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ABSTRACT 

 

This research examines the problems of reducing the impact of natural disasters, 

particularly earthquakes, on the built environment and the community.  The research 

aim is to determine a method of assisting building owners to make informed decisions 

on seismic mitigation implementation of their substandard buildings.  Generalised 

knowledge of this decision situation can then be uncovered to help building owners and 

other mitigation actors to structure and deal with similar situations elsewhere in New 

Zealand. 

 

Considering the research paradigm, the research nature and the research commitment of 

this dissertation, four main research methods, under the qualitative research category, 

are employed to accomplish the research aim. They include a literature review, 

extensive interviews, and case studies, with the case study method being the 

overarching methodological strategy.  An extensive literature review was carried out to 

examine the existing research focus of decision-making in seismic risk mitigation, 

which started to reveal the reasons of slow progress in implementing seismic mitigation.  

As one of the output of this literature review, Decision Analysis is examined as a 

method to assist building owners to make informed decisions.  Accordingly, a series of 

interviews including various mitigation actors across the country were carried out to 

determine the key considerations in the decision making environment.  Three real-life 

projects are studied to identify the characteristics of building owner‟s decision-making 

processes in a project environment.  The characteristics of the decision problem of 

implementing seismic mitigation are then compared to those of the decision problem 

analysed by Decision Analysis to ascertain that Decision Analysis, especially Value-

focused thinking Decision Analysis is the appropriate one to be used as a method to 

develop a decision framework in assisting building owners.  The decision framework is 

then applied to two realistic, comprehensive projects to test the model by checking 

whether the framework is able to grasp the decision environment; whether the 

framework is able to illustrate and represent the building owner‟s thoughts; whether the 

framework is able to be administered in hindsight; whether an audit trail of the decision-

making can be made. 
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The insight into the decision problem gained through the current research ascertained 

that Decision Analysis is a much better and more appropriate method to assist building 

owners than the traditional method, Cost Benefit Analysis.  The main reason is that 

Decision Analysis is able to account for the intertwined features of the decision problem 

and evaluate the factors that are difficult to be quantified.  Thus, this method should be 

applied to assist New Zealand building owners to make an informed decision in seismic 

mitigation implementation. 

 

Key word:  Decision Analysis, Seismic Mitigation Implementation, Decision Aid, 

Building Owners 
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Chapter 1 Introduction 
 

1.1 Overview 

 

This dissertation examines the problems of reducing the impact of disasters, particularly 

earthquakes, on the built environment and the community.  While significant effort is 

focused on what to do physically to the built environment to reduce earthquake risk, 

such as providing diverse technical solutions to strengthen buildings, only limited effort 

has been made to implement the solutions to mitigate the effects of earthquakes on the 

built environment, such as providing assistance to building owners to make strategic 

decisions of their earthquake risk/prone buildings.  The slow progress of implementing 

seismic retrofitting of substandard buildings in New Zealand poses major risk to the 

public and the community as a whole.  This work concentrates on understanding 

building owners‟ decision environment and decision-making processes with respect to 

seismic mitigation implementation, to propose a method of assisting them to make 

informed decisions in mitigating seismic risk of their substandard buildings.  The 

knowledge and insight of this decision situation provided from this research work will 

help other building owners to structure and deal with similar decision problems. 

 

1.2 Research Background 

 

The work in this dissertation is part of a larger project, Seismic Retrofit Solutions, 

funded by New Zealand‟s Foundation for Research Science & Technology (FRST).  

The purpose of the Seismic Retrofit Solutions project is to reduce the recovery time of 

New Zealand‟s multi-storey and non-residential building stock after a major earthquake 

(Ingham 2006).  This is to be achieved through the development and then 

implementation of retrofit solutions that specially address the characteristics of New 

Zealand‟s unique multi-storey buildings.  The current research is designed to achieve 

one of the major aims of the Seismic Retrofit Solutions programme, that is, to develop 

rational and economical approaches, methodology and practical implementation 

guidelines for seismic rehabilitation (retrofit) of existing substandard buildings.   
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New Zealand is located in a region that is highly susceptible to earthquakes; about 

14,000 earthquakes are recorded in and around New Zealand each year (Aitken and 

Lowry 1995).  New Zealand‟s position on the boundary of the Australian and Pacific 

plates is the reason for such a large number of earthquakes.  It has a level of seismicity 

that is similar to the most seismically active regions in the world, such as the Pacific 

coast of the USA and Turkey.  In New Zealand history, the biggest known earthquake 

was the Wairarapa earthquake of 1855, which had a magnitude of 8.2.  The Wairarapa 

earthquake is of major significance in terms of the area affected and the amount of fault 

movement.  During the earthquake, about 5,000 km2 of land was shifted vertically, with 

a maximum uplift 6.4m near Turakirae Head, east of Wellington.  The maximum 

horizontal movement along the fault was 12m (Grapes and Downes 1977).  Table 1.1 

shows a chronological list of the significant earthquakes which have struck New 

Zealand in the last 170 years with location, date, magnitude and significance. 
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Earthquake Date Magnitude Significance 

Marlborough 16/10/1848 7.8 The earthquake that shook 

Marlborough on October 16 1848 

was the largest in a series of 

earthquakes to hit the region that 

year. 

Wairarapa 23/01/1855 8.2 The 1855 earthquake is the most 

severe earthquake to have occurred in 

New Zealand since systematic 

European colonisation began in 1840. 

North Canterbury 01/09/1888 7.1 In 1888 the Amuri District was 

shaken by a large earthquake that 

reached intensities of MM 9. 

Buller 17/06/1929 7.8 The massive rumbling of the 1929 

Buller earthquake was heard as far 

away as New Plymouth. 

Hawke‟s Bay 03/02/1931 7.8 The 1931 Hawke‟s Bay earthquake 

caused the largest loss of life and 

most extensive damage of any quake 

in New Zealand‟s recorded history.  

Horoeka 

(Pahiatua) 

05/03/1934 7.6 The 1934 Horoeka earthquake shook 

the lower North Island on March 5 

1934 and was felt as far away as 

Auckland and Dunedin.  

Wairarapa I 24/06/1942 7.2 This earthquake severely rocked the 

lower North Island on June 24 1942, 

causing extensive damage to local 

buildings.  

Wairarapa II 02/08/1942 7.0 The shock that struck the Wairarapa 

Region on August 2 was nearly as 

severe as the disastrous June 24 

earthquake five weeks earlier.  

