

specified structural model comprised three predicted constructs (SA-intention, SA-decision analysis and 

SA-adoption). Falk and Miller (1992) recommended that the value of R
2
 must be at least 0.10 in order 

for the predicted construct to be judged adequate and that its measurement items are providing 

substantial information in the model (see Table 7.10) for quality criteria). As shown in Table 7.11, the 

R
2
 values of these three predicted constructs are 0.943, 0.967 and 0.247, respectively, indicating that the 

measurement items of the predicted constructs can account for more than 10% of the variance construct 

being measured.  

This result suggests that all the hypothesised relationships regarding the predicted constructs are 

informative in the model. Also, the obtained R
2 

values for all the predicted constructs in Table 7.11, 

column three, indicate that the model has a reasonably satisfactory power. Falk and Miller (1992) 

suggested that any measurement items that account for less than 10% of the variance of a predicted 

construct should be considered as a redundant predictor and eliminated. The Pv explained of all the 

predictor constructs presented in Table 7.11, column six, indicates that all were above the cut-off value 

of 1.5% rule (see Table 7.10). Thus, none of the hypothesised paths in the structural model is redundant, 

no path is considered for removal. The next section outlines an assessment of the effect size (f
2
) used to 

examine the extent to which a predictor construct impacts on a predicted construct.  
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Figure 7-1 Measurement models showing measurement items  
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Figure 7-2 Parameters of the structural model 
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Table 7.11 Percentage of variance in predicted constructs  

Predicted 

construct  Predictor construct  R
2
 

Path 

coefficient

s Correlation 

Pv explained (%) 

 

 

SA-intention  
 

 

 

 

 

CA 

0.964 

0.123 0.497 6.123 

FA 0.219 0.519 11.358 

HP 0.374 0.844 31.554 

RC 0.234 0.567 13.253 

PER 0.363 0.883 32.023 

PEE -0.117 -0.104 6.386 

PR 0.108 0.513 5.557 

 IM 0.3453 0.339 11.713 

SA-decision 

analysis 

PB 

0.967 

       0.207 0.555 23.787 

SAE 0.535 0.792 23.041 

RR 0.406 0.691 42.775 

TSR 0.440 0.990 43.567 

RFE 0.508 0.665 28.836 

RC 0.283 0.472 8.003 

     STP 0.362 0.362 13.097 

EM 

FI 0.772 0.878 0.878 77.124 

 PMI 0.296 0.544 0.544 29.599 

 RBI 0.558 0.747 0.747 55.793 

 TBI 0.208 0.456 0.456 20.780 

SA-adoption  
SA-decision analysis  

0.236 
0. 247 0.280 18.469 

STP 0.362 0.240 11.097 

 

7.5.2 Effect Size (f
2
)  

The objective of examining the (f
2
) is to measure the strength of the relationship between two constructs 

(predictor and predicted) and the impact of a predictor construct on the overall structural model. Effect 

size (f2) was calculated for each specified path in the structural model using Cohen‘s formula (1988) 

(see Appendix B2). The results from the effect size (f2) analysis and the inference regarding the 

estimated impact of different predictor constructs on the predicted constructs across the structural model 

is presented in Table 7.12. According to Cohen (1988), the effect of a predictor (exogenous construct) is 

small at the structural model level if f2 is 0.02, medium if f2 is 0.15 and large if f2 is 0.35 (see Table 

7.10).  

Table 7.12 Results of the effect size (f2) analysis 

Predicted 

constructs  Predictors  R
2
 included  R

2
 excluded Effect size Inference  

SA-intention 

(R
2
=0.996) 

CA 0.9641 0.9558 0.228 Medium effect 

FA 0.9641 0.9442 0.550 Large effect 

HP 0.9641 0.9499 0.392 Large effect 

RC 0.9641 0.9602 0.106 Small effect 

PER 0.9641 0.9468 0.478 Large effect 

PEE 0.9641 0.9614 0.072 Small effect 

PR 0.9641 0.9624 0.044 Small effect 
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Predicted 

constructs  Predictors  R
2
 included  R

2
 excluded Effect size Inference  

IM 0.9641 0.9558 0.228 Medium effect 

SA-decision 

analysis 

(R
2
=0.967) 

PB 0.9670 0.9659 0.363 Large effect 

SAE 0.9670 0.9647 0.170 Small effect 

RR 0.9670 0.9652 0.454 Large effect 

TSR 0.9670 0.9509 0.488 Medium effect 

RFE 0.9670 0.9565 0.318 Large effect 

RC 0.9670 0.9632 0.125 Medium effect 

EM  0.9670 0.9532 0.418 Large effect 

SA-intention 0.9670 0.9632 0.115 Medium effect 

SA-

adoption(R
2
= 

0.236) 

SA-decision 0.2470 0.1320 0.136 Large effect 

STP 0.2470 0.0145 0.290 Medium effect 

SA-decision  0.2360 0.0031 0.305 Large effect 

EM  0.2360 0.0040 0.304 Large effect 

 

The inferences drawn from the results of the effect size analysis presented in Table 7.12 indicate that 

most of the predictor constructs have significant large effects on the items they are predicting, while 

others have either medium or small effects. For instance, the effect size of FA, HP and PER on SA-

intention is large and these predictor constructs have significant large impacts on SA-intention. Equally, 

CA and PEE have a medium effect on SA-intention while PR has a small effect on seismic mitigation 

intention. Overall, 42% of the total predictor constructs cast large significant impacts on their respective 

predicted constructs, 21% cast medium impacts and 39 have small impacts on their respective predicted 

constructs. While some of the explanatory constructs individually cast small effect size on the predicted 

constructs, the results of the F-test of significance for all the R
2
 discussed in the subsequent section 

indicate that the structural model significantly explains the variance in the predictor constructs. This 

section examines the explanatory power of the structural model used for predicting the specified 

hypotheses. 

7.5.3 Explanatory Power of the Structural Model  

An examination of the explanatory power of the structural model indicates how well it predicts the 

hypothesised relationships. Figure 7-2 shows the parameters of the structural model as estimated by 

SmartPLS 3.0. This software adopts three different methods to assess the explanatory power of the 

structural model (see Appendix B2).  These methods include F-test significance of R
2
, prediction 

relevance test (Q
2 

and q
2
) and the estimation of path coefficients (hypotheses testing). The results of 

these tests are discussed below. 

 F-test for Significance of R
2
 7.5.3.1

The structural model assessment in SmartPLS provides the squared multiple correlation (R
2
) value for 

each predicted construct in the model. The value of R
2
 reported in SmartPLS is similar to the R

2
 in the 
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regression model (Wixom and Watson, 2001; Chin, 2010). An examination of the significance of the R
2
 

values for all predicted constructs in the structural model was conducted and the significance of the F-

test results are summarised in Table 7.13. The result shows that the significance of the F-test for all the 

predicted constructs in the model is statistically significant (p ≤0.05).  

 Table 7.13 Results of F-test for the significance of R
2
 

Predicted constructs  R
2
 F p-value (F) 

SA-intention 0.943 16.635 0.005 

SA-decision analysis  0.967 18.101 0.002 

SA- adoption  0.236 30.327 0.016 

 

 Prediction Relevance test (q
2
) 7.5.3.2

The second measure used to assess the explanatory power of the structure model is the prediction 

relevance test (see Appendix B2). Stone-Geisser‘s (Q
2 

and
 
q

2
) predictive reliance test was conducted 

using the blindfolding procedure in SmartPLS 3.0 and the results are reported in Table 7.14. The 

prediction relevance is assessed by the obtained q
2
 values, where q

2
 values of 0.02, 0.15 and 0.35 

indicate a small, medium, or large predictive relevance of the particular endogenous construct under 

evaluation (Chin, 1998; Henseler et al., 2009) (see Table 7.10). The results of the predictive relevance 

of the three constructs presented in Table 7.14 demonstrate the predictive capacity of the latent 

construct‘s measurement items. SA-decision has a q
2
 value of 0.4673, suggesting that the construct‘s 

measurement items have large prediction relevance. Similarly, SA-intention has a q
2
 value of 0.1962 

and SA-adoption one of 0.2211, implying a medium predictive relevance. This result shows that the 

three predicted constructs have robust predictive relevance and the endogenous variables have a 

satisfactory level of model-fitness.  

Table 7.14 Results of the predictive relevance (q
2
) test 

Endogenous Constructs  Q
2
 Q

2 
included Q

2 
excluded q

2
 Inference 

SA-intention 0.2207 0.2293 0.10118 0.20 Medium PR 

SA-decision analysis  0.0131 0.2128 0.00239 0.4673 Large PR 

SA-adoption  0.2540 0.2794 0.1201 0.3211 Medium PR 

Note: PR-prediction relevance 

 

 Estimates of Path Coefficients and Tests of Hypotheses 7.5.3.3

The path coefficients estimation is the last measure used in this study to examine the explanatory power 

of the structural model. The focus in this analysis is to assess the strength of the relationships among the 

constructs, while providing a test of the research hypotheses. Each hypothesis specified in the 

conceptual framework corresponds to a path in the structural model. Figure 7-3 presents the structural 

path diagram and the corresponding coefficients. A test of hypotheses was conducted by assessing the 
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sign, size and statistical significance of the path coefficients between constructs. A higher path 

coefficient implies a stronger effect between the predictor and predicted constructs. The significance of 

the hypothesised relationships was tested by assessing the significance of the t-value for each of the 

path coefficients. The t-value‘s threshold equalling 1.64 for p@0.05; and 2.33 for p=0.01 could be used 

to assess the significance of the path coefficients‘ estimation (Kaplan, 2000). Inferences were drawn 

regarding supporting or not supporting a hypothesis based on the significance of the t-value at the 

conventional significance level of 0.05 and 0.01. The results of the path coefficients estimation and the 

test of hypotheses are summarised in Table 7.15. 

Table 7.15 Results of estimates of path coefficients and hypotheses testing  

Construct relationships 

Path 

coefficients (ß) t-values     Sig. Inference 

H1:SA-Intention→SA-

decision 0.486 1.629* 0.007 Supported 

h1a:CA→SA-intention 0.123 5.629** 0.0017 Supported 

h1b:FA→SA-intention 0.219 5.223** 0.005 Supported 

h1c:HP→SA-intention 0.374 11.924** 0.019 Supported 

h1d:PER→SA-intention 0.363 13.502** 0.041 Supported 

h1e:PEE→SA-intention -0.117 0.502 0.210 Not supported 

h1f:PR→SA-intention 0.108 0.999 0.324 Not supported 

H2a:RC→SA-intention 0.234 6.536** 0.056 Marginally supported 

H2b:RC→SA-decision 0.283 4.676** 0.058 Marginally supported 

H3:IM→SA-intention 0.345 4.708** 0.013 Supported 

H4:SA-decision→SA-

adoption 0.247 1.560* 0.002 Supported 

h4a:PB→SA-decision 0.407 2.925** 0.001 Supported 

h4b:RR→SA-decision 0.406 1.522* 0.000 Supported 

h4c:RFE→SA-decision 0.508 1.475* 0.005 Supported 

h4d:SAE→SA-decision 0.335 23.941** 0.052 Marginally supported 

h4e:TSR→SA-decision 0.440 19.462** 0.005 Supported 

H5:EM→SA-decision 0.341 1.530* 0.002 Supported 

H5a:FI→EM 0.878 1.530* 0.001 Supported 

H5b:TBI→EM 0.262 1.210* 0.048 Supported 

H5c:RBI→EM 0.747 1.020* 0.57 Supported 

H5d:PMII→EM 0.554 1.789* 0.000 Supported 

H6a:STP→SA-decision 0.262 2.228** 0.057 Marginally supported 

H6b:STP→SA-adoption 0.187 1.621* 0.004 Supported 
 Note: Threshold t-values: t=1.64 for p=0.05; t=2.33 for p=0.01; (*) significant at p <0.05; (**) significant at p <0.01. 

 

Table 7.15 shows the six main hypotheses were supported. Overall, 20 out of the 22 specified 

hypotheses tested were supported; six were fully supported and statistically significant at p<0.01, seven 

were fully supported and statistically significant at p<0.05, while the last four hypotheses were 

marginally supported and statistically marginally significant at p<0.05. These 20 statistically significant 

paths demonstrate the relationships among the constructs in this research. Generally, the testing of the 

earthquake mitigation decision enhancement model in this chapter provides empirical evidence 

regarding the need to adopt a holistic approach towards earthquake risk management by addressing the 
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research gaps discussed in Section 3.3 by capturing how the varying contexts (such as socio-

behavioural, economic and institutional and regulatory perspectives) affect earthquake risk mitigation 

decisions. Similarly, the statically significant predictive capability of the model indicates that human 

motivational processes could be used to influence people‘s judgement regarding earthquake disaster 

preparedness. Relevant elements from the motivation theoretical perspective provide a more complete 

understanding of the process necessary to induce, enhance and sustain appropriate decisions to adopt 

risk mitigation measures.  

 Summary 7.6

This chapter reports results from the quantitative study that involve the testing of the earthquake 

mitigation decision enhancement model. The quantitative analysis was conducted by the assessment of 

the measurement and structural models. The measurement models were evaluated through a series of 

construct validation processes discussed in this chapter. These included two major methods known as 

the classical and contemporary validation approaches to assess the reliability and validity of their 

constructs and corresponding measurement items. Inconsistent measurement items were removed and 

the models were revaluated. The measurement models demonstrate good individual item reliability, 

convergent validity and discriminant validity. The results from the assessments of the measurement 

models show they have sufficient robustness to test the relationships among the constructs of the 

structural model. Similarly, the structural model was assessed using three techniques (magnitude of 

variance explained (R
2
), effect size and explanatory power of the structural model). The results from the 

structural model assessment show that the model has reasonably high predictive relevance to predict 

building owners‘ decisions to adopt seismic mitigation measures. The research hypotheses were tested 

by looking at the sign, size and statistical significance of the of the path coefficients between the 

constructs in the structural model. Six main hypotheses and sixteen sub-hypotheses were formulated 

regarding the relationships among the constructs. Overall, twenty out of the twenty-two specified main 

and sub-hypotheses regarding the relationships among the constructs were supported. Five hypotheses 

were fully supported and statistically significant at p<0.01, another five were fully supported and 

statistically significant at p <0.05, while the last five were marginally supported and statistically 

significant at p<0.05. These 20 statistically significant paths demonstrate the relationships among the 

constructs in this research. The next chapter sets outs the interpretation, discussion and relevance of the 

quantitative data results. It also fulfils research objective three of this study by developing and testing 

the developed framework that can be used to analyse the relationships among the factors affecting 

seismic mitigation decisions.   



Chapter 7-Testing the Conceptual Model 

 

209 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

h1a: 0.123 

SA-decision 

R2=0.967 H1: 0.486 

Significant Path and fully supported 

Significant path and marginally support 

Insignificant path  

  

Figure 7.3 Research Model highlighting the significant paths 

EM 

SA-adoption 

R2=0.236 

H5: 0.341 

H4: 0.247 

STP 
H3: 0.345 

SA-intention 

 

R2=0.964 

IM 

FA 

HP 

CA 

PE

R 

PR 

PE

E 

RC 

R2=0.207 

TBI 

SAE 
RR 

TSR

R 

RFE

E 

PB 

R2=0.296 

PMI 

R2=0.558 

RBI 

R2=0.772 

FI 

h4b: 0.406 



 

210 

 

   CHAPTER 8

Discussion of Quantitative Results and 

Validation of Findings 

8.1 Introduction 

This chapter presents the discussion and validation of the results from the quantitative analysis 

discussed in the preceding chapter. The discussion of the results from the data analysis provide relevant 

insights for understanding the seismic risk mitigation decision within the Zealand context and the 

necessary interventions to increase the likelihood of building owners‘ adoption of seismic mitigation 

measures. Specifically, the discussion section focuses on the hypothesised relationships and attempts to 

address the study‘s fourth research objective purse in this study. The latter part of the chapter explains 

the validation of the resultant earthquake risk mitigation enhancement decision model and the overall 

research findings in order to address the fifth research objective. Some of the findings from the 

qualitative research phase were confirmed in this chapter and further provide evidence where the results 

are either complementary or contradictory to one another. Findings reported in this chapter offer means 

by which future earthquake risk mitigation can be implemented with minimum hesitation from building 

owners and other stakeholders involved in the seismic risk mitigation decision. 

8.2 Key Determinants of Building Owners’ Adoption of Earthquake 

Mitigation Measures  

The assessment of the measurement and structural models demonstrates the reliability and validity of 

the specified constructs and its corresponding measurement items. Also, the explanatory power of the 

model was established in Section 7.5.3, which further revealed key determinants of building owners‘ 

adoption of seismic mitigation measures for earthquake preparedness. The key determinants are 

revealed by assessing the significant path coefficients from the assessment of the structural model. 

Based on the results obtained in Chapter 7, five key determinants of building owners‘ likelihood of 

adopting adequate seismic mitigation measures emerged in this study. The key determinants are: 

seismic mitigation intention (SA-intention); seismic mitigation decision (SA-decision); stakeholders‘ 

approach (STP); intrinsic motivators (IM); extrinsic motivators (EM) and risk communication (RC). 

The varying impacts of these key determinants on property owners‘ adoption of seismic mitigation 

measures are discussed below. 
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8.2.1 Seismic Mitigation Intention (SA-intention)  

As hypothesised in this study, SA-intention to adopt risk mitigation measures has a medium significant 

prediction relevance (q
2
=0.20) (see Table 7.12), implying that this construct has a strong explanatory 

power within the overall structural model. Similarly, the hypothesis H1 has significant positive impact 

on the development of the SA-decision. Hypothesis H1 was therefore supported and statistically 

significant with β= 0.486 and t-value = 0.007 (see Table 7.15). These results confirm the proposition in 

this study that the formation of seismic mitigation intention or willingness to adopt earthquake risk 

mitigation measures represents the initial first phase of disaster preparedness. The adequacy of the 

constructs used for predicting SA-intention is discussed next.  

8.2.2 Predictors of SA-intention  

As shown in Table 7.15, five out of the seven predictor constructs of SA-intention; critical awareness 

(CA), fatalistic attitude (FA), hazard proximity (HP), risk communication (RC), risk perception (PER) 

and intrinsic motivators (IM), have positive significant impacts on the formation of intention to adopt 

seismic mitigation measures (SA-intention). These constructs accounted for 96.4% of the variances 

(R
2
=0.964; p=0.000) in SA-intention, indicating that a majority of the measurement items are 

informative within the overall structural model. Similarly, the results presented in Table 7.12 show that 

only FA, HP and PER have significant large effect size on SA-intention, CA and IM have medium 

effect size, while past earthquake experience (PEE), RC and perceived responsibility (PR) have small 

effect size. In addition, results from Table 7.15 demonstrate that IM, HP and PER have the most 

significant predictive relevance to SA-intention (0.345, 0.374, 0.363, respectively) followed by FA 

(0.219) and then CA (0.123). These paths coefficients indicate the strength of the association between 

the different constructs to predict SA-intention. RC has small effect size on SA-intention and its 

hypothesis for the relationship (H2a) is only marginally supported in this study. RC has a predictive 

effect on both SA-intension and SA-decision, thus its impacts will be discussed in Section 8.3.5. 

Conversely, hypotheses postulating the impact of PEE (h1e) and PR (h1f) are not statistically 

significant and supported by the research data (see Table 7.15). Although these items were identified in 

the literature as predictors of SA-intention, their application within the New Zealand context for 

commercial building owners showed otherwise. The non-significant coefficient path for PR as applied 

in this study relates to the focus of the research subjects, which is mainly owners of commercial 

buildings and other stakeholders discussed in Section 2.5.1. It is possible that most of the commercial 

building owners interviewed do not occupy their buildings or had purchased earthquake insurance 

policy, so therefore do not feel personally responsible for mitigating the risks posed by their buildings. 

According to Lindell and Perry (2000), it is common to find that the attributions of responsibility for 

protection from earthquakes could shift from government or property owners to insurance providers 

creating a moral hazard scenario. Likewise, the non-significant coefficient path for PEE to predict SA-
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intention could be attributed to people‘s experience from recent earthquakes in New Zealand, where 

there is significant damage to new buildings that were built to supposed high seismic performance 

levels. Qualitative findings reported in Section 5.3.1.3.1 indicate that owners are likely not to believe in 

the efficacy of the technical solutions recommended by the engineers due to the damage to some of 

these new buildings. This lack of belief may limit their intention to retrofit their EPBs. Moreover, data 

analysed in this study was collected prior the recent Christchurch earthquake swarm, which may be 

responsible for the non-significant impact of PEE on seismic mitigation intention. Overall, the 

significant four or factors for predicting seismic mitigation intention having statistically significant and 

fully supported hypotheses are discussed in detail below, with the exception of IM which is later 

discussed in Section 8.4.1.  

8.2.2.1 Critical Awareness (CA)  

The proposed direct and positive relationship (h1a) between CA construct and seismic mitigation 

intention (SA-intention) was supported by the data. The hypothesised path was positive as expected and 

statistically significant, although it has a medium effect size on SA-intention. The result shows that the 

frequency of earthquake disaster thoughts and the extent to which people frequently discuss the 

possibility of an earthquake occurrence and mitigation issues could influence the formation of seismic 

mitigation intention to prepare for earthquake disasters. CA (or salience) can be used to explain why 

some individuals, but not others, adopt hazard mitigation measures without either a preceding stimulus 

of RC from their Territorial Authorities (TAs) or environmental cues that indicate the likelihood of a 

disaster.  

Qualitative findings from the interview and survey showed that some buildings owners have 

commenced strengthening of their EPBs before the revisions to earthquake risk mitigation ordinance in 

the Building Act (2004). Some of the reasons given by the respondents and participants who assessed 

themselves to have developed seismic mitigation intentions without the RC precursor are provided 

below:  

From several discussions with my friends (other small-scale owners) I have learnt about 

the importance of reducing earthquake risks, thus I decided to strengthen some of my EPBs. 

I started giving a thought to the earthquake risk issue after my son came back from school 

telling me, and keeps telling me, about what he learnt about the possible impacts of 

earthquakes. 

Thematic analysis of these qualitative data showed that the rationale behind their intention to adopt 

seismic mitigation measures centred on their frequent thoughts and discussion about the possibility of 

an earthquake event and potential impacts. However, the extent that CA will influence SA-intention 

will depend on the quality and acceptance of risk information available and the type of mitigation 

approach adopted by the TAs where people reside. Thus, the extent to which these building owners 

continuously discuss seismic risk issues among themselves helped them to focus on their vulnerability 
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to earthquake risk mitigation. CA is particularly important in the overall community preparedness 

towards seismic risk because it evaluates the extent to which the public is informed about earthquake 

hazard and how they personalise potential impacts from these disasters.  

In contrast, the extent to which CA influences building owners‘ willingness to adopt risk mitigation 

may differ among the different ownership categories (see Section 2.5.1.5). Property owners who do not 

reside in their EPBs are not likely to develop intentions to adopt risk mitigation measures due to the 

lack of personal concern of direct disaster impacts to themselves. This may likely explain why the CA 

construct has less effect size on SA-intention compared to other factors (see Table 7.12) because most 

of the property owners interviewed may not be occupying their EPBs but rather leasing them out. This 

case is common in Wellington and Christchurch where some of the owners have received letters from 

their TAs, yet refuse to take any action to mitigate the risks in their EPBs (Stevens and Wheeler, 2008).  

8.2.2.2 Fatalistic Attitude (FA) 

Hypothesis (h1b) posits a positive relationship between a lower level of FA and SA-intention. After the 

testing, hypothesis h1b was supported and statistically significant (β=0.219; t-value=5.223). The results 

shows that a lower level of fatalism among respondents regarding the acceptance of damage to 

buildings and loss of lives in a moderate earthquake will significantly enhance SA-intention. This lower 

level indicates people‘s attribution of earthquake damage to controllable causes such as the design of a 

building that fails to meet building regulations. Some interviewees maintained that appropriately 

constructed buildings and infrastructure will significantly reduce earthquake disasters losses, while 

providing a safer built environment in hazard-prone areas. This attribution implies that actions such as 

retrofitting of EPBs, improved building code and regulations that might reduce the damage to property 

and reduce loss of life in both moderate and major earthquake events could lead to the formation of 

intention to reduce potential losses.  

Evident from the survey‘s qualitative data, some of the respondent responses listed below provided 

support for the hypothesised relationships (h1b) between FA and SA-intention:  

I know from experience and practice as an engineer that retrofitting of EPBs will lead to 

reducing potential impacts in the case of an earthquake. 

Being indecisive about actions to adopt about reducing seismic risks is a thing of the past. 

Previous earthquake disasters have shown that implemented mitigation efforts towards 

earthquake risk is rewarding. 

These statements demonstrate that a lower level of fatalism is a significant predictor of seismic 

mitigation intentions. This finding is consistent with previous studies which found that people who 

believe their actions can ameliorate the outcome consequences of disasters are more likely to develop 

interest to adopt seismic risk mitigation measures to reduce the impacts of such disasters (McClure et 

al., 2005). Consequently, when an EPB building owner or stakeholder involved in SA-decisions 
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believes that although the occurrence of earthquakes is uncontrollable, the devastating effects are 

manageable, and then seismic mitigation intention is likely to be developed. 

However, some of the submissions to the Canterbury Earthquakes Royal Commission (CERC) 

demonstrate a level of FA among some of the owners of damaged masonry buildings. Some of the 

buildings, for instance 194 Hereford Street, were assessed as unsafe and remedial work was 

recommended after the September 2010 earthquake (CERC, 2012). The building was in continued use 

without adequate remedial work carried out resulting in deaths following the 2011 earthquake. However 

it can be argued that many other factors (such as availability of funds for retrofitting, slow insurance 

pay-out and poor assessment after the September 2010 earthquake) could be contributed to the lack of 

action by the owners of these EPBs. Fatalism can thus leads to passivity in acknowledging the 

imminence of an unpredictable risk such as earthquake.  

8.2.2.3 Hazard Proximity (HP) 

Hazard proximity (HP) was postulated in this study as a predictor of SA-intention. The results presented 

in Table 7.15 showed that hypothesis h1c has a significant positive impact on SA-intention (β= 0.374; t-

value = 11.924). Likewise, hazard proximity has a significant large effect on SA-intention (0.378) and 

explains 31.55% of the total variance of SA-intention (see Tables 7.11 and 7.12). These results indicate 

that proximity to the source of the hazard such as fault lines could significantly influence building 

owners‘ intentions to adopt seismic mitigation measures.  

The findings of this present study suggest that the extent to which people know and acknowledge that 

their residence is close to a source of hazard, and understand that this proximity increases their 

vulnerability to earthquake disaster would significantly influence their intention to adopt seismic 

mitigation measures. One of the respondents wrote that: 

Proximity to known fault lines and the nature of the ground on which the building is 

constructed is a major consideration in the relocation or house to purchase decisions. 

Before moving to Wellington, and buying this house, I already have the intent to consider 

earthquake risk mitigation. 

This statement and several other assertions from the interviews (see Section 5.3 for details), and the 

results from the structural model analysis presented in Table 7.15, suggest that people who choose to 

live in regions closer to active earthquake fault lines may perceive the risk and develop intentions to 

adopt risk mitigation measures because they believe that mitigation activities could likely improve their 

building‘s resilience to hazards.  

The impact of the Christchurch earthquake swarm is a reminder that earthquakes can occur at any time 

and with widely varying effects, even in areas that have been designated as low or moderate risk zones. 

Originally, Christchurch was categorised as a low to moderate risk zone with very low probability fault 

lines (see Section 5.2), which suggests a lengthier proximity to fault lines consequently impeding 
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owners‘ intentions to adopt adequate measures. This event suggest a review of the New Zealand seismic 

hazard model and zoning to account for the occurrence of the recent earthquakes both in Christchurch 

and potentially for other previously categorised low risk zones. Hopkins (2011) explained that the 

change made to the seismic coefficient for Canterbury from 0.22 to 0.30 took little or no account of 

building performance and should only be regarded as an interim measure. Further research for adequate 

re-categorisation of risk zones is needed. This may ensure that people have adequate knowledge 

regarding their proximity to fault lines, and relative level of exposure to hazard vulnerability could 

affect people‘s intentions to adopt earthquake risk mitigation measures.  

8.2.2.4 Risk Perception (PER) 

Risk perception (PER) has long been established as a valid precursor to intention towards (see Section 

2.6.2). The hypothesis (h1d) which posits that PER will have a direct positive impact on intention to 

adopt seismic mitigation measures is supported and statistically significant (β= 0.363; t-value=13.502). 

Similarly, PER has a large effect size on SA-intention (f2=0.590) and explains 32.023% of its variance, 

providing evidence of its predictive relevance on SA-intention. The significant path coefficient of the 

relationship between PER and SA-intention provides empirical validation and generalisation of results 

from the qualitative findings on PER reported in Section 5.3.1.1.  

The components of PER for predicting SA-intention in this study relates to how people assess the extent 

to which earthquake disasters would personally affect them, and how they think such disaster 

consequences can be reduced in a future event. Consequently influencing how they intend to mitigate 

the risk posed by such hazard. This perspective of PER found among the research participants is similar 

to the assumption of the Person Relative to Event Theory (PrE) (Mulilis and Duval, 1995) (see Section 

3.2.2). Most of the building owners who have a green placard on their buildings after the September 

2010 earthquake sought engineers for private assessments to confirm their building‘s risk status (CERC, 

2012). This indicates that these owners perceive that they and their buildings may potentially at risk 

from earthquakes, although it can be argued that the occurrence of the earthquake could influence the 

level of PER found among the owners. As a result, the belief of perceived personal losses from the 

disasters such as death, injury, property damage and disruption of daily activities or businesses could 

motivate a search for actions to prevent such consequences. This result provides some support for the 

cognitive and behavioural theories of household behaviour towards earthquake hazards and risks. 

Hence, future research could focus on people‘s perception regarding financial involvement in 

earthquake risk mitigation, a significant problem identified in Section 5.3.1.3.  

8.2.3 Seismic Mitigation Decision (SA-decision) 

SA-decision refers to the second key determinants of a building owner‘s adoption of mitigation 

measures, and the second phase in the framework. As hypothesised in this study, SA-decision (H4) will 

significantly influence building owners‘ adoption and implementation of seismic mitigation measures.  
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The data analysis shows that H4 has a large significant prediction relevance (q
2
=0.311) (see Table 

7.14), inferring that the construct has a very strong explanatory power within the overall structural 

model and is supported and statistically significant (β=0.247; t-value=1.56 and p-value=0.002). These 

results confirm the preposition in this study that decision-making and analysis phase is a precursor to 

the actual adoption and implementation of earthquake risk mitigation measures. The appropriateness of 

the constructs used for predicting SA-decision and their impacts on SA-adoption are discussed in the 

following section.  

8.2.4 Predictors of Seismic Mitigation Decision (SA-decision)  

The results presented in Table 7.15 shows that the nine predictor constructs of SA-decision analysis 

hypothesised in this study; seismic mitigation intention (SA-intention), seismic mitigation efficacy 

(SAE), trust in stakeholders‘ inter-relationships (TSR), perceived benefits (PB), resource requirements 

(RR); regulatory requirements efficacy (RFE), risk communication (RC), extrinsic motivators (EM) and 

a stakeholders‘ approach (STP) have positive significant impacts on the decision to adopt seismic 

mitigation measures (SA-decision), although with different predictive capabilities. These constructs 

accounted for 96.7% of the variances (R
2
=0.967; p=0.002) in the SA-decision analysis construct which 

indicates these constructs are informative within the overall structural model (see Table 7.9). The 

results from Table 7.15 shows that RFE, PB, RR and extrinsic motivators (EM) have the most 

significant predictive relevance to the SA-decision (0.503, 0.401, 0.406 and 0.441 respectively) 

followed by TSR (0.340), SAE (0.335), RC (0.283) and STP (0.262). Six constructs are now discussed 

in detail below 

8.2.4.1 Perceived Benefits (PB) 

The results in Table 7.15 show that the PB has a positive significant impact on SA-decisions, posing a 

path coefficient of 0.401. Thus, hypothesis (h4a) examining the relationship between PB and the SA-

decision is supported. Likewise, PB has a large effect size on SA-decision (f2=0.363) and explains 

23.78% of the variances in the SA-decision (see Tables 7.9 and 7.10). These results imply that PB has 

considerable impacts on the SA-decision.  

People‘s perception of the probable benefits from adopting and implementing risk mitigation measures 

such as potential increase in revenue or rents, increased safety and potential rise in property value 

obtainable are a precondition to making protective decisions against consequences from an earthquake 

event. Some of the property owners wrote in the opening questions within the survey: 

There has be a clear indication of the benefits of retrofitting, demonstrated with feasible 

figures in terms of income overweighing expenditure before I can commit to the cost 

implication of retrofitting. 
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The biggest problem with commercial buildings is relating the before cost, plus upgrade to 

new market values and market rentals is not yet possible as it is influenced by many factors 

such as location, quality of tenants. 

Values of EPBs must start to reflect the anticipated cost of upgrading. 

It is not surprising that most of the qualitative answers from the survey are financially-related benefits. 

This phenomenon can be explained by the research scope, which focused on pre-1976 buildings used 

for commercial purposes (see Section 1.6). Moreover, 92% of the respondents who are building owners 

indicate that it is necessary for them to know if their tenants can continue to use the building while 

retrofitting is being implemented for continued revenue generation before making the decision whether 

or not to retrofit. Thus, the need to retrofit technical solutions that can allow continued usage of the 

building while retrofitting work is conducted. In addition, qualitative findings supporting the extent to 

which increased PB such as property value can motivate building owners‘ decisions to adopt seismic 

mitigation measures is reported in Sections 5.3.1.4.2 and 5.3.3.1.4. Similarly, Hopkins (2011) explained 

that there should be added value gained from retrofitting an EPB, with an increased property value 

serving as an incentive to invest in strengthening. These findings provide empirical evidence for Vroom 

Expectancy‘s theory and Skinner‘s reinforcement theories discussed in Section 3.5. Hence, an 

individual property owner‘s decision to adopt risk mitigation measures such as retrofitting of EPBs is 

significantly enhanced by owners‘ expectations of perceived benefits from retrofitting.  

8.2.4.2 Resource Requirements (RR)  

Resource requirement (RR) relates to people‘s assessment of the adequacy of resources (financial, 

human and skills) to mitigate seismic risks was hypothesised (h4b) as a predictor of SA-decision. Table 

7.15 shows that h4b is supported and statistically significant (β=0.406; p=000), thus RR is a significant 

predictor of SA-decision.  

The results from the quantitative study indicate the financial component of RR i.e. cost of retrofitting is 

significant for predicting whether property owners will adopt risk mitigation measures or not. For 

instance, a building owner with a higher level of financial capability or with the expectations of FI after 

assessing the retrofit and insurance cost to be expended is likely to make the decision to adopt seismic 

mitigation measures. Qualitative data from the survey transcripts listed below further emphasise the 

significance of the retrofit cost in earthquake disaster preparedness decisions: 

The extremely high costs associated with the retrofitting requirements affect decisions to 

strengthen old EPBs. The loadings code has dramatically increased in requirements since 

the transition from NZS: 4203 over to NZS: 1170. If a building originally developed in the 

time of NZS: 4203 didn't meet 4203 back then, it will be VERY costly to now have to bring it 

up to 1170. 

The retrofitting project was abandoned as uneconomic and too expensive without support 

in terms of grants from the government. 
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High costs associated with strengthening of EPBs are a serious problem in the present 

financial climate. 

Have strengthened my old building to full code but insurance will not cover it, very difficult 

Equally, findings from the qualitative study supports the several assertions listed above (see Section 

5.3.1.3.1). Thus, the expectation of incentive is likely to increase building owners‘ financial capability 

to adopt seismic mitigation measures, and can also be explained by the results discussed above relating 

to the impact of PB on the SA-decision. Ingham and Griffith‘s (2011) explained that the ―collateral 

damage and risk‖ such as that posed by 160 Manchester Street and the associated business interruption 

costs, will surely make the financial impact of this earthquake much greater than just the cost of 

rebuilding. Likewise, lack of adequate skilled personnel during the structural assessment of buildings 

after the September 2010 earthquake resulted in more fatalities in the February 2011 event (CERC, 

2012). It is plausible to conclude that the appraisal of available financial and skilled requirements to 

mitigate seismic risk would significantly influence SA-decisions.  

8.2.4.3 Regulatory Requirements Efficacy (RFE)  

Hypothesis h4c was proposed to examine how the application of the New Zealand earthquake risk 

mitigation regulations (see Section 2.3) affects building owners‘ decisions to adopt seismic mitigation 

measures. The results presented in Tables 7.11 to 7.15 showed that RFE is a significant predictor of the 

SA-decision. The components of RFE include regulations regarding fire escape, substantial alterations 

and change of use, extension of building life, disability access, sanitary facilities and minimum seismic 

performance level of 33% NBS, and could substantially influence building owners‘ decisions to adopt 

seismic mitigation measures. These statistically significant measurement items relate to some of the 

provisions of the Building Act (2004) and TAs‘ earthquake policy. Thematic analysis of the 

respondents‘ qualitative responses provide further evidence that suggest that while some of the 

regulatory framework such as the Building Act (2004) and TAs‘ earthquake policies not be relevant for 

promoting the adoption of adequate preventive measures.  

The review of relevant legislative documents and findings from the qualitative study reported in 

Sections 2.3 and 5.3.1.5.1 emphasised that most building owners adopted the minimum seismic 

performance level when retrofitting their EPBs. This minimum level has been found to be inadequate 

for ensuring protection from social and economic implications of earthquake disasters. Other responses 

from the interviews and surveys that buttressed the significant impacts of RFE on the SA-decision are 

listed below: 

Inconsistent earthquake regulations among the TAs – local authorities seem to be now 

"turning a blind eye" to the existing regulations for earthquake mitigation due to huge 

owners’ objections.  
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This structure ended up not being retrofitted as the Auckland City Council did not require it 

immediately and the owner was therefore allowed many years of grace prior to being 

forced to upgrade. 

There is a clash and inconsistency between the council's requirements and those of the New 

Zealand Historic Place Trust, leaving EPB owners confused.  

Our city council requirements requiring building owners to retrofit or demolish the 

building has put heritage buildings in Wellington at risk, created general confusion, and 

has led many people to vow to ignore the council. 

Increased bureaucracy for those already committed to retrofit programs with the council’s 

protocols.  

Council’s policy typically requires additional works to be conducted alongside any seismic 

strengthening – paraplegic toilets etc. – it is costly enough without having to bring other 

elements of the building to standards. Compliance to these regulations is usually difficult 

for owners.  

The statements listed above provide insights about how earthquake policies and mitigation approaches 

adopted by local authorities affect how stakeholders make decisions whether or not to adopt risk 

mitigation measures. The efficacy of these regulatory requirements was further examined by assessing 

the participants‘ response to the question that explores the rationale behind seismic performance level 

adopted during the retrofitting projects reported by the respondents. The level adopted by property 

owners in most retrofit projects relates to the high retrofit cost and regulatory requirements i.e. the 

minimum requirement of 33% NBS and heritage considerations specified in the TA policy (see Figures 

8.1 and 8.2 below).  

 
 

 Figure 8-1 Building historic registration category  
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Furthermore, Christchurch earthquake events showed that some of the objectives of formulating the 

earthquake policy have not been achieved since its enactment. The adoption of the policy has also not 

led to improved levels of perceived risks within the overall Christchurch community before the 

earthquake. The Christchurch City Council (2010) showed that the city has around 7,600 potential 

EPBs and only about 3% of them have been retrofitted since the adoption of the current policy before 

the occurrence of the September 2011 earthquake. Moreover, the active-passive mitigation approach 

adopted by the Christchurch council without adequate RC strategies adopted by most of the TAs has 

been inefficient in promoting the adoption of adequate risk mitigation measures. Similarly, CECR 

(2012) has recognised several deficiencies in some of the earthquake regulatory frameworks used in 

New Zealand. For example, NZS 1170.5: 2004 has been found inadequate on issues relating to the 

assumption of hidden ground motion and subsoil structure system. Likewise, the efficacy of the 

framework for assessing building safety after an earthquake event and the appropriateness of the 

minimum requirement of the Building Act has been raised. These findings provided in this research 

suggest a reappraisal of the regulatory frameworks governing earthquake risk mitigation in New 

Zealand.  

8.2.4.4 Seismic Mitigation Efficacy (SAE)  

The results presented in Tables 7.11 to 7.15 show that although there is a significant positive 

relationship between SAE and SA-decision, hypothesis h4d is marginally supported (β=0.335; p=0.52). 

This result implies that a higher level of perceived efficacy of seismic mitigation measures will lead to 

the decision to choose seismic adoption. The findings from this study confirm that most property 

Figure 8-2 Rationale for retrofitting  
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owners are likely to adopt risk mitigation measures if there is a proof or guarantee regarding the 

effectiveness of such action in achieving protection against earthquake disasters. This result aligns with 

previous studies which found a significant positive relationship between SAE and the SA-decision.  

Findings from the qualitative study showed EPB owners perceived that the effectiveness of the seismic 

mitigation solution is, to some extent, determined by the level of trust they have in the engineers, 

people‘s FAs and PEE (see Section 5.3.1.2). Reasonably, people who have previously retrofitted their 

EPBs before the Christchurch earthquakes and the buildings still suffered significant damage will 

perceive that the adopted retrofitting technique is inadequate to protect their building in such an event. 

Similarly, CERC (2012) findings support the findings reported in this study regarding the lack of 

consistency and competency among engineers in the approach taken to assess buildings structural 

integrity after the September 2010 earthquake, which lead to several fatalities in the February 2012 

event such as in the cases of 246 High Street, 593 Colombo Street, 194 Gloucester Street and many 

other buildings. Therefore, SAE is a significant precursor to property owners‘ decisions to adopt 

protective measures, and efforts should be taken by the concerned professionals to ensure the efficacy 

to the recommended technical solutions.  

8.2.4.5 Trust in Stakeholders’ Inter-relationships (TSR) 

The relationship between TSR and the SA-decision was examined by hypothesis h4e and as predicted 

was positive and statistically significant (β=0.440; p=0.005) (see Table 7.15). TSR explains 43.57% of 

the variances in SA-decision and has a medium effect size on SA-decision, which suggests a significant 

predictive relevance to SA-decision. The results indicate that property owners are likely to accept and 

use the risk mitigation information provided to them if they perceive that the information given is 

accurate and feel that there is a genuine concern about their community from government officials. This 

result emphasised the role of trustworthiness in risk control efforts, and suggests that a higher level of 

trust among the stakeholders will enhance the acceptance of risk information and consequently lead to 

the decision to adopt seismic mitigation measures.  

In order to examine the extent to which TSR influences the SA-decision in relation to the acceptance or 

non-acceptance of the risk information by property owners, mean ratings of some of the survey 

questions were computed and compared. The results summarised in Table 8.1 show that people 

perceived that the information provided by media, family/friends, past experience and government 

officials was accurate (TSR1). The acceptance of risk information from family members or friends is 

expected because they share a common fate regarding seismic hazard consequences, thus providing an 

incentive to believe that the information given by them is accurate (Kramer, 1999)(Kramer, 

1999)(Kramer, 1999)(Kramer, 1999)(Kramer, 1999)(Kramer, 1999). Equally, acceptance of risk 

information from the media could be explained as an indication of a level of trust that is based on 

predicated knowledge about a particular person or organisation rather than specific understanding about 
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the person‘s capabilities, dispositions and intentions. The results showed that the respondents would 

only accept information gained through PEE, and accepted it without questioning, which implies that 

human cognitive and decision-making processes rely more on familiarity with earthquake 

consequences. Therefore, it can be concluded that the respondents assigned a higher level of credibility 

to the information provided by family/friends, media and from past experience and government 

officials, implying a higher level of trust. On the other hand, lower credibility and trust is assigned to 

risk information provided by earthquake risk professionals such as engineers, which could negatively 

influence SA-decisions. The results concerning the level of trust and credibility of information provided 

by earthquake risk professionals support the findings from the qualitative study discussed in Section 

5.3.1.2.1. The present study‘s findings regarding the role of trust in SA-decisions highlight how people 

make decisions regarding the acceptance and usefulness of the risk mitigation information provided to 

them.  

8.2.5 Risk Communication (RC)  

Risk communication (RC) is hypothesised as both a predictor of SA-intention (H2a) and SA-decision 

(H2b) because of its primary objective of providing and sharing information about environmental 

hazard necessary to protect people who are susceptible to such risks. Hence, its capability to influence 

the two sequential constructs. The results from the structural model assessment show that the impacts of 

RC on SA-intention and the SA-decision are both positive and statistically significant, although 

marginally supported by the data (see Table 7.15). The predictive relevance of RC was further 

demonstrated by its medium effect size on the SA-decision (f2 = 0.125) and small effect size on SA-

intention (f2 = 0.106), while explaining 8% and 13.25% of the variances in the SA-decision and SA-

intention, respectively (see Tables 7.11 and 7.12). The varying influence of RC on SA-intention and the 

SA-decision are discussed in the following subsections. 

Table 8.1 Comparison of mean ratings of responses  

Information source Mean/Std. TSR1 TSR2       TSR3 

Family/friends 

Mean 4.43* 3.43 3.210 

Std. Deviation 0.514 1.222 0.893 

Media 

Mean 4.460* 3.690 3.080 

Std. Deviation 0.519 1.316 0.954 

Past experience 

Mean 4.460* 4.00* 2.540 

Std. Deviation 0.519 0.913 1.050 

Earthquake risk mitigation 

exhibition 

Mean 4.360* 3.290 3.290 

Std. Deviation 0.497 1.139 1.139 

Brochure provided by local 

government 

Mean 4.410* 3.470 2.940 

Std. Deviation 0.507 1.419 1.345 

Earthquake risk professionals   

(e.g. engineer/architect)  

Mean 3.85* 3.310 3.120 

Std. Deviation 0.500 1.213 1.077 

Government officials  

Mean 4.530* 3.200 3.170 

Std. Deviation 0.507 1.157 1.117 

  Note: *signifcant TSR indicators @ mean rating ≥4 
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8.2.5.1 Influence of Risk Communication (RC) on SA-intention  

The findings from this study confirm that three parameters significant to understand the impact of RC 

on SA-intention are: building owners‘ receipt of a notice from the TA regarding the building earthquake 

risk; recommendation of seismic retrofitting by TAs or engineers; whether it was easy to understand 

information provided to the owners by the TAs and engineers; and if they were able to generate enough 

concern and response towards retrofitting their EPBs. The findings showed that there are several 

misconceptions among the stakeholders regarding perceived efficacy of mitigation options, cost 

implications of retrofitting and a general low concern about the potential impacts of earthquakes on 

their buildings. These findings indicate that the higher the level of perceived misconceptions among the 

stakeholders, the lower the effectiveness of the risk information provided for improving earthquake risk 

mitigation. Likewise, it was deduced from the interview findings reported in Section 5.3 that the 

perception regarding these misconceptions could be attributed to the high percentage of seismic 

retrofitted projects implemented within individual cities, personal experience of the stakeholders in 

earthquake risk mitigation issues, insufficient risk information, and haphazard information flow system 

within the earthquake risk management sector.  

Furthermore, findings showed that the provision of earthquake risk information did not increase the 

extent to which people think and discuss about earthquakes or if it has increased the salience of risks 

among other competing needs i.e. CA. According to Paton et al. (2010), New Zealand‘s individualist 

culture provides an indication regarding the low impact of RC on CA. There is a general belief of 

personal control over earthquake outcomes where people should individually seek and implement risk 

mitigation measures. This individualist culture approach can be said to diminish the extent to which 

people discuss earthquake risk issues, leading to lower impacts of risk information received and 

communicated within the communities. These findings are consistent with many of the results from 

previous literature relating to the impact of RC on the development of seismic adjustment intention 

discussed in Section 3.2. The impact of RC on the seismic risk mitigation decision is discussed in the 

next section.  

8.2.5.2 Influence of Risk Communication (RC) on SA-decision  

The three parameters tested in Section 8.2.5.2 above were also tested in this section for their impacts on 

the SA-decision. The results emphasised the importance of adequately communicating the benefits of 

retrofitting to property owners. When potential benefits of retrofitting EPBs and the purchase insurance 

are adequately communicated to owners, it leads to a higher level of PB ascribed to an expected 

decision outcome. Accordingly, there is a higher likelihood of adopting risk mitigation measures. This 

finding asserts several postulations from the expectancy-valence models that emphasised the role of PB 

in decision-making (see Section 3.2). Some of the comments provided by the respondents listed below 

provide ample evidence on the relative impact of RC on seismic adjustment decisions:  
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Obtaining information from the council has been very difficult and we cannot assess the 

building risk information in order to do our job. 

Finding out what the regulatory requirement is from the council and establishing a cost for 

this has been difficult. 

Yes, clarity about specification protection works required from the council is necessary, so 

that their scope and cost can be determined.  

Most of the governmental organisations dealing with earthquake risks have inconsistent 

requirements such as heritage requirements from TAs and the New Zealand Historic Places 

Trust. 

Lack of adequate information regarding scope of work required for retrofitting, therefore 

cost of upgrades and insurance premium are difficult to determine. 

Qualitative evidence from the survey provides sufficient evidence to suggest that the process of 

communicating earthquake risk and mitigation measures from government officials to the stakeholders 

most especially to the owners, property valuers and insurance companies has not been effective. Lack of 

information regarding an individual building‘s seismic risk properties was attributed to TAs‘ poor 

coordination of building hazard information. The lack of sufficient risk information or poor 

coordination of earthquake risk information would likely result in perceived ineffectiveness of the 

regulatory requirements. Also, evidence from the CERC (2011) findings regarding the recent 

Christchurch earthquakes indicates issues relating to poor communication among the building owners, 

council officials and engineers. Findings regarding the 383 and 593 Colombo Street buildings highlight 

the need for effective communication to neighbouring building owners and users by the council and the 

owner of 383 Colombo Street regarding the potential danger posed by this building. Lack of 

communication in this case led to several fatalities from damage in this building. Consequently, the SA-

decision can be improved by effective RC information and dissemination strategies that highlight 

potential benefits from adopting mitigation measures. Specifically, the findings suggest the need for the 

development of a unified earthquake safety assessment information system which will provide adequate 

information to all stakeholders involved in reducing community vulnerability to earthquake risks.  

Overall, a summary of the key determinants of building owners‘ preparedness for earthquake disaster is 

presented in Table 8.2. 
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Table 8.2 Summary of key determinants  

 

8.3 Motivators for Enhancing Earthquake Risk Mitigation Decision 

Two types of motivators were specified for enhancing building owners‘ decisions to adopt risk 

mitigation measures. Intrinsic motivators (IM) were specified to augment the formation of SA-

intentions to adopt risk reduction measures. Extrinsic motivators (EM) were proposed as incentives to 

enhance building owners‘ decisions to adopt and implement earthquake mitigation measures. 

Hypotheses H3 and H5 were used to examine the impact of the human motivational processes on SA-

intention and the SA-decision, respectively. The predictive relevance of the intrinsic motivators (IM) 

and extrinsic motivators (EM) on earthquake risk mitigation is discussed in the following subsections. 

8.3.1 Intrinsic Motivators (IM) 

The results in Table 7.15 showed that as theoretically speculated, intrinsic motivators (IM) are a likely 

precondition to increased level of SA-intentions (β=0.345; t-value=4.708). Thus, hypothesis (H3) used 

for examining the relationship between intrinsic motivation (IM) and SA-intention is supported. The 

results presented in Table 7.15 showed that the application of the measurement items of intrinsic 

motivators (IM) will significantly and positively predict SA-intention. The measurement items include: 

reiterating of past earthquake stories and coping strategies (IM1); presence of policy entrepreneurs to 

promote political support for earthquake policy (IM2); intensifying the use of the mass media (IM3); 

trust building among stakeholders (IM4); reducing the disparity and inconsistency in earthquake risk 

information provided (IM5); and the introduction of public recognition and awards (IM6). This result 

implies that SA-intention is likely to be formed when the indicators of IMI are implemented and will 

proceed to SA-decision analysis.  

Likewise, results summarised in Table 7.4 show that the three measurement items of intrinsic 

motivators (IM) that have the most significant predictive relevance to enhance SA-intention are: 

presence of policy entrepreneurs (IMI2) [0.9270]; intensifying the use of the mass media (IMI3) 
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[0.902]; and reducing the disparity and inconsistency in risk information (IMI5) [0.917]. These three are 

followed by: reiterating past earthquake stories and coping strategies (IMI1) [0.899]; and the use of 

public recognition and awards to enhance seismic intention (IMI6). This results analysis confirms the 

qualitative findings reported in Section 5.3.3.1.Intrinsic motivators (IM) are necessary to enhance 

personal socio-physiological key attributes that can stimulate the person‘s intention to implement risk 

reduction measures.  

Importantly, the implementation of public recognition and awards (IMI6) for acknowledging 

contributions towards earthquake risk mitigation, particularly strengthening of EPBs, could initiate 

some form of pro-social mitigation behaviour (see Section 5.3.3.1.4). Goodwin (2009) explained that 

this behaviour include actions that an individual or group of people do to promote seismic rehabilitation 

of EPBs, which may include advocating for public recognition of efforts towards earthquake disaster 

mitigation. It is possible that the people who advocate for public recognition (IMI6) believe that they or 

the society is vulnerable to earthquake risk and thus implement seismic actions to prevent disaster 

consequences (such as retrofitting EPBs). People who exhibit pro-social mitigation behaviour relate 

more to the values that are ascribed to a particular attribute such as the heritage characteristics of EPBs. 

It is possible that these people attribute community safety or heritage preservation as a sense of 

responsibility, which asserts the postulation of the Theory of Planned Behaviour (TPB) regarding 

subjective norm and attribution of responsibility (see Section 3.2.1.2). An examination of the recent 

building retrofit projects handled by the respondents in the last four years (Table 7.2), and the building 

historic registration category illustrated in Figures 8-4, shows that 78.5% of the recent retrofit projects 

reported by the respondents are buildings listed with heritage characteristics in Category I and II. 

Details about heritage categories are obtainable from a report on regulations and incentives for historic 

heritage. This finding buttress the evidence that the value placed on heritage properties of a potential 

EPB can serve as a motivator for adopting SA-intention and the SA-decision to implement seismic 

mitigation measures. 

 
Figure 8-4 Building historic registration category  
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Several assertions from the interviewees that support the findings discussed above are provided Section 

5.3.3.1. Some of the qualitative evidence provided by the survey participants regarding potential 

impacts of intrinsic motivators (IM) on seismic retrofitting issues are listed below: 

Media exposure showing quake-proofing (rubber buffers). 

Will provide clarity about specification protection works, regulatory compliance and scope 

and cost required for retrofitting.  

Ameliorate negative response from tax and ratepayers who do not own properties or 

understand issues around retrofitting, and negative response from those building owners 

who do not want to retrofit their buildings. 

From international experience, such as Aceh (Indonesia), public recognition and 

acceptance of mitigation measures among the building owners is of great importance when 

implementing certain retrofit solutions. 

These statements and findings from the qualitative and quantitative analysis reported in this study 

confirm the theoretical speculation that the implementation of intrinsic motivators (IM) at the individual 

level would increase people‘s intention to adopt seismic mitigation measures. As highlighted by 

LaGuardia (2000), intrinsic motivators (IM) have critical cognitive, social, and psychological attributes 

that affect persistence in decision-making, hence the need to apply them in order to positively influence 

SA-intentions. Their application at the intention formation phase is necessary because it will stimulate 

people‘s personal interest to voluntarily makes decisions to adopt seismic mitigation measures (see 

Section 3.4.3), and expedite the transitional process of transforming intentions into SA-decisions. 

Overall, the results discussed in this section indicate that the application of intrinsic motivation (IM) 

could lead to the formation of SA-intentions to adopt preventive mitigation measures against disaster 

impacts. It would also likely proceed to the second phase of adoption and implementation of seismic 

mitigation measures referred to as SA-decision analysis. 

8.3.2 Extrinsic Motivators (EM) 

Extrinsic motivators (EM) were theoretically speculated in this study as a predictor of the SA-decision. 

The relationship between extrinsic motivators (EM) and SA-decision was examined using hypothesis 

H5. As speculated, the results in Table 7.15 indicate that extrinsic motivators (EM) are significant 

preconditions to enhance SA-decisions (β=0.441; p-value=0.002). Thus, hypothesis H5 is supported and 

statistically significant. Equally, extrinsic motivators (EM) have a large effect size on the SA-decision 

(f2=0.228), which implies that the application of extrinsic motivators (EM) will have considerable 

impacts on the SA-decision and the overall adoption and implementation of seismic mitigation 

measures. The four dimensions of the extrinsic motivator (EM) construct are: financial incentives (FI); 

property market-based incentives (PMI); regulatory-based incentives (RBI); and technologically-based 

incentives (TBI). These dimensions are used to examine and discuss the impacts of extrinsic motivation 

(EM) on the SA-decision, and the details of each incentive are discussed below. 
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8.3.2.1 Financial Incentives (FI) 

FI represent a major component of the extrinsic motivators (EM) construct and are the most predictive 

relevant indicator of this that can enhance SA-decisions. FI has an R
2
 value of 0.772 and explains a 

large variance of 77.22% of extrinsic motivator (EM) constructs. Likewise, FI has a significant direct 

positive effect on extrinsic motivators (EM) with a path coefficient value of 0.878. Hence, the 

hypothesis H5a is statistically supported. As can be seen from Table 7.3, FI having significant 

predictive relevance are: reduced consent fees (FI2; FL=0.723); tax deductibles (FI3; FL=0.690); low 

insurance premiums (FI4; FL=0.718); public low interest loans (FI5; FL=0.674); reduced permit fees 

(FI6; FL=0.802); and fee waivers (FI7; FL=0.844). This result implies that the decision to adopt seismic 

mitigation (SA-decision) would be enhanced if the measurements of FI above are implemented.  

Significant measurements items of FI if adequately implemented could improve people‘s benefits for 

retrofitting. As discussed earlier, the perception of inherent benefits (such as low insurance premiums, 

low interest loans and reduced permit fees) would increase the likelihood of property owners retrofitting 

their EPBs. Following the recent Christchurch earthquake, most of the building owners who are ready 

to rebuild and strengthen their EPBs were constrained by a diverse variety of insurance arrangements 

with high premiums or the inability to get policy cover at all. These incidents indicate the gap between 

what insurance or property owners can pay and what repair and strengthening work is required to 

achieve the public goals of safety and recovery. Equally, reduced consents and fee waivers which are 

directly related to the regulatory council requirements would be useful for supplementing the losses that 

would be incurred during the retrofitting process.  

Furthermore, the research findings showed that FI could enhance the adoption of seismic hazard 

mitigation measures by reducing the initial cost of implementation and enhancing building owners‘ 

financial capability through the use of low interest public loans and insurance premiums. Likewise, a 

risk-based approach for calculating insurance premiums (FI4) will reduce building owners‘ operating 

costs by reducing annual insurance premiums. These findings confirm the initial results from the 

qualitative study regarding the significance of FI on SA-decisions (see Section 5.3.3.2.1). Other 

qualitative evidences from the surveys supporting the use of FI to mitigate seismic risks are listed 

below: 

Potential costs to refit building to appropriate standard, i.e. ensure safety and economic 

value of the building, is beyond the owners. 

Cost of protection is too enormous; there is a need for financial incentives for retrofitting 

EPBs. 

Cost of bringing up to code requirements needs to be supplemented by the government, just 

as in the case of the leaky homes.  

Yes, the subsidy should be made available to owners to help ameliorate the cost of 

retrofitting but it should be paid directly to the contractor and not via the building owner. 
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Owners need to be assisted, as currently the market (in rental terms) does not necessarily 

differentiate between strengthened and unstrengthen buildings. 

Upgrading above 65% NBS would have the required significant financial intervention. 

Plausibly, the impacts of FI on PB and resource requirements tend towards utility maximisation of the 

public fund by meeting the specific needs of the building owners as well as reducing the government‘s 

spending on disaster assistance and recovery.  

8.3.2.2 Technologically-based Incentives (TBI) 

TBI that include innovations (such as sustainable and cost-effective technical design solutions and 

technical assistance programs) were hypothesised (h5b) as predictors of SA-decision through extrinsic 

motivators (EM). The results summarised in Table 7.15 show that the path coefficient of the 

hypothesised path (h5b) associating TBI to extrinsic motivators (EM) was positive and statistically 

significant but marginally supported (β=0.456; p-value=0.057). Although h5b is marginally supported, 

it explains about 20.78% of the variances in SA-decision (see Table 7.11). Hence, its measurement 

items are thus informative and have predictive reliance on SA-decisions.  

As reported in Table 7.15 the four significant indicators of TBI are: increasing the economic 

sustainability of EPBs (TBI1); carrying out seismic retrofitting alongside building renovations (TBI2); 

availability of cost-effective and sustainable design innovations (TBI3); and the provision of technical 

assistance by city councils or TAs (TBI4). This result demonstrates that owners of EPBs are more likely 

to adopt seismic mitigation measures if the retrofit design solutions provide additional sustainability 

characteristics and are cost-effective. In addition, the results provide empirical support for 

implementing sustainable construction when retrofitting of EPBs. Similarly, when seismic retrofitting is 

carried out along with other building renovation works and rolled into larger projects within the 

organisational budget. The stakeholders also have the opportunity to work together as a team to discuss 

the possibility of better design and solutions that meet the client‘s objectives, which generally include 

minimised rehabilitation cost while adhering to seismic and other building requirements. This type of 

approach takes into consideration both the performance-optimised and investment-based decision types 

discussed in Section 2.5.3, thus allowing resources to be allocated in an optimal way in order to achieve 

minimal losses from all disaster events. It is thus suggested in this study that new and innovative 

designs and building technologies should be adopted for improving the seismic performance of 

buildings.  

8.3.2.3 Regulatory-based Incentives (RBI) 

The results summarised Tables 7.11 to 7.15 indicate that hypothesis (h5c) examining the relationship 

between RBI and extrinsic motivators (EM) is statistically supported and the measurement items of RBI 

are significantly informative in explaining the impacts of extrinsic motivators (EM) on SA-decisions. 

The results indicate that the implementation of the following regulatory requirements; mandatory 
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disclosure of earthquake risks (RBI1), comprisal of seismic risks in property valuation assessments 

(RBI2) and sanctions for non-complying EPB owners (RBI3) will have a significant influence on how 

owners of potential EPBs assess earthquake risk mitigation issues regarding their buildings.  

The implementation of mandatory disclosure of seismic risks in property market transactions (RB1) and 

comprisal of seismic risks in property valuation assessments (RB2) will likely increase property value 

by providing an indication of how RBI could influence SA-decisions. This result confirms the 

qualitative findings reported in Section 5.3.3.2.2 regarding the impact of creating value for seismic risk 

in the property market on SA-decisions. Similarly, the use of transferable development rights (TDR) 

(RBI6) was found significant as a regulatory incentive SA-decision, particularly for large-scale 

developers and owners. TDR are special forms of land acquisition regulation which compensate 

landowners in exchange for use of restrictions on their land aimed at achieving effective urban growth 

management and land conservation. TBR offers building owners FI or bonuses for the conservation and 

maintenance of the environmental, heritage or agricultural values of their land. Most of the large-scale 

private owners comprising of more than five people interviewed mentioned that the use of TDR may 

likely save many potential historic buildings in our cities. Its implementation will allow the historic 

building owners to make almost as much money, if not more, without demolishing the building. The use 

of TDR would diminish the motive of acquisition of most medium-scale and large-scale developers 

identified as an impediment to seismic retrofitting of EPBs in Section 5.3.2.1. TDR will provide 

incentives for this category of owners by encouraging heritage conservation, since a majority of the pre-

1976 EPBs have significant heritage characteristics. The use of TDR enabled rebuilding homeowners to 

participate in the reconstruction programs while those unwilling to rebuild received fair compensation.  

Furthermore, the results also showed that the use of other related public policies tied to seismic 

strengthening to promote earthquake hazard mitigation can be used to ensure a safe and sustainable 

society. When other policies associated with improved urban planning such as the  Resource 

Management Act (RMA) (1991), Civil Defence Emergency Management Act (2002) and historic 

preservation and disaster recovery are overlaid with seismic strengthening of EPBs to promote 

earthquake hazard mitigation (RBI5), people are likely to consider additional benefits, sanctions and 

trade-offs among the different policies when making SA-decisions. For instance, the RMA Act (1991) 

expects TAs to identify hazards through the resource consent and regional planning processes, and to 

prepare district plans to control the use of at-risk sites to mitigate losses from natural hazards which 

include earthquake. The adoption of government-led regulations that combine several instruments to 

achieve different but related objectives with economic incentives will likely result in the best 

environmental, marketplace and social outcomes.  
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8.3.2.4 Property market-based Incentive (PMI)  

The results presented in Tables 7.11 and 7.12 showed that PMI has an R
2
 value of 0.296 and explains a 

variance of 29.62% of EM and has a significant direct positive effect on this. PMI posed a path 

coefficient value of 0.530, indicating that hypothesis h5d used for examining the relationship between 

PMI and EM is positive and would significantly affect SA-decisions. PMI is necessary because this 

study focuses primarily on buildings used for commercial purposes and was substantially emphasised 

by the interviewees during the qualitative study. 

Result presented in Table 7.4 show the PMI has indicators with significant predictive relevance to SA-

decision. These indicators are: EPB retrofitting increase property income (PMI1; 0.704); seismic retrofit 

education and awareness program for property valuers (PMI2; 0.604); informed buyers and tenants 

(PMI3; 0.594); and historic value estimation (PMI5; 0.660). These measurement items reflect the 

attributes of viable property valuation assessment that provide a rationale for the property market 

stakeholders to participate in earthquake risk mitigation measures. Accurate property valuation 

assessment of EPBs is central to improving the income-producing capacity of the building as informed 

buyers and tenants recognise the benefits of retrofitting and insurers can also estimate the building risk 

adequately, leading to balanced market transactions regarding retrofitted EPBs. In addition, the results 

suggest that when building users (e.g. owners/tenants) are adequately informed and could perceive that 

retrofitted buildings are beneficial to them in terms of reduced fatalities and disruption of work during a 

disaster event, then they are likely to pay for these improved building characteristics. The results also 

imply that the present technical solutions designed and implemented by the engineers have not been 

effective for increasing financial viability of retrofitting even though the building becomes structurally 

adequate. As noted in Section 5.3.3.2.2, reduced rental space and poor building aesthetic often result 

after retrofitting and are impediments to adopting seismic mitigation measures, thus earthquake 

engineers and architects should factor in how a building‘s rental spaces and aesthetic can be improved 

during the design of retrofitting solutions.  

Thematic analyses of the qualitative evidence listed below imply that the current property market 

transactions are not encouraging buildings owners‘ adoption and implementation of earthquake risk 

mitigation measures. 

Lack of comparable transactions of EPBs in the marketplace that have been properly 

analysed to reflect cost/risk to upgrade/demolish/impede the valuation of retrofitted EPBs.  

Obtaining a realistic cost to comply with the new code is difficult and does not help with 

the valuation exercise. 

Availability of finance and the property market condition impact on rentals both in terms of 

capital and rental returns. 

Potential additional work required cost and time escalation. 
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Difficulties in maintaining the income and rental flow from commercial tenants while 

retrofitting work is carried out. There should be a way in which engineers can provide 

designs that will allow continued use of the premises. 

The biggest problem with commercial buildings is relating the before cost plus upgrade to 

new market values and market rentals.  

The results from the quantitative analysis and qualitative evidence signify that building owners‘ 

decisions to adopt seismic mitigation (SA-decision) would be enhanced if the measurements of PMI are 

adequately implemented and backed-up by regulatory mechanisms in the property market. It is thus 

suggested that efforts should be concentrated at increasing the property value of retrofitted EPB in the 

property market and will be appreciated by commercial building owners.  

Overall, significant intrinsic motivators (IM) and extrinsic motivators (EM) (such as intensifying and 

promoting the use of CA motivators, FI and PMI necessary to enhance building owners‘ decisions) 

were revealed from the analysis of the qualitative data. These revealed that intrinsic and extrinsic 

interventions offer plausible explanations regarding how human motivational orientation can be used to 

influence disaster preparedness decisions by increasing the salience of seismic risk issues. A summary 

of the intrinsic motivators (IM) and extrinsic motivators (EM) emerging from this research is 

summarised in Table 8.3. 

Table 8.3 Motivators for enhancing the earthquake risk mitigation decision 
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8.3.3 A Stakeholders’ Approach (STP)  

STP is hypothesised in this study to predict the SA-decision (H6a) and SA-adoption (H6b), 

respectively. The primary objective of initiating this collaborative approach focuses on developing 

social interactions among the stakeholders that enables the development of a collective efficacy and 

empowerment for earthquake preparedness with the community. Hence, STP‘s capability to influence 

both the SA-decision and SA-adoption. Results presented in Table 7.15 showed that STP significantly 

and positively predicts both SA-decision (β=0.262; p-value=0.057) and SA-adoption (β=0.187; p-

value=0.004). Likewise, STP account for about 13.1% of the variances in SA-decision and 

approximately 11.10% of those in SA-adoption within the overall structural model. This implies the 

application of the components of STP would likely enhance the likelihood of building owners‘ 

decisions and adoption of seismic mitigation measures.  

The significant measurement items of STP are: insurance companies should be encouraged to reduce 

premiums for buildings with higher seismic performance level (STP1); financial institutions should 

request higher seismic standards (STP3); city councils and TAs should have seismic safety data of any 

building under their jurisdiction (STP5); engineers should adequately inform owners about the seismic 

risks of their EPBs and the corresponding implication of their mitigation decisions (STP6); property 

valuers should include seismic strengthening into property valuation (STP7); and insurance regulators 

should be encouraged to adopt and implement practices that support high seismic performance (STP8). 

Table 7.3 shows that the four measurement items of STP that have the most significant predictive 

relevance to SA-adoption and SA-decision are: STP8 (0.732); STP3 (0.706); STP5 (0.735); STP6 

(0.748); and STP7 (0.711). The varying influence of STP on SA-decision and SA-adoption are 

discussed in the subsequent subsections. 

8.3.3.1 Influence of Stakeholders’ Approach to SA-decision 

Results from the quantitative analysis suggest that the implementation of an STP to earthquake risk 

mitigation would substantially affect the adoption and implementation of seismic hazard mitigation 

measures through awareness and availability of seismic risks information to all the stakeholders, thus 

providing solutions to some of the impediments identified in Section 5.3.2.2. For example, the 

availability and readily accessible seismic safety data of older buildings to all the stakeholders (STP5) 

would enable insurers to adopt a risk-based approach in assessing the building insurance premiums 

(STP1). Also, availability of this seismic safety data would allow valuers to adequately estimate the 

extent of mitigation costs of any retrofitted buildings in the property valuation assessment (STP7). 

Consequently, the comprisal of such seismic risks estimates in property valuation would likely lead to 

increased property values for retrofitted EPBs, thus enhancing SA-decisions. Subsequently investors, 

owners and insurers can accurately assess the cost of the retrofit required and factor it into property 

prices and investment decisions. In this way, investment decisions can be optimised in the property 
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market. Similarly, the availability of lower insurance premiums for retrofitted EPBs would assure 

building owners of reduced running cost and capitalisation rates, thus serving as an incentive to adopt 

seismic mitigation measures. Equally, when seismic safety data of buildings are available and 

accessible to the stakeholders (STP5), such as the financial institutions, they can assess the degree to 

which the substantial portion of their financial assets are at risk from a single earthquake disaster. This 

may consequently contribute to earthquake risk mitigation by providing loans for retrofitting these 

vulnerable buildings (STP3). The availability of loans for retrofitting EPBs enhances building owners‘ 

financial capability to adopt mitigation measures. 

Furthermore, a unified building seismic risk information system that is readily available to the 

stakeholders could lead to an informed market, where an educated occupier or investor may be willing 

to pay appropriate rents or price for a retrofitted EPB in exchange for improved safety, consequently 

leading to increased property values. Even property owners would recognise that their property value 

could be reduced if their seismic risk becomes public information, which could lead to loss of valuable 

tenants and potential income revenue. Similarly, the obligations assigned to TAs under the Building Act 

(2004) and Civil Defence Emergency Management Act (CDEM) (2002) to assemble relevant 

information needed to address natural disasters such as earthquakes may improve and accelerate the 

information availability process. Engineers and other professionals involved in the assessment of 

seismic properties of EPBs can also contribute to the development of the unified earthquake safety 

assessment information system by providing the councils with an updated version of the building‘s 

seismic risk data they have worked on.  

These findings perhaps suggest that awareness of seismic risks in the market could potentially affect 

property business transactions regarding sales value and net income streams of older buildings. A 

balanced awareness program regarding seismic risk and retrofit benefits tailored to meet the demands of 

all stakeholders in the property market is necessary. This program will help owners, investors, insurers, 

lenders and occupiers to make sound investment decisions and improve the practices of other 

professionals in the market dealing with earthquake risks. 

8.3.3.2 Influence of Stakeholders’ Approach to SA-adoption  

The results shows that the provision of seismic safety data of potential EPBs by the TAs (STP5), 

adequate information regarding retrofitting design options provided to owners by engineers (STP6), and 

how people choose to minimise losses from earthquake disasters (ASD1) relies on the information 

provided to them by their engineers and TAs before they make risk mitigation decisions.  

The implication of this finding indicates the need for consistency in the risk information provided by 

these two sources of hazard information. Consistency from two different autonomous authoritative 

sources is likely to increase the credibility of the information and the level of trust assigned to the 

group. This finding further confirms the results on the impact of TSR on the SA-decision and adoption 
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reported in Section 8.2.4.5. Equally, the results demonstrate the need for collective efficacy among the 

stakeholders towards earthquake risk mitigation. It can thus be inferred that when the stakeholders (for 

instance insurers and financial institutions) who regulate the economic transactions in the property 

market adopt practices aimed at improving earthquake risk mitigation, it results in a kind of leverage 

that attempts to regulate the choices of other stakeholders regarding mitigation options. Plausibly, it can 

be concluded that the STP requires a joint ability to collectively identify risks, proffer mitigation 

strategies and plan implementation actions that will overcome the problem of procrastination and 

response to threats. The components of STP indicate that a collaborative approach is necessary to 

ensure that building owners make necessary mitigation decisions and consequently adopt and 

implement adequate mitigation measures. These findings provide empirical evidence that a 

collaborative effort and interaction among key stakeholders involved in earthquake risk mitigation 

parties from both the private and public sectors is necessary to develop a successful hazard management 

strategy. This synergy is necessary because of the differences in the stakeholders‘ perception of risks. 

Hence, it is necessary to introduce an STP to the sustain motivation to implement seismic mitigation 

measures which may dwindle in the face of many competing demands. An STP will increase the 

collaboration and networking necessary to promote and sustain the actual implementation of seismic 

mitigation measures.  

In summary, the quantitative results provide consistent information regarding the key factors affecting 

earthquake preparedness, and how intrinsic motivators (IM) and extrinsic motivators (EM) as well as a 

collaborative STP can be used to increase the likelihood of building owners‘ adoption of earthquake 

risk mitigation measures (see Table 8.4). Likewise, several assertions from this study suggest how 

regulatory provisions in earthquake risk policies and legislations can be improved to enhance building 

owners‘ SA-decisions, and the overall earthquake risk disaster mitigation in New Zealand. Some of 

these improvements are explored in the next chapter and form part of the recommendations from this 

research.  

8.4 Discussion of Quantitative Findings  

The research investigations have so far confirmed the multi-dimensional problems associated with 

earthquake risk mitigation, specifically for seismic mitigation decisions of EPBs. Apparent from the 

investigations presented in previous chapters, various social, economic, regulatory, environmental, 

political and behavioural-related factors contribute to the complexity and multi-dimensional problems 

associated with the mitigation decision. These factors to a varying degree influence building owners‘ 

decisions to adopt appropriate mitigation measures. However, the impact of the Christchurch 

earthquakes showed that most of the people killed by collapsed buildings are not the building owners or 

occupants, which suggests that seismic retrofitting of EPBs has implications for the whole community. 

This Christchurch incident provides compelling evidence that suggests the need to implement strategies 
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that would increase the likelihood of buildings owners‘ adoption and implementation of appropriate risk 

mitigation measures in their vulnerable buildings.  

In this current study, the overall aim of this research is to address the gap between the availability of 

seismic mitigation mechanisms and their implementation to mitigate earthquake risk (see Section 3.3). 

The research findings submit that it is necessary to adopt a holistic approach that incorporates the 

social, cultural, economic, regulatory and political realms that influence earthquake risk mitigation, 

coupled with a motivational perspective (see Section 5.2). This combined approach adopted in this 

study provides vital information and an understanding of the process of designing effective strategies 

and mechanisms in order to successfully implement seismic risk mitigation.  Findings from this study 

revealed four categories of obstacles to building owners‘ adoption of earthquake loss prevention 

measures; perception, sociological, economic and institutional impediments. Intrinsic and extrinsic 

interventions as well as a stakeholders‘ approach were proposed. These motivators are essential for 

enhancing building owners‘ motivational potential to voluntarily adopt and implement seismic 

mitigation measures and overcome some of the these challenges.  

Table 8.4 Summary of key determinants and Motivators  

Phases Factors Motivators 

Intension 

formation  

Risk perception   Reiterating of past earthquake stories and coping 

strategies 

 Presence of policy entrepreneurs to promote political 

support for earthquake policies 

 Intensifying the use of the mass media  

 Reducing the disparity and inconsistency in earthquake 

risk information provided 

 Introduction of public recognition awards  

Critical awareness  
Perceived responsibility  

Fatalistic attitude  

Hazard proximity  

Hazard knowledge  

Past earthquake 

experience  

Decision-

making  

Resource requirements 

 

 
Financial 

incentives  

 
 Low interest loans and tax deductibles 

 Reduced consent fees 

 Reduced insurance premiums 

Seismic adjustment 

efficacy  
Trust in stakeholders‘ 

inter-relationships 
Perceived benefits 
Efficacy of regulatory 

frameworks  

Adoption and 

Implementation  

  

Seismic adjustment 

adoption  
  

Non-financial incentives 

Regulatory-

based  

 Implementing mandatory disclosure of 

earthquake risks  

 Comprisal of seismic risks in property 

valuation assessments 

 Sanctions for owners not non-

retrofitted EPBs 

 Public policies tied to seismic 

strengthening to promote earthquake 

hazard mitigation 

 Implementing the use of transferable 

developments rights 
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Phases Factors Motivators 

Technologic

al-based  

 Cost-effective and sustainable design 

solutions 

 Technical assistance programs 

 Carrying out seismic retrofitting 

alongside building renovations 

Property-

market 

based  

 Availability of cost-effective and 

sustainable design innovations 

 Seismic retrofit education and 

awareness among property market 

stakeholders  

 Estimating the historic value of 

heritage buildings  

 
Effective risk communication and a Stakeholder approach 

 

 

The investigations reported in this thesis have recommended several necessary intrinsic and extrinsic 

interventions as well as a stakeholder‘s approach to property owners‘ adoption of adequate risk 

mitigation measures. Intrinsic interventions (such as reiterating past earthquake experiences and coping 

strategies among community members, and intensifying the use of the mass media and policy 

entrepreneurs at all levels of government to increase the salience of seismic risks) would enable retrofit 

intentions to progress to the decision-making and analysis phase. To explore intrinsic interventions 

adequately, appropriate risk definition and effective communication plans are important vehicles to 

ensure that risk area residents, communities, policy-setters and implementers understand the need to 

adopt seismic mitigation measures in order for the increased seismic risks awareness and knowledge to 

have any meaningful impact. Similarly, the availability of extrinsic interventions and a stakeholder‘s 

approach (such as include financial incentives, creating value for seismic risks in the property market, 

and building trust among the stakeholders) would significantly enhance earthquake preparedness 

decisions and intensify the adoption and implementation of seismic mitigation measures. These 

interventions confirm the extrinsic motivational orientation that people adopt when making seismic 

mitigation decisions. Specifically, the findings demonstrate that effective incentives and rewards can be 

used to promote the intrinsic human need for positive reinforcements, thus asserting the application of a 

motivational perspective in earthquake risk mitigation.  

While none of these motivational interventions identified in the research are truly new or novel, they 

have never been studied in the context of commercial building owners‘ adoption of appropriate risk 

mitigation measures before, thus the key contribution of this study. It is important to emphasise that the 

adoption of the intrinsic and extrinsic interventions as presented in the framework requires a collective 

adaptive utility to enhance the adoption and implementation of adequate seismic mitigation measures. 

Thus, policy implementers must fully understand their respective socio-economic environments before 

applying the proposed interventions. Likewise, content analysis of relevant earthquake risk policies and 

mitigation strategies suggest that effective policy adoption and implementation constitutes a central 
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element in the overall framework for improving the seismic performance of EPBs. Seismic retrofit 

implementation of EPBs would be successful, if the policy addresses both intrinsic and extrinsic 

interventions revealed in this study, coupled with a proactive mitigation approach and community 

engagement in order to achieve consistent earthquake mitigation strategies across the regions. The 

validation of the research model and findings is discussed in subsequent section. 

8.5 Validation of Overall Research Findings 

A final step in the quantitative data analysis and research process is the validation of the research model 

and overall results. Subject matter experts (SME) were used in this study to validate the research 

findings. Validation of the research findings was carried out using another sample from the population 

that involved face-to-face interviews with five SMEs (see Section 4.6 for details) that comprised two 

private building owners, two directors from the city councils and one director of a property valuation 

company. The SMEs were carefully selected to verify the results obtained from the qualitative and 

quantitative research phases and to confirm whether suggested recommendations could be applied in 

practice. In order to preserve anonymity and facilitate further discussion regarding the research findings 

individual SMEs were assigned with a code: SME1, SME2, SEM3, SME4 and SME5, respectively. 

This section focuses on the external validity of the resultant seismic risk mitigation model and the 

overall research findings. The objective of using SMEs is to examine the extent to which the model and 

the research results are applicable in a real-life situation of enhancing the likelihood of building owners 

adopting adequate earthquake mitigation measures. Accounts of the SME‘s opinions are presented in 

the following subsections.  

8.5.1 Experts’ Opinions on the Earthquake Mitigation Enhancement Decision Model  

During the interviews, the resultant seismic risk mitigation decision model diagram was presented to the 

five experts. They were requested to comment on whether the resultant seismic risk mitigation model 

has adequately met the required research rationale that necessitated the need to enhance building 

owners‘ SA-decisions. The following key issues listed below were presented to the SMEs and discussed 

in subsequent sections: 

i. adequacy of the model to reduce the complexity of the seismic risk decision-making process in 

order to ensure that owners of EPBs adopt preventive measures 

ii. adequacy of the model to relatively integrate the different roles of the various stakeholders 

involved in seismic retrofitting of EPBs to successfully initiate and sustain property owners‘ 

mitigation decisions. 
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8.5.1.1 Model Adequacy to Reduce the Complexity of the Seismic Risk Decision-Making 

Process 

The opinions of the SMEs regarding the adequacy of the seismic risk mitigation decision model are 

now discussed. A consensus was obtained among all the five SMEs regarding the need for a workable 

model or strategy that can be used to reduce the complexity surrounding earthquake mitigation 

decisions and to enhance building owners‘ SA-decisions. A strategy is necessary considering the 

impacts of the recent Christchurch earthquakes and the potential to prevent a future earthquake disaster. 

All five SMEs agreed that, to a great extent, the resultant seismic risk mitigation decision model has 

fulfilled this purpose. 

In the discussion regarding whether the model is adequate to reduce the complexity of the seismic risk 

decision-making process for owners to adopt preventive measures, the experts agree with the three 

simplified decision-making processes proffered by the model. An agreement was obtained among all 

experts that three sequential phases – (i) SA-intentions, (ii) SA-decisions; and (iii) the actual adoption 

and implementation of hazard mitigation measures (SA-adoption) – have simplified the complexity that 

surrounds the SA-decision-making process.  

In view of the definitions attached to individual each phase, all the SMEs pointed out that these three 

phases are relevant to the mitigating natural hazard risks because of the inherent problems and 

complexity associated with earthquake risk mitigation (see Section 2.6). SEM3 believes that the large 

number of stakeholders that the building owners have to deal with during the process of retrofitting 

could be attributed to such a complexity. He explained that the proposed simplified and step-by-step 

process will enable the stakeholders to understand their respective roles and limitations, thus reducing 

building owners‘ confusion regarding assessing several recommendations from all the stakeholders. 

SME2 pointed out that these phases are important because it provides a step-by-step approach to ensure 

that earthquake mitigation measures are actually adopted and implemented. He added that the model 

would likely help to reduce the dilemma of procrastination that is particular to earthquake hazard 

management, which results in the delay of SA-decision because the immediacy of threat cannot be 

justified coupled with the inability of the governmental regulatory mechanisms to mandate specific 

timelines for adopting risk mitigation measures. SEM 1 mentioned that the recent Christchurch 

earthquakes had demonstrated the need to put in place a simplified strategy centred on motivating 

property owners to adopt risk mitigation measures. This was because most of the damaged unreinforced 

masonry buildings were as a result of inaction by the owners to implement a ―make-safe work practice‖ 

on their properties such as in the case of 382 Colombo Street and the Forsyth Barr Building. Hence, the 

need for a gradual and monitored step-by-step motivational approach process to earthquake risk 

mitigation.  
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Three experts (SME1, SME3 and SME4) shared the view that being at the second and last phase (i.e. 

SA-decision and the SA-adoption phases) is more important than the first SA-intention phase. They 

explained that the SA-decision and the SA-adoption phases deal with more familiar and anticipated 

demands that accompany earthquake risk mitigation issues, while the formation SA-intention focus is 

centred at the individual and it may be difficult to ascertain its influence directly on overall earthquake 

vulnerability reduction. SME 1 mentioned that:  

It would be difficult to understand and estimate the differences that could result from 

various owners’ intentions to adopt seismic mitigation measures. The council for instance 

may find it difficult to incorporate managing the attitudes of its EPB owners towards 

retrofitting in its risk mitigation policy. I think the decision and adoption stage requires 

more attention.  