Inangahua 24/05/1968 7.1 The 1968 Inangahua earthquake 

caused widespread damage and was 

felt over much of the country. 

Edgecumbe 02/03/1987 6.1 The shallow origin of this earthquake 

made it very destructive.  

Gisborne 20/12/2007 6.8 This offshore event caused buildings 

to collapse in the Gisborne CBD.  

Dusky Sound 15/07/2009 7.8 This earthquake in Fiordland was 

New Zealand's largest for nearly 80 

years.  

Table 1.1: New Zealand‟s most significant earthquakes (Earthquake Commission and 

GNS Science 2009) 
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Due to the high risk of earthquakes in New Zealand, buildings must comply with local 

earthquake codes. The first seismic code was adopted in 1935, following the Napier 

Earthquake in Hawke‟s Bay.  Since then, there have been six changes to the code.  

These have been used as a basis for determining the strength required for buildings to 

withstand an earthquake.  The development of codes with increased requirement over 

the years leaves many existing buildings falling short of the standards now required for 

new buildings.  Assessing the seismic capacities of the existing building stock, from 

pre-1935 through to the present, is complex and difficult, since the requirements for 

what is deemed acceptable during that time have changed (Bothara and Sharpe 2009).  

Buildings which do not conform to these codes make them more vulnerable to 

earthquake damage and destruction.  Many of the current regulations for constructing 

new buildings are derived from previous experience of natural disasters.  From their 

origins, these regulations have gradually developed into complex, sophisticated 

documents backed by huge research efforts to meet the needs and technical capabilities 

of their country of origin (Hamberger and Kircher 2000).  However, in a society where 

regulations for constructing new buildings are implemented, the introduction of new 

building codes and planning rules can have an impact on the overall vulnerability of the 

built environment, which heavily depends on the rate of replacement of existing 

vulnerable building stock (Spence 2004).  This is because there would be no more than 

a few percent per year of new buildings being constructed in accordance with the 

current building codes.  It takes several generations before rules for new buildings will 

have significantly improved overall safety levels.  At the same time, the buildings built 

to previous codes will be aging and might not be receiving sufficient maintenance.  

Thus, their already high vulnerability to natural hazards is likely to be increasing.  

Therefore, strengthening the existing earthquake prone/risk buildings is essential to 

reduce the risk imposed on the built environment. Since the Building Act 2004, 

buildings have been required to comply with modern standards of earthquake resilience; 

otherwise they may ultimately be forcibly demolished by the territorial authority.  All 

territorial authorities are required to develop and maintain policies that put the new 

standards into a framework that outlines how and when buildings must be strengthened.  

To meet the new standards of the Building Act 2004, a building generally must comply 

with at least 34% of New Building Standard (NBS).  Buildings which comply with less 
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than 34% of NBS have roughly 10 times the risk of serious damage or total collapse 

when compared to new buildings (Department of Building and Housing 2006).  

Buildings having strength less than 33% of NBS are categorized Earthquake Prone 

Buildings (EPB), while buildings with strength between 34% and 66% of NBS are 

deemed Earthquake Risk Buildings (ERB).  In this thesis, the term uses „substandard 

building‟ as the acceptable term to indicate Earthquake Prone and Earthquake Risk 

Buildings.  According to the latest legislation, the Building Act 2004, building owners 

must decide among several alternatives, such as demolishing the building, or 

strengthening the building to a certain level. 

 

1.3 Problem Statement 

 

At the beginning of this research, the research steering committee was confined by the 

traditional benefit cost analysis and considered that as long as building owners have a 

good understanding of the total retrofit costs, they would be willing to retrofit the 

building.  Thus, the key point was to set up a database of seismic mitigation costs so 

that building owners can input the age of the building, soil type, building shape, 

construction material, and retrofitted level, and generate a total cost estimate.  The 

researcher took direction from the steering committee and started to research buildings 

which had been retrofitted to identify the main cost items for the purpose of setting up a 

retrofitting cost database.  The researcher approached several personnel from central 

government, local government, and Crown entities through conferences with a view to 

understanding implementation for upgrading substandard buildings.  The information 

gathered through these informal interviews suggests that policy making or policy 

implementation is working well, from the government perspective.  Central government 

has set up the definition of earthquake prone buildings and the expectation of what 

should be done, while local government has established policy to suit the local economy 

and conditions.  Following this policy is an expectation on building owners. 

It is recognized by both local government and structural engineers that building owners 

of substandard buildings want to make a strategic decision on their properties, even if 

some of the buildings are just starting to show tiredness, such as cracks on the walls.  

Often, structural engineers are called in for their professional knowledge.  The standard 
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process of a structural engineer facing such a project normally starts with a visual 

inspection followed by a seismic strength analysis.  Some modelling may be involved to 

determine the strengthening methodology.  With this information, a structural 

strengthening plan will be designed and recommended to the building owner with an 

estimated cost.  The structural engineer normally educates or informs the client about 

the latest legislation and guidelines, such as the Building Act 2004 and the structural 

code, and explains the existing seismic coefficient, what they are going to do with the 

building, and what level of  the “New Building Standard” (NBS) is required.  The 

primary role of engineers is in providing to the clients the decision of which 

rehabilitation scheme to adopt using cost and technical information (Guh and 

Altoontash 2006). 

After meeting with building owners from different backgrounds, such as developers, 

investors, and public building owners, the researcher realized that the total retrofitting 

cost is one of the main considerations when building owners decide whether to 

implement the seismic upgrade work, but it is not necessarily the dominant one.  When 

building owners consider the fate of their substandard buildings, they have to 

contemplate a series of questions which covers more than just the economic and 

technical information provided by structural engineers.  These questions cover a wide 

range, such as, whether they can afford the retrofitting costs, what timeframe they are 

looking at, whether an application for approval of their work is required, and whether it 

will affect their core business.  Building owners often get confused with all the 

information they receive from the structural engineers.  The information provided by 

engineers is useful, however, the information is not capable of answering the series of 

questions which must be considered by the building owners. 

Although there is steady progress being made in research on what to do physically to 

the environment to reduce earthquake risk, the implementation of seismic mitigation 

meets impediments, even in relatively wealthy communities and with well-developed 

bureaucracies, such as New Zealand‟s (Dowrick 2003a).  Hopkins (2005) shows that the 

implementation of seismic retrofitting of earthquake prone buildings in New Zealand 

has made slow progress.  In some cases, the work has never been carried out.  These 

unstrengthened buildings pose a major risk to the public and the community as a whole.  