From another perspective, SEM5 pointed out that the three sequential phases are equally important to 

ensure an EPB owner‘s continued interest in expending money on mitigating low-probability risks such 

as earthquakes. SEM5 expressed that:  

If an owner does not develop intentions, and such intentions are nurtured to the decision-

making phase, there is no way an EPB property owner would be encouraged to adopt risk 

mitigation measures unless there are personal intrinsic evaluation of the benefits 

associated with retrofitting, most especially in this prevailing property market condition 

and regulatory environment. The pre-requisite for continued property owners’ interest and 

response to natural earthquake risk mitigation requires a continuous awareness and cost-

effective approach that ensures that owners of EPBs constantly think and discuss about the 

consequences of another earthquake event. In my opinion and experience as a building 

owner who has retrofitted several EPBs, the three phases are important.  

SEM5 seems to suggest that the first phase (i.e. intention formation) is particular to the building owners 

and should be taken seriously since they make the final decision whether to adopt risk mitigation 

measures or not and what extent of seismic performance they choose to adopt. SME2 supports this 

argument and added that the building owners are very important in this decision and their needs should 

also be considered. Further, SEM2 emphasised that the simplified process allows various activities 

within it to be assigned to the best person who can handle it during the decision-making process. For 

instance, the council and heritage preservation organisations could help out in the first phase, while the 

two other phases are handled by the concerned stakeholders. According to him, in this way all the three 

phases identified in the model can be monitored and implemented successfully.  

It is acknowledged in this study that different stakeholders may have different emphases on the 

importance of the three identified phases, which is reflected by their respective roles and responsibilities 

in relation to earthquake disaster mitigation (see Section 2.5.1). The model developed in this study 

would provide a system of clear linkages of sharing earthquake risk information among the stakeholders 

and also ascertain that the needs of the main decision-maker and the public in disaster preparedness are 

not underestimated. Accordingly, it is reasonable to include the intention formation phase in the model 
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because it focused on bringing together the needs and opinions of the different people that could be 

affected in an earthquake disaster.  

8.5.1.2 Adequacy of the Model to Integrate the Different Roles of the Various 

Stakeholders Involved in Seismic Retrofitting of EPBs 

The SMEs‘ opinions regarding the adequacy of the model to relatively integrate the different roles of 

the various stakeholders involve in seismic retrofitting of EPBs to successfully initiate and sustain 

owners‘ mitigation decisions is discussed in this section. SME1 expressed that:  

The framework provided by the model gives a holistic contextual approach to earthquake 

risk disaster mitigation that not only acknowledges hazard proximity and vulnerable 

buildings as important determinants of earthquake vulnerability reduction, but also 

emphasises the roles of the social, regulatory, economic and political realms that influence 

the earthquake risk mitigation decision. 

SME4 explained that ―the high percentage of buildings and infrastructures within New Zealand‘s built 

environment that are vulnerable to seismic hazard and risks provided additional justification and 

significance for a model like this‖. He goes further to explain that: ―such a holistic approach developed 

in this model would likely ensure that these stakeholders could come together and work as a team rather 

than as individual professionals‖.  In line with this argument, SEM5 added that a holistic approach is 

pertinent to the natural hazard disaster mitigation, particularly when there are several people dealing 

with different areas of disaster management. He recommended that ―streamlining parallel provisions 

and operating procedures among the several stakeholders involved in natural hazard disaster 

management would be beneficial to both pre- and post-disaster risk mitigation‖.  

This research study agrees with this suggestion. Such parallel provisions and operating procedures 

would reduce the poor coordination of hazard information and variations in the publication of the 

different documents related to earthquake hazard management. Therefore, this would reduce the 

inconsistencies in earthquake risk information among the stakeholders found and reported as an 

impediment to seismic risk mitigation in Section 5.3.1.4.2. SEM1 and SME4 responses to the need for a 

workable strategy or framework verifies the research position that the present challenges associated 

with seismic retrofitting of EPBs (both locally and internationally) entails joint efforts from the 

institutional, socio-political and regulatory mechanisms in New Zealand to facilitate effective 

preparedness for hazard mitigation because several inter-related factors influence building owners‘ 

uptake of these measures. SME2, however, believes that more of the responsibility lies with the national 

government to facilitate effective earthquake disaster prevention via political and financial support as 

they are ultimately responsible for disaster response and recovery as explained in Section 5.4. SME2 

explained that a holistic approach would allow everyone who can be affected by an earthquake disaster 

to participate in devising mitigation strategies. Thus, the need to adopt a holistic seismic risk mitigation 

model that combines the physical, economic, social and regulatory environments to ensure successful 
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mitigation efforts, illustrated in Figure 6.1, is justifiable. The experts‘ thoughts regarding the identified 

motivators are discussed next. 

8.5.2 Experts’ Opinions on Identified Motivators  

Three categories of interventions were found to significantly enhance the adoption and implementation 

of seismic mitigation measures in this study. These motivators are intrinsic motivators (IM) and 

extrinsic motivators (EM) and an STP. The main issue addressed here relates to the importance and 

practicality of the identified motivators and their potential impact on earthquake risk mitigation in New 

Zealand, if implemented. After a thorough reading and consideration on the proposed motivators, all 

five SMEs concurred that these motivators are important towards preparing a community for resilience 

to earthquake hazard. The experts‘ opinions regarding the three categories of motivators are now 

presented. 

8.5.2.1 Experts’ Opinions on Intrinsic Motivators  

The intrinsic motivators (IM) found to significantly enhance building owners‘ SA-intentions are: 

reiterating of past earthquake stories and coping strategies (IM1); presence of policy entrepreneurs 

(IM2); intensifying the use of the mass media (IM3); reducing the disparity and inconsistency in risk 

information (IM5); and the use of public recognition and awards to enhance seismic intention (IM6). 

SME1 feels that the identified intrinsic motivators (IM) seems burdensome but are necessary to ensure 

that the earthquake risk mitigation information is accessible to everyone. SME2 notes that IM1, IM3 

and IM5 seem to concentrate on the individuals or public and IM2 and IM5 deals will governmental 

authorities, providing a good mixture of motivators while targeting all the stakeholders. SME5 

explained that the intrinsic motivators (IM) focused on the provision and availability of seismic risk 

information about the actual level of risk faced, demystification of the earthquakes and ensuring that 

people are familiar with the protection capabilities of several seismic mitigation measures. He added 

that these motivators are important aspects of encouraging the vulnerable communities to protect 

themselves from earthquake risks. According to SME1: 

Interestingly, these motivators (specifically the mass media that includes TV, internet, radio 

and print), if properly utilised, will ensure that the public are generally aware of the 

importance of earthquake risk mitigation. He added that improved public awareness of 

earthquake risks will generate the necessary support and participation from many 

vulnerable communities which can lead to mandating their representatives to take actions 

or adopt policies that will ensure protection from earthquake hazard.  

SME3 believes that the media is particularly strong in initiating the necessary political debate and 

support that is necessary to promote earthquake risk mitigation. He warned, however, that in using such 

a medium adequate care must be taken to ensure that sensationalism and bias are not allowed when 

reporting earthquake risk issues because this can lead to misrepresentation and exaggeration of 

significant information, consequently misleading the public. In line with this trend of discussion, SME4 
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showed particular interest in the availability and use of policy entrepreneurs to increase the salience of 

earthquake risk issues. He expressed that: 

The use of policy entrepreneurs is necessary in natural risk management because the costs, 

implications and benefits of natural hazard risk mitigation are difficult to justify. These 

entrepreneurs can use their expertise, persistence, and skill to bring appropriate issues to 

the attention of other congressional members to see that these issues become law.  

He recommended, however, that experts in earthquake risk management need to work together with 

such entrepreneurs by providing them with clear definitions of a problem and potential solutions to it. 

These opinions expressed by the SMEs regarding the proposed intrinsic motivators (IM) are consistent 

with the research findings that adequate availability and communication of earthquake risk information 

at all levels in the society, coupled with efficient communication strategies, are necessary to motivate 

people to adopt risk preventive measures (Bourque et al., 2010). These motivators are necessary to 

shape people‘s perceptions of earthquake risks which may distort and underestimate the efficacy of 

mitigation measures. 

8.5.2.2 Experts’ Opinions on Extrinsic Motivators  

The extrinsic motivators (EM) that were found to be statistically significantly to enhance building 

owners‘ SA-decisions are in four categories: financial incentives (FI); property-market based incentives 

(PMI); regulatory-based incentives (RBI); and technologically–based incentives (TBI). All five SMEs 

showed more appreciation for the extrinsic motivators (EM) than the other two motivators. SEM4 

agrees that the proposed four categories could be used to complement each other to influence SA-

decisions. Specifically, on FI, he mentioned that:  

The different form of financial incentives presented by this study could be used to enhance 

building improvement programmes that target vulnerable earthquake risk buildings by 

encouraging property owners to rehabilitate to improved building designs and higher 

seismic performance levels. For instance, grants can be provided to owners of EPBs who 

are willing to adopt 67% NBS or more as proposed in this study. 

SME2 agrees with SME4 and added that such incentives if administered and monitored appropriately 

could yield a higher degree of confidence that buildings strengthened under these incentive programs 

would achieve the high seismic performance level as aimed by the program implementers. However, 

SME3 expressed concerns about the availability of resources to fund such FI programs. He expounded 

that huge amounts of both financial and human resources (such as inspectors, technical specialists and 

administrators) are required to successfully implement the program. SEM3 believes that most incentive 

programs are usually prescriptive, where the funding organisation specifies the performance 

requirements, thus limiting technical innovations and contributions from the building owners or other 

stakeholders. In line with this argument, SME1 mentioned that: 

There may be some problems getting support at the central and local level for this sort of 

financial incentive. First, the economic benefits would need to be significant and well 
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demonstrated. Secondly, funding models would need to be shown and backed up by strong 

overseas case studies.  

The concerns of SME3 and SME1 about the disadvantages associated with proposed FI to enhance SA-

decisions confirmed some of the findings reported in Section 5.3.3.2.1. One of the recommendations 

offered by some of interviewees during the qualitative study include framing earthquake risk mitigation 

in terms of public benefits such as public goods, historic preservation or ensuring public safety. One 

respondent mentioned that: 

 The cost of retrofitting must be balanced against other uses of public money and justified 

by use. If a good use can be found that will pay for the retrofit, it will happen. This may be 

in pure financial terms, or in public good value such as well-used heritage buildings. But it 

makes little sense to pour public money into the pockets of developers or a few owners to 

retrofit to very high seismic performance level. 

Therefore providing adequate justification for investment in earthquake risk mitigation could foster 

support for the provision of FI, specifically for strengthening EPBs to a higher seismic performance 

level. Regarding the RBI (the implementation of mandatory disclosure of earthquake risks, comprisal of 

seismic risks in property valuation assessments and financial sanctions for non-complying EPB owners 

to enhance property owners‘ SA-decisions), SEM1 believed that mandatory disclosure of earthquake 

risks and comprisal of seismic risks in property valuation assessments are significant to investment 

decisions regarding EPBs via the provision of adequate financial and risk information to potential 

buyers and tenants. SME1‘s opinion confirms the qualitative findings reported in Section 5.3.3.2.2 

regarding creating value for seismic risks in the property market. However, SEM5 expressed some form 

of cautiousness about the proposed RBI. According to him, ―although these regulatory requirements are 

important, they may likely slow down transactions in the property market‖. SEM4 believed that though 

at the initial stage, the property market stakeholders may find it difficult to adjust to these requirements, 

but as with any new regulatory requirement there will be a gradual adjustment to the requirements. 

SME2 considers financial sanctions (fines) as an important regulatory incentive to reinforce motivation 

for seismic upgrading of EPBs, by levying owners whose buildings are excessively vulnerable. He 

added that these fines will reduce the numbers of heritage buildings abandoned to decay and later 

demolished by property owners. SME5 suggested that an important RBI is harmonisation of an existing 

regulatory mechanism that relates to earthquake risk mitigation. He explained that this harmonisation 

would likely reduce the inconsistencies in the regulatory requirements and risk assessments identified as 

impediments in this study (see Section 5.3.1.4.2). 

In relation to PMI, all the SMEs concurred that all the proposed PMI incentives are significant to the 

adoption of earthquake risk mitigation measures in the property market. These PMI incentives include 

seismic retrofit education and an awareness program for property valuers, informed buyers and tenants, 

building historic value estimation, and when investments in retrofitting EPBs increase property value or 

rents. Confirming the qualitative findings reported in Section 5.3.3.2.2, SME5 believed that the 
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implementation of these PMI incentives would affect consumer demand for safer buildings. He 

explained that these incentives could lead to an educated public choosing the type of building to reside 

in and employees demanding employers to provide a safe working environment. Such demand could 

rapidly affect the building stock where market forces may reduce the property values of vulnerable 

buildings. SME3 suggested that the implementation of a grading system may also be included alongside 

the identified PMI incentives. He added though that adopting the grading system by the local authorities 

has already been advocated as a method of improving existing EPBs, and that the publication of such 

seismic risk indices on respective EPBs has been resisted by building owners, developers and the local 

authorities for legal and logistical reasons. SME3‘s opinion thus further confirms the rationale for the 

inconsistent nature and removal of the measurement item RBI4, the implementation of a grading system 

reported in Section 7.4.1. 

In the discussion on the proposed TBI, four significant incentives found to significantly enhance 

property owners‘ SA-decisions are: increasing the economic sustainability of EPBs (TBI1); carrying out 

seismic retrofitting alongside building renovations (TBI2); availability of cost-effective and sustainable 

design innovations (TBI3); and the provision of technical assistance by city councils or TAs (TBI4). All 

the SMEs hold similar views that the technological innovations and assistance program represent some 

of the most the significant means of achieving risk reduction because they reduce the trade-offs between 

cost and effectiveness of mitigation measures. The following opinions were given by the SMEs about 

the expediency of TBI. SME2 said that: 

Technological innovations in the design of technical solutions provided by the stakeholders 

could therefore fill the gap between the time, effort and skill requirements of the proposed 

mitigation measures and the amount of the corresponding resources that the building 

owner will expend on retrofitting potential EPBs.  

SEM1 explained that technological innovations nonetheless are good and the accessibility to these 

innovations can be very difficult because local government has little control over their availability. 

Likewise, SEM4 enunciated that, ―improving the seismic performance of potential EPBs can be 

achieved by providing technical assistance at the point that is mostly need and effective i.e. during the 

design and reconstruction of EPBs‖. SME3 added that such assistance program applied at the initial 

design stage could result in cost-effective design solutions. The opinions of the SMEs about the 

proposed TBI indicate that significance of these incentives in this research context. Experts‘ opinions 

regarding the STP are discussed in the subsequent section. 

8.5.2.3 Experts’ Opinions on the Stakeholder’s Approach  

Significant indicators of the STP motivator necessary to enhance the adoption and implementation of 

seismic mitigation measures are: a risk-based insurance premium approach for retrofitted EPBs (STP1); 

financial institutions requesting higher seismic performance level prior loan approval (STP3); 

availability of building seismic safety data (STP5); adequate information regarding retrofitting design 
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options provided to owners by engineers (STP6); comprisal of seismic risks in property valuation by 

property valuers (STP7); and the need for insurance regulators to adopt and implement practices that 

support the adoption of high seismic performance standards (STP8). The five SMEs were very satisfied 

with the STP and agreed that, to a large extent, the collaborative system is very much related to 

developing a seismic risk safety culture in New Zealand.  

According to SEM1, ―since different groups play different roles in earthquake risk mitigation, the 

ability to articulate how all the different stakeholders can effectively contribute to earthquake risk 

mitigation seems like the best way to approach this issue‖. Similar positions were alluded by SEM4, but 

he added that it is important that everyone contribute to the development of a seismic risk safety culture 

in New Zealand. He specifically mentioned: 

For instance, the national and local government can work together with the urban and 

regional planners to establish a framework of legislation where such a safety culture can be 

nurtured to grow. Engineers can work together with architects and community members to 

develop constant awareness of seismic safety and develop new technical design innovations 

when recommending retrofit solutions. Private companies such as financial and insurance 

companies and other organisations need to work collaboratively to protect their employees 

and investments.  

With somewhat similar views, SME5 agreed with the proposed indicators of the STP but was not 

convinced whether the implementation of these motivators will work without a third party coordinator 

and seismic risk inspector. He suggested the use of a third party service (such as seismic risk building 

inspector who will make available adequate seismic risk information to potential buyers and financial 

and insurance organisations) may improve the overall collaborative effort. 

This study agrees with the SME‘s suggestion regarding the creation of the seismic risk inspector in the 

market. This suggestion would likely reduce the problem regarding the lack of a unified information 

system regarding an individual building‘s seismic properties which impede the adequate risk mitigation 

investment decisions discussed in Section 5.3.2.2. The experts‘ opinions regarding the practicality and 

feasibility of the model and overall research findings are presented next.  

8.5.3 Experts’ Opinions on Practicality and Comprehensiveness of the Overall Research 

Results 

In view of the practicality and comprehensiveness of the resulting seismic risk mitigation decision 

model and research results, all the SMEs shared the opinion that the model has, to a great extent, 

identified all the factors affecting the adoption and implementation of adequate risk mitigation measures 

in New Zealand and the corresponding key motivators to improve the adoption and implementation 

process. SEM1 expressed that: 

The proposed model is very comprehensive and would be useful during this Christchurch 

recovery and rebuilding period, if we focus now on improving existing building stock. The 
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cost to the country resulting from the Canterbury earthquakes is reportedly between 8-10% 

of GDP. New Zealand, as a small country, has a disproportionately high percentage of 

national wealth located in a small number of urban centres, where the loss of any one of 

these cities such as Christchurch can have extreme consequences for the country as a 

whole. Therefore the proportionate cost risk of a major natural disaster in a large city is 

higher in New Zealand than an international average. Possibly, the threshold for 

addressing earthquake risk mitigation needs to respond to this. 

The overall impact and cost of a future disaster in New Zealand is dependent on how 

prepared the community is for such a disaster and how long it takes to recover, which 

depends on the level of damage sustained by the buildings and how quickly communities 

can re-establish usable housing and liveable environments. The implementation of some of 

the findings from this study may go a long way to help prevent significant economic loses in 

a major earthquake disaster. 

In somewhat similar lines to the above statement, SME2 agrees that the proposed motivators are 

necessary because it tends towards achieving voluntary risk mitigation. This is very important for the 

New Zealand environment, considering people‘s individualist nature towards natural hazard 

management and the government‘s emphasis on only life-threatening collapses. SME2 specifically 

mentioned:  

Your emphasis on using several mechanisms to initiate the voluntary adoption of adequate 

seismic mitigation measures is singularly important because there is too much emphasis on 

eliminating only the risk of life-threatening collapses, which has proved insufficient to deal 

with the harsh reality of disaster consequences, as in the case of the Christchurch 

earthquakes. 

He further explained that, though the main objective of earthquake preparedness is to protect lives, mere 

survival is inadequate, especially from a city-wide perspective. The national government policy must 

recognise that their responsibilities lie beyond basic safety. Seismic risk mitigation should entail 

preparing all our structures, networks, and organisations so that expected losses are not catastrophic to 

the country‘s economy. In my opinion, the model and the overall research results have identified a list 

of motivators and incentives to promote voluntary earthquake risk mitigation because using regulatory 

mandates alone have not been very effective for improved earthquake risk mitigation as recently 

experienced in the Christchurch earthquake events.  

SEM3‘s opinion regarding the final model and overall research findings reads: 

I think the motivators are widespread across several stakeholders and sectors. Earthquake 

risk mitigation programs are effective when they balance the needs and resources of all 

stakeholders. A mandatory program that no building owner can afford, or that causes 

enormous short-term disruption to achieve a hypothetical long-term result, will accomplish 

little. On the other hand, programs designed for the convenience or benefits of certain 

individuals don’t often get the job done for the community. Thus a political support 

combined with regulatory instruments and community willingness must be in sync to 

achieve effective risk mitigation. In my opinion, these set of motivators have adequately 

balanced the needs and activities of all the stakeholders to achieve effective risk mitigation. 
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However, SME1 and SME3 pointed out that the model is only sufficient to provide an overview of the 

influential property owners‘ motivators. SME5 added that the model could consider the economic 

implication of these motivators, and how the stakeholders involved in designing them would develop 

and compare a cost-benefit analysis of the provision of these against non-provision, given the likelihood 

of an earthquake in a certain area. SME2 and SME3 also suggested that it would be good to further 

develop the model into a computer program i.e. a decision support system that the TAs or city councils 

can use to determine respective motivational potentials applicable to their regions and analyse the 

economic feasibility of such proposed motivators. This suggestion is important in order to substantiate 

the practical applicability of the seismic risk decision model in the real-life business environment. 

SME1 added that the development of the model into a computer program, coupled with findings from 

good overseas case studies, could offer convincing reasons for local and central governments and the 

public to invest in earthquake risk mitigation. SEM3 further explained the model could be more 

beneficial to the local government if the motivators would be prioritised into short-term, medium-term 

and long-term requirements. This prioritisation will help local governments to effectively plan their 

scarce resources towards achieving successful earthquake risk mitigation strategies.  

The experts support regarding the comprehensiveness and expediency of the motivators is largely in 

agreement with the intent and purpose of the author‘s research submission because the reliance on the 

present approach in New Zealand that focuses only on using regulatory mechanisms to achieve 

community resilience against seismic risk has not been very effective (see Section 2.3). The economic 

and social implications from the recent Christchurch earthquakes provide additional rationale for 

justifying the research findings. The adoption and implementation of the motivators becomes important 

if New Zealand plans to reduce losses from another catastrophic future earthquake event.  

Overall, earthquake risk mitigation should be driven only by building owners‘ knowledge and risk 

sensitivity, but should be encouraged by education and awareness programs, incentives and a 

favourable political environment. Admittedly, there is a potential to research further into the relative 

economic implications and measureable benefits of the proposed motivators in order to examine the 

potential impacts of each motivator on earthquake risk mitigation. The adaptation of the model into a 

computer program also seems like a feasible future research area (see Section 10.4). 

Concluding the section on the validation of the research model and overall findings, comments were 

made by the five SMEs regarding the respective findings summary provided to them. The five SMEs‘ 

comments and opinions have significantly validated the research findings from both the qualitative and 

quantitative research phases. The SMEs have also provided information that has extended the author‘s 

knowledge beyond that held in the current study.  
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8.6 Summary  

This research intends to contribute to the field of hazard mitigation by adopting a holistic perspective 

incorporating economic, socio-political, institutional and environmental perspectives for creating 

incentives for building owners, engineers, architects and other stakeholders involved in seismic 

rehabilitation to invest in earthquake risk mitigation and management. The discussion of the results 

from the quantitative analysis presented forms the basis of this chapter. The observed predictive 

relationships were explained by referring to the measurement items of respective predictor and 

predicted constructs presented in Tables 7.4 and 7.15. The discussion of the quantitative findings 

reveals the key determinants and corresponding motivators for enhancing building owners‘ adoption 

and implementation of seismic mitigation measures. Qualitative data from the interview findings and 

open-ended questions in the survey were used to supplement the discussion of the results. In addition, 

the results from the validating exercise are presented in this chapter. New datasets were collected from 

five SMEs to verify the earthquake mitigation enhancement model and overall research results. The 

results from the quantitative analysis and validation are presented and discussed within the context of 

the fourth and fifth research objectives pursued in this study respectively. The overall research summary 

and conclusion is presented in the following chapter.  
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   CHAPTER 9

Summary and Conclusion  

 Introduction 9.1

The research conducted in this study is necessitated by a growing need for an overarching framework 

for researchers and environmental hazard management practitioners to increase the prospect of building 

owners‘ adoption and implementation of mitigation measures for strengthening EPBs. A general 

summary and conclusion of the research investigations is presented in this chapter. The original 

research contributions to knowledge, theory and practice are presented in the first section. In the second 

section, the evaluation of the research objectives which highlight how the research investigations are 

used to achieve the five objectives pursued in this study is set out. Next, recommendations arising from 

the research findings and implications for Christchurch post-disaster reconstruction are presented. 

Finally, the research limitations and concluding remarks from this study are presented. It is hoped that 

the current study has provided adequate practical methods and necessary motivators and initiatives that 

could be undertaken to help building owners‘ earthquake preparedness towards seismic disasters.  

 Original Research Contribution  9.2

This study contributes to the body of knowledge known as ―decision-making in natural hazard and 

disaster mitigation‖. Specifically, this research focuses on enhancing earthquake risk mitigation 

decision. An outline of the original research contributions to knowledge and theory from this study is 

presented in the following subsections. 

9.2.1 Contribution to Decision-making in Natural Hazard and Disaster Mitigation 

The research investigations reinforce generally held views in earthquake disaster management literature 

that the socio-behavioural, institutional and economic aspects of earthquake risk mitigation influence 

property owners‘ decision-making processes to adopt adequate risk mitigation measures. Previous 

research such as studies by Lindell et al. (2009) and Paton (2003) have sought to examine the various 

factors affecting the earthquake risk mitigation decision. In this research, a motivational perspective 

was applied to investigate and empirically demonstrate the varying impacts of motivation on building 

owners‘ decision-making to voluntarily adopt and implement adequate seismic mitigation measures. 

The findings from this study offer a substantial explanation on how the factors affecting building 
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owners‘ decision-making interact to influence the decision outcome regarding the adoption of adequate 

mitigation measures. In addition, a stakeholders‘ approach to earthquake risk mitigation is revealed in 

this study as a significant intervention for developing social relationships that foster collective 

protective actions against environmental threats. The stakeholders‘ approach is necessary for reducing 

the complexity associated with seismic risk mitigation decisions discussed in Section 2.6.3. 

Consequently, earthquake hazard and risk information, mitigation measures and implementation 

strategies derived from this collective stakeholders‘ approach is more likely to be accepted and 

comprehended, thereby prompting building owners‘ adoption and implementation of seismic mitigation 

measures.  

Further, incentives and motivators necessary to induce voluntary adoption of risk mitigation measures 

are uncovered in this research. These incentives provide linkages for understanding how the 

motivational processes underlying human reasoning and judgements regarding earthquake preparedness 

decisions can be used to promote seismic retrofit implementation in New Zealand. The study provides 

empirical evidence to support the applicability of motivational theories in earthquake mitigation 

decisions. This evidence not only broadens the focus of a building owner‘s motivational potential for 

earthquake preparedness, but also enhances the understanding of the nature and constitution of the 

respective intrinsic and extrinsic motivators in decision-making under risk and uncertainty. This is the 

first known study adopting a mixed-method approach in the natural hazard and disaster management 

literature to apply the concept of motivation to the study of earthquake risk mitigation decisions at the 

individual commercial building owner‘s level. Thus, it is the key contribution of this study. In addition, 

certain provisions in relevant earthquake mitigation legislative documents such as the Building Act 

(2004) and Territorial Authorities‘ (TAs‘) earthquake-prone policies that hinder property owners‘ 

adoption of appropriate risk mitigation measures are outlined in this study. Potential improvements that 

could make these legislative documents robust for enhancing the earthquake mitigation decision are 

highlighted in Section 9.5. 

Finally, results from this current study add to the growing body of literature examining the socio-

behavioural, institutional and economic aspects of earthquake hazard mitigation. This study specifically 

contributes to the body of knowledge examining how people respond to and make decisions regarding 

earthquake risks within the commercial property industry. This is important because despite the volume 

of studies on earthquake risk mitigation decisions, they are not wholly applicable to the decisions within 

the commercial property industry. This research thus serves to bridge the knowledge-implementation 

gaps identified in this study (see Sections 1.2 and 3.3) at the individual commercial building owner‘s 

mitigation level.  
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9.2.2 Contribution to Theory 

A major contribution to theory from this study is the development of a framework that integrates the 

theoretical fields of natural hazard management and motivation to influence behavioural change 

towards earthquake risk mitigation preparedness. Motivational theories (see Section 3.5) were applied 

and tested in order to examine the effects of intrinsic and extrinsic motivational factors on individual 

EBPs owners‘ decision-making process to adopt seismic risk mitigation measures. First, it establishes 

the empirical evidence to support the claim regarding the need for behavioural reinforcements to 

reactivate human intrinsic and extrinsic motivation to voluntarily perform an action. Second, the 

research findings offer empirical support for two of the major tenets of decision-making under risk and 

uncertainty (see Section 3.4.1). Both tenets emphasised that decision-making under uncertainty must 

recognise the psychophysical and motivational explanations of decision outcomes. Third, findings from 

this study  complements and supplements existing approaches to natural hazard management because it 

combines economic, socio-psychological and behavioural criteria to understand what motivates 

people‘s decision and behaviour to undertake protective measures (see Sections 3.2). Overall, the 

contribution to theory is achieved by supporting and extending some of the claims made by several 

theorists relating to the uptake of precautionary behaviours to mitigate environmental hazards. 

 Review of Research Objectives  9.3

The principal focus of the current study is to address how property owners can be motivated in order to 

increase the likelihood of EPB owners undertaking adequate mitigation actions to reduce their 

vulnerability to earthquake disasters. A summary of the findings, in accordance with the research 

objectives and main hypotheses discussed in Sections 1.4 and 1.5 of Chapter 1 are outlined in the 

following subsections.  

Objective one: To identify factors affecting building owners’ seismic mitigation decisions and 

adoption within the New Zealand context. 

A review of the disaster management literature presented in Chapter 2 provides an overview of the 

nature of human vulnerabilities to earthquake disasters and several possible approaches of mitigating 

seismic risks. A contextual background to the discussion was provided by reviewing New Zealand 

earthquake risk mitigation processes. The discussion emphasised the vulnerabilities of many 

communities in this country to earthquake disasters, and suggested that the current institutional, socio-

political and regulatory mechanisms in New Zealand for facilitating preparedness for earthquake 

disasters are inadequate. The review of the local and international literature suggests that building 

owners are generally reluctant to adopt appropriate seismic mitigation measures because the decision-

making process is characterised by various impediments that discourage building owners from making 

appropriate mitigation decisions. Therefore, the study investigations emphasised the need to understand 
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the rationales for property owners and other key decision-makers decisions regarding whether or not to 

undertake pre-disaster preventive measures.  

Through a multiple case studies approach, and using interviews as the data collection technique, 

research question one, which is; Why are building owners generally reluctant to adopt appropriate 

seismic adjustments decisions, despite New Zealand’s high vulnerability to earthquake risks?, was 

examined from two different perspectives. The perspectives are; (1) to investigate factors acting as 

challenges to property owners‘ seismic mitigation decisions; and (2) to examine how the stakeholders‘ 

practices within their operative working environments influence the decisions. 

The findings from the analysis of research question one identified significant factors impeding seismic 

mitigation decisions at the individual building owner‘s level. These factors were categorised into four 

themes; perception-related, sociological, economic-related and institutional impediments, and are 

reported in Section 5.3.1. In addition, the analysis further revealed another category of impediments at 

the stakeholders‘ level. These include property valuation assessments, owners‘ motive for property 

acquisition, high loan interest rates, lack of a unified information system regarding an individual 

building‘s seismic risk properties and a risk-based insurance premium scale, and are set out in Section 

5.3.2. These findings reinforce previously held opinions about the problems associated with seismic 

mitigation decisions, specifically in New Zealand (see Sections 2.6 and 3.3). The research findings offer 

explanations regarding building owners‘ unwillingness to adopt earthquake risk mitigation measures in 

New Zealand. Hence, in pursuance of research objective one, the findings reported in Section 5.3.1 

provided answers to it. 

Objective two: To examine potential intrinsic and extrinsic motivators that could enhance 

building owners’ decisions to adopt appropriate seismic risk mitigation 

measures. 

The review regarding the seismic mitigation decision reported in Chapter 2 revealed several 

stakeholders and their respective roles in earthquake preparedness decisions. The review presented in 

Chapter 3 further examined previous studies, theories and research approaches that have been used to 

understand how people make decisions under risk and uncertainty. The chapter provides a contextual 

background that underscores the importance of the applicability of a motivational approach to disaster 

preparedness decisions in order to facilitate successful earthquake risk mitigation. Chapters 2 and 3 

therefore underpin the investigations in this study as it tries to achieve the research second research 

objective.  

Similar to research objective one, the analysis of the interview findings provides answers to research 

question two used in pursuance of objective two. Research question two is stated as: What are the 

potential intrinsic and extrinsic motivators that could enhance building owners’ decisions to adopt 
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appropriate seismic risk mitigation measures. The analysis of research question two examines potential 

intrinsic and extrinsic interventions that can be used to enhance the adoption and implementation of 

earthquake risk mitigation measures using theoretical prepositions (see Section 5.3.3). Intrinsic 

interventions include: intensifying critical awareness motivators such as reiterating past earthquake 

experiences and coping strategies among community members; using the mass media and policy 

entrepreneurs at all levels of government to increase the salience of seismic risks; and promoting pro-

social mitigation behaviour. Extrinsic motivators include trust building among stakeholders; and several 

financial and non-financial incentives. The financial incentives are: grants, low interest loans and tax 

credits, while non-financial incentives include creating value for seismic risks in the property market 

and building trust among the stakeholders. These findings provide insights into how human 

motivational orientation that underlies human reasoning affects the seismic mitigation decision, and 

provides an empirical support regarding the application of motivational concept in earthquake 

mitigation decisions. The goal of research objective two is thus to provide answers to research question 

two posed in Section 1.4.  

Overall, findings from the qualitative study offer plausible explanations regarding building owners‘ 

unwillingness to adopt a seismic mitigation mechanism in New Zealand and how the earthquake 

preparedness decision can enhance the likelihood of property owners‘ adoption of adequate risk 

reduction measures. The research results relating to research objectives one and two were published as 

intermediate research outputs in three A-ranked journal papers and six peer-reviewed local and 

international conferences. A list of all the research publications generated from the current study is 

included at Appendix C.  

The qualitative findings reported in Chapter 5 therefore underpin the research study as it pursues the 

remaining research objectives. This information was used to address research objective three, discussed 

below to explicitly model the way in which these motivational interventions would encourage people to 

prepare for earthquake disasters and enhance their protective behaviour by further using a larger group 

of research participants. 

Objective three: To develop and test a framework that examine relationships among the factors 

affecting seismic mitigation measures decisions and adoption and potential 

motivators to enhance building owners’ risk mitigation decisions. 

The first part of research objective three aims to develop a framework that can be used to examine 

relationships among the factors affecting the seismic mitigation measure decision and the identified 

intrinsic and extrinsic motivators. Chapter 6 explicitly focuses on the development of the framework. 

The comprehensive multi-phased framework illustrated in Figure 6.1 was developed from the 

qualitative findings to examine how seismic mitigation decisions can be initialised, motivated and 

sustained. The second part of research objective three aims to empirically test the framework. Wider 
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research respondents were solicited by administering an online questionnaire survey to a broader range 

of participants within the same research domain and geographical coverage explained in Section 1.6.  

An earthquake mitigation decision enhancement model was constructed from the framework in order to 

allow quantitative testing and analysis. Structural equation modelling (SEM) approach was adopted as 

the data analysis technique using the SmartPLS software (rationales for using this SEM approach and 

the SmartPLS software are provided in Section 4.6). While steps used in conducting the SEM-PLS 

analysis are presented in Appendix B2. The results reported in Chapter 7 provide quantitative testing of 

the earthquake mitigation decision enhancement model. The assessment of the measurement model 

demonstrates the reliability and validity of the specified constructs and its corresponding items (see 

Section 7.4). The assessment of the structural model establishes the model adequacy to predict the 

actual adoption and implementation of seismic adjustment adoption by demonstrating that the model 

has robust prediction relevance to the research problem examined in this study (see Section 7.5). 

Likewise, an estimation of the path coefficients that describe the six main hypotheses and 16 sub-

hypothesised relationships among the model constructs was conducted to further examine the 

explanatory power of the model (see Section 7.5.3). The interpretations and discussions from the 

quantitative results are presented in Chapter 8. The development of the framework reported in Chapter 

6 and testing conveyed in Chapter 7 thus fulfils research objective three and addresses part of the third 

question posed in this study. 

Objective four: To identify key determinants of the risk mitigation decision and motivators for 

enhancing building owners’ adoption and implementation of seismic mitigation 

measures. 

In pursuance of research objective four, six main hypotheses were formulated to analyse the 

relationships among the factors and motivators affecting seismic mitigation decisions. The estimation of 

the path coefficients of the model constructs is used to assess the strength of the relationships among the 

factors, while providing a test of the research hypotheses. Significant path coefficient estimates were 

used to identify the key determinants of the risk mitigation decision and motivators for enhancing 

building owners‘ adoption and implementation of seismic mitigation measures. A review of the 

hypotheses is outlined below. 

Hypothesis 1 postulates that seismic mitigation intention (SA-intention) will significantly and 

positively influence the development of the seismic mitigation decision (SA-decision). The estimation 

of the path coefficients presented in Table 7.13 showed that the hypothesis H1 is supported and is 

statistically significant. It is acceptable to conclude that SA-intention to seismically retrofit EPBs will 

proceed to the second SA-decision phase when all the factors influencing the decisions in the first phase 

have been satisfactorily considered and enhanced (see Section 8.2.1). 
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Hypothesis 2a posits that use of the effective risk communication strategies (RC) will positively affect 

SA-intention. Results presented in Table 7.13 show that RC has a significant positive impact on SA-

intention, but it is marginally or partially supported. One possible explanation for these relationships is 

that the provision of information increases a person‘s knowledge about the hazards, but may not 

directly affect intention to adopt mitigation measures because of the presence of other variables such as 

lack of resources and efficacy of regulatory requirements.  

Hypothesis 2b postulates that adopting effective risk communication strategies (RC) will positively 

influence the SA-decision. Results presented in Table 7.13 show that RC has a significant positive 

impact on the SA-decision, but it is marginally supported. This suggests that though there is sufficient 

risk information about earthquake hazard mitigation, the dissemination strategies adopted to inform 

owners of EPBs may have not been adequate to achieve the desired mitigation objectives. The extent to 

which RC affect SA-intention and SA-decision is discussed in Section 8.2.5. 

Hypothesis 3 proposes that intrinsic motivators (IM) will have a positive impact on SA-intention. 

Results presented in Table 7.13 show that IM has a significant positive impact on SA-intention and the 

relationship is statistically significant and supported. It can be inferred that the implementation of the 

proposed intrinsic motivators at the individual level interacts with some of human cognitive, social, and 

psychological attributes that affect persistence in decision-making, thereby increasing the possibility of 

developing intentions to adopt risk reduction measures (see Section 8.3.1).  

Hypothesis 4 postulates that the SA-decision will significantly influence building owners‘ adoption and 

implementation of mitigation measures. The estimation of the path coefficients presented in Table 7.13 

showed that hypothesis H4 is supported and statistically significant. This result provides evidence that 

the extent to which that a building owner is willing to voluntarily adopt and implement mitigation 

measures beyond the minimum obligatory requirements depends on a critical analysis of several factors 

affecting seismic adjustment decisions (see Sections 3.3, 4.6 and 8.7.2). It is plausible to mention that 

the decision will proceed to the third SA-adoption phase when all the factors influencing the decisions 

in the first and second phases have been satisfactorily considered and enhanced. 

Hypothesis 5 proposes that extrinsic motivators (EM) will have a positive impact on the SA-decision. 

Results summarised in Table 7.13 indicate that the EM which comprised of four dimensions; financial 

(FI); property market-based (PMI); regulatory-based (RBI); and technological–based exert a 

statistically significant positive impact on SA-decision. The predictors of the SA-decision reported in 

Section 8.3.4 provided additional evidence of the significance of extrinsic motivators in facilitating 

building owners‘ decisions to adopt mitigation measures. Based on this evidence, hypothesis H5 is 

supported by the data set and it is reasonable to submit that extrinsic motivators when meritoriously 

implemented will motivate building owners to adopt risk mitigation measures. 
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Hypothesis 6a states that an increased collaboration amongst the stakeholders (STP) would have a 

positive impact on SA-decision. The analysis of hypothesis H6a demonstrated that measurement items 

of STP have a significant and positive impact on the SA-decision. This result indicates that a 

stakeholders‘ approach is necessary to promote collective efficacy among the participants of the seismic 

mitigation decision, so that they can jointly pull their resources together to achieve effective risk 

mitigation strategies.  

Hypothesis 6b posits that STP would have positive impact on the actual adoption of risk mitigation 

measures (SA-adoption). Results summarised in Table 7.13 and discussed in Section 8.3.3 establishes 

that STP also has a significant positive impact on SA-adoption. As explained under hypothesis 6a, the 

measurement items of STP have significant predictive relevance to predict building owners‘ 

motivational potential for earthquake preparedness. Therefore, increased collaboration amongst the 

stakeholders can be considered as a significant predictor of building owners‘ adoption and 

implementation of earthquake risk mitigation measures. 

Generally, five key main determinants of property owners‘ adoption of appropriate mitigation measures 

emerged from the research investigations. These are: seismic mitigation intention; seismic mitigation 

decision (SA-decision); stakeholders‘ approach (STP); intrinsic motivators (IM); extrinsic motivators 

(EM); and risk communication (RC). These key determinants to varying degrees could directly and 

indirectly affect the adoption of earthquake mitigation measures and are discussed in detail in Chapter 

8. A summary of identified key determinants of building owners‘ adoption and implementation of 

seismic mitigation measures is provided in Table 8.4. The identified key determinants are relevant for 

understanding the relationships between people‘s seismic mitigation intention, decision analysis and the 

actual adoption of seismic earthquake protective measures. These key determinants are adequately 

implemented, motivated and monitored; building owners are most likely to adopt adequate preventive 

measures to reduce their vulnerability to earthquake risks. These results confirm the study‘s theoretical 

speculation regarding the three phases of seismic adjustment adoption and supports previous empirical 

studies and theories discussed in Sections 3.3 and 3.5, that enhancing people‘s attitude towards a hazard 

is a precursor to making decisions to take action to reduce or prevent the impacts of the hazard. The 

analysis of the hypotheses is used to accomplish the fourth objective while providing answers to 

research question three posed in this study.  

Objective five: To validate the overall research findings 

A final step in the quantitative data analysis and research process is the validation of the research 

results, using five Subject matter experts (SMEs). The SMEs‘ comments and opinions significantly 

validated the research findings from both the qualitative and quantitative research phases, and offered 

suggestions for improving the research results. Specifically, the reviews of the motivators provided by 

the SMEs highlight the importance of identified motivators for enhancing earthquake risk mitigation in 



  Chapter 9-Summary and Conclusion   

 

258 

New Zealand if effectively implemented and monitored. The SMEs‘ comments and opinions have also 

provided information that extended the author‘s knowledge beyond that held in the current study. The 

validation exercise and findings are discussed in Section 8.5. 

Overall, the findings from this study provide an opportunity to discover potential relationships which 

can possibly broaden the scope of the study, and provide implications for Christchurch post-disaster 

reconstruction and future pre-earthquake disaster mitigation in New Zealand, while the 

recommendations arising from this study are discussed in Section 9.5. 

 Implications of Research Findings for Christchurch’s Post-disaster 9.4

Reconstruction and Future Pre-earthquake Disaster Mitigation in New 

Zealand  

The recent Christchurch earthquake swarm caused widespread damage to buildings and infrastructure 

and over 181 deaths and various causalities. Many unreinforced masonry buildings (URM) or parts of 

buildings collapsed and various modern building structures were critically damaged. 80% of the people 

who died from the earthquake disaster are members of the public, such as pedestrians and motorists 

who were outside the building demonstrates that lack of seismic retrofitting of EPBs does not solely 

constitute a risk for the building owner or occupants but rather constitutes a threat to the community as 

a whole. Hence, the need for incentives, motivators and a collective approach emphasised throughout 

this thesis for improving earthquake risk mitigation in New Zealand.  

The results presented in this study are obtained before the recent Christchurch earthquakes; however the 

findings provide valuable suggestions necessary to achieve successful Christchurch post-disaster 

reconstruction and future pre-earthquake disaster mitigation in New Zealand. An outline of the key 

implications is made under the following subheadings. 

9.4.1 Efficacy of the Regulatory Frameworks for Earthquake Risk Mitigation  

The efficacy of earthquake-related policies and regulations relates to the extent that their formulation 

and implementation affects the adoption and implementation of seismic mitigation measures. Research 

findings from this study established that the current regulatory frameworks such as the Building Act 

(2004) and the TAs‘ earthquake-prone policies on earthquake risk reduction may pose barriers to the 

adoption and implementation of seismic mitigation measures in New Zealand (see Sections 2.3, 5.3.1.5 

and 8.2.4.3). Some of these impediments are explained below. 

 Provisions of Building Act (2004)  9.4.1.1

The Building Act (2004) prescribes the requirements of the national building code in a manner that 

ensures that buildings and associated features meet certain performance standards such as earthquake 
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loading and material standards. In the current study, the findings showed that certain provisions of the 

Building Act (2004) discussed below constitute potential impediments to the realisation of the prompt 

reconstruction of Christchurch and for future pre-earthquake disaster mitigation in New Zealand.  

 Minimum Requirement for Life Safety  

The minimum requirement of the Building Act (2004) as revealed in this study serves an impediment 

for building owners adoption of adequate mitigation measures (see Section 5.3.1.5.1) by tolerating 

damage to the primary structure and to other building elements in the event of a major earthquake. 

However, the 151 deaths resulting from the collapse of the CTV building are perhaps an outcome from 

a rare event that was not anticipated by the Act‘s minimum requirement. In addition, hearings from the 

CERC investigations suggest that the current minimum does not match the community‘s expectation of 

a building‘s performance in an earthquake (CERC, 2011). Consequently, there is a need to review the 

Act‘s minimum requirement of 33% NBS for seismic retrofitting of EPBs. Specific recommendation 

relating to this provision is presented in Section 9.5.1.  

Furthermore, the economic implication of the Act‘s minimum requirement that has been emphasised 

through this thesis was highlighted after the Christchurch earthquakes. This has resulted in significant 

economic implications for both the property owners and country as a whole. It is apparent that the 

enormous economic loss from the Christchurch earthquake disaster was not anticipated by the Act‘s 

requirement. Although the design of various contemporary buildings within the Christchurch CBD 

ensured that people could safely vacate them immediately after the earthquake, many buildings were 

considerably damaged while others needed demolition. In addition, as emphasised in this research in 

Section 5.2.1.4.2, the financial bail-outs from EQC, central government and private insurers companies 

are inadequate to cover the associated expenses from the disasters. Response from the insurance 

industry to Christchurch earthquake losses has been to decline seismic risk protective cover or only 

offer unaffordable insurance premiums and deductibles as predicted in this study (see Section 8.2.4.2). 

Christchurch earthquakes have proved that this approach may not be effective in certain disastrous 

disasters and suggesting the need for strategies aimed at adequate pre-disaster mitigation strategies.  

A key issue investigated in this study relates to how other avenues and strategies (such as the provision 

of incentives, motivators and property market mechanisms can be effectively combined to increase the 

strengthening of vulnerable buildings within the community. The efficacy of these approaches for 

Christchurch‘s reconstruction and future pre-disaster mitigation are discussed in detail in Section 9.4.4, 

while specific recommendations are presented in Section 9.5.2.  

 Change of Use Conditions  

Sections 112-115 of the Building Act (2004) require that existing structures that undergo alterations or a 

change of use should comply with current building code requirements such as current provisions 

regarding disability access and fire requirements. As discussed in Section 5.3.1.5.1, there is a need to 
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review these provisions as they act as impediments to property owners‘ adoption of adequate mitigation 

measures. For instance, shoring and earthquake strengthening are often treated as an ‗alteration‘ under 

the Building Act (2004).  In a post-disaster situation such as in Christchurch, there should be provision 

for shoring and earthquake-strengthening to take place without regulatory delay. Likewise, findings 

following the Christchurch earthquakes showed that these Sections the Act have significantly increased 

the proliferation of substandard structures within the community leading to a growing level of 

vulnerability to seismic disaster (CERC, 2011). Hence, the need to review the change of use and 

alterations provisions of the Act. 

 Mandatory Disclosure of Seismic Risks 

Findings from this study indicate that mandatory disclosure of a building‘s seismic risks in all property 

market transactions as a strong motivator to invest in seismic retrofitting of EPBs. A lack of mandatory 

disclosure limits the different stakeholders‘ knowledge of issues related to seismic risk, specifically for 

the participants within the property market. Findings from the qualitative study revealed that most of 

the stakeholders in the market have little or no knowledge about EPBs, seismic retrofit standards, legal 

obligations and potential liabilities relating to the changes in the Building Act‘s (2004) requirements 

and TAs‘ EPB policies (see Section 5.3.1.4.3). Thereby, resulting in under-investment in earthquake 

risk mitigation (see Section 8.3.2.3). Currently, none of the regulatory mechanisms relevant to 

earthquake risk mitigation in New Zealand specifically addresses whether building seismic risks should 

be mandatory or not. Findings from this study provide empirical justification that mandatory disclosure 

of seismic risks by relevant regulatory frameworks is necessary to improve earthquake risk mitigation 

in New Zealand.  

For instance, mandatory risk disclosure after the February 2011 earthquake would have reduced some 

of the anomalies associated with the building safety evaluation processes and aided the investigations 

carried out by the CERC (2011). Information regarding the investigated sample buildings would be 

accessible if the law mandates all concerned stakeholders to disclose risk information rather than 

requesting information from many organisations and persons. Mandatory disclosure of risks through 

relevant policies such as the Building Act (2004) would ensure that owners and property retailers are 

obligated to disclose a building‘s seismic risk to prospective buyers or tenants at the point of sale or 

lease. Mandatory disclosure of accurate risk information to buyers, insurers and lenders would 

consequently lead to an informed property market. Equally, building occupants would begin to demand 

buildings that adequately ensure their safety when working or residing in them.  

 Provisions in Earthquake-Prone Policies (Prepared by the TAs) 9.4.1.2

Some of the provisions of the TAs‘ earthquake provisions acting as obstacles to earthquake risk 

mitigation are discussed in this subsection.  
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 Policy implementation Approach  

The policy implementation approach adopted by the TAs has several implications where some districts 

have good programs in place to mitigate earthquake hazards, while others have done little or lack 

adequate resources to implement mitigation measures. The TAs adopting a passive mitigation approach 

was revealed in this study as an impediment to earthquake risk mitigation (see Section 5.3.1.5). 

Likewise, Christchurch‘s earthquakes highlight the ineffectiveness of a TA policy having a passive 

implementation approach and the need to urgently implement consistent policies throughout New 

Zealand to address the potential threats posed to the community. An appraisal of the policy 

implementation approach adopted by some of the TAs is necessary.  

 Timeframes for Retrofitting EPBs  

Timeframes for strengthening EPBs vary widely among the TAs, ranging from around 5-30 years (or 

indefinitely), depending on the building type and importance level (DBH, 2005). Most of the TAs‘ 

policies also allow for a possible time extension for strengthening EPBs. In the interim, people still 

reside and work in these vulnerable buildings and they could be susceptible to risks posed by a possible 

future earthquake disaster. As revealed in this study, longer timeframes impede the adoption of 

mitigation measures. A review of the earthquake-prone policy requires effective timeframes for 

retrofitting EPBs, considering the regional hazard factor, resource availability and effective building 

life. 

Overall, it could be surmised that the Building Act and TAs‘ earthquake-prone policies would be 

enhanced by providing legislative clarification with regard to matters such as minimum requirements, 

strengthening targets, implementation approach and timeframes. It is important to acknowledge that 

seismic risk differs across all parts of New Zealand. This difference should be taken into account when 

determining the regulatory response for each region. A review and realignment of all regulatory 

documents is necessary to present a robust framework where New Zealand communities such as 

Christchurch can gradually recover after a major earthquake disaster, while planning for pre-disaster 

mitigation against future earthquakes. The following subsections emphasise other research submissions 

that are necessary to increase the likelihood of property owners‘ adoption and implementation of 

appropriate risk mitigation measures. 

9.4.2 Improving Institutional-related Approaches for Earthquake Risk Mitigation  

Two key approaches for improving the institutional-related barriers to earthquake risk mitigation and 

Christchurch‘s post-disaster reconstruction emerged from this study. These significant approaches 

include: the provision of a unified safety assessment information system and improving the efficacy of 

technical solutions recommended by engineers. The implications of these two approaches are discussed 

next.  
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 Provision of a Unified Safety Assessment Information System 9.4.2.1

Findings from this study established that the provision of a unified safety assessment information 

system that offers risk information about the vulnerability of potential EPBs to the public is central to 

bridging some of the related problems associated with seismic risk mitigation decisions. Such a system 

would help other relevant professional groups and property market stakeholders to access any 

building‘s seismic risk data. This data will help them become aware of commonly encountered issues 

and imperatives regarding earthquake risks. This safety assessment information system will provide 

adequate information to all stakeholders involved in reducing the community‘s vulnerability to 

earthquake risk. The availability of this information system to the property market will likely influence 

the price-setting and valuation process of individual property transactions discussed in Section 9.4.3.2, 

thus informed investment decisions can be made. Evidence from the recent Christchurch earthquakes 

provides further justification on the impact of haphazard information system on the overall earthquake 

vulnerability in New Zealand. Lack of access to risk information about the performance of buildings in 

the earthquakes, could significantly slow down the reconstruction process in Christchurch. In the CERA 

interim report, it is recommended that the Christchurch City Council should consider compiling and 

making available a public database of all bore logs previously recorded in the CBD in addition to those 

made for future buildings. This approach would also be implemented for all EPB risk characteristics 

and in time could yield widely accessible and valuable information about the condition of potential 

EPBs. Such information will help owners and occupiers to make adequate mitigation decisions and 

improve the practices of other professionals in the market dealing with earthquake risk. 

 Efficacy of Technical Solutions Recommended by Engineers  9.4.2.2

The findings from this study suggested that the ineffectiveness of mitigation techniques recommended 

by professionals deters building owners from adopting preventive measures (see Section 8.2.4.4). 

Likewise, evidence from the Christchurch earthquake regarding damage to new or modern buildings 

with supposed high seismic strength affects people‘s perception of the design engineers and suggests a 

call to action for an improvement in the technical solutions implemented. Hence, the need for concerned 

stakeholders such as engineers) to improve the efficacy of the technical solutions recommended to 

building owners for retrofitting their EPBs.  Specific recommendations for improving the efficacy of 

technical solutions recommended by engineers are outlined in Section 9.5.1.2. 

9.4.3 Provision of Incentives and Motivators for Earthquake Risk Mitigation 

Promoting earthquake risk preparedness using financial and non-financial incentives is essential to 

reduce fatalities, damage to property and infrastructure and economic and social disruption in a seismic 

disaster, such as in the case of Christchurch. The significant of these incentives such as financial 

incentives, property market-based mechanisms and the promotion of critical awareness motivators in 
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relation to Christchurch post-disaster reconstruction and future earthquake mitigation are discussed 

below. 

 Financial Incentives  9.4.3.1

The availability of financial incentives such as low interest loans and tax deductibles was the strongest 

motivator to induce owners‘ decisions to adopt and implement seismic mitigation measures as 

demonstrated in this study. Findings from this current study demonstrate that the respondents have a 

strong preference for grants and subsidies specifically for only heritage EPBs (see Sections 5.3.3.2 and 

8.3.2.1). This preference relates to benefits associated with heritage conservation and the high cost of 

protecting these buildings (see Section 8.4.4). However, the reality from the Christchurch earthquakes 

suggests that the impacts of an earthquake are borne generally by the community. 

Findings from this current study showed that the government can play a role in promoting the voluntary 

adoption of seismic adjustments by providing economic incentives that specifically address the needs of 

EPBs. The justification regarding the provision of financial incentives is evident from the enormous 

losses from the Christchurch earthquake, which could be reduced if an on-going maintenance, repair 

and strengthening has been implemented through the provision of incentives before disasters happen. 

Evidently, the Christchurch earthquakes demonstrate that it is more cost-effective to take a proactive 

approach to strengthening buildings than expending money for emergency management, demolition, 

clean-up, disaster recovery and reconstruction. Hence, the need develop a collaborative cost-sharing 

strategy towards earthquake risk mitigation. 

 Property Market-based Mechanism  9.4.3.2

Findings from this study provide empirical support for using a property market-based mechanism as a 

motivator for building owners‘ earthquake risk mitigation decisions (see Section 8.3.2.4). The current 

research findings showed that cost recovery from retrofitted EPBs is difficult as the money expended on 

rehabilitation does not increase the market competiveness of the building hence impede adequate 

mitigation decision. A motivating factor that could enhance property owners‘ decisions to invest in 

seismic retrofitting is the likelihood of cost recovery through increased rents or profits at the time of 

sale or rent by creating value for seismic safety in property market transactions. 

Creating value for seismic risks in the property market was found to significantly affect the adoption of 

seismic mitigation measures. An increase in the property value would provide financial returns at the 

point of sale or lease to the owners, leading to the augmentation of their perceived benefits from 

implementing seismic mitigation. Thus, an increase in the property value would provide financial 

returns so that the cost of retrofitting the building can be recouped, consequently enhancing mitigation 

decision. Another way to create value for earthquake risk in the market is through the recognition of 

seismic risks by the Australia and New Zealand Valuation and Property Standards. The study findings 

showed that earthquake risks are not usually catered for in property valuation reports, which suggest 
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that seismic risk is not accorded relative importance in the financial analysis of most investment 

opportunities. In addition, creating a standardised building rating system and third party service for 

seismic rehabilitation assessment will promote the inclusion of seismic risk in property valuation 

assessments, consequently providing accurate information to a potential buyer or occupier, insurer and 

lending institutions. A standardised building rating system provides an indication of the earthquake risk 

for a given building, while a seismic rehabilitation assessor will aid information disclosure to property 

market stakeholders. Subsequently investors, owners and insurers can accurately assess the cost of the 

retrofit required and factor it into property prices and investment decisions.  

 Promoting Critical Awareness  9.4.3.3

Critical awareness has been found in this current study to be a significant motivator for property 

owners‘ development of intention to adopt seismic risk mitigation measures. Key critical awareness 

motivators identified include reiterating past earthquake experiences within community networks and 

using the mass media and policy entrepreneurs to frame earthquake hazard mitigation as a salient issue 

on the community agenda (see Section 8.3.1). Such framing would improve people‘s perception and 

understanding of seismic risks and the adequacy of mitigation measures. These interventions would 

provide sufficient information to people about seismic risk and mitigation measures. Increasing the 

salience of seismic risks would also raise the level of perceived responsibility, self-efficacy and 

outcome expectancy and consequently enhance building owners‘ intention to prepare for earthquake 

events (see Section 5.3.3.1). The use of these critical awareness motivators must be implemented with 

adequate risk communication strategies and sound dissemination plans in order to achieve desired 

results. Appropriate risk definition and effective communication plans are important vehicles to ensure 

that risk area residents, communities, policy-setters and implementers understand the need to adopt risk 

mitigation measures. 

9.4.4 Other General Issues  

The research findings and discussion so far have shown that there is concern to ensure that property 

owners adopt and implement appropriate earthquake risk mitigation measures. The research findings 

also give credence to collaborative arrangements aimed at achieving earthquake risk mitigation 

objectives. There is no doubt that improving the coordination in hazard management information as 

revealed by this study is significant for earthquake risk mitigation. The results showed that it is 

necessary to overlay most of the relevant policies and regulations related to natural hazard management 

and improved urban planning such as the Land-use Planning Act (see Section 2.9.2), the Resource 

Management Act (RMA) (1991), the Civil Defence Emergency Management Act (2002), historic 

preservation and disaster recovery with the seismic strengthening of EPBs to promote earthquake 

hazard mitigation. For instance, land-use planning could be incorporated with natural hazard 

management such as earthquake policies to achieve effective disaster mitigation goals. This research 
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study emphasised the need for a synergy of objectives amongst hazard management information and 

related legislation for improved urban planning and natural hazard and disaster management. 

 Recommendations  9.5

Findings from this research are beneficial to both researchers and professionals involved in the seismic 

rehabilitation of EPBs and natural earthquake risk management in general. The recommendations 

arising from the findings in this current study are presented in three sub-sections: specific; general; and 

recommendations for future research work. 

9.5.1 Specific Recommendations  

The findings suggest some practical issues that earthquake risk mitigation managers, city councils, TAs 

and stakeholders involved in risk mitigation in New Zealand and any other seismic risk vulnerable 

countries, should consider in earthquake risk management.  

 Recommendations for Central and Local Government  9.5.1.1

The research findings offer new insights into the impacts of expert-driven regulatory frameworks on 

earthquake risk mitigation decisions. Findings from this study have several practical implications for 

policies that aim to increase building owners‘ adoption of seismic mitigation measures in New Zealand. 

Specific recommendations are made in relation to the Building Act (2004) and TAs‘ earthquake-prone 

policies. References are made, where possible, to some of the provisions in these two legislative 

documents that may be affected by these recommendations, serving as action points for appropriate 

policy considerations. The recommendations are: 

i. There is a need to develop a national program for earthquake strengthening with funding 

available at both the national and local levels. The provision of incentives and motivators 

specifically for seismic retrofitting of EPBs should be introduced into the Building Act (2004) 

and any other policy-implementation programs, which can be partly funded by central 

government for jurisdictions that lack the necessary resources to implement them. The 

provision of these incentives should include financial, regulatory-based, technological and 

property market-based motivators (see Section 8.3.2) and in relation to local government 

resources and specific needs within the jurisdiction. This approach should aim to share the costs 

of earthquake strengthening among owners, TAs and central government as a collaborative 

approach. These incentives can be developed in conjunction with other public policies 

addressing issues such as the preservation of building stock, urban regeneration, housing 

programs, historic preservation, economic development and recovery from natural disasters to 

maximise potential outcomes. Thus, policy implementers must fully understand their socio-

economic environments before applying the proposed incentives and reward mechanisms.  
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Action: The Act should adopt a cost-sharing approach through the creation of incentives to earthquake 

risk mitigation that includes central and local governments, owners and the public. 

ii. It is recommended in this study that the disclosure of a building‘s seismic risk be made 

mandatory, particularly for people operating within the property market, in order to improve 

earthquake risk awareness in the market and initiate a property-driven approach for earthquake 

risk mitigation. 

Action: Relevant regulatory frameworks such as the Building Act (2004) could mandate the disclosure 

of a building‘s seismic risks to potential buyers and sellers. 

iii. It is recommended in this study that the comprisal and recognition of seismic risks in the 

Australian and New Zealand Valuation and Property Standards should be considered, with the 

objective of improving property valuation assessments of retrofitted EPBs and to increase the 

market competitiveness of the building. 

Action: Mandate or encourage the comprisal of seismic risks in property valuation assessment.  

iv. It is recommended in this study that the TAs should develop unified safety assessment 

information system that offers adequate risk information and data about the vulnerability of 

potential EPBs to stakeholders and the public. This system will allow efficient information 

across the earthquake risk management sector. 

Action: Compile and make available a public database for all potential EPBs. 

v. It is recommended in this study that the TAs should promote collaboration, cooperation, 

knowledge-sharing and understanding about natural hazard and risk mitigation among related 

organisations within their jurisdiction. This collaborative approach will aid the dissemination 

and coordination in hazard management information aimed at improving the understanding 

about the nature of hazard, and prioritising risk reduction measures across related organisations. 

Action: The provision of national guidance on earthquake risk mitigation can help to realise the full 

potential of other relevant policies such as land-use planning for earthquake hazard mitigation in New 

Zealand. 

vi. A revision of the guidelines for assessing the building safety evaluation framework is 

necessary, while the development of a national standard framework that will legitimate uniform 

operating procedures across the country is essential (see Section 8.4.2).  

Action: The development of a national framework for assessing building safety following an earthquake 

should be carried out to eliminate some of the anomalies encountered after the September 2010 and 

February 2011 earthquakes.  
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vii. The TAs should encourage owners to cooperatively strengthen their EPBs through the 

implementation of the intrinsic motivators proposed in this study to enhance the salience of 

earthquake risks and mitigation measures within the community (see Section 8.3.1).  

Actions: Implement the use of key intrinsic motivators proposed in this study and listed below. 

 Implement public recognition awards for acknowledging contributions towards 

earthquake risk mitigation, particularly strengthening of heritage EPBs with 

the objective of increasing the likelihood of other owners retrofitting their 

EPBs. 

 Encourage the presence of policy entrepreneurs at all levels of the government 

to promote political support for earthquake policies, because establishing 

priorities about when and how to mitigate earthquake risk is the product of a 

political process rather than solely a scientific question. 

 Intensify the use of the mass media to increase the salience of seismic risk by 

constructing and amplifying the extent of risk exposure and the severity of 

potential disasters.  

9.5.1.1.1 Recommendations relative to the Building Act (2004) 

Based on the findings from this study, the following recommendations are suggested for the Building 

Act (2004): 

 There is a need to review the Act‘s minimum requirement of 33% NBS for seismic retrofitting 

of EPBs. It is suggested in this study that the earthquake-prone threshold should be increased to 

67% NBS as recommended by the New Zealand Society for Earthquake Engineers (NZSEE) 

(2006) or adjusted more effectively to accommodate the occupancy levels in buildings used for 

commercial purposes. 

Action: Review the earthquake-prone hazard threshold and strengthening levels in relation to NZSEE 

recommendations, international standards and the building’s occupancy level. 

 It is recommended that sections 112, 115 and 116 of the Building Act (2004) that requires 

existing structures that undergo alterations or a change of use triggering compliance with the 

current building code requirements be reviewed. Such a review will require a wider stakeholder 

participation given the significant financial implications of adopting higher minimum seismic 

performance levels.  

Action: Review sections 112 and 115 with the objective of: 

 reducing additional substandard structures in potential EPBs by clearly 

specifying the level of alteration or addition required in the building  
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 examining whether the triggering of requirements such as disability access and 

means of escape are justified in the interest of public safety and in relation to 

other relevant public policies 

 Consider exceptions of minor works, shoring and emergency “make-safe 

work” that is required following a major earthquake from the provisions 

specified in sections 112 and 115. 

 

 It is recommended in this study that an appraisal of section 131(2) of the Building Act (2004) is 

carried out in relation to the approach that TAs will take in performing their functions. 

Action: Review section 131(2) of the Building Act (2004) with the objective of maintaining consistency 

across all TAs’ policies in New Zealand. 

9.5.1.1.2 Recommendations Relative to TAs’ EPB Policies  

Based on the findings from this study, the following recommendations are suggested for the TAs‘ EPB 

policies:  

i. An appraisal of the policy implementation approach adopted by some TAs is necessary.  It is 

suggested that TAs within low to high-risk zones should adopt an active implementation 

approach, coupled with proactive public awareness programs and community engagement, in 

order to improve their commitment level and achieve consistent earthquake mitigation 

strategies across the regions. This reappraisal should incorporate the suggestions from Comerio 

(2004) and Bourque et al. (2010) discussed in Section 2.3.2 regarding the use of community 

participation, awareness programs and effective communication principles in earthquake risk 

mitigation. 

Action: TAs’ policies should be tied to the review of section 131(2) of the Building Act (2004) suggested 

above to include proactive public awareness, community engagement and a mix of traditional and 

contemporary information dissemination systems such as the issuance of formal notices, mass media 

and the use of social networking media.  

ii. A review of timeframes for retrofitting EPB, considering the regional hazard factor, resource 

availability and effective building life) is essential.  

Action: Review the TAs’ policy for developing timeframes to coincide with other polices such as urban 

regeneration policy and programmes and level of hazard within each region. 
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 Recommendations for Stakeholders Involved in Seismic Mitigation Decision 9.5.1.2

Research findings reported in this thesis have emphasised the role of a stakeholders‘ approach for the 

successful implementation of earthquake risk mitigation strategies. The followings recommendations 

are articulated in this study:  

i. Engineers need to improve the efficacy of the technical solutions recommended to building 

owners for retrofitting their EPBs. One recommendation identified in this study relates to 

the use of alternative approaches in engineering using a damage-resistant design approach. 

This is where buildings are designed to both protect life and be functional after a major 

event with little or no repairs. However, the cost implication of this approach and technical 

design needs to be evaluated alongside the financial and skills resources available in New 

Zealand.  

Action: The following recommendations can be implemented: 

 adopt the use of alternative approaches in engineering such as a damage-

resistant design  

 develop cost-effective and sustainable technical solutions 

 improve economic sustainability of EPBs. 

 

ii. A related professional body in the engineering industry (such as IPENZ) should coordinate 

the training necessary to augment the skills required for seismic retrofitting of EPBs. This 

training is particularly important based on the findings on some of the retrofitting work 

carried out in Christchurch (CERC, 2011).  

iii. Professionals and regulatory authorities should pay more attention to the structural designs 

they recommend and approve.  

iv. It is recommended that financial and insurance organisations should participate in improved 

urban planning projects aimed at reducing earthquake vulnerability within the built 

environment such as the provision of long-term low interest loans to building owners, and 

the adoption of a risk-based approach for calculating earthquake insurance premiums. A 

public-private partnership between financial and insurance organisations and the 

government aimed at reducing future disaster losses and aiding the recovery process is 

recommended. For instance, when insurance and mitigation efforts are linked to the 

property mortgage rather than to building owners, and seismic retrofitting is linked to a 

mortgage, strengthening EPBs could then become precedence before giving out loans and 

buying insurance. 

v. It is recommended in this study that the stakeholders should ensure they work as a team and 

collaborate during the conceptual design stage in a rehabilitation project, in order to 

improve the efficacy of the design solutions and evaluate several cost-effective measures. 
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vi. Earthquake risk mitigation managers should focus more on providing information about the 

efficacy of earthquake risk mitigation measures, specifically about their effectiveness in 

protecting people, property and their utilities for other purposes (see Section 9.3.3.2). 

9.5.2 General Recommendations for Implementing Proposed Incentives and Motivators  

This research contains, among other things, recommended motivators for creating a motivational 

atmosphere that is necessary to enhance the adoption and implementation of adequate risk mitigation 

measures in New Zealand. The framework developed is useful to city councils and TAs to help them 

determine the appropriate motivators necessary to improve earthquake risk mitigation in their respective 

jurisdictions. The model could enable city councils and TAs to predict what the building owner‘s 

motivational potential for earthquake disaster preparedness is based on the different motivators adopted. 

When these motivators and incentives are implemented individually, they could have limited 

effectiveness in reducing losses from an earthquake disaster. Therefore, reducing earthquake disaster 

losses requires the development of pre-disaster mitigation programs that integrate most of these 

motivators in order to achieve successful earthquake risk mitigation. City councils and TAs must 

identify the mix of incentives and motivators that are applicable to their communities, and assess the 

social forces and resources necessary for maintaining and implementing these motivating mechanisms. 

The TAs and city councils should have plans in place to increase their community‘s capacity and 

commitment to adopt and implement adequate mitigation measures. An approach regarding how the 

implementation of these motivators can be linked to earthquake risk mitigation plans at the local 

government level is presented in Table 9.1, which displays a matrix containing motivators in rows and 

the different types of implementation mechanisms and pre-disaster actions in columns.  

Table 9.1 Strategy for implementation of proposed incentives and motivators 

Motivators  Implementation mechanisms  Pre-disaster actions 

Risk 

communication 

Provide information on: 

- Seismic risk vulnerability of 

individual buildings 

- Seismic adjustment types and 

methods 

- Regulatory provision 

requirements 

- Available incentives to assist 

owners  

Design a risk communication program  

 

Set appropriate goals for the risk 

communication program 

 Pro-active risk communication 

dissemination strategy  

 Encourage community participation 

 Intensifying the use of the mass media  

 Use of information communication 

networks such as reiteration of past 

earthquake stories and coping 

strategies 

Incentives 

Resource mobilisation to implement 

incentives  

 

Provision of a range of incentives 

 

Plan for monitoring and evaluating the 

impact of the incentives  

 Implement a risk-based insurance 

premium approach  

 Use of market forces such as comprisal 

of seismic risks in property valuation 

assessments 

 Public recognition  
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Motivators  Implementation mechanisms  Pre-disaster actions 

Regulatory 

requirements 

Adopt favourable regulatory sanctions and 

requirements 

 

Overlap of relevant natural hazard 

mitigation policies and regulations 

 Mandatory insurance and retrofitting 

of EPBs 

 Mandatory disclosure of seismic risks 

 Owner‘s liability 

 Monetary fines or sanctions for owners 

of high earthquake risk buildings  

Technological 

advances for hazard 

mitigation 

New products for improving protective 

measures 

 Improve economic sustainability of 

EPBs 

 Cost-effective design solutions 

 Provide technical assistance programs 

to property owners  

Political support 
Advocate for more political support 

 

 Encourage community members who 

are acting as policy entrepreneurs  

 Encourage pro-mitigation behaviour 

Stakeholders‘ 

approach 

Encourage commitments through pre-

agreed arrangement  

 Recommending earthquake risk 

mitigation to clients  

 Collective actions from all 

stakeholders towards design of 

implementation of technical solutions 

 

The recommendations presented in Table 9.1 could include the development activities of the built 

environment. However, the most effective approach to hazard mitigation requires a systematic, 

sustained program for long-term results. Results from this study thus submit that there is a probability 

that if strategies considering some of these incentives discussed above could be developed, 

implemented and effectively monitored it could offer prevailing reasons for different stakeholders and 

the public at large to retain, care for, invest in, and act responsibly to rehabilitate EPBs. Therefore, it is 

reasonable to conclude that investments in enhancing building owners‘ decisions to adopt seismic risk 

mitigation measures are justifiable. The next section provides recommendations for future research. 

 Research Limitation  9.6

It is important to acknowledge the limitations of this research. The first limitation relates to the 

precursors of seismic mitigation intention such as risk perception past earthquake experiences and 

fatalistic attitude, which could vary across different individuals and cultural settings. Although the 

results of this study provide vital information to the natural hazard management sector globally, its 

application could have some limitation in countries with different cultural backgrounds from New 

Zealand. This limitation is not expected to nullify the findings of this study because these antecedents of 

seismic mitigation intention used in this current research have long been established in the literature and 

several contemporary approaches to natural hazard mitigation (see Chapters 2 and 3). 

The second limitation relates to the use of a perception rating via a Likert scale. Although, this 

technique is particularly helpful in examining respondents‘ perceptions, there are possible biases that 

might be created when respondents answered some of the questions. In addition, studies of this nature 
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may be susceptible to social desirability bias during the completion of self-reported measurement items, 

where the strength of reported relationships among the constructs may be exaggerated. Measures were 

taken to minimise the potential impact of social desirability bias and common method variance 

problems by providing assurances of anonymity in the cover letter and these were highlighted to the 

interviewees (see Section 4.5.2). Besides, Harman‘s (1967) one-factor test results (see Section 7.3.2), 

and the respectable degree of reliability and validity obtained for the respective constructs discussed in 

Section 7.4, indicate that common method variance is not a significant problem in this study. 

Notwithstanding all these efforts, there could still be some measure of undetected common method 

variance in the data set. 

Finally, the response rate of 39.2% for the study may not large enough for studies of this nature (see 

Section 7.3.1), even though the study population could not be determined due to the sensitive nature of 

the research (see Section 4.5.1). The data used in this study was obtained from a total of 200 

respondents and 35 interviewees from the identified stakeholders involved in seismic risk mitigation 

decision in New Zealand. The size of the sample may place some restrictions on the ability of the model 

developed and tested to detect significant effects. However, the use of the SEM-PLS approach allows 

for statistical modelling of the structural models with lesser size without affecting the validity of the 

results (see Section 4.5.3.1). Besides, the results from the SMEs‘ opinions suggest that the response rate 

may not have significantly impact on the validity of the results. 

 Recommendations for Future Research 9.7

This study lays the foundation for future research concerning the impacts on motivation on the 

earthquake risk mitigation decision. The research recognises its limitations and accordingly, suggests 

the following areas for future research work to improve knowledge in earthquake risk mitigation in the 

context of natural hazard and disaster management. 

First, a direction for future research as suggested by the SMEs regarding the practicality and 

comprehensiveness of the resulting seismic risk mitigation decision model and overall research results. 

The suggestion relates to the examination of the economic implication of the proposed motivations that 

compare a cost-benefit analysis of providing these motivators against non-provision, given the 

likelihood of an earthquake in a certain area. The SMEs also suggested a further development of the 

model into a computer program i.e. a decision support system. These two approaches are particularly 

useful because such attempts would provide the TAs and city councils with the opportunity to 

determine the respective motivational potentials applicable to their respective regions. The decision 

support system could also be used to analyse the economic feasibility of such proposed motivators, in 

order to enhance the practical applicability the seismic risk decision model real-life environment. 
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Second, this study provides a useful insight into the roles of intrinsic and extrinsic motivational factors 

on seismic mitigation intention and decision, so a direction for future research might explore the 

interactive and additive effects of these motivational factors on the overall adoption and implementation 

of seismic mitigation measures. Traditional work motivation theories, including those in the expectancy 

framework (e.g. Porter and Lawler, 1968; Vroom, 1964), assumed that intrinsic and extrinsic rewards 

are additive in their effects upon motivation and consequently on the decision-making process.  

Third, findings from this study is based on perceptions of 35 interviews and 200 respondents mainly 

from four earthquake-prone regions in New Zealand that vary in their levels of susceptibility to seismic 

risks (low, medium and high) (see Section 4.5.1). It is essential that future research could replicate the 

principal features of this study with a larger sample across several cities in New Zealand, specifically 

after the Christchurch earthquakes swarm. Such comparative studies would be beneficial to test and 

refine the developed earthquake mitigation enhancement model, and to identify the differences in the 

constituents of building owners‘ motivators that vary across several cultures. This may offer new 

insights for researchers and practitioners involved in earthquake risk mitigation into the effects of 

culture and other specific factors affecting the adoption and implementation of risk reduction measures. 

Finally, a direction for future research is to extend the empirical findings by collecting and analysing 

longitudinal data. It is strongly believed that such a study could provide a better understanding of how 

the key determinants of building owners‘ seismic mitigation decisions change over time and how their 

resultant impacts influence the adoption of mitigation measures. Longitudinal studies are important in 

the study of earthquakes because of the effect of the potential long-time duration between the period of 

providing earthquake risk information, implementing incentives and motivators, and the occurrence of 

seismic disasters. 

 Conclusion 9.8

This research has addressed a critical gap between availability of seismic migration mechanisms and 

their implementation in order to mitigate earthquake risks, by systematically addressing the problems 

and complexity associated with building owners‘ adoption and implementation of risk preventive 

measures. The research preliminary findings found that property owners of EPBs are usually unwilling 

to voluntarily adopt adequate risk mitigation measures that will reduce their vulnerability to earthquake 

risks. The examination of these inter-related phases of the earthquake risk mitigation decision-making 

process further suggests the need to examine building owners‘ motivational potential for earthquake 

preparedness by applying the concepts of motivation and adopting a holistic perspective. This approach 

is aimed at increasing building owners‘ likelihood of adopting seismic appropriate mitigation decisions. 

The findings reported in this thesis demonstrate that research focusing on earthquake risk mitigation by 

combining both the motivational and holistic perspectives would concurrently examine the impacts of 
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socio-behavioural and economic factors, institutional and regulatory mechanisms on seismic mitigation 

decisions. This approach is necessary to provide strategies that are more effective in promoting disaster 

loss prevention at the individual building owner‘s level.  

  



  

 References    

 

275 

REFERENCES  

Abma, T. A. (2003). "Learning by telling." Management Learning 34(2): 221. 

Adair, A., J. Berry and W. McGreal (1994). "Investment decision making: a behavioural perspective." 

Journal of Property Finance 5(4): 32. 

Adger, W. N. (2006). "Vulnerability." Global Environmental Change 16(3): 268-281. 

Ajzen, I. (1991). "The theory of planned behavior." Organizational Behavior and Human Decision 

Processes 50(2): 179-211. 

Ajzen, I. (2002). "Perceived Behavioral Control, Self-Efficacy, Locus of Control, and the Theory of 

Planned Behavior1." Journal of Applied Social Psychology 32(4): 665-683. 

Ajzen, I. and D. Albarracín (2007). "Predicting and changing behavior: A reasoned action approach." 

Prediction and change of health behavior: Applying the reasoned action approach: 1-21. 

Ajzen, I., C. Czasch and M. Flood (2009). "From Intentions to Behavior: Implementation Intention, 

Commitment, and Conscientiousness1." Journal of Applied Social Psychology 39(6): 1356-

1372. 

Alderfer, C. P. (1972). Existence, Relatedness and Growth. New York, NY, Free Press. 

Alesh, D. J. and W. J. Petak (1986). The Politics and Economics of Earthquake Hazard Mitigation, 

Institute of Behavioural Science, University of Colorado. 

Allen, R. M. (2007). Earthquake Hazard Mitigation: New Directions and Opportunities. Treatise on 

Geophysics. S. Gerald. Amsterdam, Elsevier: 607-647. 

Amaratunga, D., D. Baldry, M. Sarshar, et al. (2002). "Amaratunga, D, Baldry, D, Sarshar, M and 

Newton, R (2002) Quantitative and qualitative research in the built environment: Application of 

―mixed‖ research approach. Work Study, 51(1), 17-31." Work Study 51(1): 17-31. 

Anthony, D. B., J. V. Wood and J. G. Holmes (2007). "Testing sociometer theory: Self-esteem and the 

importance of acceptance for social decision-making." Journal of Experimental Social 

Psychology 43(3): 425-432. 

Arlikatti, S., M. K. Lindell, C. S. Prater, et al. (2007). "Perceived stakeholder role relationships and 

adoption of seismic hazard adjustments." International Journal of Mass Emergencies and 

Disasters 25(3): 218-256. 

Armas , I. (2006). "Earthquake risk perception in Bucharest, Romania." Risk Analysis 26(5): 1223-

1234. 

Armitage, C. and M. Conner (2001). "Efficacy of the theory of planned behaviour: A meta-analytic 

review." British Journal of Social Psychology 40(4): 471-499. 

Asgary, A. and K. G. Willis (1997). "Household Behaviour in Response to Earthquake Risk: An 

Assessment of Alternative Theories." Disasters 21(4): 354-365. 

Auckland Civil Defence Emergency Management Group (2011). Aucklanders least prepared for 

disaster  New Zealand Herald Auckland, New Zealand Herald  (Press Release). 

Auckland Regional Council (2009). Auckland‘s earthquake hazards. 2009. Hazards Management 

Auckland Regional Council. 

Auckland Regional Council (2009). Earthquake Prone and Dangerous Buildings Policy. N. H. 

Management. Auckland Auckland Regional Council. 

Babbie, E. R. (2008). The basics of social research. Melbourne; Australia, Thomson/Wadsworth. 

Bachmann, R. and A. C. Inkpen (2011). "Understanding institutional-based trust building processes in 

inter-organizational relationships." Organization Studies 32(2): 281-301. 

Baker, J. W. and C. A. Cornell (2008). "Uncertainty propagation in probabilistic seismic loss 

estimation." Structural Safety 30(3): 236-252. 

Bandura, A. (1986). "Social foundations of thought and action: A social cognitive theory." Changes 

1(US: Prentice-Hall). 

Bandura, A. (2010). Self-Efficacy, John Wiley & Sons, Inc. 

Barclay, D., C. Higgins and R. Thompson (1995). "The partial least squares (PLS) approach to causal 

modeling: Personal computer adoption and use as an illustration." Technology studies 2(2): 

285-309. 



  

 References    

 

276 

Barnshaw, J. and J. Trainor (2007). Race, class, capital amidst the Hurricane Katrina diaspara. The 

Sociology of Katrina: Perspectives on a Modern Catastrophe. D. L. Brunsma, D. Overfelt and 

S. J. Picou. Plymouth: UK, Rowman & Littlefield: 91-106. 

Beck, J., K. Porter, R. Shaikhutdinov, et al. (2002). Impact of seismic risk on lifetime property values, 

California Institute of Technology. 

Beck, U. (1992). Risk Society: Towards A New Modernity. . London, Sage. 

Ben-Zur, H. and M. Zeidner (2009). "Threat to life and risk-taking behaviors: a review of empirical 

findings and explanatory models." Personality and Social Psychology Review 13(2): 109. 

Bendix, R. (1990). "Reflections on earthquake narratives." Western Folklore 49(4): 331-347. 

Bergkvist, L. and J. R. Rossiter (2007). "The predictive validity of multiple-item versus single-item 

measures of the same constructs." Journal of Marketing Research 44(2): 175-184. 

Berke, P. R. and T. Beatley (1992). Planning for earthquakes: Risk, politics, and policy, Johns Hopkins 

University Press. 

Beron, K. J., J. C. Murdoch, M. A. Thayer, et al. (1997). "An Analysis of the Housing Market before 

and after the 1989 Loma Prieta Earthquake." Land Economics 73(1): 101-113. 

Bird, D. (2009). "The use of questionnaires for acquiring information on public perception of natural 

hazards and risk mitigation- a review of current knowledge and practice." Natural Hazards and 

Earth System Sciences 9(4): 1307-1325. 

Birkland, T. A. (1998). " Focusing events, mobilization, and agenda setting." Journal of Public Policy 

18(3): 53-74. 

Bostrom, A., R. Turaga and B. Ponomariov (2006). "Earthquake Mitigation Decisions and 

Consequences." Earthquake spectra 22(2): 313-327. 

Bothara, J., R. Jury, K. E. Wheeler, et al. (2008). Sesmic Assesment of Buildings in Welllington: 

Experience and Challenges  14th World Conference on Earthquake Engineering Beijing, China, 

Seismology Press of China. 

Bourque, L. B., L. Jones and L. Collins. (2010, 18/11/2010). "California earthquake preparedness 

prepareness survey findings available from 

http://www.sscnet.ucla.edu/issr/da/earthquake/erthqkstudies2.index.htm."   Retrieved on 18/11, 

2010. 