It could also lead to the entire or partial loss of many valuable heritage buildings.   
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The research problem faced in this research is: how to help building owners to make 

decisions about their substandard buildings.  The current research, thus, aims to 

determine a method of assisting building owners to make informed decisions on seismic 

mitigation implementation of their substandard buildings. 

 

1.4 Research Objectives 

 

Five research objectives are proposed as follows: 

 To review the existing research focus of decision-making in seismic risk mitigation. 

The research problem suggests that it is unclear how to help building owners to 

make decisions about their substandard buildings.  It is, therefore, necessary to 

review the existing research focus of decision-making in seismic risk mitigation.  

The review should concentrate on what types of research has been done and what 

appraisal techniques are applied in this area.  By identifying previous and current 

research foci, it is feasible to determine how to help building owners with decision-

making regarding their substandard buildings. 

 To ascertain the characteristics of the decision problem analyzed by Decision 

Analysis. 

As an output of objective 1, Decision Analysis, a method widely applied in various 

industries to assist decision-makers in the process of solving complicated multiple 

criteria decision problems, is explored to achieve the research aim.  It is essential to 

understand the definition, purpose and application of Decision Analysis, so that the 

characteristics of the decision problem analyzed by Decision Analysis can be 

ascertained.  By understanding the characteristics of the decision problems analysed 

by Decision Analysis, it is possible to test whether this technique is an appropriate 

one to be employed as a method to assist building owners in seismic mitigation 

implementation. 

 To determine the key considerations in the decision making environment of seismic 

mitigation implementation. 

Because of the complexity of the decision environment, the selection of the seismic 

rehabilitation method involves various factors which need to be considered by the 

building owners.  It is noticeable that different building owners tend to make 
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different decisions when selecting retrofitting plans.  Even if they have the same 

type of buildings or the buildings have similar performance levels.  Therefore, it is 

important to investigate the decision environment of the seismic mitigation problem, 

especially the factors building owners consider when making strategic decisions 

about improving the seismic performance of their buildings. These considerations 

include social, economic, and environmental factors.  To achieve the research aim, 

it is important to understand the content and impact of these factors of decision-

making in seismic mitigation measure selection, so that the characteristics of the 

decision problem can be categorized to compare them with the decision problem 

analyzed by Decision Analysis.  Thus, it can be validated whether Decision 

Analysis is an appropriate technique to be employed in developing the decision 

framework. 

 To identify the characteristics of building owners‟ decision-making processes in a 

project environment. 

This objective focuses on identifying the characteristics of building owners‟ 

decision-making processes by understanding how the building owners make 

strategic decisions regarding their earthquake prone buildings in the project 

environment.  Since every building is unique and every building owner is different, 

the results will be void if the decision-making process is studied without taking into 

account the project environment.  The decision-making process in a project 

environment would further reveal the characteristics of the decision problem.  It can 

also indicate the important element of the decision framework, and, thus, further 

confirm the feasibility of using Decision Analysis as the method for assisting 

building owners to make informed decisions. 

 To develop and apply a decision support framework to assist building owners to 

make informed decisions regarding seismic rehabilitation of substandard buildings. 

This objective is aimed at developing a decision support framework for building 

owners in seismic rehabilitation selection that effectively models the complicated 

decision environment and quantifies the alternatives to provide an insight into the 

decision problem.  The framework is applied to a realistic, comprehensive decision 

problem illustrated in a case study, and examines the possible differences in, and 

impacts on, decisions that might arise from different stakeholders.  Sensitivity 
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analysis is also performed to demonstrate how to identify decision factors that are 

likely to affect decisions. 

The specific outcome of this research will be a validated framework of seismic 

rehabilitation decision-making for building owners in New Zealand.  With the aid of the 

decision framework, a building owner can clarify his/her values and objectives, identify 

a set of alternatives, incorporate the effect of uncertainties and discover the possible 

trade-offs, to achieve better insight into the decision problem of whether to implement 

seismic mitigation. 

This dissertation will be a unique contribution to building owners, since it can assist 

building owners to make informed decisions regarding their substandard buildings, and 

thus improve the quality of the built environment and reduce the level of earthquake 

risk the community is exposed to. 

 

1.5 Research Outline 

 

This thesis consists of 9 chapters, which are organized in the following manner.  This 

chapter, Chapter 1, provides the research background as well as describing the research 

problem to be addressed and its importance.  In doing so, it highlights the research 

objectives and potential deliverables of the research and outcomes, thereby providing an 

overview of the project and a roadmap for how the research aim would be addressed 

through the succeeding chapters. 

Chapter 2 positions a literature review that includes the background of seismic 

mitigation, the procedure of mitigation decision-making, information of main seismic 

mitigation tools, key seismic mitigation actors, and seismic mitigation implementation 

processes in New Zealand.  This chapter also reviews the research regarding decision-

making for seismic mitigation, both domestic and international to examine the existing 

research focus of decision-making in seismic mitigation implementation. 

Chapter 3 details the definition, purpose, application and methodology of Decision 

Analysis, as one of the outputs of the literature review presented in Chapter 2.  In 

accordance with this knowledge, Chapter 3 summarizes the characteristics of the 

decision problem analyzed by Decision Analysis.  
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Chapter 4 represents the research methodology, including research process, research 

design, and research methods, that is used in this study to accomplish the research 

objectives.   

Chapter 5 presents the interview results, through which the key considerations in the 

decision-making environment of seismic mitigation implementation are identified.  This 

chapter also discusses the reasons why making a decision of whether to retrofit 

substandard buildings is difficult.  

Chapter 6 details three case studies to identify the characteristics of building owners‟ 

decision-making processes in the project environment.  The general characteristics of 

seismic mitigation implementation problems concluded by the results of literature 

review, interview and case studies are then described and compared to the 

characteristics of decision problems solved by Decision Analysis in order to ascertain 

whether Decision Analysis is the appropriate method to assist building owners making 

informed decision.  An illustrative application of Decision Analysis to one of the case 

studies is also carried out in this chapter. 

Chapter 7 presents an application of the decision framework developed, based on the 

Value-focused thinking Decision Analysis, to a real life complicated decision problem 

to examine whether the decision framework is capable of solving a multiple objective 

situation in implementing seismic mitigation.   