Bradley, B. A., R. P. Dhakal, M. Cubrinovski, et al. (2008). Seismic loss estimation for efficient 

decision making. New Zealand Society for Earthquake Engineering (NZSEE) 

Conference:Engineering an Earthquake Resilient New Zealand, Wairakei, New Zealand. 

Breiman, L. and J. H. Friedman (1985). "Estimating optimal transformations for multiple regression and 

correlation." Journal of the American Statistical Association: 580-598. 

Brown, A. D., Y. Gabriel and S. Gherardi (2009). "Storytelling and change: an unfolding story." 

Organization 16(3): 323. 

Brown, J. R. and R. F. Lusch (1992). Using key informants in marketing channels research: a critique 

and some preliminary guidelines. Advances in Distribution Channel Research G. Frazier. 

Greenwich, CT  JAI Press Inc. 1: 45-79. 

Bryman, A. (2006). Quantitative and Qualitative Research: Further Reflections on their Integration, in: 

Research Design Sage Benchmarks in Social Research Methods, . D. De Vaus. London, Sage 

Publication 355–375. 

Bryman, A. (2007). "Barriers to integrating quantitative and qualitative research." Journal of Mixed 

Methods Research 1(1): 8-22. 

Bryman, A. (2008). "Of methods and methodology." Qualitative Research in Organizations and 

Management: An International Journal 3(2): 159-168. 

Buchanan, D. and A. Bryman (2009). "The Organizational Research Context: Properties and 

Implications." The SAGE Handbook of Organizational Research Methods: 1. 

Buckle, P., G. Marsh and S. Smale (2003). "Reframing risk, hazards, disasters, and daily life: A report 

of research into local appreciation of risks and threats." The Australian Journal of Emergency 

Management 18(2). 

Burby, R. (2003). "Making plans that matter: Citizen involvement and government action." Journal of 

the American Planning Association 69(1): 33-49. 

Burby, R. J. (1998). Cooperating with nature: confronting natural hazards with land-use planning for 

sustainable Washington DC, Joseph Henry Press. 

http://www.sscnet.ucla.edu/issr/da/earthquake/erthqkstudies2.index.htm.


  

 References    

 

277 

Burby, R. J. (2003). "Making plans that matter: Citizen involvement and government action." Journal of 

the American Planning Association 69(1): 33-49. 

Burby, R. J. (2005). "Have State Comprehensive Planning Mandates Reduced Insured Losses from 

Natural Disasters?" Natural Hazards Review 6(2): 67-81. 

Burby, R. J., R. E. Deyle, D. R. Godschalk, et al. (2000). "Creating Hazard Resilient Communities 

through Land-Use Planning." Natural Hazards Review 1(2): 99-106. 

Burby, R. J. and P. J. May (1999). "Making building codes an effective tool for earthquake hazard 

mitigation." Global Environmental Change Part B: Environmental Hazards 1(1): 27-37. 

Burby, R. J., D. Salvesen and M. Creed (2006). "Encouraging residential rehabilitation with building 

codes: New Jersey experience." Journal of the American Planning Association, 72(2): 183-196. 

Burton, I., S. Huq, B. Lim, et al. (2002). "From impacts assessment to adaptation priorities: the shaping 

of adaptation policy." Climate Policy 2(2): 145-159. 

Burton, I., R. Kates and G. White (1978). The Environment as Hazards. New York, Oxford University 

Press. 

Burton, R. M. (1994). "How can I motivate you to do it my way?" Physician Executive 20(11): 1921. 

Butcher, P. and K. Cooper (2004). Selling earthquake engineering services to clients. New Zealand 

Society of Earthquake Engineering: Getting the message across and moving ahead,, Rotorua, 

New Zealand, New Zealand Society of Earthquake Engineering (NZSEE),. 

Cameron, R. (2009). "A sequential mixed model research design: design, analytical and display issues." 

International Journal of Multiple Research Approaches 3(2): 140-152. 

Campbell, D. T. and D. W. Fiske (1959). "Convergent and discriminant validation by the multitrait-

multimethod matrix." Psychological Bulletin 56(2): 81. 

Canterbury Earthquakes Royal Commission (CERC) (2012). Final Report Canturbury Earthquakes 

Royal Commission  

Catania, A. C., S. R. Harnad and B. F. Skinner (1988). The selection of behavior: The operant 

behaviorism of BF Skinner: Comments and consequences, Cambridge Univ Pr. 

Cavalier, R. (2000). Personal motivation: a model for decision making. Westport CT, London., Praeger. 

Cavalier, R. P. (2000). Personal motivation: A model for decision making, Praeger. 

Chau, K. W., J. Raftery and A. Walker (1998). " The baby and the bathwater: research methods in 

construction management." Construction Management and Economics 16: 99–104. 

Cheng, Y.-C. and H.-T. Yeh (2009). "From concepts of motivation to its application in instructional 

design: Reconsidering motivation from an instructional design perspective." British Journal of 

Educational Technology 40(4): 597-605. 

Chiang, C.-F. and S. Jang (2008). "An expectancy theory model for hotel employee motivation." 

International Journal of Hospitality Management 27(2): 313-322. 

Chin, W. W. (1998). "The partial least squares approach for structural equation modeling." 

Chin, W. W. (1998). The partial least squares approach to structural equationmodeling. Modern 

methods for business research. G. A. Marcoulides. Mahwah, NJ, Erlbaum.: 295-336. 

Chin, W. W. (2002). "Multi-Group analysis with PLS." March, available at: http://disc-nt. cba. uh. 

edu/chin/plsfaq/multigroup. htm. 

Chin, W. W. (2010). "How to write up and report PLS analyses." Handbook of Partial Least Squares: 

655-690. 

Chin, W. W., B. L. Marcolin and P. R. Newsted (2003). "A partial least squares latent variable 

modeling approach for measuring interaction effects: Results from a Monte Carlo simulation 

study and an electronic-mail emotion/adoption study." Information Systems Research 14(2): 

189-217. 

Chin, W. W., R. A. Peterson and S. P. Brown (2008). "Structural equation modeling in marketing: some 

practical reminders." The Journal of Marketing Theory and Practice 16(4): 287-298. 

Chirkov, V., R. M. Ryan, Y. Kim, et al. (2003). "Differentiating autonomy from individualism and 

independence: A self-determination perspective on internalisation of cultural orientations, 

gender and well being." Journal of Personality and Social Psychology 84: 97–110. 

Christchurch City Council (2010). EARTHQUAKE-PRONE, DANGEROUS AND INSANITARY 

BUILDINGS POLICY 2010. B. a. Planning. Chirstchurch Christchurch City Council,. 

Churchill, G. A. (1979). "A paradigm for developing better measures of marketing constructs." Journal 

of Marketing Research 16: 64-73. 

http://disc-nt/


  

 References    

 

278 

Churchill, G. A. (1991). Marketing research : methodological foundations. Chicago, Dryden Press. 

Civil Defence & Emergency Management (CDEM) (2007). National hazardscape report. M. o. C. D. E. 

Management. Wellington. 

Civil Defence Emergency Management  (CDEM) Group (2004). CDEM Group Plan 2005-2010. 

CDEM. Wellingtion. 

Clark, R. E. (2003). "Fostering the work motivation of individuals and teams." Performance 

Improvement 42(3): 21-29. 

Clark, R. E. (2006). "Motivating individuals, teams, and organizations." Handbook of Human 

Performance Technology. 

Coburn, A. (2008). PRIVATE RISK TRANSFER MARKETS AS CATASTROPHE RISK 

STAKEHOLDERS, International Association for Earthquake Engineering. 

Cohen, J. (1988). Statistical power analysis for the behavioral sciences, Lawrence Erlbaum. 

Coltman, T., T. M. Devinney, D. F. Midgley, et al. (2008). "Formative versus reflective measurement 

models: Two applications of formative measurement." Journal of Business Research 61(12): 

1250-1262. 

Comerio, M. C. (2004). "Public policy for reducing earthquake risks: A US perspective." Building 

Research & Information 32(5): 403 - 413. 

Compeau, D. R. and C. A. Higgins (1995). "Computer self-efficacy: Development of a measure and 

initial test." MIS Quarterly: 189-211. 

Conroy, W. (1994). "MOTIVATING WORKERS TO FOLLOW LEADERS." New Steel 10(11): 50-

51. 

Council, C. o. D. R. i. t. S. S. N. R. (2006). Facing Hazards and Disasters: Understanding Human 

Dimensions. Washington, DC, USA, National Academies Press. 

Creswell, J. W. (2009). Research design : qualitative, quantitative, and mixed methods approaches. 

Thousand Oaks, Calif., Sage Publications. 

Creswell, J. W. and V. L. Plano Clark (2007). Designing and conducting mixed methods research. 

Thousand Oaks, Calif., SAGE Publications. 

Cronbach, L. J. (1951). "Coefficient alpha and the internal structure of tests." Psychometrika 16(3): 

297-334. 

Cross, J. A. (1980). Residents‘ concerns about hurricane hazard within the Lower Florida Keys. 

Crowe, E. and E. T. Higgins (1997). "Regulatory Focus and Strategic Inclinations: Promotion and 

Prevention in Decision-Making." Organizational Behavior and Human Decision Processes 

69(2): 117-132. 

Cutter, S. L. (1996). "Societal Responses to Environmental Hazards." International Social Science 

Journal 48(4): 525-536. 

Dahlgaard, P. S. and J. J. Dahlgaard (2003). "Towards a holistic understanding of human motivation: 

core values—the entrance to people's commitment?" AI & Society 17(2): 150-180. 

Dalton, J. H., M. J. Elias and A. Wandersman (2001). Community psychology: Linking individuals and 

communities, Wadsworth/Thomson Learning. 

Davison, A. C. and D. V. Hinkley (2003). Bootstrap methodsandtheirapplication New York,NY, 

Cambridge University Press. 

De Vaus, D. A. (2001). Research design in social research. London, SAGE. 

De Vaus, D. A. (2007). Social surveys 2. London, SAGE. 

Dearstyne, B. (2007). "The FDNY on 9/11: Information and decision making in crisis." Government 

Information Quarterly 24(1): 29-46. 

DeCharms, R. and D. Shea (1976). "Beyond attribution theory: The human conception of motivation 

and causality." Social psychology in transition.-NY: 253-269. 

Deci, E. L. (1975). "Intrinsic motivation." 

Deci, E. L. and R. M. Ryan (1985). Intrinsic motivation and self-determination in human behavior. New 

York, Plenum Press. 

Deci, E. L. and R. M. Ryan (2004). Handbook of self-determination research, Univ of Rochester Pr. 

Denzin, N. K. (2006). Strategies of Multiple Triangulation in: Research Design. Sage Benchmarks in 

Social Research Methods. D. De Vaus. London, Sage Publications: 309–330. 

Department of Building and Housing (2004). The Building Act. Wellington, Brookers Ltd. 



  

 References    

 

279 

Department of Building and Housing (2008). TA Earthquake - Prone Buildings Policy:summary  of 

information included in policies. Wellington, DHB. 

Diamantopoulos, A. and J. A. Siguaw (2006). "Formative versus reflective indicators in organizational 

measure development: A comparison and empirical illustration." British Journal of 

Management 17(4): 263-282. 

Diamantopoulos, A. and H. M. Winklhofer (2001). "Index construction with formative indicators: An 

alternative to scale development." Journal of Marketing Research: 269-277. 

Dillman, D. A. (2007). Mail and internet surveys: The tailored design method, John Wiley & Sons Inc. 

Dowrick, D. J. (2003). "Earthqauke risks reduction actions for New Zealand." Bulletin of the New 

Zealand Society for Earthquake Engineering (NZSEE) 36(4): 249-259. 

Dowrick, D. J. (2003). Earthquake risk reduction. Chichester [u.a.], Wiley. 

Drabek, T. E. (1986). Human system responses to disaster : an inventory of sociological findings. New 

York, Springer-Verlag. 

Dutta-Bergman, M. (2005). " Access to the Internet in the context of community participation and 

community satisfaction." New Media and Society 7(1): 89–109. 

Duval, T. and J. Mulilis (1999). "A person-relative-to-event (PrE) approach to negative threat appeals 

and earthquake preparedness: A field study." Journal of Applied Social Psychology 29(3): 495-

516. 

Duval, T. S. and J. P. Mulilis (1999). "A Person Relative to Event (PrE) Approach to Negative Threat 

Appeals and Earthquake Preparedness: A Field Study1." Journal of Applied Social Psychology 

29(3): 495-516. 

Eagly, A. H. and S. Chaiken (1993). The Psychology of Attitudes. Fort Worth, TX, Harcourt Brace. 

Earle, T. C. (2004). "Thinking aloud about trust: a protocol analysis of trust in risk management." Risk 

Analysis 24(1): 169-183. 

Earthquake Engineering Research Institute (1998). Incentives and impediments to improving the 

seismic performance of Buildings. California, EERI Publications. 

Earthquake Engineering Research Institute (2000). Financial management of earthquake risks. 

Califonia, EERI Publications. 

Easterby-Smith, M., R. Thorpe and P. Jackson (2008). Management research: theory and research. 

London, Sage. 

Easterby-Smith, M., R. Thorpe and A. Lowe (1991). Management Research:An Introduction. London, 

Sage  

Edwards, J. R. and R. P. Bagozzi (2000). "On the nature and direction of relationships between 

constructs and measures." Psychological Methods 5(2): 155. 

Egbelakin, T. and S. Wilkinson (2008). Factors affecting motivation for improved seismic retrofit 

implementation Australian Earthquake Engineering (AEES) Conference, Ballarat, Victoria, 

Australia, Australian Earthquake Engineering (AEES). 

Egbelakin, T. and S. Wilkinson (2010). "Sociological and Behavioural Impediments to Earthquake 

Hazard Mitigation." International Journal of Disaster Resilience in the Built Environment 1(3): 

310-321. 

Egbelakin, T., S. Wilkinson and P. Nahkies (2011). Impacts of the Property Investment Market on 

Seismic Retrofit Decisions. Ninth Pacific Conference on Earthquake Engineering Building an 

Earthquake-Resilient Society, Auckland, New Zealand. 

Egbelakin, T., S. Wilkinson, R. Potangaroa, et al. (2011). "Challenges to successful seismic retrofit 

implementation: a socio-behavioural perspective." Building Research & Information 39(3): 286 

- 300  

Egbelakin, T. K., S. Wilkinson and P. B. Nahkies (2011). Impacts of the Property Investment Market on 

Seismic Retrofit Decisions. Ninth Pacific Conference on Earthquake Engineering - Building an 

Earthquake-Resilient Society, Auckland, New Zealand. 

Eisenhardt, K. M. (1989). " Building theories from case study research." Academy of Management 

Review 14: 532-550. 

Eliott, A. J. and R. R. Mapes (2002). "Intrinsic and Extrinsic Motivation: The Search for Optimal 

Motivation and Performance " Contemporary Psychology 47(2): 200-201. 

Er, J. P. (1996). A third party approach to environment regulation and possible roles for insurance 

companies. Philadelphia, University of Pennsylvania. PhD dissertation,. 



  

 References    

 

280 

Erdik, M. and E. Durukal (2008). "Earthquake risk and its mitigation in Istanbul." Natural Hazards 

44(2): 181-197. 

Evans, N. (2009). The Earthquake‘s Impacts on Buildings and Infrastructure. Social and Economic 

Recovery from Natural Disasters through Community Resilience Lower Hutt, New Zealand  

Opus International Consultants‘ Central Laboratories  

Falk, R. F. and N. B. Miller (1992). A Primer for Soft Modelling. Ohio, University of Akron Press. 

Farley, J. E., H. D. Barlow, M. S. Finkelstein, et al. (1993). "Earthquake hysteria, before and after: A 

survey and follow-up on public response to the Browning forecast." International Journal of 

Mass Emergencies and Disasters 11: 305-305. 

Federal Emergency Management Agency, F. (2000). Prestandard and Commentary for the Seismic 

Rehabilitation of Buildings. Washington, D.C., Federal Emergency Management Agency. 

FEMA 356. 

Federal Emergency Management Agency, F. (2007). Techniques for the Seismic Rehabilitation of 

Existing Buildings. Washington, DC, Federal Emergency Management Agency, FEMA. 

Feldman, J. and M. K. Lindell (1990). On rationality. Organization and decision theory. H. I. Boston, 

Kluwer Academic: 88-113. 

Fellows, R. and A. Liu (2003). Research Methods for Construction. Oxford Blackwell Science. 

Field, A. and G. Hole (2003). How to Design and Report Experiments. London, Sage Publications. 

Fierro, E. A., C. L. Perry and S. A. Freeman (1994). Reducing the Risks of Nonstructural Earthquake 

Damage: A Practical Guide. . F. Federal Emergency Management Agency. Washington, DC, 

Federal Emergency Management Agency, FEMA 

Fischer III, H. W. (1996). "What emergency management officials should know to enhance mitigation 

and effective disaster response." Journal of Contingencies and Crisis Management 4(4): 208-

217. 

Flick, U. (2007). The Sage Qualitative Research Kit. London, Sage. 

Fontana, A. and J. H. Frey (2002). The interview: from structured questions to negotiated text.  

Handbook of Qualitative Research. N. K. Denzin and Y. S. Lincoln. Thousand Oaks, CA, Sage 

Publications. 

Fradkin, P. L. (2005). The great earthquake and firestorms of 1906: how San Francisco nearly destroyed 

itself. Berkeley and California, University of California Press. 

Geisser, S. (1974). "A Predictive Approach to the Random Effects Model " Biometrica 61(101-107). 

Geological and Nuclear Sciences (GNS) (2007). Natural hazard Wellington, GNS Science,. 

George, A. L. and A. Bennett (2005). Case studies and theory development in the social sciences.. 

Cambridge, MA, MIT Press. 

Gerber, B. J. (2007). "Disaster Management in the United States: Examining Key Political and Policy 

Challenges." Policy Studies Journal 35(2): 227-238. 

Gibson, J. L., J. M. Ivancevich, J. H. Donnelly, et al. (2008). Organizations: Behavior, structure, 

processes, McGraw-Hill. 

Gibson, K. (2000). "The Moral Basis of Stakeholder Theory." Journal of Business Ethics 26(3): 245-

257. 

Giffin, K. (1967). "The contribution of studies of source credibility to a theory of interpersonal trust in 

the communication process." Psychological Bulletin 68(2): 104. 

Gisborne District Council (2008). earthquake Prone Building Policy B. a. dHousing. Gisborne Gisborne 

District Council,. 

Glavovic, B., W. Saunders and J. Becker (2010). "Land-use planning for natural hazards in New 

Zealand: the setting, barriers, ‗burning issues‘ and priority actions." Natural Hazards 54(3): 1-

28. 

Goodwin, C. O. (2009). "Identifying Heritage Value In URM Buildings " Journal of Sturctural 

Engineering Society New Zealand 22(2): 16-28. 

Greene, M., R. Perry and M. Lindell (1981). "The March 1980 eruptions of Mt. St. Helens: Citizen 

perceptions of volcano threat." Disasters 5(1): 49-66. 

Grossi, P., P. Kleindorfer and H. Kunreuther (1999). "The impact of uncertainty in managing seismic 

risk: The case of earthquake frequency and structural vulnerability." Financial Institution 

Center, Technical Paper: 99-23. 



  

 References    

 

281 

Grossi, P. and H. Kunreuther (2001). "The Role of Uncertainty on Alternative Disaster Management 

Strategies." International Geology Review 43(5): 391-400. 

Grossi, P. and D. Windeler (2005). "Sources, Nature, and Impact of Uncertainties on Catastrophe 

Modeling." Catastrophe Modeling: A New Approach to Managing Risk: 69-91. 

Haigh, C. and P. Hardy (2011). "Tell me a story -- a conceptual exploration of storytelling in healthcare 

education." Nurse Education Today 31(4): 408-411. 

Hair, J. F. (2006). Multivariate data analysis. Upper Saddle River, N.J., Pearson Prentice Hall. 

Hair, J. F., B. C. Black, B. J. Babin, et al. (2010). Multivariate data analysis : a global perspective. 

Upper Saddle River, N.J. ; London, Pearson Education. 

Halepota, H. A. (2005). "Motivational Theories and Their Application in Construction." Cost 

Engineering 47(3): 14-18. 

Halvorson, S. J. and J. P. Hamilton (2010). "In the aftermath of the Qa'yamat:1 the Kashmir earthquake 

disaster in northern Pakistan." Disasters 34(1): 184-204. 

Han, S., J. S. Lerner and D. Keltner (2007). "Feelings and consumer decision making: The appraisal-

tendency framework." Journal of Consumer Psychology 17(3): 158. 

Hanych, J. M. (2002). The role of motivation in dependent decision making. United States -- New 

York, State University of New York at Albany. 

Havenaar, J., E. De Wilde, J. Van Den Bout, et al. (2003). "Perception of risk and subjective health 

among victims of the Chernobyl disaster." Social Science & Medicine 56(3): 569-572. 

Healy, M. and C. Perry (2000). "Comprehensive criteria to judge validity and reliability of qualitative 

research within the realism paradigm." Qualitative Market Research: An International Journal 

3(3): 118-126. 

Henseler, J., C. M. Ringle and R. R. Sinkovics (2009). "The use of partial least squares path modeling 

in international marketing." Advances in International Marketing 20(2009): 277-319. 

Hewson, C. (2006). Mixed method research. The SAGE Dictionary of Social Research Methods. V. 

Jupp. London, SAGE Publications Ltd.: 179-181. 

Hickson, L. and I. Khemka (2001). "The role of motivation in the decision making of people with 

mental retardation." Personality and motivational differences in persons with mental 

retardation: 199-255. 

Higgins, E. T. (1998). Promotion and prevention: Regulatory focus as a motivational principle. 

Advances in experimental social psychology. M. P. Zanna. New York, Academic Press. 30: 1-

46. 

Higgins, E. T., & Kruglanski, A. W. (2000). Motivational science: Social and personality perspectives. 

Philadelphia, Psychology Press. 

Higgins, J., K. McConnell, J. R. Patton, et al. (2003). Practical ideas that really work for students with 

dyslexia and other reading disorders. Austin, Tex., PRO-ED. 

Honneth, A. (1996). The struggle for recognition: the moral grammar of social conflicts, The MIT 

Press. 

Hopkins, D. (2005). "The value of earthquake engineering." SESOC Journal 13(2): 40-42. 

Hopkins, D., R. Sharpe, H. Sucuoğlu, et al. (2006). Residential retrofitting in Istanbul: key issues to 

make implementation possible. 8th U.S. National Conference: Earthquake Engineering, San 

Francisco, California. 

Horlick-Jones, T., J. Sime and N. Pidgeon (2003). The social dynamics of environmental risk 

perception. The Social Amplification of Risk N. P. Slovic and R. E. Kasperson. Cambridge, 

Cambridge University Press. 

Horwich, G. (1993). "The role of the for-profit private sector in disaster mitigation and response." 

International Journal of Mass Emergencies and Disasters 11: 189-189. 

Hubbard, D. W. (2009). The failure of risk management: why it's broken and how to fix it, John Wiley 

& Sons Inc. 

Huczynski, A. and D. A. Buchanan (2010). Organizational behaviour. FT, Prentice Hall. 

Hulland, J. (1999). "Use of partial least squares (PLS) in strategic management research: a review of 

four recent studies." Strategic Management Journal 20(2): 195-204. 

Hwacha, V. (2005). Canada‘s Experience in Developing a National Disaster Mitigation Strategy: a 

Deliberative Dialogue Approach. Mitigation of Natural Hazards and Disasters: International 

Perspectives. C. Haque, Springer Netherlands: 175-191. 



  

 References    

 

282 

Ingham, J. and M. Griffith (2011). "Performance of unreinforced masonry buildings during the 2010 

Darfield (Christchurch, NZ) earthquake." Australian Journal of Structural Engineering 11(3): 

207. 

Insurance Information Institute. (2011). "Facts and Statistics – Earthquakes"   Retrieved Febuary, 21, 

2011, from http://www.iii.org/media/facts/statsbyissue/earthquakes/ 

Jackson, E. L. (1981). "Response to earthquake hazard." Environment and Behavior 13(4): 387. 

Jackson, J., N. Allum and G. Gaskell (2006). Bridging levels of analysis in risk perception research: the 

case of the fear of crime. 

Jaeger, C., O. Renn, E. Rosa, et al. (2001). Risk, uncertainty, and rational action London, UK, 

Earthscan Publications Ltd. 

Jarvis, C. B., S. B. MacKenzie and P. M. Podsakoff (2003). "A critical review of construct indicators 

and measurement model misspecification in marketing and consumer research." Journal of 

Consumer Research 30(2): 199-218. 

Jin, X. H., H. Doloi and S. Y. Gao (2007). "Relationship‐based determinants of building project 

performance in China." Construction Management and Economics 25(3): 297-304. 

Johnston, D., D. Paton, G. Crawford, et al. (2005). "Measuring tsunami preparedness in coastal 

Washington, United States." Developing Tsunami-Resilient Communities: 173-184. 

Johnston, D., D. Paton, G. Crawford, et al. (2005). "Measuring tsunami preparedness in coastal 

Washington, United States." Natural Hazards 35(1): 173-184. 

Judge, T. A., C. L. Jackson, J. C. Shaw, et al. (2007). "Self-efficacy and work-related performance: The 

integral role of individual differences." Journal of Applied Psychology 92(1): 107. 

Kahneman, D., P. Slovic and A. Tversky (2006). Judgment under uncertainty: Heuristics and biases, 

Cambridge University Press. 

Kahneman, D. and A. Tversky (1979). "Prospect theory: An analysis of decision under risk." 

Econometrica: Journal of the Econometric Society: 263-291. 

Kaplan, D. (2000). Structural equation modeling : foundations and extensions. Thousand Oaks, Calif., 

Sage Publications. 

Kaptein, M. (2011). "Understanding unethical behavior by unraveling ethical culture." Human 

Relations. 

Kasperson, R. E., O. Renn, P. Slovic, et al. (1988). "The Social Amplification of Risk: A Conceptual 

Framework." Risk Analysis 8(2): 177-187. 

Keeney, R. L. and D. Winterfeldt (1986). "Improving Risk Communication." Risk Analysis 6(4): 417-

424. 

Keinan, G., A. Sadeh and S. Rosen (2003). "Attitudes and reactions to media coverage of terrorist acts." 

Journal of Community Psychology 31(2): 149-165. 

Kenneth, H., B. A. Douglas, G. Margaret, et al. (2005). "Social and Personal Factors as Predictors of 

Earthquake Preparation: The Role of Support Provision, Network Discussion, Negative Affect, 

Age, and Education<sup>1</sup>." Journal of Applied Social Psychology 35(2): 399-422. 

Kirschenbaum, A. (2004). "Generic sources of disaster communities: a social network approach." 

International Journal of Sociology and Social Policy 24(10/11): 94-129. 

Kramer, R. M. (1999). "Trust and Distrust in Organizations: Emerging Perspectives, Enduring 

Questions." Annual review of Psychology & Health 50(569-598). 

Kreimer, A. (1999). Managing Disaster Risk in Mexico: Market Incentives for Mitigation Investment, 

World Bank. 

Kressler, H. W. (2003). Motivate and reward : performance appraisal and incentive systems for 

business success. Basingstoke, Palgrave Macmillan. 

Kumar, N., L. W. Stern and J. C. Anderson (1993). "Conducting interorganizational research using key 

informants." Academy of Management Journal 36(6): 1633-1652. 

Kunreuther, H. (1996). "Mitigating disaster losses through insurance." Journal of Risk and Uncertainty 

12(2): 171-187. 

Kunreuther, H. (2000). "Insurance as Cornerstone for Public-Private Sector Partnerships." Natural 

Hazards Review 1(2): 126-136. 

Kunreuther, H. (2001). "Incentives for mitigation investment and more effective risk management: the 

need for public-private partnerships." Journal of Hazardous Materials 86(1-3): 171-185. 

http://www.iii.org/media/facts/statsbyissue/earthquakes/


  

 References    

 

283 

Kunreuther, H. (2002). "Risk Analysis and Risk Management in an Uncertain World " Risk Analysis 

22(4): 655-664. 

Kunreuther, H. (2006). "Disaster mitigation and insurance: Learning from Katrina." Annals of the 

American Academy of Political and Social Science 604: 208-227. 

Kunreuther, H. (2006). "Disaster Mitigation and Insurance: Learning from Katrina." The ANNALS of 

the American Academy of Political and Social Science 604(1): 208-227. 

Kunreuther, H. (2008). "Reducing Losses from Catastrophic Risks through Long-Term Insurance and 

Mitigation." Social Research 75(3): 905-930. 

Kunreuther, H. and E. Michel-Kerjan (2009). "Market and Government Failure in Insuring and 

Mitigating Natural Catastrophes: How Long-Term Contracts Can Help." Private Markets and 

Public Insurance Programs. 

Kunreuther, H. and R. Roth (1998). Paying the price: The status and role of insurance against natural 

disasters in the United States, Natl Academy Pr. 

Lacey, M. (1994). "Rewards can cost nothing? Yes they can... really!" Journal for Quality and 

Participation: 6-6. 

LaFountain, C. (2004). "Health risk reporting." Society 42(1): 49-56. 

Landy, F. J. and J. M. Conte (2009). Work in the 21st century: An introduction to industrial and 

organizational psychology, Wiley-Blackwell. 

Landy, F. J. and D. A. Trumbo (1983). Instrumentality Theory. Motivation and Work Behavio. R. M. 

Steers and L. W. Porter. New York, McGraw-Hill: 72-81. 

Larrick, R. P. (1993). "Motivational factors in decision theories: The role of self-protection." 

Psychological Bulletin 113: 440-440. 

Laska, S. B. (1991). Floodproof retrofitting: Homeowner self-protective behavior. Boulder, Institute of 

Behavioral Science, University of Colorado. 

Lavell, A. (1994). Prevention and Mitigation of Disasters in Central America: Vulnerability to Disasters 

at the Local Level. Disasters, Development and Environment. A. Varley. Chichester, Wiley. 

Lazarus, R. S. (1991). Emotions and adaptation New York Oxford University Press  

Lee, S. (2007). "Vroom's expectancy theory and the public library customer motivation model." Library 

Review 56: 788-796. 

Lehman, D. R. and S. E. Taylor (1988). " Date with an earthquake: coping with a probable, 

unpredictable disaster." Personality and Social Psychology Bulletin 13: 546–555. 

Leopold, R. L. and H. Dillon (1963). "Psycho-anatomy of a disaster: a long term study of post-

traumatic neuroses in survivors of a marine explosion." American Journal of Psychiatry 

119(10): 913. 

Lepesteur, M., A. Wegner, S. A. Moore, et al. (2008). "Importance of public information and 

perception for managing recreational activities in the Peel-Harvey estuary, Western Australia." 

Journal of Environmental Management 87(3): 389-395. 

Leung, M. Y., P. Olomolaiye, A. Chong, et al. (2005). "Impacts of stress on estimation performance in 

Hong Kong." Construction Management and Economics 23(9): 891-903. 

Lewis-Beck, M., A. Bryman and T. Liao (2004). The Sage encyclopedia of social science research 

methods, Sage Publications, Inc. 

Liel, A. B. (2004). Proposals to Improve the earthqiake resistance of Turkey's Housing Development 

Planning Unit. London, University College London 

Lindell, K. M. and C. S. Prater (2000). "Household Adoption of Seismic Hazard Adjustments: A 

Comparison of Residents in Two States." International Journal of Mass Emergencies and 

Disasters 18(2): 317-338. 

Lindell, M. and S. Hwang (2008). "Households' Perceived Personal Risk and Responses in a 

Multihazard Environment." Risk Analysis 28(2): 539-556. 

Lindell, M. and R. Perry (2004). Communicating environmental risk in multiethnic communities, Sage 

Publications, Inc. 

Lindell, M. K., D. Alesch, P. A. Bolton, et al. (1997). "Adoption and implementation of hazard 

adjustments." International Journal of Mass Emergencies and Disasters 15(Special issue): 327- 

453. 



  

 References    

 

284 

Lindell, M. K., S. Arlikatti and C. S. Prater (2009). "Why People Do What They Do to Protect Against 

Earthquake Risk: Perceptions of Hazard Adjustment Attributes." Risk Analysis 29(8): 1072-

1088. 

Lindell, M. K. and S. N. Hwang (2008). "Households' Perceived Personal Risk and Responses in a 

Multihazard Environment." Risk Analysis 28(2): 539-556. 

Lindell, M. K. and R. W. Perry (1992 ). Behavioral Foundations of Community Emergency Planning. 

Washington , DC, Hemisphere Press. 

Lindell, M. K. and R. W. Perry (2000). "Household Adjustment to Earthquake Hazard: A Review of 

Research." Environment and Behavior 32(4): 461-501. 

Lindell, M. K. and R. W. Perry (2004). Communicating environmental risk in multiethnic communities. 

Thousand Oaks, Sage Publications. 

Lindell, M. K. and C. S. Prater (2000). "Household adoption of seismic hazard adjustments: A 

comparison of residents in two states." International Journal of Mass Emergencies and 

Disasters 18: 317 – 338. 

Lindell, M. K. and C. S. Prater (2002). "Risk Area Residents' Perceptions and Adoption of Seismic 

Hazard Adjustments." Journal of Applied Social Psychology 32(11): 2377-2392. 

Lindell, M. K., C. S. Prater and W. G. Peacock (2007). "Organizational Communication and Decision 

Making for Hurricane Emergencies." Natural Hazards Review 8(3): 50-60. 

Lindell, M. K. and D. J. Whitney (2000). "Correlates of Household Seismic Hazard Adjustment 

Adoption." Risk Analysis 20(1): 13-26. 

Linley, P. A., S. Joseph and M. E. P. Seligman (2004). Positive psychology in practice, Wiley. 

Lion, R., R. M. Meertens and I. Bot (2002). " Priorities in information desire about unknown risks." 

Risk Analysis 22: 765-776. 

Lippke, S., C. Nigg and J. Maddock (2007). "The theory of planned behavior within the stages of the 

transtheoretical model: Latent structural modeling of stage-specific prediction patterns in 

physical activity." Structural Equation Modeling: A Multidisciplinary Journal 14(4): 649-670. 

Lord, R. L. (2002). "Traditional motivation theories and older engineers." Engineering Management 

Journal 14(3): 3-7. 

Love, P. E. D., G. D. Holt and H. Li (2002). "Triangulation in Construction Management Research." 

Engineering Construction and Architectural Management 9(9): 294 – 303. 

MacGregor, D. G., M. Finucane and A. Gonzalez-Caban (2008). The effects of risk perception and 

adaptation on health and safety interventions. Wildfire Risk: Human Perceptions and 

Management Implications. W. E. Martin, C. Raish and B. Kent. Washington, DC Resources for 

the Future Press: 142–155. 

Malhotra, N. K. (1996). Marketing research: an applied orientation Upper Saddle River, N.J, Prentice 

Hall. 

Malhotra, P. K. (2009). "Should Building Codes Target Societal Risk?" Earthquake spectra 25(1): 213-

217. 

Martin, J. N., N. T.K. and L. A. Flores (2002). Readings in intercultural communication experiences 

and contexts. New York, McGraw-Hill. 

Maxwelll, J. A. (2005). Qualitative Research Design: An integrated Approach  Thousand Oaks, CA, 

Sage. 

May, P. and T. Birkland (1994). "Earthquake risk reduction: An examination of local regulatory 

efforts." Environmental Management 18(6): 923-937. 

May, P. J. (1991). "ADDRESSING PUBLIC RISKS - FEDERAL EARTHQUAKE POLICY 

DESIGN." Journal of Policy Analysis and Management 10(2): 263-285. 

May, P. J. (2001). "Societal perspectives about earthquake performance: the fallacy of ―Acceptable 

Risk‖." Earthquake spectra 17: 725. 

May, P. J. (2001). "Societal Perspectives about Earthquake Performance: The Fallacy of Acceptable 

Risk." Earthquake spectra 17(4): 725-737. 

May, P. J. (2004). "Making Choices about Earthquake Performance." Natural Hazards Review 5(2): 64-

70. 

May, P. J., R. J. Burby and H. Kunreuther (1998). "Policy design for earthquake hazard mitigation: 

Lessons from energy conservation, radon reduction, and termite control." Earthquake spectra 

14(4): 629-650. 



  

 References    

 

285 

May, P. J. and T. J. Feeley (2000). "Regulatory backwaters: Earthquake risk reduction in the western 

United States." State & Local Government Review: 20-33. 

Mayer, R. C., J. H. Davis and F. D. Schoorman (1995). "An Integrative Model of Organizational Trust." 

The Academy of Management Review 20(3): 709-734. 

McClean, R. (2009). Regulation and Incentives for Historic Heritage - Theoretical and Legislative 

Overview N. Z. H. P. T. (NZHPT). Wellingtion, New Zealand., Brookers Ltd. 

McClelland, D. C. (1971). Assessing Human Motivation, General Learning Press. 

McClure, J., M. W. Allen and F. Walkey (2001). "Countering fatalism: Causal information in news 

reports affects judgments about earthquake damage." Basic and applied social psychology 

23(2): 109-121. 

McClure, J., D. Johnston and D. Paton (2005). INDIVIDUALS‘RESPONSE TO NATURAL HAZARD 

EVENTS. 

McClure, J., R. Sutton and M. Wilson (2007). "How information about building design influences 

causal attributions for earthquake damage." Asian Journal of Social Psychology 10(4): 233-242. 

McClure, J., R. M. Sutton and C. G. Sibley (2007). "Listening to Reporters or Engineers? How Instance 

Based Messages About Building Design Affect Earthquake Fatalism1." Journal of Applied 

Social Psychology 37(9): 1956-1973. 

McClure, J., F. Walkey and M. Allen (1999). "When earthquake damage is seen as preventable: 

Attributions, locus of control and attitudes to risk." Applied Psychology: An International 

Review 48(2): 239-256. 

McCoy, T. J. (1992). Compensation and motivation: Maximizing employee performance with behavior-

based incentive plans. New York, Amacon. 

McElroy, B. and C. Mills (2008). Managing  Stakeholders. Gower Handbook of Project Management. 

R. J. Turner and S. J. Simister. Aldershot, UK, Gower publishing limited: 757-775. 

McGuire, R. K. (2008). Seismic Risk Mitigation Decisions Under Uncertainty. Risk Assessment, 

Modeling and Decision Support. A. Bostrom, S. French and S. Gottlieb, Springer Berlin 

Heidelberg. 14: 185-198. 

McGuirk, P. M. and P. O‘Neill (2005). Using Questionnaires in Qualitative Human Geography. 

Qualitative Research Methods in 

Human Geography. I. Hay. Australia, Oxford University Press: 147–162. 

McIvor, D. and D. Paton (2007). "Preparing for natural hazards: normative and attitudinal influences." 

Disaster Prevention and Management 16(1): 79-88. 

McIvor, D., D. Paton and D. Johnston (2009). "Modelling Community Preparation for Natural Hazards: 

Understanding Hazard Cognitions." Journal of Pacific Rim Psychology 3(2): 39-46. 

McIvor, D., D. Paton and D. Johnston (2009). "Modelling Community Preparation for Natural Hazards: 

Understanding Hazard Cognitions " Journal of Pacific Rim Psychology 3(2): 39-46. 

McSaveney, E. (2009). 'Historic earthquakes - The 1942 Wairarapa earthquakes'. Masterton: Wairarapa 

Archive, Te Ara - the Encyclopedia of New Zealand: 17. 

Merriam, S. B. (1998). Qualitative research and case study applications in education. San Francisco, 

CA:, Jossey-Bass. 

Miles, M. B. and A. M. Huberman (1994). Qualitative Data Analysis. Thousand Oaks, CA, Sage. 

Mileti, D. S. (1999). Disasters by Design: A reassement of natural hazards in the United States. 

Washinton, DC, Joseph Henry Press. 

Mileti, D. S. and C. Fitzpatrick (1993). The great earthquake experiment: Risk communication and 

public action. Westview, Boulder, CO. 

Mileti, D. S. and P. W. O'Brien (1992). "Warnings during disaster: Normalizing communicated risk." 

Soc. Probs. 39: 40. 

Mileti, D. S. and L. Peek (2002). "The social psychology of public response to warnings of a nuclear 

power plant accident." Journal of Hazardous Materials 75(2-3): 181–194. 

Mileti, D. S. and J. H. Sorensen (1988). "Planning and implementing warning systems." 

Ministry of Civil Defence and Emergency Management (2002). Civil Defence Emergency Management 

Act (2002). When disaster strikes, will you be ready? An introduction to the Civil Defence 

Emergency Management Act 2002. Wellington, Ministry of Civil Defence and Emergency 

Management 



  

 References    

 

286 

Mitchell, J. T. and L. Daniels (2003). Motivation. Comprehensive Handbook of Psychology W. C. 

Borman, D. R. Ilgen and R. J. Klimoski. New York Wiley. 12: 225–254. 

Mitchell, T. R. (1974). "Expectancy models of job satisfaction, occupational preference and effort: A 

theoretical, methodological, and empirical appraisal." Psychological Bulletin 81(12): 1053. 

Montana, P. J. and B. H. Charnov (2008). Management, Barron's Educational Series. . 

Mulilis, J.-P. and T. S. Duval (1995). "Negative Threat Appeals and Earthquake Preparedness: A 

Person-Relative-to-Event (PrE) Model of Coping With Threat." Journal of Applied Social 

Psychology 25(15): 1319-1339. 

Mulilis, J. and T. Duval (1995). "Negative Threat Appeals and Earthquake Preparedness: A Person 

Relative to Event (PrE) Model of Coping With Threat1." Journal of Applied Social Psychology 

25(15): 1319-1339. 

Mulilis, J., T. Duval and R. Rogers (2003). "The Effect of a Swarm of Local Tornados on Tornado 

Preparedness: A Quasi-Comparable Cohort Investigation1." Journal of Applied Social 

Psychology 33(8): 1716-1725. 

Mulilis, J. and R. Lippa (1990). "Behavioral change in earthquake preparedness due to negative threat 

appeals: A test of protection motivation theory." Journal of Applied Social Psychology 20(8): 

619-638. 

Mulilis, J. P., T. Duval and D. Rombach (2001). "Personal Responsibility for Tornado Preparedness: 

Commitment or Choice? 1." Journal of Applied Social Psychology 31(8): 1659-1688. 

Mulilis, J. P. and R. Lippa (1990). " Behavioral change in earthquake preparedness due to negative 

threat appeals: A test of protection motivation theory." Journal of Applied Social Psychology 

20: 639-660. 

Mullins, L. (2002). Management and organisational behaviour. Essex, Pearson Education. 

Nakhies, P. (2009). Seismic Upgrading – Meeting the Economic Challenge. Pacific Rim Real Estate  

(RIM) Conference, Sydney, Australia. 

Netemeyer, R. G., W. O. Bearden and S. Sharma (2003). Scaling procedures: issues and applications 

Thousand Oaks:, Sage Publications. 

Neter, J., W. Wasserman, M. H. Kutner, et al. (1996). Applied linear statistical models, Irwin. 

Neuman, W. L. (2003). Social research methods : qualitative and quantitative approaches. Boston, 

Allyn and Bacon. 

Neuman, W. L. (2006). Social research methods : qualitative and quantitative approaches. Boston, 

Pearson/AandB. 

Neuwirth, K., S. Dunwoody and R. J. Griffin (2000). "Protection Motivation and Risk 

Communication." Risk Analysis 20(5): 721-734. 

New Zealand Society for Earthquake Engineering (2006). Assessment and Improvement of the 

Structural Performance of Buildings in Earthquake. Wellington, New Zealand, New Zealand 

Society for Earthquake Engineering. Recommendations of a NZSEE Study Gruop on 

Earthquake Risk Buildings. 

Nguyen, L. H., H. Shen, D. Ershoff, et al. (2006). "Exploring the Causal Relationship between 

Exposure to the 1994 Northridge Earthquake and Pre- and Post-Earthquake Preparedness 

Activities." Earthquake spectra 22(3): 569-587. 

Norman, G. R. and D. L. Streiner (2003). PDQ Statistics Hamilton; London, B C Decker Inc. 

Norman, P., H. Boer and E. Seydel (2005). "Protection motivation theory." 

Norton, R. K. (2005). "Local commitment to state-mandated planning in coastal North Carolina." 

Journal of Planning Education Research 25: 149-171. 

Nunnally, J. C. (1976). Psychometric Theory. New York, McGraw-Hill Education. 

Nuti, C. and I. Vanzi (2003). "To retrofit or not to retrofit?" Engineering Structures 25(6): 701-711. 

O'sullivan, A. and S. M. Sheffrin (2003). Economics: Principles in action, Prentice Hall ; 2001 Wall 

Street Journal Classroom Edition edition  

O‘Brien, K. (1993). Improving survey questionnaires through focus groups. Successful focus groups: 

Advancing the state of the art,. D. Morgan. Newbury Park, CA, Sage 105-117. 

Olshansky, R. B. (2005). "Making a Difference: Stories of Successful Seismic Safety Advocates." 

Earthquake spectra 21(2): 441-464. 

Olson, R. S. and R. A. Olson (1993). "The Rubble‘s still standingUp‘ in Oroville, California: The 

politics of building safety." Int. J.Mass Emergencies and Disasters 11: 163–188. 



  

 References    

 

287 

Onder, Z., V. Dokmeci and B. Keskin (2004). "The Impact of Public Perception of Earthquake Risk on 

Istanbul's Housing Market." Journal of Real Estate Literature 12: 181-196. 

Ortberg, J., R. Gorsuch and G. Kim (2001). "Changing attitude and moral obligation: Their independent 

effects on behavior." Journal for the Scientific Study of Religion 40(3): 489-496. 

Palm, R. (1990). "Natural Hazards: An Integrative Framework for Research and Planning." JOHNS 

HOPKINS UNIVERSITY PRESS, BALTIMORE, MD(USA). 1990. 

Papadrakakis, M., M. Fragiadakis and N. D. Lagaros (2007). OPTIMUM PERFORMANCE-BASED 

RELIABILITY DESIGN OF STRUCTURES: 137-159. 

Parfitt, J., Ed. (2005). Questionnaire design and sampling. Methods in Human Geography. England, 

Pearson Education Limited. 

Park, C. L., C. M. Aldwin, J. R. Fenster, et al. (2008). "Pathways to posttraumatic growth versus 

posttraumatic stress: Coping and emotional reactions following the September 11, 2001, 

terrorist attacks." American Journal of Orthopsychiatry 78(3): 300-312. 

Paté-cornell, M. E. (1996). "Global risk management." Journal of Risk and Uncertainty 12(2): 239-255. 

Paton, D. (2000). "Emergency Planning: Integrating community development, community resilience 

and hazard mitigation." Journal of the American Society of Professional Emergency Managers 

7(1): 109–118. 

Paton, D. (2003). "Disaster preparedness: a social-cognitive perspective." Disaster Prevention and 

Management 12(3): 210-216. 

Paton, D. (2006). Disaster Resilience: Integrating individual, community, institutional and  

environmental perspectives. in Disaster Resilience: An Integrated Approach. D. Paton and D. 

Johnston. Springfield, Ill, Charles C. Thomas: 306-319. 

Paton, D. (2007). "Preparing for natural hazards: the role of community trust." Disaster Prevention and 

Management 16(3): 370-379. 

Paton, D. (2008). Community Resilience: Integrating Individual, Community and Societal Perspectives. 

Phoenix of Natural Disasters: Community resilience. K. Gow and D. Paton. New York Nova 

Science Pub Inc: 13-31. 

Paton, D. (2008). "Predicting community earthquake preparedness: a cross-cultural comparison of 

Japan and New Zealand." Natural Hazards 8(1-2): 2-16. 

Paton, D. (2008). "Risk communication and natural hazard mitigation: how trust influences its 

effectiveness." Int. J. of Global Environmental Issues 8(1-2): 2-16. 

Paton, D. (2008). "Risk communication and natural hazard mitigation: How trust influences its 

effectiveness." International Journal of Global Environmental Issues 8(1): 2-16. 

Paton, D., R. Bajek, N. Okada, et al. (2010). "Predicting community earthquake preparedness: a cross-

cultural comparison of Japan and New Zealand." Natural Hazards: 1-17. 

Paton, D., B. F. Houghton, C. E. Gregg, et al. (2008). "Managing tsunami risk in coastal communities: 

Identifying predictors of preparedness." Australian Journal of Emergency Management 23(1). 

Paton, D. and D. Johnston (2001). "Disasters and communities: vulnerability, resilience and 

preparedness." Disaster Prevention and Management: An International Journal 10: 270-277. 

Paton, D. and D. Johnston (2006). Identifying the characteristics of a disaster resilient society, Charles 

C Thomas Pub Ltd. 

Paton, D. and D. M. Johnston (2006). Disaster resilience: an integrated approach, Charles C Thomas 

Pub Ltd. 

Paton, D., J. McClure and P. T. Burgelt (2006). Natural hazard Resilience: The Role of Indiviudals and 

Household Preparedness. Disaster resilience: an integrated approach. D. Paton and D. Johnston, 

Charles C Thomas Pub Ltd: 105-142. 

Paton, D., S. Sagala, N. Okada, et al. (2010). "Making sense of natural hazard mitigation: Personal, 

social and cultural influences." Environmental Hazards 9(2): 183-196. 

Paton, D., L. Smith, M. Daly, et al. (2008). "Risk perception and volcanic hazard mitigation: Individual 

and social perspectives." Journal of Volcanology and Geothermal Research 172(3-4): 179-188. 

Paton, D., L. M. Smith and D. Johnston (2005). "When good intentions turn bad: Promoting natural 

hazard preparedness." Australian Journal of Emergency Management 20: 25-30. 

Patton, M. Q. (1990). Qualitative evaluation and research methods. Newbury Park, Calif., Sage 

Publications. 



  

 References    

 

288 

Patton, M. Q. (2002). Qualitative research and evaluation methods. Thousand Oaks, Calif., Sage 

Publications. 

Pearce, L. (2003). "Disaster management and community planning, and public participation: How to 

achieve sustainable hazard mitigation." Natural Hazards 28(2-3): 211-228. 

Perry, C., T. Baranowski and G. Parcel (1997). "How individuals, environments, and health behavior 

interact: social cognitive theory." Health Behavior and Health Education: Theory, Research, 

and Practice 2nd Edition. San Francisco: Jossey-Bass Publishers: 153-178. 

Perry, R. W. and M. K. Lindell (1990). "Living with Mount St. Helens: Human adjustment to volcano 

hazards." WASHINGTON STATE UNIVERSITY PRESS, PULLMAN, WA(USA). 1990. 

Perry, R. W. and M. K. Lindell (2007). Emergency planning. New York, Wiley. 

Petak, W. (2002). Earthquake resilience through mitigation: a system approach. Proceedings of the 2nd 

Annual IIASA-DPRI Meeting  International Institute for Applied Systems Analysis, 

Laxenburg, Austria, International Institute for Applied Systems Analysis. 

Petri, H. L. (1996). Motivation:theory and research. Belmont, Califonia, Wadsworth Pub. Co. 

Petty, I. (2008). The December 2007 Gisborne Earthquake, the before and after story‖ New Zealand 

Society for Earthquake Engineering Technical Conference, Wairakei, New Zealand  

Pidgeon, N. F., R. E. Kasperson and P. Slovic (2003). The Social Amplification of Risk. Cambridge, 

UK, Cambridge University Press. 

Pink, D. H. (2009). Intrinsic Motivation. Washington, D.C., Headline Book Publishing. 

Pintrich, P. R. and D. H. Schunk (2002). Motivation in education: Theory, research, and applications, 

Merrill. 

Platt, R. H. and C. B. Rubin (1999). Steming the losses: The Quest for Hazard Mitigation. Disaster and 

Democracy: The Politics of extreme natural events. R. H. Platt. Washington DC., Island Press. 

Poortinga, W. and N. F. Pidgeon (2004). "Trust, the asymmetry principle and the role of prior beliefs." 

Risk Analysis 24(6): 1475-1486. 

Porter, K. A. and A. S. Kiremidjian (2001). Assembly-based vulnerability of buildings and its uses in 

seismic performance evaluation and risk management decision-making, SPA Risk LLC. 

Porter, L. W. and E. E. Lawler (1968). Managerial attitudes and performance. Homewood, Illinois, 

Irwin. 

Prater, C. S. and M. K. Lindell (2000). "Politics of Hazard Mitigation." Natural Hazards Review 1(2): 

73-82. 

Quarantelli, E. L. (1996). "Local mass media operations in disasters in the USA." Disaster Prevention 

and Management 5(5): 5-10. 

Quarantelli, E. L. (2005). A social science research agenda for the disasters of the 21st century: 

theoretical, methodological and empirical issues and their professional implementation. What is 

a Disaster? New Answers to Old Questions, . R. W. Perry and E. L. Quarantelli. Philadelphia, 

PA,, Xlibris: 325-396. 

Rees, J., N. Dirga and H. Donnell (2011). 2.9 earthquake surprises Auckland New Zealand Herald 

Auckland. 

Renn, O. (2004). "Perception of risks." Toxicology Letters 149(1-3): 405-413. 

Ringle, C., S. Wende and S. S. Will (2009). SmartPLS 2.0 (M3) Beta. U. o. Hamburg. Hamburg, 

Germany. 

Rogers, R. (1975). "A Protection Motivation Theory of Fear Appeals and Attitude Change1." The 

Journal of Psychology 91(1): 93-114. 

Rogers, R. and S. Prentice-Dunn (1997). Protection motivation theory. Handbook of Health Behavior 

Reasearch Determinants of health behavior: Personal and social. D. Gochman. New York, NY, 

Plenum. 1: 113-132. 

Rohrmann, B. (1998). "The risk notion: epistemological and empirical considerations." Integrated Risk 

Assessment, edited by: Stewart, MG and Melchers, RE, Balkema: Rotterdam: 39–46. 

Rohrmann, B. (2008). Risk perception, risk attitude, risk communication, risk management: a 

conceptual appraisal. 

Ronan, K., D. Johnston and D. Paton (2001). Communities' understanding of earthquake risk in the 

Hawke's Bay and Manawatu-Wanganui regions, New Zealand. 

Rose, A. (2004). Economic Principles, Issues, and Research Priorities in Hazard Loss Estimation. 

Modeling spatial and economic impacts of disasters, Springer Verlag: 13-36. 



  

 References    

 

289 

Rose, A., K. Porter, N. Dash, et al. (2007). "Benefit-Cost Analysis of FEMA Hazard Mitigation 

Grants." Natural Hazards Review 8(4): 97-111. 

Rossetto, T., H. Joffe and C. Solberg (2011). "A Different View on Human Vulnerability to 

Earthquakes: lessons from risk perception studies." Human Casualties in Earthquakes: 291-304. 

Rossiter, J. R. (2002). "The C-OAR-SE procedure for scale development in marketing." International 

Journal of Research in Marketing 19(4): 305-335. 

Rozario, K. (2007). The culture of calamity: disaster and the making of modern America, University Of 

Chicago Press. 

Rubin, H. W. (1991). Dictionary of Insurance Terms. New York, NY, Barron's Educational Services. 

Russell, A. P. and J. M. Ingham (2010). "Prevalence of New Zealand‘s Unreinforced Masonry 

Buildings." Bulletin of the New Zealand Society for Earthquake Engineering 43(3): 182 – 201. 

Ryan, R. and J. La Guardia (2000). "What is being optimized over development?: A self-determination 

theory perspective on basic psychological needs across the life span." Dialogues on psychology 

and aging: 145–172. 

Ryan, R. M. and E. L. Deci (2000). "Intrinsic and Extrinsic Motivations: Classic Definitions and New 

Directions." Contemporary educational psychology 25(1): 54-67. 

Ryan, R. M. and E. L. Deci (2000). "Self-determination theory and the facilitation of intrinsic 

motivation, social development, and well-being." AMERICAN PSYCHOLOGIST 55(1): 68. 

Ryan, R. M. and E. L. Deci (2000). "Self-determination theory and the facilitation of intrinsic 

motivation, social development, and well-being." AMERICAN PSYCHOLOGIST 55(1): 68–

78. 

Rynn, J. (2002). "A preliminary assessment of tsunami hazard and risk in the Indonesian region." 

TSUNAMI HAZARDS 20(4): 193. 

Sacco, K., V. Galletto and E. Blanzieri (2003). "How has the 9/11 terrorist attack influenced decision 

making?" Applied Cognitive Psychology 17(9): 1113-1127. 

Sagala, S., N. Okada and D. Paton (2009). "Predictors of Intention to Prepare for Volcanic Risks in Mt 

Merapi, Indonesia." Journal of Pacific Rim Psychology 3(2): 47-54. 

Scanlon, J. (2009). "Research about the Mass Media and Disaster: Never (Well Hardly Ever) The 

Twain Shall Meet." Disciplines, Disasters and Emergency Management Textbook. 

Schermerhorn Jr, J. R. (2009). Management, Wiley. 

Schrader, C. R. (1972). "Motivation of construction craftsmen." J. Constr. Div., Am. Soc. Civ. Eng. 

98(2): 257–273. 

Seismic Safety Commission (SSC) (1999). Earthquake Risk Management: A Toolkit for Decision-

Makers. Proposition 122 Seismic Retrofit Practices Improvement Program,  Product 2.2 -

Earthquake Risk Management Tools for Decision-Makers. California, Prepared for the 

California Seismic Safety Commission by EQE International, Inc. 

Sekaran, U. and R. Bougie (2010). Research methods for business; A skill building approach 

Netherlands John Wiley & Sons Inc. 

Sengezer, B. and E. KoÃ§ (2005). "A critical analysis of earthquakes and urban planning in Turkey." 

Disasters 29(2): 171-194. 

Sengezer, B. and E. Koç (2005). "A Critical Analysis of Earthquakes and Urban Planning in Turkey." 

Disasters 29(2): 171-194. 

Sheeran, P., D. Trafimow and C. J. Armitage (2003). "Predicting behaviour from perceived behavioural 

control: Tests of the accuracy assumption of the theory of planned behaviour." British Journal 

of Social Psychology 42(3): 393-410. 

Sheppard, B., J. Hartwick and P. Warshaw (1988). "The theory of reasoned action: A meta-analysis of 

past research with recommendations for modifications and future research." Journal of 

Consumer Research 15(3): 325-343. 

Siegrist, M. and G. Cvetkovich (2000). "Perception of hazards: The role of social trust and knowledge." 

Risk Analysis 20(5): 713-720. 

Siegrist, M. and H. Gutscher (2008). "Natural Hazards and Motivation for Mitigation Behavior: People 

Cannot Predict the Affect Evoked by a Severe Flood." Risk Analysis 28(3): 771-778. 

Silverman, D. (2000). Doing qualitative research: a practical handbook. Thousand Oaks, California, 

Sage  



  

 References    

 

290 

Sitkin, S. B. and A. L. Pablo (1992). "Reconceptualizing the determinants of risk behavior." The 

Academy of Management Review 17(1): 9-38. 

Sjöberg, L. (2000). "The Methodology of Risk Perception Research." Quality &amp; Quantity 34(4): 

407-418. 

Sjöberg, L., B. E. Moen and T. Rundmo (2004). "Explaining risk perception." An evaluation of the 

psychometric paradigm in risk perception research. 

Skinner, B. F. (1953). Science and human behaviour. New York, The Free Press. 

Skinner, B. F. and B. Frederic (1965). Science and human behavior, Free Press New York. 

Slovic, P. (2001). The Perception of Risk. London, Earthscan. 

Smith, K. (2009). Environmental Hazards: Assessing Risk and Reducing Disaster. London and New 

York, Routledge. 

Smithers, G. L. and D. T. Walker (2000). "The effect of the workplace on motivation and demotivation 

of construction professionals." Construction Management and Economics 18(7): 833-841. 

Sniehotta, F. F. (2009). "An experimental test of the Theory of Planned Behavior." Applied 

Psychology: Health and Well-Being 1(2): 257-270. 

Solberg, C., H. Joffe and T. Rossetto (2008). How people behave in anticipation of and during 

earthquakes: A review of social science literature on what drives this behaviour, International 

Association for Earthquake Engineering. 

Solberg, C., T. Rossetto, H. Joffe, et al. (2010). "The social psychology of seismic hazard adjustment: 

re-evaluating the international literature." Nat. Hazards Earth Syst. Sci 10: 1663-1677. 

Sorensen, J. H. and D. S. Mileti (1987). "Programs that encourage the adoption of precautions against 

natural hazards: Review and evaluation." 

Spence, R. (2004). "Risk and regulation: can improved government action reduce the impacts of natural 

disasters?" Building Research & Information 32(5): 391 - 402. 

Spence, R. (2007). "Saving lives in earthquakes: successes and failures in seismic protection since 

1960." Bulletin of Earthquake Engineering 5(2): 139-251. 

Spence, R. and A. Coburn (2006). Earthquake Risk and Insurance: 385-402. 

Spence, R. and A. Coburn (2006). Earthquake Risk and Insurance. Assessing and Managing Earthquake 

Risk. K. Atilla Ansal. Dordrecht, The Netherlands, Springer. 2: pp. 385-402. 

Spiegel, S., H. Grant Pillow and E. T. Higgins (2004). "How regulatory fit enhances motivational 

strength during goal pursuit." European Journal of Social Psychology 34(1): 39-54. 

Spittal, M. J., J. McClure, R. J. Siegert, et al. (2008). "Predictors of Two Types of Earthquake 

Preparation." Environment and Behavior 40(6): 798-817. 

Stake, R. (2006). Multiple case study analysis. New York, Guilford. 

Standards New Zealand (2002). Australian/New Zealand Standard Structural design actions - Part 0: 

General principles. Wellingtion, New Zealand Standards New Zealand. 

Standards New Zealand (2004). NZS 1170.5:2004, Structural Design Actions Part 5: Earthquake 

Actions. Wellington, New Zealand, Standards New Zealand. 

Standards New Zealand (2009). Australia and New Zealand Risk management   Standard  AS/NZS ISO 

31000:2009 - Principles and guidelines, Standards New Zealand,. 

Statistics New Zealand. (2011). "Subnational population estimates  and structure."   Retrieved on 26/10, 

2010, from 

http://www.stats.govt.nz/~/media/Statistics/Methods%20and%20Services/Tables/Subnational%

20population%20estimates/subnational-pop-estimate-jun2001-2010.ashx. 

Steers, R., L. W. Porter and G. A. Bigley (1996). Motivation and leadership at work. Boston, McGraw-

Hill Companies, Inc. 

Steers, R. M., R. T. Mowday and D. L. Shapiro (2004). "Introduction to Special Topic Forum: The 

Future of Work Motivation Theory." The Academy of Management Review 29(3): 379-387. 

Steinberg, M. and R. J. Burby (2002). "Growing safe:Is Your Comprehensive Plan Hazardous to Your 

Community‘s Health?" Planning Magazine 68(2): 22-23. 

Stevens, C. M. and K. E. Wheeler (2008). Implementing Earthquake prone building policy under the 

Building Act 2004 – Wellington City‘s Approach. Proceedings of New Zealand Society for 

Earthquake Engineering: Engineering an Earthquake Resilient New Zealand (NZSEE) 

Conference, Wairakei, New Zealand  



  

 References    

 

291 

Stone, M. (1974). "Cross-validatory choice and assessment of statistical predictions." Journal of the 

Royal Statistical Society. Series B (Methodological): 111-147. 

Strandholm, K., K. Kumar and R. Subramanian (2004). "Examining the interrelationships among 

perceived environmental change, strategic response, managerial characteristics, and 

organizational performance* 1." Journal of Business Research 57(1): 58-68. 

Straub, D. W. (1989). "Validating Instruments in MIS Research." MIS Quarterly 13(2): 147-169. 

Sugar, W. and T. Schwen (1995). Glossary of Technical Terms. ASTD Technical and Skills Training 

Handbook. L. Kelly. New York McGraw-Hill. 

Tabachnick, B. G. and L. S. Fidell (2001). Using Multivariate Analysis. Needham Heights, Boston, 

Allyn and Bacon  

Tamura, H., K. Yamamoto, S. Tomiyama, et al. (2000). "Modeling and analysis of decision making 

problem for mitigating natural disaster risks." European Journal of Operational Research 

122(2): 461-468. 

Tan, W. (2004). Practical research methods. Singapore, Prentice Hall. 

Tekeli Ye il, S., N. Dedeo lu, C. Braun Fahrlaender, et al. (2010). "Factors Motivating Individuals to 

Take Precautionary Action for an Expected Earthquake in Istanbul." Risk Analysis 30(8): 1181-

1195. 

Tenenhaus, M., V. E. Vinzi, Y. M. Chatelin, et al. (2005). "PLS path modeling." Computational 

Statistics & Data Analysis 48(1): 159-205. 

Tien, F. F. (2000). "To what degree does the desire for promotion motivate 

faculty to perform research? Testing the expectancy theory." Research in Higher Education 41(6): 723–

752. 

Tierney, K. (2004). "Deciding What's Safe: Making Choices about Earthquake Safety." Natural Hazards 

Review 5(2): 61-63. 

Tierney, K. (2008). Effective Strategies for Hazard Assessment and Loss Reduction: The Importance of 

Multidisciplinary and Interdisciplinary Approaches (Internet Report). Boulder, Natural Hazards 

Research and Applications Information Center, Institute of Behavioral Science, University of 

Colorado at Boulder, USA. 

Tierney, K., B. Khazai, L. Tobin, et al. (2005). "Social and Public Policy Issues Following the 2003 

Bam, Iran, Earthquake." Earthquake spectra 21(S1): S513-S534. 

Tierney, K. J., J. R. Harrald and G. R. Nebb (2000). Coping with Y2K: Organizational adaptation and 

change at the U.S. department of transportation (Final Project Report No. 44)  University of 

Delaware Research Centre. 

Tierney, K. J., M. K. Lindell and R. W. Perry (2001). Facing the Unexpected : Disaster Preparedness 

and Response in the United States. Washington, DC, USA, Joseph Henry Press. 

Tufford, D. (2001). "The Hidden Costs of Coastal Hazards; Implications for Risk Assessment and 

Mitigation." Electronic Green Journal 1(14). 

Turner, R. H., J. M. Nigg and D. H. Paz (1986). Waiting for disaster: earthquake watch in California. 

Los Angeles, University of California Press. 

U.S. Department of Energy (DOE) (1994). Natural phenomena hazards design and evaluation criteria 

for department of energy facilities. DOE-STD-1020-94, . Washington, D.C. 

Uwakweh, B. O. (2006). "Motivational Climate of Construction Apprentice." Journal of Construction 

Engineering and Management 132(5): 525-532. 

Vallerand, R. J. (1997). "Toward a hierarchical model of intrinsic and extrinsic motivation." Advances 

in experimental social psychology 29: 271-360. 

Vallerand, R. J. (2007). "Intrinsic and extrinsic motivation in sport and physical activity." Handbook of 

sport psychology 3: 59-83. 

Vallerand, R. J. and F. L. Rousseau (2001). "Intrinsic and extrinsic motivation in sport and exercise: A 

review using the hierarchical model of intrinsic and extrinsic motivation." Handbook of sport 

psychology 2: 389-416. 

Vansteenkiste, M. and E. L. Deci (2003). "Competitively contingent rewards and intrinsic motivation: 

Can losers remain motivated?" Motivation and Emotion 27(4): 273-299. 

Vansteenkiste, M., W. Lens, H. De Witte, et al. (2005). " Understanding unemployed people‘s job 

search behavior, unemployment experience and well-being: a comparison of expectancy-value 

theory and self-determination theory." British Journal of Social Psychology 44(2): 268–286. 



  

 References    

 

292 

Vervaeck, A. and J. Daniell. (2011). "Christchurch Earthquake 2011 – March 6 & 7 update."   Retrieved 

last accessed on 21/03, 2011, from http://earthquake-report.com/2011/03/07/christchurch-

earthquake-2011-march-6-7-update/. 

Vroom, V. H. (1964). Work and Motivation.  New York, Wiley. 

Wagman, D. (2003). Emergency management and civil defense. Homeland security: Best practices. R. 

Kemp. Washington, DC, International City/County Management: 7-10. 

Wang, Z., T. Lin and G. Walker (2009). Earthquake Risk and Earthquake Catastrophe Insurance for the 

People‘s Republic of China, Asian Development Bank (ADB). 

Warren, R. H. (1989). Motivation and Productivity in the Construction Industry. New York Van 

Nostrand Reinhold. 

Waugh, W. L. (2000). Living with hazards, dealing with disasters: An introduction to emergency 

management, ME Sharpe Inc. 

Weber, E. U., A. Blais and N. E. Betz (2002). "A domain-specific risk-attitude scale: measuring risk 

perceptions and risk behaviors." Journal of Behavioral Decision Making 15(4): 263-290. 

Weiner, B. (1985). Human motivation. New York, Springer-Verlag. 

Weinstein, N. D., A. J. Rothman and S. R. Sutton (1998). "Stage theories of health behavior: 

Conceptual and methodological issues." Health Psychology 17(3): 290-299. 

Wellington City Council ( 2009). Earthquake Prone Building Policy B. a. Housing. Welllington, 

Wellington City Council, . 

Wenger, D. E., J. D. Dykes, T. D. Sebok, et al. (1980). "It's a matter of myths: An empirical 

examination of individual insight into disaster response." Collective behavior, a source book: 

65. 

White, K. M., J. R. Smith, D. J. Terry, et al. (2009). "Social influence in the theory of planned 

behaviour: The role of descriptive, injunctive, and in group norms." British Journal of Social 

Psychology 48(1): 135-158. 

Willis, K. and A. Asgary (1997). "The Impact of Earthquake Risk on Housing Markets: Evidence from 

Tehran Real Estate Agents." Journal of Housing Research 8: 125-136. 

Wixom, B. H. and H. J. Watson (2001). "An empirical investigation of the factors affecting data 

warehousing success." MIS Quarterly: 17-41. 

Wold, S., L. Eriksson and N. Kettaneh (2010). PLS in Data Mining and Data Integration. Handbook of 

Partial Least Squares. V. Esposito Vinzi, W. W. Chin, J. Henseler and H. Wang, Springer 

Berlin Heidelberg: 327-357. 

Wood, R. S. (2004). "Earthquake entrepreneurs: Local policy systems and the regulation of public risks 

in California." State & Local Government Review 36(3): 198-211. 

World Health Organisation (WHO) (1999). Community emergency preparedness: a manual for 

managers and policy makers. Geneva, Switzerland, World Health Organisation (WHO),. 

Yin, R. K. (1994). Case study research : design and methods. Thousand Oaks, Sage Publications. 

Yin, R. K. (2003). Case study research : design and methods. Thousand Oaks, Calif., Sage Publications. 

Yin, R. K. (2004). The Case study anthology. Thousand Oaks, CA, Sage Publications. 

Yin, R. K. (2009). Case study research : design and methods. Los Angeles, Calif., Sage Publications. 

Zadeh, M. M. (2000). Understanding risk management Financial Management of Earthquake Risk. V. 

Rich. Oakland;CA, Earthquake Engineering Research Institute. 

Zakhem, A. J., D. E. Palmer and M. L. Stoll (2008). Stakeholder theory : essential readings in ethical 

leadership and management. Amherst, N.Y., Prometheus Books. 

Zhang, Y., S. N. Hwang and M. K. Lindell (2010). "Hazard proximity or risk perception? Evaluating 

effects of natural and technological hazards on housing values." Environment and Behavior 

42(5): 597. 

Zuckerman, M. and D. M. Kuhlman (2000). "Personality and risk-taking: Common biosocial factors." 

Journal of personality 68(6): 999-1029.  

http://earthquake-report.com/2011/03/07/christchurch-earthquake-2011-march-6-7-update/
http://earthquake-report.com/2011/03/07/christchurch-earthquake-2011-march-6-7-update/


Appendix 

 

 

APPENDICES 

 

APPENDIX A – DATA COLLECTION DUCMENTS 

 A1 - Human Ethics Committee Approval Letter 

 

APPENDIX B- QUANTITAVIVE DATA ANALYSIS DOCUMENT AND RESULTS  

B1 - Sample of Questionnaire 

B2- Steps In PLS-SEM Analysis 

Appendix Table B-2 - Response Rate and Non-Response Bias Assessment 

Appendix Table B-3   Analysis of Missing Data 

Appendix Table B-4 Harman‘s one-factor test 

Appendix Table B-5 Assessing of Multicollinearity: variance inflation factor (VIF)  

Appendix Table B-6 Skewness and Kurtosis test  

Appendix Table B-7 Kolmogorov-Smirnov test 

Appendix Table B-8 Cross-loadings for individual measurement items of respective constructs 

Appendix Table B-9 Variables coding and definition  

B-10 Validation Interview Guide  

 

 

  



Appendix 

 

 

APPENDIX B- QUANTITAVIVE DATA ANALYSIS RESULTS 

B1 - Sample of Questionnaire 

 



Page 2

1.2 Category of Respondents 

1.3 If you are a building owner, please indicate ownership type 

1.4 If your answer to Q.3 is a "Private Owner" Please indicate type of Private ownership 

1.5 Years of experience in building maintenance and rehabilitation 

The objective of this section is to determine how intentions to adopt seismic adjustments are formed  

Type of owner 6

Years of Experience 6

 
PART 2: SEISMIC ADJUSTMENT INTENTIONS

Building owner
 

nmlkj

Tenant/Occupant
 

nmlkj

City council/Territorial authority officer
 

nmlkj

Property valuers
 

nmlkj

Property managers
 

nmlkj

Financial industry professional
 

nmlkj

Insurance industry professional
 

nmlkj

Consultant (Architects)
 

nmlkj

Consultant (Engineers)
 

nmlkj

Consultants (Others)
 

nmlkj

Other (please specify)
 

 
nmlkj

Individual
 

nmlkj

Small scale organisation (25 owners)
 

nmlkj

Large scale organisation (more than 5 owners)
 

nmlkj

Multinational organization
 

nmlkj

Property developer
 

nmlkj

Property investor
 

nmlkj

Others (please specify)
 

 
nmlkj

Others 

Others 



Page 3

I. Perception of earthquake and associated risks 

Shown below are typical opinions about an earthquake. Please indicate your agreement or disagreement 

with each statement  

2.1 Perception of earthquake risks 

Shown below are typical opinions about an earthquake. Please indicate your agreement or disagreement 

with each statement  

Strongly 
Disagree

Slightly 
Disagree

Disagree
Neutral/ 
Unsure

AgreeSlightly 
Strongly 
Agree

A large earthquake will occur in the next 3050 years in New Zealand nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj

I don't want to think about earthquakes nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj

Loss of lives is inevitable from earthquakes nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj

Loss of property is inevitable from earthquakes nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj

The New Zealand Government will support me after suffering damage from an 
earthquake

nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj

I want to assist in protecting buildings before an earthquake event nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj

Insurance companies will cover any earthquake damage to insured building nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj

My earlier experience of an earthquake is a motivation to do something about 
earthquake prone buildings

nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj

Consideration of earthquakes is not significant to my professional experience nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj

I think most old buildings within my city will not suffer any earthquake damage nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj

Strongly 
Disagree

Disagree
Neutral/ 
Unsure

Agree
Strongly 
Agree

A large earthquake will occur in the next 3050 years in New Zealand nmlkj nmlkj nmlkj nmlkj nmlkj

Consideration of earthquakes is not significant to my professional 
experience

nmlkj nmlkj nmlkj nmlkj nmlkj

I think most old buildings within my city will not suffer any earthquake 
damage

nmlkj nmlkj nmlkj nmlkj nmlkj

Most people can not afford to retrofit their building nmlkj nmlkj nmlkj nmlkj nmlkj

Retrofitting buildings would cost much more than rebuilding nmlkj nmlkj nmlkj nmlkj nmlkj

Buildings might still suffer earthquake damage even after retrofitting nmlkj nmlkj nmlkj nmlkj nmlkj

I believe it is better to retrofit than to conduct seismic retrofit nmlkj nmlkj nmlkj nmlkj nmlkj

Doubling the level of seismic strengthening doubles the cost to 
retrofit

nmlkj nmlkj nmlkj nmlkj nmlkj

Others 

Others 
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Critical Awareness 
 
2.2 How often do you think and discuss about earthquakes or received information 
relating to earthquake and risk mitigation  

Perceived Responsibility  
 
2.3 To what extent do the following statements represent your opinion towards 
mitigating seismic risks? 

Fatalistic Attitude 
 
2.4 To what extent do you agree or disagree with the following statements? 

Never Rarely 
Neutral/ 
Unsure

Frequently 
Very 

Frequently 

I don't want to think about earthquake nmlkj nmlkj nmlkj nmlkj nmlkj

I discuss the possibility of earthquakes occurring with my friends and 
family

nmlkj nmlkj nmlkj nmlkj nmlkj

I receive information about earthquakes nmlkj nmlkj nmlkj nmlkj nmlkj

I look out for information about earthquakes nmlkj nmlkj nmlkj nmlkj nmlkj

I had no idea about seismic retrofitting before receiving this survey nmlkj nmlkj nmlkj nmlkj nmlkj

Strongly 
Disagree

Disagree
Neutral / 
Unsure

Agree
Strongly 
Agree

I want to assist in protecting buildings before an earthquake event nmlkj nmlkj nmlkj nmlkj nmlkj

I want to protect my family from earthquake disaster nmlkj nmlkj nmlkj nmlkj nmlkj

Insurance companies will cover any earthquake damage to insured 
building

nmlkj nmlkj nmlkj nmlkj nmlkj

The New Zealand Government will support me after suffering 
damage from an earthquake

nmlkj nmlkj nmlkj nmlkj nmlkj

Strongly 
Disagree

Disagree
Neutral/ 
Unsure

Agree
Strongly 
Agree

Loss of lives is inevitable from earthquakes nmlkj nmlkj nmlkj nmlkj nmlkj

Loss of property is inevitable from earthquakes nmlkj nmlkj nmlkj nmlkj nmlkj

Loss of lives is an acceptable consequence of major earthquakes 
(once in 100 years)

nmlkj nmlkj nmlkj nmlkj nmlkj

Loss of lives is an acceptable consequence of moderate earthquakes 
(once in 50 years)

nmlkj nmlkj nmlkj nmlkj nmlkj

Loss of lives is an acceptable consequence of minor earthquakes 
(once in 1020 years)

nmlkj nmlkj nmlkj nmlkj nmlkj

Damage to buildings is an acceptable consequence of major 
earthquakes (once in 100 years)

nmlkj nmlkj nmlkj nmlkj nmlkj

Damage to buildings is an acceptable consequence of moderate 
earthquakes (once in 50 years)

nmlkj nmlkj nmlkj nmlkj nmlkj

Damage to buildings is an acceptable consequence of minor 
earthquakes (once in 1020 years)

nmlkj nmlkj nmlkj nmlkj nmlkj

Others 

Others 
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2.5 Hazard Proximity 
 
To what extent does your region of residency/work affect your vulnerability to seismic 
risks? 

2.6.1 Have you been in an earthquake that a caused building damage before? 

2.6.2 To what extent did the last earthquake affect you?  

1. Have you received a letter from your territorial or city council that your building is 
earthquake prone (EPB)?  

Has seismic retrofitting been recommended to you, for your earthquake prone building 
(EPB) 

Definitely Not Probably Not 
Neutral/ 
Unsure

Probably  Definitely 

My city of residence/work is close to a fault line nmlkj nmlkj nmlkj nmlkj nmlkj

My city of residence/work increses my exposure to earthquake risk nmlkj nmlkj nmlkj nmlkj nmlkj

I want to adopt seismci risk mitigation measures because of my city of 
residence/work

nmlkj nmlkj nmlkj nmlkj nmlkj

 
2.6 Past earthquake experience

To A Great 
Extent

Somewhat  Neutral/ Unsure Very Little Not At All

I have suffered damage to my property/car nmlkj nmlkj nmlkj nmlkj nmlkj

I suffered minor injury nmlkj nmlkj nmlkj nmlkj nmlkj

I suffered major injury nmlkj nmlkj nmlkj nmlkj nmlkj

I lost some close relative and friends in the disaster nmlkj nmlkj nmlkj nmlkj nmlkj

My earlier experience of an earthquake is a motivation 
to do something about earthquake prone buildings

nmlkj nmlkj nmlkj nmlkj nmlkj

 
Earthquake Risk Communication

Yes
 

nmlkj No
 

nmlkj

Yes
 

nmlkj No
 

nmlkj

Yes
 

nmlkj No
 

nmlkj

Others 
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Who recommended seismic retrofitting to you? (Please indicate as many as applicable) 

Social Contexts 
 
To what extent does the information regarding earthquake risks provided to you 
influence you to retrofit your EPBs? 

To what extent do agree with the following statements?  

Devastating earthquakes have occurred in New Zealand and also recently in Haiti. In both cases, many 
unreinforced masonry buildings were damaged and some newer buildings were also damaged. The 
following questions relate to your understanding about seismic risks.  

2.7.1 What level of damage would you expect most of your buildings to suffer if they 
were subjected to a major earthquake event (> magnitude 7.0)? 

Strongly 
Disagree

Disagree
Neutral/ 
Unsure

Agree
Strongly 
Agree

Information provided about earthquake risks was easy to understand nmlkj nmlkj nmlkj nmlkj nmlkj

The information provided about earthquake risks changed by believe 
about protecting myself from earthquake

nmlkj nmlkj nmlkj nmlkj nmlkj

Sufficient information about my exposure to earthquake risks was 
provided

nmlkj nmlkj nmlkj nmlkj nmlkj

sufficient information about seismic adjustments measures was 
provided

nmlkj nmlkj nmlkj nmlkj nmlkj

Strongly 
Disgree

Disagree
Neutral / 
Unsure

Agree
Strongly 
Agree

I discuss earthquake related issues (e.g. level of exposure, mitigation 
measures and resources availability to mitigate risks) with families 
and friends

nmlkj nmlkj nmlkj nmlkj nmlkj

I have observed some of family members and friends retrofit their 
EPBs

nmlkj nmlkj nmlkj nmlkj nmlkj

I am actively involved in communities activities regarding hazard and 
disaster management issues (e.g volunteering for 
campaigns,providing information, membership of mutual assistance 
groups, and providing support to other community members involved 
in earthquake disaster)

nmlkj nmlkj nmlkj nmlkj nmlkj

 
2.7 Earthquake Hazard Knowledge

Level of Damage 6

Government officials
 

gfedc

Professionals (Architects, Engineers, contractors, property 

valuers) 

gfedc

A member of your community's disasterreduction organization
 

gfedc

Conference
 

gfedc

Family or neighbour
 

gfedc

Brochure provided by local government
 

gfedc

Mass media (News, New Paper and Internet)
 

gfedc

An exhibition
 

gfedc

Others (please specify)
 

 
gfedc
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2.7.2. What are the risks associated with building requiring seismic improvement? 
(Please indicate as many as applicable) 

2.7.3 Do you think you have the necessary resources (such as human, financial, social 
and environmental) to reduce losses from earthquake?  

2.7.4 Do you think you have the necessary regulatory support to conduct seismic 
retrofit? 

2.7.5. Has any seismic diagnosis been conducted on your building? 

* A simple seismic diagnosis test is a method to evaluate the seismic capacity of your building based on 
the shape of your house, ground condition, the foundation, the arrangement of the wall, existence of 

braces etc.  