Chapter 8 describes the exercise of applying the decision framework to an existing 

seismic retrofit project to testify and validate whether the framework is able to be 

administered retrospectively, and an audit trail of the decision-making process created 

in hindsight.   

Chapter 9 concludes the document by detailing a substantive review, presenting the 

insights gained through the research project, and discussing the research contribution.  

Finally, opportunities for future research are identified and discussed. 
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Chapter 2  Seismic Mitigation 
 

2.1 Introduction 

 

This chapter introduces the general background of seismic mitigation, which includes 

the process of mitigation decision-making, information on main seismic mitigation tools 

and key mitigation actors.  Mitigation implementation policies and processes in New 

Zealand are also discussed in detail for further understanding of seismic mitigation.   

Following the introduction of seismic mitigation, this chapter explores the research 

regarding decision-making for seismic risk mitigation, both domestic and international, 

through a literature review.  The researcher sought to understand what had been done 

previously regarding seismic mitigation decision-making, what appraisal techniques 

have been employed in the process, and what the research focus of decision-making in 

seismic mitigation was.  This was done to achieve Research Objective 1, which was to 

review the existing research focus of decision-making for seismic risk mitigation.   

 

2.2 Mitigation 

 

The losses from natural disasters are rapidly increasing, as measured by recorded levels 

of financial loss.  Overall losses from the largest natural disasters in the 1990s exceeded, 

by a factor of more than 15, the equivalent losses experienced in the 1950s (MunichRe 

2000).  In 2008, six tropical cyclones in the US coast in quick succession and the 

earthquake in Sichuan made it one of the most devastating years on record.  Throughout 

the world, more than 220,000 people died as a result of natural catastrophes in 2008. 

Overall losses came to around US$ 200 billion and insured losses rose to US$ 45 billion, 

exceeding the previous year‟s figure by 50%. 

The scale of losses in recent events and the vulnerability of large urban areas make 

earthquake risk reduction and mitigation an important, albeit difficult topic.  

Researchers in US (Comerio 1998; Earthquake Engineering Research Institute 2003) 

estimate that a single, large earthquake in the US could cause losses in excess of 

US$100 billion.  Similar research has been carried out in New Zealand by establishing a 
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scenario of a significant earthquake (equivalent to the Kobe earthquake), in Wellington, 

the capital of New Zealand. The loss model suggests that Wellington would suffer „total 

losses up to 300 to 500 percent of New Zealand‟s annual national savings‟ (Earthquake 

Commission 1995). 

When faced with great forces which are outside of one‟s control, people habitually 

expect governments to take the lead in creating a scheme of prevention or protection.  In 

New Zealand, the Ministry of Civil Defence and Emergency Management leads the way 

in making New Zealand and its communities resilient to hazards and disasters.  The goal 

of emergency management in New Zealand is to limit the costs of emergencies or 

disasters by implementation of a series of strategies and tactics reflecting the full life-

cycle of an emergency.  The objective is achieved by an overarching strategy through a 

risk management approach of the four “Rs”, which is a four-stage approach termed 

Comprehensive Emergency Management (CEM) covering: Reduction, Readiness, 

Response, and Recovery (Britton 1998).  This four-stage approach was generated by 

managing the risk of natural disaster.   

Similarly, Platt and Rubin (1999) conceptualize a disaster in four phases: preparedness, 

response, recovery, and mitigation.  Preparedness, or Readiness in the New Zealand 

context, involves pre-disaster actions to reduce problems encountered in response and 

recovery phases.  Activities belonging to this phase include public education, 

evacuation planning, mutual aid agreements between organizations, and training 

inspectors to assess post-disaster building safety, etc.  The response phase is the period 

immediate after a disaster event.  Involved activities are those like clearing roads, 

inspecting buildings, treating the injured, giving accommodation to the homeless, and 

providing psychological counselling to the distressed.  The recovery stage is a long-term 

and involves activities such as rebuilding damaged homes and businesses.  Finally, the 

mitigation stage, or Reduction in the New Zealand context, involves pre-disaster actions 

to eliminate or ameliorate damage caused by a disaster.  After an earthquake disaster, 

mitigation activities may include establishing seismic building codes, proposing new 

legislation, and reinforcing structures, both constructions and infrastructure.  Mitigation, 

or Reduction as one of 4Rs approach, is generally listed as the last phase of a disaster, 

although it actually deals with activities to prevent death and destruction and could 

arguably be in the first or second place on the list.  This placement is attributed to the 
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fact that mitigation activities are instituted primarily in reaction to a disaster, rather than 

before it (Platt and Rubin 1999).   

However, definitions of mitigation are generally more consistent.  On the website for 

their Mitigation Division, FEMA (2009) states that mitigation is the cornerstone of 

emergency management.  The term mitigation is clearly defined as “any action taken to 

permanently eliminate or reduce the long-term risk to human life and property and the 

negative impacts on natural and cultural resources that can be caused by natural and 

technological hazards” (Platt and Rubin 1999).  It includes “the policies and actions 

undertaken at a time distant (usually considerably before) from an actual disaster 

situation, and which are intended to prevent or reduce a disaster impact when it occurs” 

(Quarantelli 2000).  Disaster mitigation measures consist of “policies and actions taken 

before an event which are intended to minimize the extent of damage when an event 

does occur” (Drabek 1986).  Hence, mitigation is used specifically to refer to pre-

disaster actions intended to reduce the impact of a disaster event. 

 

2.3 Mitigation decision-making 

 

Mitigation decisions are those involved in mitigating negative disaster consequences in 

natural disaster risk management.  Disaster risk management can be defined as “the 

process of making and carrying out decisions that will minimize the adverse effects of 

accidental loss” (Earthquake Engineering Research Institute 2000). 

The Australian and New Zealand risk management standard, AS/NZS 4360:1994.4, 

defines the process of risk management as “the systematic application of management 

policies, procedures and practices to the tasks of establishing the context, identifying, 

analysing, evaluating, treating, monitoring and communicating risk” (Standards 

Australia International Limited and Standards New Zealand 2004).  Assessing the risk 

of earthquakes involves the evaluation of probability, frequency, exposure, and 

consequences (Federal Emergency Management Agency 1997).  Probability is a 

measure of how often earthquake occurring at a given intensity is likely to strike at a 

particular location.  The definition of exposure is the number of people and the amount, 

types, qualities, and value of property at the location.  Consequences define the impacts 

on people, property, and the community that may result from an earthquake.   
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To make a decision on how to manage the risk attached to the portfolio, the building 

owner has to understand risk management decision-making, which is a difficult task.  

The risk management decision-making process, which is illustrated in the flowchart in 

Figure 2.1, is a procedure for investigating and outlining the information required, with 

intent to develop clear information that can be used to quantify risk and risk 

management decisions. 

The first step of the process is to identify the variables affecting by seismic risk.  The 

main objective in this step is to recognize the buildings that are located in areas of high 

seismicity, which have critical functions, and whose loss may have a severe impact on 

the public or the community. 

The second step is to identify the geologic and seismic hazards that affect the buildings.  

Basic information about expected earthquakes is fundamental to understanding the risks 

posed to the buildings.  That includes the probability of the earthquake, where is it 

likely to occur, what is the expected magnitude, how intense will the ground shake be, 

will it cause associated land-slides or fire?  This information can be developed utilizing 

RiskScape, a regional multi-hazard programme for analysing risks from multiple 

hazards, developed by GNS Science and the National Institute of Water and 

Atmospheric Research (NIWA).   

Following the identification of geologic hazards, the third step is to define seismic 

vulnerability.  The impact of the earthquake on life and property is expressed by 

building vulnerability.  McEntire (2001) described vulnerability as the “human product 

of any physical exposure to a disaster that results in some degree of loss, combined with 

the human capacity to withstand, prepare for and recover from that event. It describes 

the relative degree of risk, susceptibility, resistance and resilience to a hazard event or 

disaster”.  It indicates that vulnerability is not necessarily a function of the magnitude of 

a disaster but rather on the community‟s level of resistance to the hazard, coupled with 

its ability to recover after the event.  Therefore, building vulnerability in this context has 

to consider the structural performance of the building in view of its age, construction, 

location and use in relation to the earthquake hazard in the district.  The exposure to 

potential loss and the consequences associated with earthquakes are important 

components of understanding risk.  Thus, the main aim of the risk management process 

is to identify the expected building earthquake performance for the subject building.   
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Identify seismic risk
variables

Identify geologic and
seismic hazards

Evaluate seismic
vulnerability

Determine primary
losses

Determine secondary
losses

Compare alternatives

Compare costs and
benefits of seismic

retrofit
 

Figure 2.1: Risk Management Decision-Making (Earthquake Engineering Research 

Institute 2000) 

 

Determining the primary losses is the fourth step of the process.  The primary losses are 

the expected losses on property and life safety as a result of an earthquake, which 

includes loss estimates for the building both in its existing condition and after seismic 

strengthening.   

In addition to a building‟s direct exposure to loss and associated consequences, the 

building owners need to consider secondary effects.  Thus, the fifth step is to determine 

the losses due to secondary effects.  These are costs other than primary losses, such as 

financial losses from business interruption.  The loss of income from the building may 

affect other businesses owned by the building owner.  Also the loss of one business may 
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have impacts on clients, suppliers, and employees.  Secondary losses have a significant 

effect on the building, owner, building occupants, neighbours, and others in the 

community.   

The sixth step is to compare various risk mitigation alternatives, such as risk transfer 

through insurance, property disposal, pre-event demolition and replacement of the 

building, post-event demolition and replacement of the building, pre-event planning to 

provide alternative locations for the operations, construction or acquisition of duplicate 

facilities to increase redundancy, and change of occupancy in vulnerable buildings 

(Earthquake Engineering Research Institute 2000).  A comparison of the costs and 

benefits of all the data and alternatives, and the probability of the risk over the 

evaluation lifetime of the specified building, needs to be carried out in this step. 

The last step in the mitigation decision-making process normally involves evaluations 

of all the input parameters, and consideration of business practices and corporate policy, 

which may mandate a life-safety performance level.  The popular method employed in 

mitigation decision making is cost benefit analysis, which compares the costs and 

benefits of all the information and the probability of the risk over the evaluation lifetime 

of the building under consideration.  However, in the real world of risk management, 

decision-makers do not only look at the costs and benefits.  Other factors, such as 

liability, market and economic conditions, weigh heavily in the decision-making 

process (National Research Council 1996). 

 

2.4 Mitigation Tools 

 

A review of damage data from several large earthquakes demonstrates that the damage 

is typically concentrated in buildings (Comerio 1997; Comerio 1998).  Attempts to 

reduce the loss of built environment identify key mitigation tools including building 

codes, engineering, land use management, warnings, and insurance (Mileti 1999).  Each 

of these mitigation tools has developed its own body of empirical research and ties to 

professional disciplines.  These tools also reflect a different method for protecting 

against disasters before they occur.  However, in New Zealand, land use management, 

warnings, and insurance are not current effective tools for earthquake mitigation.  The 
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primary tools are building codes and engineering, while the other tools have varying 

degrees of potential for influencing mitigation.   

 

2.4.1 Warning mechanisms and land use management 

 

The techniques for analysing the risk of natural disasters are inadequate and the level of 

uncertainty is high (National Research Council 1996).  This is certainly applicable in 

the case of earthquakes.  Despite the sophisticated methods for studying how and where 

earthquakes occur which have been developed by seismologists and geologists, the 

ability to estimate when one will happen or even how often is crude, with the margin of 

error in the hundreds of years (Sykes et al. 1999).  Warning mechanisms are systems 

that predict the arrival of a disaster, thereby allowing people to take protective measures.  

Despite some well-known successes, the failure rate of earthquake forecasts is still 

extremely high (Geller 1997).  It is possible to estimate where big earthquakes are likely 

in the next 50 to 100 years, in accordance with geological investigations and the 

historical record of earthquakes. However, it is not yet possible to accurately predict the 

time and location of the next earthquake (Kanamori 2003).  Recording of seismic events 

and the study of their patterns continue with optimism about developing the ability to 

predict earthquakes, there is little expectation of applying warning mechanisms for 

earthquakes in the near future (Spence 2007).  