2.7.6. Why was the seismic diagnosis report requested? 

 
Earthquake Hazard Knowledge

Business disruption
 

gfedc

Loss of lives
 

gfedc

Loss of property
 

gfedc

Loss of revenue
 

gfedc

Social risks (relocation, displacement 

of families) 

gfedc

Environmental risks ( pollution, deris, 

pipe leakages) 

gfedc

No Risk
 

gfedc

Unsure
 

gfedc

Others (please specify)
 

 
gfedc

Yes
 

nmlkj No
 

nmlkj

Yes
 

nmlkj No
 

nmlkj Unsure
 

nmlkj

Yes
 

nmlkj No
 

nmlkj

Stipulated by city council/territorial authority policy
 

gfedc

After receiving a letter from territorial authority/city council
 

gfedc

Recommended by consultants
 

gfedc

Requested by the financial provider
 

gfedc

Requested by tenants
 

gfedc

Recommended by a family member
 

gfedc

No reason
 

gfedc

Unsure
 

gfedc

Others (please specify)
 

 
gfedc

Others 
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2.7.7 What was the result of the seismic diagnosis of your building?  
Note: (NBS  New Building standard) 

2.7.8 How did you feel after seeing the result of the seismic diagnosis of your building 
conducted? 

2.7.9. What action did you take after you saw the result of the simple seismic diagnosis 
of your building? 

The following questions relate to your involvement in earthquake prone buildings (EPBs) 

3.1 How are you as a building owner presently, reducing potential earthquake risks to 
the public? 

3.2 Have you been involved in retrofitting of earthquake prone building (EPB) projects?  

3.3 How long have you been involved in earthquake prone building (EPB) projects? 

 
PART 3A  ADOPTION AND IMPLEMENTATAION OF SEISMIC ADJUSTMENTS

Years of Involvement 6

 

Low risk building (80100%) of NBS
 

gfedc

Moderate risk building (5080%) of NBS
 

gfedc

High Risk building (2033%) of NBS
 

gfedc

Very high risk building (<20%) of NBS
 

gfedc

Unsure of the result
 

gfedc

Others (please specify)
 

 
gfedc

Very uncomfortable
 

gfedc

Uncomfortable
 

gfedc

Neutral/unsure
 

gfedc

Comfortable
 

gfedc

Very comfortable
 

gfedc

Do nothing
 

gfedc

Sell the building
 

gfedc

Move out
 

gfedc

Plan to retrofit
 

gfedc

Apply for extension of time
 

gfedc

Retrofit
 

gfedc

Retrofit and renovate
 

gfedc

Retrofit and change use of the 

building 

gfedc

Demolish and rebuild
 

gfedc

Others (please specify)
 

 
gfedc

Seismic retrofit
 

gfedc

Buy insurance
 

gfedc

Sales of property
 

gfedc

Awareness Education
 

gfedc

Training and Evacuation drills
 

gfedc

Demolition
 

gfedc

Demolition and Rebuild
 

gfedc

Doing nothing
 

gfedc

Unsure
 

gfedc

Others (please specify)
 

 
gfedc

Yes
 

nmlkj No
 

nmlkj
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The following questions relate to your involvement in earthquake prone buildings (EPBs). Please answer 
questions on any ONE EPB that you have worked on in the last two years 

3.2.1. Name of building (if available) 
 

3.2.2 Where is the building located?  
 

3.2.3 To what category does the building belong? (Please indicate as many as applicable) 

3.2.4 When was the building originally constructed?  

3.2.5 When was this building recently retrofitted? 

3.2.6 Is the building listed as an historic building? 

3.2.7 If the anwer to Q.6 is yes, what is the historic registration category of this building? 

3.2.8 How was this building acquired?  

3.2.9 When was this building retrofitted? 

 
PART 3B  ADOPTION AND IMPLEMENTATAION OF SEISMIC ADJUSTMENTS

Period of construction 6

Year of most recent retrofit 6

Registration Category 6

Please choose from the following: 6

Residential
 

nmlkj

Commercial
 

nmlkj

Mixed use (commercial and residential)
 

nmlkj

Institutional building (churches, schools)
 

nmlkj

Others (please specify)
 

 
nmlkj

Yes
 

nmlkj No
 

nmlkj Unsure
 

nmlkj

Purchased
 

nmlkj

Ordered the construction of the building
 

nmlkj

Inherited (parents, relative)
 

nmlkj

Donated
 

nmlkj

Unsure
 

nmlkj

Others (please specify)
 

 
nmlkj
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3.2.10 What was the seismic retrofit standard adopted when carrying out seismic 
improvement? Note : New Building Standard  

3.2.11 Which of the factors below did you consider before making a decision about the 
seismic retrofit standard adopted. (Please indicate as many as applicable) 

3.2.12 Rate these factors in their order of importance to retrofit decisionmaking 

4.1 Do you think you have the financial resources to successfully carry out seismic 
retrofitting of your building? 

Seismic retrofit standard 6

Not very 
important

Not important
Neutral / 
Unsure

Important
Extremely 
important

Cost nmlkj nmlkj nmlkj nmlkj nmlkj

Type of structure nmlkj nmlkj nmlkj nmlkj nmlkj

Legal liability nmlkj nmlkj nmlkj nmlkj nmlkj

Possible loss of tenants nmlkj nmlkj nmlkj nmlkj nmlkj

Loss of revenue nmlkj nmlkj nmlkj nmlkj nmlkj

Safety  Protection of lives and property nmlkj nmlkj nmlkj nmlkj nmlkj

Compliance with building design codes nmlkj nmlkj nmlkj nmlkj nmlkj

Public recognition nmlkj nmlkj nmlkj nmlkj nmlkj

Insurance nmlkj nmlkj nmlkj nmlkj nmlkj

Increasing property value nmlkj nmlkj nmlkj nmlkj nmlkj

Preventing future seismic retrofit as a result of change in building 
codes

nmlkj nmlkj nmlkj nmlkj nmlkj

Availability of incentives nmlkj nmlkj nmlkj nmlkj nmlkj

Building occupancy during retrofit nmlkj nmlkj nmlkj nmlkj nmlkj

 
PART 4: SEISMIC ADJUSTMENT DECISION AND ANALYSIS

Cost
 

gfedc

Type of structure
 

gfedc

Legal liability
 

gfedc

Possible loss of tenants
 

gfedc

Loss of revenue
 

gfedc

Safety  Protection of lives and property
 

gfedc

Compliance with building design codes
 

gfedc

Public recognition
 

gfedc

Insurance
 

gfedc

Increasing property value
 

gfedc

Preventing future seismic retrofit as a result of change in 

building codes 

gfedc

Availability of incentives
 

gfedc

Building occupancy during retrofit
 

gfedc

Others (please specify)
 

 
gfedc

Yes
 

gfedc No
 

gfedc Unsure
 

gfedc

Others 
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4.2 What is the source of funding for seismic retrofitting? (Please indicate as many as 
applicable) 

4.3 Trust in stakeholders' relationships  
 
To what extent to do agree or disagree with the following statements regarding 
earthquake risk information provided by governmental officers and professional 
involved in natural hazard management?  

4.4 Perceived Benefits  
 
Rate these factors in their order of importance to retrofit decisionmaking 

Strongly 
Disagree

Disagree
Neutral/ 
unsure

Agree Disagree

Earthquake risk information provided is accurate nmlkj nmlkj nmlkj nmlkj nmlkj

I accept the information provided without questioning nmlkj nmlkj nmlkj nmlkj nmlkj

the are inconsistencies and disparities in the risk information provided nmlkj nmlkj nmlkj nmlkj nmlkj

I intend to use the information provided to me nmlkj nmlkj nmlkj nmlkj nmlkj

Public officers involve in hazard management are concerned about 
the community welfare

nmlkj nmlkj nmlkj nmlkj nmlkj

Not very 
important

Not important
Neutral / 
Unsure

Important
Extremely 
important

Possible loss of tenants nmlkj nmlkj nmlkj nmlkj nmlkj

Loss of revenue nmlkj nmlkj nmlkj nmlkj nmlkj

Safety  Protection of lives and property nmlkj nmlkj nmlkj nmlkj nmlkj

Public recognition nmlkj nmlkj nmlkj nmlkj nmlkj

Increasing property value nmlkj nmlkj nmlkj nmlkj nmlkj

Cost saving from future seismic retrofit as a result of change in 
policies

nmlkj nmlkj nmlkj nmlkj nmlkj

Own fund
 

gfedc

Loan from family
 

gfedc

Incentives (grants, heritage subsidies)
 

gfedc

Borrowing from financial institution
 

gfedc

Borrowing from public system
 

gfedc

Others (please specify)
 

 
gfedc

Others 

Others 

Others 
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4.5 Seismic adjustment efficacy 
 
To what extent do you agree with the following statements regarding seismic 
retrofitting designs and techniques recommended by the engineers ?  

4.6 Do you think you have the necessary regulatory support to conduct seismic 
retrofit? 

4.7 Which of the following regulatory constraints influences your decision to adopt a 
particular level of strengthening (Please choose as many as applicable) 

4.8 Rank the following regulatory constraints in their order of importance to seismic 
retrofit decisions, with 1 = least important and 5 = most important (use each number only 
ONCE) 

4.9 Are there any problems encountered during seismic retrofit of your EPB? Please 
explain? 

 

Strongly 
Disagree

Disagree
Neutral / 
Unsure

Agree
Strongly 
Disagree

The design and technique is adequate to protect my building from 
collapse in an earthquake disaster measures

nmlkj nmlkj nmlkj nmlkj nmlkj

The design and technique is adequate to protect me from 
injury/death in an earthquake disaster measures

nmlkj nmlkj nmlkj nmlkj nmlkj

The design and technique can also be used for ensuring protection 
from from other hazards such as flooding and tonardoes

nmlkj nmlkj nmlkj nmlkj nmlkj

The design and technique aesthetic outcome is poor nmlkj nmlkj nmlkj nmlkj nmlkj

The design and technique reduces rentable sace nmlkj nmlkj nmlkj nmlkj nmlkj

The design and technique are difficult to implement (skills, 
knowledge and time requirements)

nmlkj nmlkj nmlkj nmlkj nmlkj

The design and technique is costly to implement nmlkj nmlkj nmlkj nmlkj nmlkj

Change of use

Fire escape means

Substantial alterations

Extension of building life

Disability access and sanitary facilities

55

66

 

Yes
 

nmlkj No
 

nmlkj Unsure
 

nmlkj

Triggering of other codes requirement
 

gfedc

Lack of appropriate retrofit designs standards
 

gfedc

Inconsistent levels of code enforcement
 

gfedc

No constraints
 

gfedc

Unsure
 

gfedc

Others (please specify)
 

 
gfedc
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MOTIVATORS 

This section deal with possible ways in which owners of EPBs can be motivated to implement beyond 
what is legally required when retrofitting their EPBs in New Zealand. 

5.1 To what extent will the following nonfinancial incentives enhance the adoption of 
seismic adjustment measures? 

5.2 Promotion of seismic retrofit by stakeholders 
Please indicate whether the following statements will contribute to improved seismic strengthening  

PART 5: MOTIVATORS AND INCENTIVES

Strongly 
Disagree

Disagree
Neutral / 
Unsure

Agree
Strongly 
Agree

Reiterating of past earthquake stories and coping strategies in an 
earthquake event among friend, family and community members

nmlkj nmlkj nmlkj nmlkj nmlkj

More political support for seismic retrofitting will encourage owners to 
retrofit their EPBs

nmlkj nmlkj nmlkj nmlkj nmlkj

The presence of policy entrepreneurs to promote political support for 
the adoption of favourable earthquake risk mitigation policy

nmlkj nmlkj nmlkj nmlkj nmlkj

Intensifying the use of the mass media (news, newspapers and 
internet) to enhance people’s knowledge regarding earthquake risk 
and mitigation issues

nmlkj nmlkj nmlkj nmlkj nmlkj

Enhancing building owner's trust and belief in engineered retrofit 
solutions and recommendations by providing sufficient risk 
information

nmlkj nmlkj nmlkj nmlkj nmlkj

Reducing the disparity and inconsistency in earthquake risk 
information provided

nmlkj nmlkj nmlkj nmlkj nmlkj

The introduction of public recognition and award for individuals who 
implement high seismic standards may promote seismic retrofit 
implementation

nmlkj nmlkj nmlkj nmlkj nmlkj

Strongly 
Disagree 

Disagree
Neutral / 
Unsure

Agree
Strongly 
Agree

Insurance companies should reduce premiums for buildings with higher seismic 
standards

nmlkj nmlkj nmlkj nmlkj nmlkj

Building owners should declare their building seismic risks at the point of sale or 
rent

nmlkj nmlkj nmlkj nmlkj nmlkj

Financial institutions should request higher seismic standards before giving out 
loans

nmlkj nmlkj nmlkj nmlkj nmlkj

City councils and territorial authorities should work with engineers to adopt and 
implement a grading system

nmlkj nmlkj nmlkj nmlkj nmlkj

City councils and territorial authorities should have seismic safety data of any 
building under their jurisdiction

nmlkj nmlkj nmlkj nmlkj nmlkj

Engineers should adequately inform owners about the seismic risks of their EPBs 
and the corresponding implication of their mitigation decisions

nmlkj nmlkj nmlkj nmlkj nmlkj

Property valuers should include seismic retrofit into property valuation nmlkj nmlkj nmlkj nmlkj nmlkj

Insurance companies have the pontential to support reduced premiums for higher 
seismic standards

nmlkj nmlkj nmlkj nmlkj nmlkj

Insurance regulators should be encouraged to adopt and implement practices that 
support high seismic performance

nmlkj nmlkj nmlkj nmlkj nmlkj

 
NONFINANCIAL INCENTIVES
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5.3 Property marketbased incentives to enhance seismic retrofitting  
Please indicate your agreement or disagreement with the following statements 

5.4 Regulatorybased non financial incentives for enhancing seismic retrofit 
implementation 
Please indicate whether the adoption of the following incentives in regulatory policies and frameworks will 

help to promote seismic retrofitting of EPBs implementation  

5.6 Which of the following public policies tied to seismic strengthening would promote 
earthquake hazard mitigation? 

Strongly 
Disagree

Disagree
Neutral / 
Unsure

Agree
Strongly 
Agree

Spending money to carry out seismic retrofit will increase the income from the 
building

nmlkj nmlkj nmlkj nmlkj nmlkj

Market forces should be allowed to drive seismic strengthening of earthquake prone 
buildings

nmlkj nmlkj nmlkj nmlkj nmlkj

Increasing and improving education awareness programs of seismic retrofit for 
property valuers will improve their property valuation of EPBs

nmlkj nmlkj nmlkj nmlkj nmlkj

Informed buyers and tenants in the property market can help improve seismic retrofit 
implementation

nmlkj nmlkj nmlkj nmlkj nmlkj

Including seismic retrofit in property valuation will not encourage owners to retrofit nmlkj nmlkj nmlkj nmlkj nmlkj

A strong property market will not encourage owners to spend money on their 
earthquake prone buildings

nmlkj nmlkj nmlkj nmlkj nmlkj

The extent to which economic benefits associated with seismic retrofit can be 
measured will not encourage owners to retrofit

nmlkj nmlkj nmlkj nmlkj nmlkj

Defining and estimating the historic value of older earthquake prone buildings will 
improve seismic retrofit decisions

nmlkj nmlkj nmlkj nmlkj nmlkj

Strongly 
Disagree

Disagree
Neutral / 
Unsure

Agree
Strongly 
Agree

Implementing mandatory disclosure of earthquake risks at the point of 
sale/rent would not compel owners of EPBs to retrofit

nmlkj nmlkj nmlkj nmlkj nmlkj

Comprisal of seismic risks in property valuation assessments nmlkj nmlkj nmlkj nmlkj nmlkj

Sanctions for building owners not retrofitting their EPBs nmlkj nmlkj nmlkj nmlkj nmlkj

Improving building standards, guidelines and building codes will not 
motivate owners retrofit their earthquake prone buildings

nmlkj nmlkj nmlkj nmlkj nmlkj

Implementing a grading system (each building should carry a letter to 
denote its seismic strength) will compel owners to retrofit

nmlkj nmlkj nmlkj nmlkj nmlkj

Community based education and awareness programs nmlkj nmlkj nmlkj nmlkj nmlkj

Waivers of zone provisions nmlkj nmlkj nmlkj nmlkj nmlkj

Specified permitted uses nmlkj nmlkj nmlkj nmlkj nmlkj

Plot ratios or site intensity zonings nmlkj nmlkj nmlkj nmlkj nmlkj

Use of transferable development rights nmlkj nmlkj nmlkj nmlkj nmlkj

Housing programs
 

gfedc

Historic preservation
 

gfedc

Economic development
 

gfedc

Business development
 

gfedc

Job creation
 

gfedc

Improved urban planning
 

gfedc

Recovery from natural disasters
 

gfedc
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5.7 Technologicalbased incentives that may enhance seismic retrofitting  
Please indicate your agreement or disagreement with the following statements 

5.8 Financial incentives for enhancing seismic retrofit implementation 
Please indicate whether the following incentives will help to promote seismic retrofit implementation  

The Researchers believe that "Seismic retrofit support program", such as a costsharing between building 
owners and the Government, will mitigate earthquake hazards in New Zealand. 

In this program, the national and local Government will contribute to the cost of strengthening earthquake 
prone buildings that would be retrofitted beyond the mimimum standard. 

Please indicate your views on this possible initiative in New Zealand  

Strongly 
Disagree

Disagree
Neutral / 
Unsure

Agree
Strongly 
Agree

Provision of technical assistance by city councils and industry professionals will 
promote seismic retrofit

nmlkj nmlkj nmlkj nmlkj nmlkj

Increasing and improving education awareness programs of seismic retrofit for 
property valuers will improve their property valuation of EPBs

nmlkj nmlkj nmlkj nmlkj nmlkj

Carrying out seismic retrofit alongside building renovations will reduce seismic total 
upgrading cost

nmlkj nmlkj nmlkj nmlkj nmlkj

Opportunities to combine seismic retrofit with environmental sustainability issues 
during seismic improvement will motivate owners to retrofit

nmlkj nmlkj nmlkj nmlkj nmlkj

Availability of costeffective and sustainable design innovations nmlkj nmlkj nmlkj nmlkj nmlkj

Increasing the economic sustainability of EPBs will motivate owners to conduct 
seismic retrofit e.g. more commercial use of space

nmlkj nmlkj nmlkj nmlkj nmlkj

 
FINANCIAL INCENTIVES

Strongly 
Disagree

Disagree
Neutral / 
Unsure

Agree
Strongly 
Agree

A cost  sharing approach (Building owners + Government) nmlkj nmlkj nmlkj nmlkj nmlkj

Reduction in consent fees nmlkj nmlkj nmlkj nmlkj nmlkj

Support retrofit work with taxation system (Tax credits and 
deductibles)

nmlkj nmlkj nmlkj nmlkj nmlkj

Reduced insurance premiums nmlkj nmlkj nmlkj nmlkj nmlkj

Public low interest loans nmlkj nmlkj nmlkj nmlkj nmlkj

Grants specifically for implementing seismic retrofitting nmlkj nmlkj nmlkj nmlkj nmlkj

Reduced Permit fees nmlkj nmlkj nmlkj nmlkj nmlkj

Fee waivers nmlkj nmlkj nmlkj nmlkj nmlkj

 
SECTION F: SEISMIC RETROFIT SUPPORT PROGRAMME
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1. In the seismic retrofit support progra,m which of the following should the subsidy be 
available for? 

A. Cost subsidy should be for owners that intend to retrofit beyond the minimum standard 

B. Cost subsidy should be for both public and privately owned vulnerable buildings  

2. In the costsharing support program, which of the following participants should be 
involved? (Please indicate as many as applicable) 

3. Which of the following participants would benefit most from this costsharing 
support program? (Please indicate as many as applicable) 

4. What percentage of the construction cost should be provided by the government, if 
retrofitting a building to 67% or more of the new building standard (NBS)? 

5. What would you expect the impact of this program to be on seismic retrofit 
implementation in New Zealand? (Please choose as manyas applicable) 

A
 

nmlkj B
 

nmlkj A and B
 

nmlkj None of the above
 

nmlkj Unsure
 

nmlkj

Others (please specify)
 

 
nmlkj

Building owners
 

gfedc

Building occupants
 

gfedc

National government
 

gfedc

Territorial authorities
 

gfedc

City Councils
 

gfedc

Insurance brokers
 

gfedc

Reinsurance companies
 

gfedc

Construction professionals
 

gfedc

Others (please specify)
 

 
gfedc

Building owners
 

gfedc

Building occupants
 

gfedc

National government
 

gfedc

Territorial authorities
 

gfedc

City councils
 

gfedc

Insurance brokers
 

gfedc

Reinsurance companies
 

gfedc

Construction professionals
 

gfedc

Others (please specify)
 

 
gfedc

0%
 

nmlkj 115%
 

nmlkj 1630%
 

nmlkj 3150%
 

nmlkj 5175%
 

nmlkj 76100%
 

nmlkj Unsure
 

nmlkj

More people will conduct retrofitting
 

gfedc

I don't think this program can promote retrofitting
 

gfedc

Unsure
 

gfedc

Others (please specify)
 

 
gfedc
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APPENDIX B2 - STEPS IN PLS-SEM ANALYSIS 

SEM-PLS uses a combination of several analytical procedures to concurrently evaluate theory and data 

(Pedhazur, 1982). The PLS analysis procedures are discussed in subsequent subsections using the 

SmartPLS software. Figure 4-2 illustrates the four major steps used in this study for the PLS analytical 

procedures. In addition, classical analytical techniques such as Cronbach‘s alpha reliability, EFA, 

reliability of linear combination analysis and item-total correlations in SPSS 19.0 software were used to 

supplement the construct validation processes used in this study.  

SmartPLS2.0 M3 (2009), a Java-based statistical software, was used to execute the iterative process to 

analyse the data collected, based on the theoretical framework specified in this study. SmartPLS2.0 M3 

was chosen for its integrated statistical functions (Ringle et al., 2009), and being one of the most user-

friendly PLS software (Temme et al., 2006) which offers more of an improved graphical interface than 

any other PLS software (Vance et al. 2008). SmartPLS2.0 M3 was developed by a project team at the 

Institute of Operations Management and Organizations (School of Business) from the University of 

Hamburg (Ringle et al., 2009). Importantly, the web-based discussion forum created for the SmartPLS 

community to discuss all software and PLS-related topics among users and experts provided the 

additional support necessary for the successful application of the software technique in this study.  

 

Figure 1 PLS analysis procedures 

 

1. Data Preparation  

This section addresses some of the potential problems common to survey such as missing data, 

normality, common method variance and multi-collinearity in the data set before embarking on the data 

analysis. The subsections below provide an account of the methods adopted to detect and deal with the 

presence of some of these problems. 
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1.1 Missing data 

Missing data represents a potential source of error in a self-completed survey questionnaire and 

represents a problem in both inferential and predictive modelling applications (Tabachnick and Fidell, 

2001). Several methods are available for dealing with the missing data set, which include list-wise 

deletion, pair-wise deletion and statistical imputation (Hair et al., 2010). List-wise or complete case 

deletion deletes all the cases with missing observation, and pair-wise deletion excludes the item from 

further analysis while other observations in the case remain. The statistical imputation method (also 

known as the maximum likelihood estimation) replaces the data based on available responses from a 

given respondent. Adopting Hair et al. (2010) recommendations, the statistical imputation method using 

expectation-maximization (EM) would be used to estimate replacement values for the missing data (see 

Section 7.3.1). 

1.2 Common Method Variance  

Common method variance can pose a problem in self-reported surveys that evoke sentiments or include 

perception issues, which reduces the accuracy of the information provided by the respondent. In the 

questionnaire, respondents were asked to provide a series of information regarding their past experience 

on an EPB project that they have been involved in during the last two years and report their perception 

of risks, retrofit intention and decisions as well as the regulatory and financial problems arising from 

such an experience. It is, however, difficult to cross-validate people‘s description of their feelings and 

behavioural intentions. Responses from the same respondents may vary which increases the problem of 

common variance (Campbell and Fiske, 1959). Although the use of self-report retrospective data is 

common in construction and hazard management research, Strandholm et al., (2004) explained that the 

extent of the relationships being investigated may either be inflated or supressed leading to common 

method variance. It is therefore necessary to address potential problems of this type of variance in this 

study since the data obtained is from individual sources and is subjective. Harman‘s one-factor test 

available in SPSS 19.0 will be used to address the issue of common method variance in the data set (see 

Section 7.3.2). 

1.3 Multi-collinearity 

This occurs when two or more predictor variables are highly correlated i.e. they measure essentially the 

same thing, thus reducing the predictability of the individual predictors. A high level of multi-

collinearity can distort the SEM results substantially, thus reducing the generalisability of the model 

(Hair et al., 2010). The presence of multi-collinearity in this study is addressed by assessing the 

variance inflation factors (VIF) values for all predictor constructs and the respective mean VIF values 

(see Section 7.3.3). 
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1.4 Normality 

Normality is an important issue in multi-variate data analysis because the presence of non-normal data 

affects the choice of estimation method in SEM (see Section 4.5.3). The assessment of normality 

involves empirical measures of a variable‘s distribution and shape characteristics (such as skewness and 

Kurtosis), histograms and probability plots (Hair et al., 2010). Several normality tests (such as 

histograms, plots, skewness and the Kurtosis test and Kulmogorov-Sirnov test available in SPSS 19.0) 

would be used to assess the distribution of the data set (see Section 7.3.4). The next step in the PLS-

SEM analysis will be discussed in the following sections. 

2. PLS Models Specification  

The second stage in the PLS-SEM analysis involved the model specification phase. PLS model 

specifications used in this study consist of the following three types of relationships: (i) inner relation 

specifies the relationship between constructs; (ii) outer relation specifies the relationship between 

constructs and their respective observed variables; and (iii) weight relation indicates the estimates from 

which construct‘s scores can be estimated. These three PLS model specifications processes are 

discussed in detail in Section 6.9 upon the development of the framework. 

The PLS estimates parameters for both the links between measurement items with their respective 

constructs and between the different latent variables (i.e. path coefficients):  

 The assessment of the measurement models defines how each block of measurement items 

relates to its corresponding constructs. In the assessment, the validity and reliability of the 

measurement items and its constructs are established, in an attempt to ensure that the constructs 

are measured with satisfactory accuracy. Likewise, it provides evidence whether the pattern of 

the measurement item loadings corresponds to it‘s theoretically formulation. 

 The assessment of the structural model is conducted after obtaining a set of measurement 

models having the level of desired reliability and validity properties, and the structural model is 

then assessed to test how well it fits the data. The structural model represents the relationship 

among the constructs, and is used to test and analyse the research hypotheses specified in 

Chapter 4. 

Using this estimation approach, the results of PLS may be described and interpreted as a combination of 

two types of models specified in Section 6.9: (i) measurement model or outer model; and (ii) structural 

model or inner model (Norman and Streiner, 2003). This systematic evaluation of the PLS models 

ensures that the reliability and validity of the measurement items and constructs are ascertained before 

attempting to draw conclusions about the nature of the relationships specified in the theoretical 

framework (Chin, 1998; Edwards and Bagozzi, 2000). The detail assessments measurement models are 

discussed in the next subsections. 
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2.1 Structural Model Specification – Inner Relation 

In pursuance of research objective three (to develop and test the framework to examine the relationships 

among the factors affecting seismic mitigation measures decisions and adoption and potential 

motivators to enhance building owners‘ risk mitigation decisions), a PLS model illustrated in Figure 7.2 

was created. The model known as the Earthquake mitigation decision enhancement model comprises 

six main predictor constructs (independent constructs, ξ) for examining how building owners‘ 

motivational potential for earthquake preparedness can be enhanced to adopt appropriate seismic 

mitigation measures (dependent construct, η). Two constructs, SA-intention and SA-decision, adopt 

both predictor and predicted properties respectively in the model and are named accordingly in Figure 

7.2. The arrows represent the relationships between the predictor and the predicted constructs. Further, 

the parameter estimates are imposed on the PLS model, for instance, λ1.3, λ1.2, and λ4.3, to facilitate the 

development of structural equations (inner relations) among constructs. Table 6.1 shows the structural 

equations formed in the PLS model. ᵑ1 and ᵑ2 refer to equations for examining predicted construct SA-

intention and SA-mitigation and ᵑ3 refers to the equations for predicting building owners‘ overall 

likelihood of implementing seismic mitigation adoption (SA-adoption). 

Table 1 Inner relations (structural relationships) among the constructs  

Inner relations (latent structural equations) (ᵑi = λyξr + Ωi)  

ᵑ1 = λ1.2 ξ2 + λ1.3 ξ3 + Ω1 

ᵑ2 = λ4.1ξ1 + λ4.3 ξ3 λ4.5 ξ5 +  λ4.6 ξ6+ + Ω1 

ᵑ3 = λ1.2 ξ2 + λ4.1ξ1 + λ1.3 ξ3 + λ4.3 ξ3 λ4.5 ξ5 +  λ1.4 ξ4 + λ4.6 ξ6+ λ1.6 ξ6 + Ω1 

 

2.2 Measurement Models Specification  

Measurement models are specified to examine the relationship between items and the constructs they 

are supposed to measure. To specify the outer and weight relations in the PLS model, the construct 

dimensionality, and type (formative or reflective) needs to be specified first, and then the examination 

of the relationships between constructs and their respective observed variables. The specification of the 

construct dimensionality is discussed in the following section. 

2.2.1 Construct Dimensionality 

The specification of appropriate construct dimensionality is crucial for theory development and testing, 

and is a necessary condition for assigning meanings to the estimated constructs and most especially in 

SEM modelling approaches (Anderson & Gerbing, 1982; Hunter & Gerbing, 1982). According to Hair 

et al. (2010), a construct can be specified as single or uni-dimensional or multi-dimensional. A 

construct is uni-dimensional if the measurement items measuring the construct significantly relate to 

their corresponding construct and relate to only the one construct in the model, while a construct is 
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multi-dimensional when it refers to several distinct but related dimensions treated as a single theoretical 

concept (Law, Wong, & Mobley, 1998). Also, multi-dimensional constructs may be distinguished from 

uni-dimensional constructs using the numbers of dimensions specified, where a uni-dimensional 

construct has only one factor structure which refers to a single theoretical concept. Multi-dimensional 

has more than one factor structure regarded as distinct but these are related concepts rather than a single 

overall concept (Hattie, 1985). The use of both single and multi-dimensional constructs is important in 

theoretical conceptualisation because they provide holistic representations of complex phenomena, 

allowing researchers to match broad predictors with broad outcomes and increase the construct‘s 

explained variance (Hanisch, Hulin, & Roznowski, 1998). In this study, the concept of seismic 

mitigation intention (SA-intention) and decision (SA-decision) has been conceptualised in previous 

literature as multi-dimensional constructs owing to the complexity that surrounds the development of 

the constructs (see Sections 2.5 and 2.6). Similarly, the concept of motivation  

 

 

 

 

applied in this research context to enhance building owners‘ seismic mitigation decisions has been 

conceptualised as an attribute that could be classified under two dimensions: intrinsic and extrinsic 

motivation (see Section 3.4.3). Both uni-dimensional and multidimensional constructs are specified in 

the framework in this study. Table 6.2 presents the summary of the construct and measurement model 

specification used in this study. From the table, it can be seen that three of the constructs are multi-

Legend:  

ξi – Independent construct  

ηi – Dependent construct  

λi – Parameter estimate  

Figure 2 Earthquake mitigation decision enhancement model 
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dimensional (with the expected number of factor structures) and the others are single-dimensional 

constructs. The subsequent section discusses the specification of the measurement models‘ constructs. 

 Table 2 Measurement models specification  

Item Constructs 

Expected no. of 

factor 

structures 

Measurement 

items 

Model 

Specification 

SA-intention Seismic mitigation intentions 6 24 Formative 

SA-decision Seismic mitigation decisions  5 24 Formative 

IM Intrinsic motivators 1 8 Reflective 

EM Extrinsic motivators 4 21 Reflective 

STP Stakeholders‘ approach 1 8 Reflective 

RC Risk communication 1 4 Reflective 

SA-adoption Seismic mitigation adoption 1 3 Reflective 

 

2.2.2 Construct Specification in the Measurement Models 

Construct specification of measurement models is achieved by defining how each block of 

measurement items or indicator variables in the outer model relates to its respective latent construct in 

the inner model (Henseler, 2005). In relation to the structural model specified in Section 6.8.1 and 

illustrated in see Figure 6-4, appropriate measurement items should be assigned to the corresponding 

latent construct. The forms of measurement models should also be defined as either reflective or 

formative (Gotz and Liehr-gobbers 2004; Henseler, 2005). The distinction between the two models is 

important in SEM analysis because it is necessary to assign meaningful relationships in the structural 

model (Diamantopoulos and Siguaw, 2006). Four broad theoretical considerations are important in 

deciding whether a measurement model is either formative or reflective. These considerations include: 

(i) direction of causality (between the indicators and the latent construct); (ii) interchangeability of the 

measurement items; (iii) covariation among the indicators; and (iv) nomological net of the construct 

indicators (Jarvis et al., 2003).  

A reflective measurement model indicates that all observed indicators are viewed as being caused by 

some underlying common dimension or construct (Bagozzi, 1982). In a reflective measurement model, 

causality flows from the latent construct to the indicator and each measurement item is assumed to 

share a common construct. An increase in the value of the construct then translates into an increase in 

the value for all the items representing the construct (Coltman et al., 2008). The quality of reflective 

measurement model is evaluated on the basis of their reliability and validity (Heinecke, 2011). 

Conversely, a formative measurement model results when causality flows in the opposite direction, 

from the measurement items to the construct (Diamantopoulos et al. 2000). In the formative 

measurement model, the items cause the parameter values of their respective latent to be variable 

(Henseler, 2005). According to Errmann et al., (2006), a change in a formative (casual) indicator would 

lead to a change in the construct. Hence, formative indicators are relatively independent of each other 
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and are not necessarily correlated (Herrmann et al, 2006). Based on the reverse of direction of causality 

in the formative measurement model, the assessment of indicators demands a different interpretation 

and assessment of the model (Diamantopoulos, 1999). Figure 6-5 shows a pictorial representation of the 

reflective and formative measurement models.  

 

In this study, the decision for construct specification in the measurement models relates to the 

conceptual definition of the constructs and measurement items used in the development of the 

framework. The framework validation presented in Section 6.2 provides the necessary justification for 

the construct specification developed in this study, by defining the nature of the focal constructs and 

being cross-validated by the major theoretical frames from the previous literature on earthquake risk 

mitigation and motivation. In addition, empirical support for the framework discussed in Section 6.7 

and the results of the qualitative study provide justification to support the causal directions between 

constructs and their measurement items. As shown in Table 6.2, five out of seven constructs used in this 

study are specified as reflective measurement models while two are specified as formative measurement 

models.  

Furthermore, Figure 6-6 shows the resultant measurement models specification for this study and Table 

6.3 shows the associated outer and weight relations between the constructs and their corresponding 

measurement items of the PLS model. These outer relations are developed based on the hypothesis 

formulated in the framework. It should be noted that in the PLS model specification, and for estimation 

purposes, all observed variables are standardised to have zero means and unit variances (Hulland, 1999; 

Chin et al., 2003). This completes the PLS model specification process at which the SmartPLS2.0 M3 

Reflective measurement model  

Figure 3 Measurement model specification; Source: Coltman et al. (2008)  

Formative measurement model  
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statistical software was used to test and analyse the specified earthquake mitigation decisions‘ 

enhancement model. The next section outlines the operationalisation of the construct and generation of 

measurement items necessary to allow the development of a survey instrument for collecting the 

quantitative data necessary for testing the developed model. 

 

 

Table 3 Outer and weight relations between the constructs and their corresponding variables 

Construct  
Predictor/ exogenous 
constructs  

Measurement items 
Outer relation measurement 

equations 
(xs = λxξr + εx , ys = λyηβ + εy) 

Weight relations 
(ξr = ωξrxs, ηβ = ωηβys) 

Seismic 
mitigation 
intention  
(SA-
intention) (ξ1) 

Risk Perception (RP) 
(ξ1.1) 

X1.11 - PER1, X1.12 – PER2, 
X1.13 – PER3, X1.13 – PER4 

X1.11 = λx1.11ξ1.1 + ε1.11, X1.12 = λx1.12ξ1.1 

+ ε1.12, X1.13 = λx1.13ξ1.1 + ε1.13 

ɷξ1.11x1.11 + ɷξ1.12x1.12 + 

ɷξ1.12x1.1 3 + ɷξ1.14x1.14 

Critical Awareness 
(CA) (ξ1.2) 

X1.21 – CA1, X1.22 – CA2, 

X1.23 – CA3 

X1.21 = λx1.21ξ1.2 + ε1.21, X1.22 = λx1.22ξ1.2 

+ ε1.22, X1.23 = λx1.23ξ1.2 + ε1.23 
ɷξ1.21x1.21 + ɷξ1.22x1.22 + 
ɷξ1.23x1.23  

Fatalistic Attitude (FA) 
(ξ1.3) 

X1.31 – FA1, X1.32 – FA2, 

X1.33 – FA3, X1.34 – FA4,     

X1.35 – FA5 

X1.31 = λx1.31ξ1.3 + ε1.31, X1.32 = λx1.32ξ1.3 

+ ε1.32, X1.33 = λx1.33ξ1.3 + ε1.33, X1.34 = 

λx1.34ξ1.3 + ε1.34, X1.35 = λx1.35ξ1.3 + ε1.35 

ɷξ1.31x1.31 + ɷξ1.32x1.32 + 

ɷξ1.33x1.33 + ɷξ1.34x1.34 + 
ɷξ1.35x1.35  

Perceived 
Responsibility (PR) 
(ξ1.4) 

X1.4 1 – PB1,  X1.4 2 – PB2, 
X1.43 – PB3 

X1.41 = λx1.41ξ14 + ε1.41, X1.421 = λx1.42ξ1.4 

+ ε1.42, X1.43 = λx1.43ξ1.4 + ε1.43 
ɷξ1.41x1.41 + ɷξ1.42x1.42 + 
ɷξ1.43x1.43  

Past Earthquake 
Experience (PEE) (ξ1.5) 

X1.5 1 – PEE1, X1.52 – PEE2, 
X1.53 – PEE3, X1.54– PEE4, 
X1.55 – PEE5 

X1.51 = λx1.51ξ1.5 + ε1.51, X1.52 = λx1.52ξ1.5 

+ ε1.52, X1.53 = λx1.53ξ1.5 + ε1.53, X1.54 = 

λx1.54ξ1.5 + ε1.54,        X1.55 = λx1.55ξ1.5 + 

ε1.55 

ɷξ1.51x1.51 + ɷξ1.52x1.52 + 

ɷξ1.53x1.53 + ɷξ1.54x1.54 + 
ɷξ1.55x1.55  

Hazard Proximity (HP) 
(ξ1.6) 

X1.61 – HP1, X1.62 – HP2, 
X1.63 – HP3 

X1.61 = λx1.61ξ1.6 + ε1.61, X1.62 = λx1.62ξ1.6 

+ ε1.62, X1.61 = λx1.63ξ1.6 + ε1.63 
ɷξ1.61x1.61 + ɷξ1.62x1.62 + 
ɷξ1.63x1.63  

Intrinsic Motivator (IM) (ξ2) 

X2.1 – IM1, X2.2 – IM2, X2.3 

– IM3, X2.4 – IM4, X2.5 – 
IM5, X2.6 – IM6 

X2.1 = λx2.1ξ2 + ε2.1, X2.2 = λx2.2ξ2 + 

ε2.2, X2.3 = λx2.3ξ2 + ε2.3, X2.4 = λx2.4ξ2 

+ ε2.4, X2.5 = λx2.5ξ2 + ε2.5 X2.6 = λx2.6ξ2 

+ ε2.6 

ɷξ2.1x2.1 + ɷξ2.2x2.2 + 

ɷξ2.3x2.3 + ɷξ2.4x2.4 + 

ɷξ2.5x2.5 + ɷξ2.6x2.6  

 Risk Communication (ξ3) 
X3.1 – RC1, X3.2 – RC2, X3.3 

– RC3, X3.4 – RC4 

X3.1 = λx3.1ξ3 + ε3.1, X3.1 = λx3.2ξ3 + 

ε3.2, X3.1 = λx3.3ξ3 + ε3.3, X3.4 = λx3.4ξ3 

+ ε3.4 

ɷξ3.1x3.1 + ɷξ3.2x3.2 + 

ɷξ3.3x3.3 + ɷξ3.4x3.4 + 
ɷξ3.5x3.5  

Seismic 
mitigation 
decision  
(SA-decision) 
(ξ4) 

Perceived Benefits 
(PB) (ξ4.1) 

X4.11 – PB1, X4.12 – PB2, 
X4.13 – PB3, X4.14 – PB4,  
X4.15 – PB5 

X4.11 = λx4.11ξ4.1 + ε4.11, X4.12 = λx4.12ξ4.1 

+ ε4.12, X4.13 = λx4.13ξ4.1 + ε4.13, X4.14 = 

λx4.14ξ\4.1 + ε4.14, X4.15 = λx4.11ξ4.1 + 

ε4.15 

ɷξ4.11x4.11 + ɷξ4.12x4.12 + 

ɷξ4.31x4.13 + ɷξ4.14x4.14 + 
ɷξ4.15x4.15  

Seismic mitigation 
efficacy (SAE) (ξ4.2) 

X4.21 – SAE1, X4.22 – SAE2, 
X4.23 – SAE3, X4.24 – SAE4, 
X4.25 – SAE5, X4.26 – SAE6, 
X4.27 – SAE7 

X4.21 = λx4.21ξ4.2 + ε4.21, X4.22 = λx4.21ξ4.2 

+ ε4.22, X4.23 = λx4.21ξ4.23 + ε4.23, X4.24 

= λx4.24ξ4.2 + ε4.24, X4.25 = λx4.25ξ4.2 + 

ε4.25, X4.26 = λx4.26ξ4.2 + ε4.26, X4.27 = 

λx4.27ξ4.2 + ε4.27 

ɷξ4.21x4.21 + ɷξ4.22x4.22 + 

ɷξ4.23x4.23 + ɷξ4.24x4.24 + 

ɷξ4.25x4.25 + ɷξ4.26x4.26 + 
ɷξ4.27x4.27  

Resource 
Requirement (RR) (ξ4.3) 

X4.31 – RR1, X4.32 – RR2, 
X4.33 – RR3, X4.34 – RR4, 
X4.35 – RR5 

X4.31 = λx4.31ξ4.3 + ε4.31, X4.32 = λx4.32ξ4.3 

+ ε4.33, X4.33 = λx4.33ξ4.3 + ε4.33, X4.34 = 

λx4.34ξ4.3 + ε4.34, X4.35 = λx4.35ξ4.3 + ε4.35 

ɷξ4.31x4.31 + ɷξ4.32x4.32 + 

ɷξ4.33x4.33 + ɷξ4.34x4.34 + 
ɷξ4.35x4.35 

Trust in Stakeholders’ 
Relationship (TSR) 
(ξ4.4) 

X4.41 – TSR1, X4.42 – TSR2, 
X4.43 – TSR3, X4.44 – TSR4 

X4.41 = λx4.41ξ4.4 + ε4.41, X4.42 = λx4.42ξ4.4 

+ ε4.42, X4.43 = λx4.43ξ4.4 + ε4.43, X4.44 = 

λx4.44ξ4.4 + ε4.44 

ɷξ4.41x4.41 + ɷξ4.42x4.42 + 

ɷξ4.43x4.43 + ɷξ4.44x4.44  

Regulatory Framework 
Efficacy (RFE) (ξ4.5) 

X4.51 – RFE1, X4.52 – RFE2, 
X4.53 – RFE3, X4.54 – RFE4, 
X4.55 – RFE5 

X4.51 = λx4.45ξ4.5 + ε4.51, X4.52 = λx4.52ξ4.5 

+ ε4.52, X4.53 = λx4.53ξ4.5 + ε4.53, X4.54 = 

λx4.54ξ4.5 + ε4.54, X4.55 = λx4.55ξ4.5 + ε4.55 

ɷξ4.51x4.51 + ɷξ4.52x4.52 + 

ɷξ4.53x4.53 + ɷξ4.54x4.54 + 
ɷξ4.55x4.55  

Extrinsic 
Motivator 

Financial Incentives 
(FI) (ξ5.1) 

X5.11 – FI1, X5.12 – FI2, X5.13 

– FI3, X5.14 – FI4, X5.15 – X5.11 = λx5.11ξ5.1 + ε5.11, X5.12 = λx5.12ξ5.1 ɷξ5.11x5.11 + ɷξ5.12x5.12 + 
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Construct  
Predictor/ exogenous 
constructs  

Measurement items 
Outer relation measurement 

equations 
(xs = λxξr + εx , ys = λyηβ + εy) 

Weight relations 
(ξr = ωξrxs, ηβ = ωηβys) 

(EM) (ξ5) FI5, X5.16 – FI6, X5.17 – FI7 + ε5.12, X5.13 = λx5.13ξ5.1 + ε5.13, X5.14 = 

λx5.14ξ5.1 + ε5.14, X5.15 = λx5.15ξ5.1 + 

ε5.15, X5.16 = λx5.16ξ5.1 + ε5.16, X5.17 = 

λx5.17ξ5.1 + ε5.17 

ɷξ5.13x5.13 + ɷξ5.14x5.14 + 

ɷξ5.15x5.15 + ɷξ5.16x5.16 + 
ɷξ5.17x5.17  

Property-market 
based Incentives (PMI) 
(ξ5.2) 

X5.21 – PMI1, X5.22 – PMI2, 
X5.23 – PMI3, X5.24 – PMI4, 
X5.25 – PMI5, 

X5.21 = λx5.21ξ5.2 + ε5.21, X5.22 = λx5.22ξ5.2 

+ ε5.23, X5.23 = λx5.23ξ5.2 + ε5.23, X5.24 = 

λx5.24ξ5.2 + ε5.24, X5.25 = λx5.25ξ5.2 + ε5.25 

ɷξ5.21x5.21 + ɷξ5.22x5.22 + 

ɷξ5.23x5.23 + ɷξ5.24x5.24 + 
ɷξ5.25x5.25  

Regulatory-based 
Incentives (RBI) (ξ5.3) 

X5.31 – RBI1, X5.32 – RBI2, 
X5.33 – RBI3, X5.34 – RBI4, 
X5.35 – RBI5, X5.36 – RBI6 

X5.31 = λx5.31ξ5.3 + ε5.31, X5.32 = λx5.32ξ5.3 

+ ε5.32, X5.33 = λx5.33ξ5.3 + ε5.33, X5.34 = 

λx5.34ξ5.3 + ε5.34, X5.35 = λx5.35ξ5.3 + 

ε5.35, X5.36 = λx5.36ξ5.3 + ε5.36 

ɷξ5.31x5.31 + ɷξ5.32x5.32 + 

ɷξ5.32x5.32 + ɷξ5.33x5.33 + 

ɷξ5.34x5.34 + ɷξ5.35x5.35 

Technological –based 
Incentives(ξ5.4) 

X5.41 – TBI1, X5.42 – TBI2, 
X5.43 – TBI3, X5.44 – TBI4 

X5.41 = λx5.41ξ5.4 + ε5.41, X5.42 = λx5.42ξ5.3 

+ ε5.42, X5.43 = λx5.43ξ5.4 + ε5.43, X5.44 = 

λx5.44ξ5.4 + ε5.44 

ɷξ5.41x5.41 + ɷξ5.42x5.42 + 

ɷξ5.43x5.43 + ɷξ5.44x5.44  

Stakeholders’ Approach (STP) (ξ6) 

X6.1 – STP1, X6.2 – STP2, 
X6.3 – STP3, X6.4 – STP4, 
X6.5 – STP5, X6.6 – STP6, 
X6.7 – STP7, X6.8 – STP8 

X6.1 = λx6.11ξ6.1 + ε6.11, X6.2 = λx6.2ξ6.1 + 

ε6.2, X6.2 = λx6.3ξ6.1 + ε6.3, X6.4 = 

λx6.4ξ6.1 + ε6.4, X6.5 = λx6.5ξ6.1 + ε6.5, 

X6.1 = λx6.6ξ6.1 + ε6.6, X6.7 = λx6.7ξ6.1 + 

ε6.7, X6.8 = λx6.8ξ6.1 + ε6.8 

ɷξ6.1x6.1 + ɷξ6.2x6.2 + 

ɷξ6.3x6.3 + ɷξ6.4x6.4 + 

ɷξ6.5x6.5 + ɷξ6.6x6.6 + 
ɷξ6.7x6.7  

Seismic mitigation adoption (SA-

adoption) (ᵑ3) 
Y3.1 – ASD1, Y3.2 – ASD2, 
Y3.3 – ASD3 

y3.1 = λy3.1η3 + εy3.1, y3.2 = λy3.2η3 + εy3.3, 

y3.3 = λy3.3η3 + εy3.3 

ωη3.1y3.1 + ωη3.2y3.2 + 
ωη3.3y3.3  

 

2.3  Operationalisation of the Constructs 

This section discusses the operationalisation of the constructs based on the model illustrated in Figure 

6-6. In this study, the constructs used in the framework were adapted from previously validated 

instruments in the earthquake hazard and risk mitigation literature and findings from the qualitative 

study. As some of the constructs in the model had been used in previous studies, existing scales were 

utilised where possible in this research. Measurement items for individual constructs were generated 

from the literature review, content analysis of relevant documents (see Chapters 2 and 3) and in-depth 

interviews (see Chapter 5). A multiple-measurement item approach was adopted for construct 

measurement, with at least three measurement items for each construct (Hair et al., 2010). This 

approach attempts to capture the construct‘s attributes adequately and accurately, which in turn 

increases the reliability and validity of the questionnaire (Bergkvist and Rossiter, 2007). According to 

Jin et al. (Jin et al., 2007), using multiple items to measure the ―attributes of a construct‖ increases its 

reliability by combining several relevant items, reducing measurement errors and allowing a more 

accurate prediction of the construct. Most of the measurement items were validated by the interview 

findings and further enhanced by discussions with experienced industry and academic practitioners. 