Land use management refers to the way land is used and developed in a community, 

which is governed by legislation covering zoning, development regulations, and 

planning processes (Baker and McPhee 1975).  Land use management to reduce 

earthquake damage will have a more beneficial use if technical knowledge is developed 

about specific soil conditions and maps are available to locate specific places which are 

vulnerable to seismic disasters (Burby).  In New Zealand, the Regional RiskScape is a 

multi-hazard risk analysis tool developed by GNS Science and NIWA (NIWA Science 

and GNS 2009).  The tool converts hazard exposure information into the likely impacts 

for a region, such as damage and replacement costs, economic losses, disruption, and 

number of people affected.  Five natural hazards, including river floods, earthquakes, 

volcanoes, tsunami, and wind storms, have been implemented in RiskScape.  However, 
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this tool is still being developed and trialled.  It could take several years before 

RiskScape can benefit land use management in New Zealand.   

 

2.4.2 Insurance 

 

Natural disaster insurance is a disaster management tool primarily focussed on recovery.  

Through it, individuals and organisations can be provided with financial indemnity 

following a loss, enhancing their ability to recover quickly with a minimum of trauma 

(Jaffee and Russell 1997).  Catastrophe insurance reduces the vulnerability of 

individuals and organisations to disaster.  It plays a significant role in reducing the 

financial impact of natural disasters, and enhances the sustainability of communities 

which have suffered disasters, through the provision of assured funding for the recovery 

phase (Smolka 2006).   

Earthquake insurance, as part of catastrophe insurance, is the major feature of 

catastrophe insurance.  The main characteristic is that all the losses in the area affected 

by the catastrophic event are highly correlated with each other.  To diversify catastrophe 

insurance risks, the overall event insurance risks have to be combined with a significant 

number of independent event risks of similar magnitude.  This is generally achieved by 

a combination of an accumulation of funds to combine independent events over time, 

reinsurance that combines independent events in terms of location, and type of peril 

(Wang et al. 2009).  Therefore, property insurance works best where there is a 

significant number of randomly occurring independent losses each year to members of 

the pool that are large in respect of their individual economic circumstances, but are 

relatively small in total compared to the total insured value covered by the pool (Walker 

2000).   

In New Zealand, the Natural Disaster Fund managed by the New Zealand Earthquake 

Commission (EQC) forms the backbone of the national earthquake insurance scheme 

for dwellings.  This scheme is a mixture of fund accumulation, reinsurance and 

government guarantees.  The government set up a special war damage insurance pool 

funded by a levy of 0.25% of insured value on all fire premiums.  This special war 

scheme was then extended to cover earthquake by establishing the pool as the 
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Earthquake and War Damage Fund in 1945 following a major earthquake in 1942.  In 

1993, the scheme was renamed as the Natural Disaster Fund and restructured as the 

Earthquake Commission to perform as a government agency managing the compulsory 

earthquake insurance scheme covering residential property (Chen and Scawthorn 2003).  

The insurance scheme provides a low, deductible, flat-rated, first loss replacement cover 

capped at about 40% of the average building replacement cost, and a nominal contents 

cover representing basic living facilities insurance (Cowan and Middleton 2009).  EQC 

buys a substantial amount of reinsurance each year to enhance its ability to pay claims 

and minimize the possibility of calling on the government guarantee.  As there have 

been no very large earthquake losses occurring since it began nearly 60 years ago, the 

reserves of the fund have increased.  The investment income generated by the fund and 

the premium income is sufficient to ensure its long term sustainability, which is the 

primary objective of disaster insurance schemes (Walker 2003).  However, the fund 

would be insufficient to meet losses from a maximum conceivable earthquake in New 

Zealand (Spence 2004). 

Earthquake Commission Cover, known as EQCover, is compulsory for private property.  

All residential property owners who buy fire insurance from private insurance 

companies automatically acquire EQCover.  The premiums of EQCover are added to 

the cost of the fire insurance and passed on to EQC by the insurance company.  

EQCover insures dwellings, personal property, and adjacent land and structures.  The 

cost of EQCover is fixed and charged in the form of a levy rather than considering 

factors like location and building type.  The levy remains at the original levy of 0.05% a 

year of the property insured (EQC Corporate Office 2009).  Thus, earthquake insurance 

cover is statutory for residential dwelling houses only on a replacement basis in New 

Zealand.   

There is no compulsory earthquake insurance for commercial buildings.  For most 

owners of commercial buildings, insurance cover is freely available from insurance 

companies but may be expensive where the site insured is regarded as earthquake prone 

or the building is in any way sub-standard (Walker 2003).  In some extreme cases, 

buildings may not be insurable against earthquake at any price if the site is sensitive 

enough and the building is sufficiently badly constructed.  It is also not compulsory for 

building owners to secure earthquake insurance for the sake of getting loans from 
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financial institutions.  Thus, natural disaster insurance plays a significant role in 

spreading and transferring the risk, and reducing the vulnerability of individuals and 

organizations to disasters.  However, as being an incentive to mitigate seismic risk is 

not the primary role of nature disaster insurance, it plays a limited role in mitigating 

seismic risk in New Zealand. 

 

2.4.3 Building codes 

 

Building codes have been defined as “a collection of laws, regulations, ordinances, or 

other statutory requirements adopted by a government legislative authority having to do 

with the physical structure of buildings” (Mileti 1999).  These codes have been, or are 

being, used to attempt to control natural hazards.  Building codes can be categorized 

into regulations controlling the construction of new buildings and regulations for the 

assessment and strengthening of existing buildings (Spence 2004).  It is recognized that 

government support of applied research in design and construction techniques 

improvement is the cornerstone of earthquake mitigation policy (Comerio 2004).   

The New Zealand Building Code features a performance-based code. Instead of telling 

people exactly how to build, it sets out objectives to be achieved.  The Code does not 

prescribe construction methods, but gives guidance on how a building and its 

components must perform as opposed to how the building must be designed and 

constructed (Department of Building and Housing).  The Building Code is divided into 

clauses, and each clause begins with an objective.  Specific performance criteria for 

each clause then describe the extent to which buildings must meet those objectives.  The 

Building Code sets out performance standards that the building work must meet, and 

covers aspects such as structural stability, fire safety, access, moisture control, 

durability, services and facilities. 
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2.4.3.1 Structural Standards 

 

The history of seismic design began in New Zealand NZSS 95 was introduced in 1935, 

following the 1931 Napier earthquake.  Before the 1931 Napier earthquake, little was 

known about earthquake resistance design.  The main characteristic of construction 

before 1935 was wind loading, which was the only lateral force considered in 

construction design (NZSEE 2006).  NZSS 95, which was titled „New Zealand Standard 

Model Building By-Law‟, required designers to take torsion effects into account.  As a 

result, some parts of buildings were required to be tied together and any bracing needed 

was to be symmetric to consider required earthquake loading (Schofield 2006).  More 

knowledge on the loading information was developed after the publication of NZSS 95.  

For instance, the horizontal force distribution was changed from constant to linear and 

triangular down vertical spans.  This knowledge was incorporated in to NZSS 95 in 

1995 (New Zealand Standards Institute 1955).  The first formal earthquake design code 

was followed by the NZSS 1900 series code of 1965, after the finding that seismicity 

would change with respect to location with New Zealand.  The identification of three 

different earthquake zones, reflecting the growing knowledge of the different seismicity 

of various parts of New Zealand, sped up significant developments in design approaches 

in NZSS 1900 (New Zealand Standards Institute 1965).  NZSS 1900 remained in use 

until 1976, when it was replaced by NZS 4203.  The significant change made in NZS 

4203 was that more variation in seismicity over New Zealand is allowed.  More 

importantly, the 1976 changes introduced requirements to design and detail building 

structures to protect vertical load carrying elements (Department of Building and 

Housing 2006).  Further development to the 1976 approach was made in 1984 and1992 

respectively.  The changes made in 1984 included a stress method of design and an 

alternative allowable stress method.  The code was then renamed the „New Zealand 

General Structural Design and Loading Code‟.  In 1992, the code was changed to 

include better defined foundation soil conditions which comprised „rock/stiff soil, 

intermediate, flexible/deep soil.  NZS 4203:1992 represents a major revision of the 

earthquake loadings with increased complexity in determining the requirements, which 

is driven by the philosophy that “the structure configuration in general, and detailing in 
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particular, played key roles in providing reliable earthquake resistance” (Davenport 

2004).  NZS 4203:1992 introduced limit state design by specifying the base shear 

coefficient.  These refinements generally reflect the increased knowledge of the 

seismicity of New Zealand, material properties and the response of buildings to 

earthquake shaking (Department of Building and Housing 2006).  By 2004, New 

Zealand had its current loadings standard, NZS 1170:2004, which superseded NZS 4203.  

„Structural Design Actions – General Principles‟, AS/NZS 1170.0, represents the 

general principles in structural design, in which „Earthquake Actions‟, AS/NZS 1170.5, 

specifies earthquake related actions (New Zealand Standards Institute 2004). 

The evolution of the loading codes in use in New Zealand is a result of greater 

understanding of the seismicity of the country and of structural performance.  During 

the period spanned by these codes, the design method and the philosophy upon which 

the codes were based changed as well, meaning a straightforward strength coefficient 

comparison of structures built to the various codes is not possible.  Therefore, the 

building period can be used as major parameters to determine the building performance.  

The building stock thus can be categorized in four groups, pre-1935, 1935-1965, 1965-

76 and post-1976 (Hopkins and Stuart 2003).  Before 1935, there was no seismic 

loading code.  Therefore the buildings constructed before 1935 were not designed to 

resist any earthquake impact.  Between 1935 and 1965, the buildings were designed 

with 10% of the acceleration due to gravity as a minimum for horizontal acceleration 

everywhere in New Zealand according to NZSS 95, New Zealand Standard Model 

Building By-Law, which was implemented in October 1935.  The same minimum 

lateral loading was applied over all of New Zealand, since it was not possible to 

evaluate the differing earthquake hazard in different districts at that time due to the 

limitation of technology and equipment.  The loading requirements remained the same 

as the by-laws in 1935 until an overall revision in 1965.  Therefore, buildings 

constructed between 1965 and 1976 were designed in accordance with the seismicity of 

the area.  In “NZS 4203:1976 Code of Practice for General Structural Design and 

Design Loadings for Buildings”, the revision of the loading requirements was presented 

to provide a reasonable level of protection to life and property at an economic level of 

cost.  It emphasized the ultimate strength design method by introducing a multi-term 

formula for the base shear (Schofield 2006).  As a result, the 1976 code required 
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significantly increased loadings for structures than the previous codes.  While most 

structures designed before the publication of the 1976 code have been designed to levels 

of strength similar to those given in the 1976 code, they typically do not have either the 

level of ductility or the appropriate hierarchy of failure required by the 1976 code or 

current design standards.  Therefore, buildings designed to the 1965 and earlier codes 

are generally at a relatively higher risk since the material codes and general detailing 

practice of that period did not require ductile performance, which is essential for a 

building to survive in an earthquake (Hopkins and Cleland 1998).  A broad grading is 

presented to assess the effect on existing building stock which was designed and 

constructed under the requirements of each code (Davenport 2004).  The grade is 

assessed as a relative seismic design load in comparison with the requirements of NZS 

4203:1992, as presented in Table 2.1.   

 

Grade Relative Seismic Design Load Return Period 

A+ >1.09 >600 years 

A 0.93 to 1.09 350 to 600 years 

B 0.77 to 0.93 200to 350 years 

C 0.60 to 0.77 100 to 200 years 

D <0.60 <100 years 

Table 2.1: Grades for buildings based on design load level compared to NZS 4203:1992 

(for intermediate soils) (Davenport 2004) 

 

Hence, the development of seismic design codes over the years make many existing 

buildings fall short of the standards compared to the requirements for new buildings.  

Although in many cases this shortfall is not significant, lessons learnt from the effects of 

past earthquakes, both internationally and in New Zealand, particularly those in Kobe, 

Japan (1995) and Northridge, California (1994), have served as reminders of the 

possible deficiencies in past design methods in some cases.  Hence, strengthening 

existing substandard buildings is essential to reduce the recovery time of New Zealand‟s 

building stock after a major earthquake. 
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2.4.3.2 Legislation 

 

In the legislative domain, there was no legislation that allowed Councils to condemn an 

earthquake risk building, until a court case was held in Lower Hutt, Wellington, in the 

1960‟s (Adam 2007).  The lower Hutt City Council tried to have a building in Lower 

High Street condemned due to its poor state and “Earthquake risk nature”.  However, 

the owners of the building objected.  The case went to Court and the Council lost the 

case, since there was no piece of legislation that allowed Council to demolish the 

building(Adam 2007).  This case prompted a law change.  The first piece of legislation 

enabling demolish to be demolished as earthquake risks was the Municipal Corporations 

Act of 1968 which only related to unreinforced masonry or unreinforced concrete 

buildings.  It set the trigger level for demolishing buildings at 50% of the NZSS 1900, 

which was the current code at that time.  Subsequent legislation, the Local Government 

Act 1974 and the Building Act, did not make any substantial changes.  As a 

consequence of the growing recognition of the inadequacies of past earthquake design 

practices when viewed in terms of current knowledge, changes to the law of earthquake-

prone buildings have been introduced through the Building Act 2004 (the Act) with the 

intent of reducing casualties in major earthquakes through the Building Act 2004 

(Department of Building and Housing).   