Existing scales from previously validated instruments were utilised to a feasible extent in this research. 

Response options and item codes were assigned to each item to facilitate data analysis. The constructs 

and definitions used in the model are summarised in Table 6.4. Information on each construct enables 
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the testing and development of a structured online questionnaire to elicit relevant information from the 

respondents. 

Table 4 Constructs and measurement items  

Predicted 

construct  

Predictor 

construct 

Conceptual 

definition  Measurement items Source Scale anchors 

Seismic 

mitigation 

intention 

(SA-

intention) 

Risk 

perception 

(PER) 

Extent of perceived 

or personal losses 

from earthquake 

disasters 

Probability, severity, 

immediacy of disaster 

impacts, (threat 

imminence, threat 

salience)  

Lindell and Perry 

(2000); Tierney et al. 

(2001); Mileti and Peek 

(2002); Solberg et al. 

(2010); Armas and 

Avram (2008); Paton et 

al. (2010)  

"Strongly 

disagree" (1) 

to 

"Strongly agree" 

(5) 

Critical 

Awareness 

(CA) 

Extent to which 

earthquake is 

discussed or thought 

about 

Frequency of thought, 

discussion, and 

information receipt 

about earthquakes  

Turner et al. (1986); 

Lindell and Prater 

(2000); Paton (2003) 

"Strongly 

disagree" (1) 

to 

"Strongly agree" 

(5) 

Fatalistic 

Attitude (FA) 

Perception or 

acceptance that 

events such as natural 

disasters are 

inevitable 

Acceptability of loss of 

lives and damage to 

buildings in minor, 

moderate and major 

earthquake events 

Solberg et al. (2010); 

McClure et al. (2001); 

Steinberg (2000); 

Fradkin (2005); 

Rozario, (2007); Armaş 

(2006) 

"Strongly 

disagree" (1) 

To 

"Strongly agree" 

(5) 

Perceived 

Responsibility 

 (PB) 

Extent to which an 

individual feels 

responsible for 

ensuring personal or 

close family 

members‘ safety from 

earthquake disasters  

Personal responsibility 

for mitigating 

earthquake risks; 

attribution of risk 

mitigation 

responsibility to 

government; risk 

transfer to insurers 

Solberg et al. (2010); 

Arlikatti et al. (2007); 

Mulilis et al. (2001); 

Paton (2000) 

"Strongly 

disagree" (1) 

to 

"Strongly agree" 

(5) 

Past 

Earthquake 

Experience  

(PEE) 

Recency and 

frequency of 

casualties and 

damage experienced 

personally by the 

respondent, family, 

friends, neighbours  

Personal experience of 

earthquake; disaster 

impacts on family, 

friends, neighbours, or 

co-workers: measured 

in terms of fatalities, 

property damaged and 

disruption of normal 

activities 

(Lindell and Prater 

(2000); Tierney et al. 

(2001); Paton (2003) 

"Not at all" (1) 

to 

"To a great 

extent" (5) 

Hazard 

Proximity (HP) 

Geographic distance 

from the hazard 

source  

Proximity of residence, 

place of work and 

region to active 

seismic faults 

Lindell and Hwang 

(2008); Lindell and 

Perry (2004); Arlikatti 

et al. (2006); Lindell & 

Perry (2000) 

"Definitely not‖ 

(1) 

to 

"Definitely" (5) 

Intrinsic 

Motivator (IM) 

Extent to which 

situational and 

personality 

determinants of 

human motivation 

can enhance the 

formation of seismic 

mitigation intentions 

Reiterating stories 

from PEE; use of mass 

media; policy 

entrepreneurs; pro-

social mitigation 

behaviours, disparity 

and inconsistency in 

risk information  

Paton (2006); Wagman 

(2003); Swap et al. 

(2001); Haigh and 

Hardy (2011); Prater 

and Lindell (2000); 

Wood (2004); 

Goodwin (2009); 

White et al. (2009) 

"Strongly 

disagree" (1) 

to 

"Strongly agree" 

(5) 

Seismic 

mitigation 

decision  

(SA-decision) 

Perceived 

Benefits (PB) 
Extent that people‘s 

expectations from 

adopting seismic 

mitigation affect their 

decision 

Possible loss of 

tenants; loss of 

revenue; safety – 

protection of lives and 

property; public 

recognition; 

increasing property 

values 

Tien (2000); Lindell et 

al. (2009); Anton et al. 

(2004); Anthony et al. 

(2007), Rose et al. 

(2007) 

―Not very 

important‖(1) 

―to 

Extremely 

important‖(5) 

 

Ranking: ―Least 

important‖(1) 

to 

―Most 

important‖ (5) 
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Predicted 

construct  

Predictor 

construct 

Conceptual 

definition  Measurement items Source Scale anchors 

Seismic 

mitigation 

efficacy (SAE) 

Extent to which 

people presume or 

estimate the adequacy 

of seismic mitigation 

to ensure protection 

from a disaster‘s 

negative 

consequences will 

affect their mitigation 

decisions 

Type of structure; 

adequacy of design 

technique to ensure 

protection; design 

technique; poor 

aesthetic outcome; 

cost-effectiveness of 

design technique  

Lindell and Perry 

(2004); Lindell et al., 

2009; Lindell and Perry 

(2000) 

"Not at all"(1) 

to 

"To a great 

extent"(5) 

Resource 

Requirement 

(RR) 

Belief about the 

adequacy of 

knowledge, skills and 

resources that include 

finance, materials and 

equipment) to 

mitigate hazard 

effects  

Cost of retrofitting; 

source of fund; 

Insurance cost; 

availability of financial 

incentives; financial 

capability; availability 

of skills and 

knowledge 

Lindell and Prater 

(2002); Paton (2003); 

Lindell and Perry, 

(2004); Johnston et al. 

(2005); Bandura 

(2010); Linley et al. 

(2004); Johnston et al. 

(2005); McIvor et al. 

(2009) 

―Not very 

important‖ (1) 

to ―Extremely 

important‖ (5) 

 

Ranking: ―Least 

important‖ (1) to 

―Most 

important‖ (5) 

Trust in 

Stakeholders‘ 

Relationship 

(TSR) 

Extent to which trust 

in seismic mitigation 

stakeholders affect 

owner‘s risk 

mitigation decisions 

Accuracy of risk 

information; 

acceptance of risk 

information, intention 

to use the information; 

perceived concern of 

public officers about 

community welfare 

Petak (2002); Arlikatti 

et al. (2007); Paton 

(2008); Siegrist and 

Cvetkovich (2000); 

Lindell and Perry, 

(2004); Poortinga and 

Pidgeon (2004); Paton, 

(2007); Burby (2003)  

"Strongly 

disagree"(1) 

to 

"Strongly agree" 

(5) 

Regulatory 

Framework 

Efficacy (RFE) 
Extent to which 

regulations enacted to 

protect the public 

from earthquake 

disaster consequences 

influence seismic 

mitigation decisions 

Specific conditions in 

the Building Act 

(2004) such as: Change 

of use; Fire escape; 

Substantial alterations 

and change of use; 

Extension of building 

life; Disability access; 

and Sanitary facilities 

 

Discussion with 

practitioners and 

findings from 

interviews 

Building Act (2004); 

Prater and Lindell 

(2000); Comerio 

(2004); Burby et al. 

(2006), May, 2001; 

Comerio (2004) 

―Not very 

important‖(1) 

to 

―Extremely 

important‖(5) 

 

Ranking: ―Least 

important‖ (1) 

to 

―Most 

important‖ (5) 

Risk 

Communicatio

n (RC) 

Extent to which 

earthquake risk 

information is 

provided impact on 

mitigation intention 

and decision 

Receipt; adequacy and 

sufficient provision of 

risk information; 

effective 

communication 

strategies 

 MacGregor et al. 

(2008); Paton and 

Johnston (2006); 

Neuwirth et al. (2000), 

Lindell and Perry 

(2004); Bourque et al. 

(2010); Smith (2009)  

"Strongly 

disagree" (1) 

to 

"Strongly agree" 

(5) 

Extrinsic 

Motivator 

(EM) 

Extent to which 

building owners‘ 

decisions can be 

enhanced by extrinsic 

motivators and 

incentives towards 

the adoption of 

seismic mitigation  

Financial incentives 

(FI); 

 Property-market based 

incentives; (PMI); 

Regulatory-based 

Incentives (RBI); 

Technology-based 

incentives(TBI)  

Johnston et al. (2006); 

Paton et al. (2010); 

May et al. (1998); 

Lindell and Perry 

(2004); Spence (2004); 

Hwacha, (2005) Paton 

et al. (2010) 

Discussion with 

practitioners and 

findings from 

interviews 

"Strongly 

disagree" (1) 

To 

"Strongly agree" 

(5) 

Seismic 

mitigation 

adoption 

(SA-adoption) 

Stakeholder's 

approach  

Extent to which 

social interactions 

among the 

stakeholders 

influence seismic 

mitigation decisions 

 

A risk-based approach; 

collective policies 

aimed at effective risk 

mitigation; disclosure 

of risk information; 

adequate provision and 

dissemination of risk 

information; valuation 

assessment of seismic 

Dalton et al. (2001); 

Earle (2004); Lindell 

and Perry (2004); 

Paton et al. (2010); 

Tierney et al. (2001), 

Brody et al. (2003)  

 

Discussion with 

practitioners and 

findings from 

"Strongly 

disagree" (1) 

To 

"Strongly agree" 

(5) 
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Predicted 

construct  

Predictor 

construct 

Conceptual 

definition  Measurement items Source Scale anchors 

risks; awareness of 

building seismic risks 

interviews 

Seismic 

mitigation 

adoption (SA-

adoption) 

Extent to which 

owners will adopt and 

implement seismic 

mitigation 

Adoption of seismic 

mitigation; types of 

mitigation adopted; 

performance standard 

adopted 

Lindell and Perry 

(2004) 

―Yes‖ or ―No‖ 

 

―Not very 

important‖(1) 

to 

―Extremely 

important‖(5) 

 

Ranking: ―Least 

important‖ (1) 

to 

―Most 

important‖ (5) 

 

3. Assessment of the Measurement Models 

The assessment of the measurement models is an umbrella term for explaining the multiple processes 

necessary to examine the adequacy of the individual sets of measurement items used in capturing their 

corresponding constructs (Smith, 2005). The measurement items are evaluated by assessing the internal 

consistency, convergent validity and discriminant validity of constructs they specify. According to 

Burton and Mazerolle (2011), this assessment process is a prerequisite in the PLS modelling technique 

because it helps the researcher to establish that the survey items actually measure the construct they 

propose to measure. The assessment of the measurement models thus increases the trustworthiness of 

the research findings (Golafshani, 2003). Turocy (2002) presented four common procedures for 

establishing the validity of an instrument: (i) face validity; (ii) content validity; (iii) criterion validity; 

and (iv) construct validity. Table 4.5 provide a description and purpose of these four validation 

processes used in the assessment of the measurement models.  

Table 5 Measurement models validation process 

Type of Validation Description Purpose 

Face validity 
Evaluation of an instrument's appearance by a 

group of experts and/or potential participants 

Establishing an instrument's ease of use, 

clarity, and readability 

Content validity 

Evaluation of an instrument's 

representativeness of the topic to be studied 

by a group of experts 

Establishing an instrument's credibility, 

accuracy, relevance, and breadth of 

knowledge regarding the domain 

Criterion validity 

Evaluation of an instrument's correlation to 

another that is deemed unquestionable or 

identified as the gold standard 

Establishing an instrument's selection over 

another or establishing the predictability of 

the measure for a future criterion 

Construct validity 

Evaluation of an instrument's ability to relate 

to other variables or the degree to which it 

follows a pattern predicted by a theory 

Establishing an instrument's ability to 

evaluate the construct it was developed to 

measure 

 Source: Burton and Mazerolle (2011) 

Face and content validity refers to the first necessary steps to instrument validity as they establish the 

accuracy and connection among questions asked and variables measured, while criterion and construct 

validity follows suit presiding the quantitative analyses (Burton & Mazerolle, 2011). Face and content 

are validity inter-related as both involve the identification and adequate assessments of the 
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corresponding groups of measurement items and the constructs specified. It also involves the evaluation 

of these constructs and research measurement instrument used for data collection by a group of experts 

and/or potential participants. In this study, the process of addressing the face and content validity 

include: 

 specification of the construct‘s domain (see Section 6.8.1)  

 generation of measurement items based on literature searches (see Section 6.8.2 ) 

and findings from the qualitative study (see Chapter 5) 

 using multi-item measures (i.e. a minimum of three items were developed for each 

construct identified) 

 a measurement instrument is designed and conducted to test the scale by pilot-

testing of the questionnaire based on inputs from 28 participants that include 

researcher‘s supervisors, research team members, industry practitioners, and 

selected prospective respondents (see Section 4.5.2.2). 

Furthermore, criterion and construct validity involves an empirical evaluation of the extent to which the 

identified indicators measure the construct adequacy of the measurement models in terms of their uni-

dimensionality, reliability and validity. The process of the assessment of the criterion and construct 

validity in this study is illustrated in Figure 4. 

 

 

The assessment process illustrated in Figure 4 is governed by two main assessment approaches, which 

include the ―classical validation approach‖ (i.e. Cronbach‘s alpha and EFA) and ―contemporary 

validation approach‖ (i.e. CFA). A common practice established in several empirical studies involves 

using both EFA and CFA to evaluate measurement models, especially in instances where the 

measurement items or indicators that underlie a construct have not been firmly established within the 

Figure 4 Methods of assessing measurement models  
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research context (Kaynak, 2003; Wang and Li, 2007). Both the classical and contemporary research 

approaches will be used in this study. Given the nature of this research, the classical approach is used to 

explore the pattern of relationship between measurement items and their corresponding constructs, 

evaluate internal reliability and assess a construct‘s dimensionality. The contemporary approach is 

employed to examine construct validity and further confirm the construct‘s composition based on the 

two specified constructs types used in this study i.e. formative or reflective (see Section 6.9.2.2).  

Before the commencement of the classical validation approach it is necessary to limit measurement 

errors, and enhance the precision, reliability and validity of the measurement items and scales employed 

in this study. The criteria shown in Table 4.6 were employed for removing inconsistent items both in 

the classical and contemporary validation analysis procedures. Details of the analytical techniques used 

in both the classical and contemporary validation approaches are discussed next in accordance with the 

tests illustrated in Figure 4-3. The results of the construct validation analyses and inconsistent items 

removed during the procedures are reported in Section 7.4.  

Table 5 Criteria for removing inconsistent measurement items  
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3.1 Classical Validation Approach 

The classical validation approach involves assessing the internal reliability of the measurement items 

and their corresponding constructs in order to establish the consistency of items in a data. According to 

Churchill (1979), internal reliability refers to the extent to which the independent measurement items 

(designed to measure the same construct) correlate among one another. Internal reliability can thus be 

seen as the degree to which individual multi-item scales produce consistent scores based on a series of 

repeated tests (Cronbach, 1970).  

3.1.1 Assessing Internal Reliability 

In this study, internal reliability of individual measurement items was assessed by using the following 

tests: (i) Cronbach‘s alpha; (α) reliability coefficients; (ii) reliability of linear combination analysis; and 

(iii) item-total correlations. 

Cronbach’s alpha reliability test in SPSS19.0 software was applied to test the internal reliability of 

individual items and constructs identified. This method involves the derivation of index (alpha 

coefficient) that ranges from 0 to 1.0 and proposes the estimated systematic variance of individual 

constructs (Cronbach, 1951). Based on the correlations among measurement items of corresponding 

constructs from the results of the reliability test, a high alpha coefficient shows that the measurement 

items of a construct are highly correlated, while a low alpha coefficient shows that the measurement 

items of a construct are low correlated (Pedhazur and Schmelkin, 1991). A general consensus among 

many researchers for assessing reliability is to accept measurement items with an alpha coefficient 

value that is equal to or greater than 7.0, which indicates more shared variance between the construct 

and its indicators (Nunnally, 1976; Chin, 1998; Hulland, 1999). According to Nunnally (1976), items 

with a coefficient value or loadings of less than 0.5 should be reviewed or possibly dropped since they 

would add very little explanatory power to the model. However, Chin (1998) explained that when news 

scales are developed or adapted from other settings and applied to a different context, the loadings cut-

off point may become lower and suggested a loading of 0.5 as the cut-off point. In this study, a cut-off 

point of 7.0 was used to assess the internal consistency level of the constructs identified (see Table 7.3). 

Items with a lower loading of 0.5 were removed and the test repeated. The results from the reliability 

test are reported in Section 7.4.1.1. 

Furthermore, to evaluate the reliability of a multi-dimensional construct, which comprised a significant 

number of items measured under different dimensions, additional reliability tests are required 

(Churchill, 1979). In this study, item-to-total correlation analysis (a subset of Cronbach‘s alpha 

reliability test) was used to assess the reliability of a multi-dimensional construct such as an extrinsic 

motivator with four dimensions (Churchill, 1979). This process involves calculating: the (i) Cronbach‘s 

alpha coefficients for each dimension; (ii) item-to-total correlations of individual measurement items; 

and (iii) the reliability of a linear combination test at the construct level. 
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Item-to-total correlation is calculated for multi-dimensional constructs both at the subscale and whole 

scale levels. The subscale is calculated based on the data of individual dimensions of respective 

constructs, while the whole scale is combining the data of various dimensions within individual 

constructs. The respective subscales and whole scales of item-to-total correlation are also obtainable in 

the reliability analysis in SPSS 19.0. According to Nunnally (1978), measurement items with item-total 

correlation scores of less than 0.30 for both subscale and whole scale correlation scores are considered 

as inconsistent, and they suggest that such items should be removed because they are inconsistent with 

the construct they are supposed to measure. The removal of inconsistent items for the total item 

correlation analysis was set on a threshold of 0.3 (see Table 4.7). The result from the item-to-total 

correlation analysis is reported in Section 7.4.1.3. 

In addition, the reliability of linear combination test is required to assess the reliability of the multi-

dimensional constructs on the whole. Nunnally‘s (1978) formula for calculating the reliability of linear 

combination test is provided below: 

 …..………………………………………………….Equation 4.1 

Where:  is the linear combination 

  is the variance of individual measurement items in the linear combination 

  is the estimates of each measurement items^' reliability 

 is the variance of the sum of the individual measurement items involved 

The results for the reliability of linear combination test are obtained from the Cronbach‘s alpha 

reliability analysis in SPSS 19.0 used for as supplementary statistical software in this study. Similar to 

the Cronbach‘s alpha coefficients, the threshold value of 0.70 is used for assessing the reliability of 

linear combination scores and the result for the test is reported in Section 7.4.1.2. 

3.1.2 Establishing Uni-dimensionality  

EFA can be employed to establish the uni-dimensionality of the identified constructs, which can be 

followed up by using CFA in the contemporary validation approach. According to Hair et al. (2010), 

measurement items can be classified as uni-dimensional if they significantly relate to one and only one 

construct. Uni-dimensionality involves establishing the relationship between a set of empirical 

measurement items and an underlying construct (Gerbing and Anderson, 1988; O‘Leary-Kelly and 

Vokurka, 1998). The concept of evaluating a construct‘s uni-dimensionality is thus aimed at 

interpreting the complicated patterns of correlations between observed variables in simpler explanatory 

terms. 
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3.1.3 Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA)  

EFA and CFA are employed in this study to assess the adequacy of the specified construct 

dimensionality. This is because factor analysis is a collection of models used in explaining the 

correlations among variables in terms of more fundamental entities called ‗factors‖ (Cudeck, 2000). For 

instance, the extrinsic motivator construct identified in this study is a latent variable that is measured by 

a set of observed variables or measurement items under four dimensions. Here, EFA was used to 

confirm the proposed factor structures (or dimensions) among the measurement items in order to 

assess the proposed dimensionality of the construct. Cudeck (2000) named two complementary 

criteria for determining the number of factor structures in an EFA: 

i. Eigenvalues: this can be understood as generalised measures of variances contained in a set of 

measurement items (Green and Caroll, 1976), and interpreted as the correct number of factor 

structures equals the number of Eigenvalues that are greater than unity. 

ii. Scree test: contains a plot of the ordered Eigenvalues. It involves a visual inspection of the 

graph from the smaller to the larger coefficients and checking for a break in magnitude.  

 

Similarly, EFA is necessary in this study because the intrinsic and extrinsic motivator and the 

stakeholder‘s approach constructs were adapted from studies in psychology and decision sciences 

settings. Likewise, the scales for measuring these constructs have not been tested before in the context 

of natural disaster and risk management. It is possible that some of the items are not applicable across 

all contexts and may not be adaptable to the natural hazard and disaster management setting. Likewise, 

some of the items are newly developed based on the findings from the qualitative multiple case studies 

and feedback from industry practitioners (see Table 6.5.3). For example, the technological-based 

(RBI;1-6) and regulatory-based incentives (TBI;1-6) presented in Table 6.14. Dillman (2007) explained 

that constructs adapted from another setting or with new scale should be tested in an exploratory study 

or verified by an expert panel (such as industry practitioners) and examined for overlapping and 

spurious variables using statistical analysis. The results from the EFA are reported in Section 7.4.1.3. A 

factor loading indicate the correlation coefficient between an original variable such as items measuring 

intrinsic motivator construct (IMI1, IMI2, IMI3 etc.) and an extracted variable. Communality (h
2
) is the 

proportion of the total variance of a variable accounted for by the common factors. MSA value 

evaluates the appropriateness of applying factor analysis.  

Overall, the removal of any insignificant or inconsistent measurement item(s) during the construct 

validation approaches (i.e. classical and contemporary) is subjected to a set of rules or criteria 

established in Table 4.7, which considers the previous findings from all related analysis. The 

contemporary validation approach is discussed next, where stricter and more objective criteria are set 

for assessing validity and dimensionality. 
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3.2 Contemporary Validation Approach  

The contemporary validation approach includes methods used to assess the validity of the identified 

measurement models specified as either reflective or formative models. Hence, the assessment of the 

measurement models in the contemporary approach will be discussed under each different model‘s 

specification type because both the formative and reflective models require different assessment 

techniques (Diamantopoulos, 1999).  

3.2.1 Reflective model assessment  

The reliability of the reflective measurement models in the contemporary approach focused on 

evaluating the two components: convergent and discriminant validities of the measurement items. 

Convergent validity refers to the correlation between different measurements items purporting to 

measure the same construct (Peter and Churchill, 1986), while discriminant validity indicates the extent 

to which a given construct is different from other constructs in the same model (Hulland, 1999). These 

two validity components are essential because they assess some of the aspects of the goodness of fit of 

the measurement models when using SEM (Gefen and Straub, 2005). The evaluation of convergent and 

discriminant validities are discussed in this section. 

Convergent validity examines whether constructs are related to one another. In PLS, three tests can be 

used to examine convergent validity of the measured constructs (Fornell and Larker, 1981). These tests 

are: (i) factor loading from CFA; (ii) composite reliability scores (ρc); and (iii) average variance 

extracted (AVE). Netemeyer, et al. (2003) explained that CFA can be used to further conform the 

dimensionality previously examined using the EFA by providing a stricter and more objective 

interpretation of construct dimensionality. Consistent factor loadings in both the CFA and EFA indicate 

that each measurement item correlates strongly with the one construct it purports to measure, while 

correlating insignificantly with other constructs (Gefen and Straub, 2005). Similar to the EFA method, 

measurement items with good measurement properties must display higher factor loadings (i.e. greater 

than 0.45) on their pertinent factors (or dimensions) in CFA. Similarly, composite reliability scores (ρc) 

can be used to assess the internal reliability of measurement items of individual constructs. A high level 

of the composite reliability scores indicates high internal reliability and vice versa. The suggested 

threshold value of 0.70 by Hair et al. (1998) was adopted in this study. Likewise, AVE is the third 

measure in CFA used in examining the convergent validity. AVE refers to the overall amount of 

variance in the measurement items accounted for by individual constructs, and is a more conservative 

measure than the composite reliability score (Fornell and Larcker, 1981). The advantages of AVE range 

from its capacity to determine the convergent validity of measures to its suitability in evaluating the 

discriminant validity of individual constructs. The AVE value of individual constructs should be least 

0.50 for the construct to be considered satisfactory for reliable validity. In this study, the CFA results 

obtainable in SmartPLS include factor loadings, composite reliability scores and AVE. The results of 

these analyses from the CFA are reported in Section 7.4.3. 
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Discriminant validity of the measurement models was examined after assessing the convergent validity. 

According to Chin (2010), discriminant validity is established when all the measurement items in the 

model have higher correlation within the construct they measure than with any other constructs in the 

model. Also, the square root of AVE of each construct should be larger than the correlation of the two 

constructs. Analysis of AVE would be conducted in this study to assess the discriminant validity of the 

measurement models. Similarly, in the analysis of AVE, the construct should share more variance with 

its measures than it does with other constructs in the model. The result of the discriminant validity 

analysis is reported in Section 7.4.3.2.  

3.2.2 Formative model assessment  

Formative measurement models are assessed by examining and assessing the construct‘s theoretical 

rationale and expert opinions (Rossiter, 2002), nomological validity (Henseler et al., 2009), significance 

of the estimated indicator weights (Chin, 1998; Davison and Hinkley, 2003; Tenenhaus et al., 2005) and 

level of multi-collinearity among the indicators (Diamantopoulos and Winklhofer, 2001).  

Theoretical rationale, expert opinions and nomological validity of formative models have been briefly 

discussed in Section 4.6.2.1 under the face and content validity of the measurement items. The four 

processes for examining face and content validity provides adequate justification for evaluating the 

formative models. Details of each assessment method given for the formative models specified in this 

study are provided in Sections 7.4.4.  

Another measure for assessing formative measurement models involves the evaluation of the degree of 

multi-collinearity among the formative indicators. The presence of multi-collinearity among the 

measurement items of a formative construct is a relevant problem for formative indicators because it 

affects the stability of the indicator coefficients (Diamantopoulos and Winklhofer, 2001). The 

procedure for assessing multi-collinearity was discussed during the sample preparation phase in Section 

4.6.1.1. The VIF values for all manifest variables measuring the constructs as specified in the 

framework were examined and reported in Sections 7.3.3 and 7.4.4.3. Furthermore, to assess the 

significance of the indicator weights for the formative models, the corresponding weights of the 

measurement items are obtained from SmartPLS 3.0 software using the boot-strapping technique 

(Tenenhaus et al., 2005; Chin et al., 2008). These weights provide information regarding the relative 

importance of the formative measurement items toward the creation/formation of the corresponding 

construct and should be statistically significant. The procedure and results for assessing the significance 

of the indicator weights is presented in Section 7.4.4.4. The following section outlines the last stage in 

the PLS-SEM analysis procedures. 
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4. Assessment of PLS Structural Model  

The ability of a specified model to describe the relationships between the observed variables represents 

the main focus in the quality of evaluation of SEM (Krafft et al., 2005). The assessment of the structural 

model will be used to determine the explanatory power of the structural model developed, and to test 

the research hypotheses. The assessment is examined by the following tests: (i) magnitude of variance 

explained (R
2
) of the endogenous variables; (ii) effect size; and (iii) explanatory power of the structural 

model. The details of the evaluation techniques are discussed in this section and an illustration of the 

quality criteria used in this study for evaluating of structural model is presented in Table 4.7. 

Table 6 Quality criteria for structural model assessment 

 

The magnitude of variance explained (R
2
) is examined by investigating the amount of variance 

accounted for by the independent (predictor) constructs. The amount of magnitude of variance 

explained refers to the coefficient of determinant R2 value for each dependent (predicted) construct. It 

measures the degree of alignment of the regression function to the empirical data by relating the portion 

of explained variance to total variance (Backhaus et al., 2008). It is presented in the SmartPLS2.0 M3 as 

part of its reporting results. For this study, Falk and Miller‘s (1992) rule for evaluating R2 is adopted 

and presented below: 

i. If a predictor construct signifies less than 1.5% of the variance in a predicted construct, it 

should be eliminated and the model needs to be re-estimated. This process is known as model 

trimming. According to Falk and Miller (1992), this process leads to the elimination of paths 

(arrows) followed by the recalculation of the model, which is seen as the most inductive 
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approach to model. To obtain the variance % accounted for by each predictor construct the 

equation below is applied: 

PVexpalined= (β×r) ×100……………………………………..Equation 1 

Where PVexpalined is the percentage of variance in a predicted construct accounted for by each 

predictor construct  

 β and r refer to the path coefficient and correlation between predictor and predicted constructs 

respectively. 

 

ii.  or variances explained for predicted constructs should be ≥ 0.10 (Falk and Miller, 1992). 

This means that a 10% or more of the variance in a predicted construct is accounted for by the 

predictor construct. Furthermore, Falk and Miller (1992) mentioned that a  value that is less 

than 0.10 is uninformative and substantially meaningless and that the hypothesised 

relationships could be uninformative in the overall model estimation. 

According to Breiman and Friedman (1985), the significasnce of R2 or variances explained is critical in 

the evaluation of a structural model. Falk and Miller (1992) recommend that an F-test can be used to 

assess the significance of R
2
. The -test also known as the significance of  for all predicted 

constructs would be is evaluated using the formula below:  
 
 

 …………..Equation 2 

Where:  refers to the number of predictor constructs 

   refers to the number of respondents 

-test statistic is distributed as -distribution with degrees of freedom  and  

 

F=[R2m][1-R2 N-m-1]………………………….……………………………… …………..Equation 3 

Where: m refers to the number of predictor constructs 

  N refers to the number of respondents 

F-test statistic is distributed as F-distribution with degrees of freedom m and (N-m-1) 

 

Furthermore, the effect size (f2) can be used to examine the extent to which a specific independent 

predicted construct impacts a dependent predicted construct. The objective of this analysis is to measure 

of the strength of the relationship between two constructs (predictor and predicted) and the impact of a 

predictor construct on the overall structural model. Cohen‘s (1988) operational definitions for f2 values 

of 0.02, 0.15, and 0.35 for multiple regression can be viewed as a gauge for whether a predictor latent 

construct has a small, medium or large effect respectively at the structural level and this is adopted in 
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this study. Effect size (f2) can be calculated for each specified path in structural model using Cohen‘s 

formula (1988) illustrated in equation 4.5: 

 

                                                 ………. .................…………………Eq.4 

 

 

Where R
2
 included and R

2
 excluded are the R-squares provided on the dependent LV when the predictor 

LV is used or omitted in the structural equation respectively.  

In addition, the predictive relevance of a structural model can be estimated using the Stone-Geisser 

criterion test (Geisser, 1974; Stone, 1974), which postulates that the model must be able to provide a 

prediction of the endogenous latent variable‘s indicators. This test was used assess the structural 

model‘s capability for adequate prediction and can be calculated using the blindfolding procedures 

described by Tenenhaus et al. (2005) in SmartPLS 3.0. According to Chin et al. (Chin et al., 2003), the 

Stone-Geisser test represents a synthesis of function-fitting and cross-validation of the prediction that 

the observable is of much greater relevance than the estimator of the construct-parameters. The Stone-

Geisser criterion involves the use of the structural model to provide a prediction of the endogenous 

latent indicators if the obtained Q
2 

value is larger than zero. The predictive relevance of the structural 

model (i.e. values of Q
2 
and q

2
) can be calculated using the equations below: 

 

                                                        …………….….................................…..................Eq. 5 

 

                                                                        … ……………………..................…….Eq. 6 

 

Where D is the omission distance, SSE is the sum of squares of prediction errors and SSO is the sum of 

squares of observations.  

Q
2
 represents a measure of how well-observed values are reconstructed by the model and its parameter 

estimates. A Q
2
 value that is greater than zero suggests that the model has predictive relevance, while a 

Q
2
 value that is less than zero infers that the model lacks predictive relevance. As in the case of effect 

size (f
2
), changes in Q

2
 can be used to assess the relative impact of the structural model on the observed 

measures for each dependent latent construct. The relative impact of the predictive relevance can be 

assessed by q
2
 values of 0.02, 0.15 and 0.35 which reveal a small, medium and large predictive 

relevance of a certain latent variable respectively.  

Q
2
 =   1- ∑D SSED  

              ∑DSSOD 

 
 2
 = Q

2
 included – Q

2
excluded  

                1- Q
2

included 

 

 2
 = R

2
 included – R

2
excluded  

1- R
2

included 
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In addition, the estimation of the path coefficients is the last measure used in this study to examine the 

explanatory power of the structural model. The boot-strapping procedure in SmartPLS M3.0 was used 

to calculate the significance of individual path coefficients with 1,000 resamples. The estimation of the 

path coefficients indicates the strength of the relationship between the two constructs (Wixom and 

Watson, 2001) and each hypothesis corresponds to a path in the structural model (see Figure 7-2). A test 

of hypotheses was achieved by looking at the sign, size and statistical significance of the of the path 

coefficients between constructs in the structural model. The higher the path coefficient, the stronger the 

effect of the independent (exogenous) construct on the dependent (endogenous) construct. The 

significance of the hypothesised path coefficients was examined by checking the significance of the t-

value for each of them. The significance of the t-values associated with each path is reported in Section 

7.5.3.3. Upon the completion of the PLS-SEM analysis, the validation of the research model and overall 

research findings would be the assessment. The validation procedure is discussed in the preceding 

section. 
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Appendix Table B-1 Response rate by category 

 

 

Appendix TableB-2 Non-response bias assessments of the data set 

 

 

 

Appendix Table B-3   Analysis of Missing Data 
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Appendix B-4 Harman’s one-factor test for Common Method Variance  

Total Variance Explained 

Component 

Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of Variance Cumulative % Total 

% of 

Variance 

Cumulative 

% 

1 9.496 7.913 7.913 9.496 7.913 7.913 

2 6.470 5.391 13.304    

3 6.191 5.159 18.464    

4 5.472 4.560 23.024    

5 4.299 3.583 26.607    

6 4.225 3.521 30.127    

7 3.912 3.260 33.387    

8 3.489 2.908 36.295    

9 3.343 2.786 39.081    

10 3.037 2.531 41.612    

11 2.896 2.413 44.025    

12 2.752 2.293 46.319    

13 2.529 2.107 48.426    

14 2.396 1.997 50.423    

15 2.312 1.926 52.350    

16 2.245 1.871 54.220    

17 2.119 1.766 55.986    

18 2.047 1.706 57.692    

19 1.923 1.602 59.294    

20 1.811 1.509 60.803    

21 1.738 1.449 62.252    

22 1.710 1.425 63.677    

23 1.612 1.343 65.020    

24 1.563 1.302 66.322    

25 1.481 1.234 67.556    

26 1.457 1.214 68.770    

27 1.399 1.166 69.936    

28 1.388 1.157 71.093    

29 1.277 1.064 72.157    

30 1.250 1.042 73.199    

31 1.192 .993 74.192    

32 1.159 .966 75.157    

33 1.092 .910 76.068    

34 1.088 .906 76.974    

35 1.077 .898 77.872    

36 1.053 .877 78.749    

37 1.020 .850 79.599    

38 .974 .811 80.410    

39 .941 .784 81.194    

40 .927 .772 81.967    

41 .886 .739 82.705    

42 .852 .710 83.416    

43 .845 .705 84.120    

44 .795 .663 84.783    

45 .775 .646 85.428    

46 .755 .629 86.057    

47 .714 .595 86.652    

48 .701 .584 87.236    

49 .679 .566 87.802    

50 .670 .558 88.360    

51 .648 .540 88.900    

52 .610 .508 89.408    

53 .592 .494 89.901    
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Total Variance Explained 

Component 

Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of Variance Cumulative % Total 

% of 

Variance 

Cumulative 

% 

54 .591 .492 90.394    

55 .553 .461 90.855    

56 .548 .457 91.311    

57 .512 .427 91.738    

58 .484 .403 92.141    

59 .468 .390 92.531    

60 .456 .380 92.911    

61 .431 .359 93.270    

62 .412 .344 93.613    

63 .403 .336 93.949    

64 .395 .329 94.278    

65 .372 .310 94.588    

66 .368 .307 94.895    

67 .355 .296 95.191    

68 .336 .280 95.471    

69 .327 .272 95.743    

70 .311 .259 96.002    

71 .305 .254 96.256    

72 .275 .229 96.486    

73 .264 .220 96.706    

74 .251 .209 96.915    

75 .242 .202 97.117    

76 .229 .191 97.307    

77 .227 .189 97.497    

78 .220 .183 97.680    

79 .197 .164 97.844    

80 .195 .163 98.007    

81 .186 .155 98.162    

82 .174 .145 98.307    

83 .170 .142 98.449    

84 .159 .133 98.581    

85 .146 .122 98.703    

86 .144 .120 98.823    

87 .132 .110 98.933    

88 .125 .104 99.037    

89 .114 .095 99.132    

90 .106 .088 99.221    

91 .105 .087 99.308    

92 .092 .076 99.385    

93 .085 .071 99.456    

94 .081 .067 99.523    

95 .076 .063 99.586    

96 .064 .054 99.639    

97 .054 .045 99.684    

98 .052 .044 99.728    

99 .044 .037 99.765    

100 .043 .036 99.800    

101 .041 .034 99.835    

102 .035 .030 99.864    

103 .034 .028 99.893    

104 .026 .022 99.915    

105 .021 .018 99.932    

106 .019 .016 99.948    

107 .018 .015 99.963    



Appendix 

 

 

Total Variance Explained 

Component 

Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of Variance Cumulative % Total 

% of 

Variance 

Cumulative 

% 

108 .014 .012 99.975    

109 .011 .009 99.984    

110 .009 .007 99.992    

111 .006 .005 99.997    

112 .003 .003 100.000    

113 .000 .000 100.000    

114 5.543E-16 4.619E-16 100.000    

115 2.506E-16 2.089E-16 100.000    

116 1.711E-16 1.425E-16 100.000    

117 9.444E-17 7.870E-17 100.000    

118 -1.266E-16 -1.055E-16 100.000    

119 -1.997E-16 -1.665E-16 100.000    

120 -2.306E-16 -1.922E-16 100.000    

Extraction Method: Principal Component Analysis. 

 

Appendix Table B-5 Sample of the Assessment of Multicollinearity: variance inflation factor 

(VIF)  
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Appendix Table B-6 Normality test- Skewness and Kurtosis  
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Appendix Table B8- Cross-loadings for individual measurement items of respective constructs
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Appendix Table B-9 Variables coding and definition  
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