The Act prescribes the requirements of the national building code which requires 

buildings and other associated features to meet certain performance standards, such as 

durability, fire safety, sanitation, moisture control, energy efficiency, access, and 

earthquake (New Zealand 2004).   The Building Act 2004 provides special management 

provisions for certain categories of buildings which are considered to be dangerous, 

earthquake-prone or insanitary (Section 121-123 Building Act 2004).  The definition of 

earthquake-prone buildings in the Act is as follows: 

“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 will have its ultimate capacity 

exceeded in a moderate earthquake (as defined in the regulations); and 

would be likely to collapse causing injury or death to persons in the 
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building or to persons on any other property; or damage to any other 

property.  (Building Act 2004, Section 121, 2004)” 

Existing buildings considered in the Act do not include residential purpose buildings, 

unless the building comprises two or more storeys and contains three or more household 

units.  Moderate earthquake is defined in regulation 7 in the Building Regulations 2005 

(Specified Systems, Change of Use and Earthquake-prone Buildings) as follows: 

„moderate earthquake means, in relation to a building, an earthquake that would 

generate shaking at the site of the building that is of the same duration as, but that is 

one-third as strong as the earthquake shaking (determined by normal measures of 

acceleration, velocity, and displacement) that would be used to design a new building at 

that site.‟  As a general guidance, an earthquake prone building will have strength that is 

33% or less of the seismic loading standard NZS 1170.5: 2004.  

The legislation regarding earthquake prone buildings may be summarized as follows:  

 New buildings and extensions to new buildings must be designed to current code, 

which embodies best available practice. 

 Existing buildings including unreinforced concrete or unreinforced masonry (i.e, 

brick buildings) are required to be strengthened as near as practicable to current 

code standards (Department of Building and Housing 2004). 

Compared to the previous legislation, the definition is significantly more extensive and 

demands a higher level of structural performance for buildings, which aims to make it 

safer for people to live and work in buildings that could be vulnerable in the event of a 

major earthquake over a long time. 

The Building Act 2004 is administered at the national level by the Department of 

Building and Housing (DBH) and at the local level by Territorial Authorities (TA).  The 

implementation policies and process of the Act will be discussed in Section 2.2.4 in 

detail. 

 

2.4.4 Engineering 

 

Engineering tools are the actual techniques used in building or in retrofitting a building 

after it is built.  State of the art engineering is a mitigation tool technically applicable to 
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both new and existing structures.  Two general types of engineering modifications can 

be made to existing buildings: structural retrofits and non-structural retrofits (Mileti 

1999). 

 

2.4.4.1 Structural retrofits 

 

Structural retrofits are alterations made to the structural elements of a building.  The 

structural components of a building are “those that resist gravity, earthquake, wind, and 

other types of loads” (Fierro et al. 1994), which include “columns (posts, pillars); beams 

(girders, joists); braces; floor or roof sheathing, slabs, or decking; load-bearing walls 

(i.e., walls designed to support the building weight and/or provide lateral resistance); 

and foundations (mat, spread footings, piles)” (Fierro et al. 1994).  These elements are 

mostly concealed from view.   

The retrofitting of a structure involves improving its performance in an earthquake by 

increasing its strengthen and stiffness, and/or increasing its ductility, and/or reducing 

the input seismic loads, which could be achieved by modifications to one or more of the 

building‟s structural elements (Dowrick 2003a).  There are warranted research 

initiatives for new structural systems, especially those that are tolerant of large lateral 

loads for brief periods of time (Earthquake Engineering Research Institute 2003).  

Structural systems that separate load-carrying functions from those related to energy 

dissipation and absorption are major improvements in earthquake-resistant performance.  

Other devices, including steel shear links, buckling-restrained braces, and tension-only 

shape-memory alloy braces, have all been shown to have a beneficial effect.  The 

challenge for structural retrofitting is to improve structural performance without 

adversely impacting function and continued operability.  Seismic base isolation is an 

accepted and widely applied technology for protecting structures from earthquakes, with 

many possible improvements in the isolator bearings and the systems for isolation.  

It is recognized that structural retrofitting are important for the ability of a building to 

stay standing during an earthquake without crushing or otherwise harming its occupants.  

However, structural retrofits to bring an existing building up to code or increase its 

seismic safety are major projects in terms of time, money, and disruption to building use.   
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2.4.4.2 Non-structural retrofits 

 

Non-structural retrofits are modifications made to building features other than structural 

ones.  Non-structural components include:  

 building utility systems, such as heating, ventilating, and air conditioning equipment; 

electrical equipment; elevators; pipes and conduits; 

 architectural features, for instance, ceilings, windows; lighting; partitions; 

ornamentation; and 

 furniture and contents, i.e., office equipment; computers; shelving and storage units 

(Fierro et al. 1994). 

Damage to non-structural components in an earthquake can be categorized as: life safety, 

property loss, and function loss (Earthquake Engineering Research Institute 2000). 

People can be injured or killed by damaged or falling non-structural components which 

are seemingly innocuous at peacetime.  This damage can be costly, since these 

components account for the vast majority of building costs.  For a commercial building, 

approximately one third of total earthquake losses are estimated to be due to content 

loss alone, which does not include loss of life or functionality (Fierro et al. 1994).  This 

is highlighted by an analysis of a new 27-storey condominium building in Los Angeles 

in which it was estimated that the building could suffer structural damage of just over 

US$1 million, compared to non-structural damage of just under US$6.7 million, with a 

total construction cost of US$42.8 million in a Maximum Credible Event (Shipp and 

Johnson 1990).  In addition to the life safety and property loss, the functions normally 

accomplished in a facility can be proved to be difficult or impossible to carry out due to 

the damage to non-structural components.  This damage normally includes the 

dysfunction of water systems, power systems, elevators, and lighting systems.  

Therefore, non-structural retrofitting is important to life safety as well as to the 

reduction of property loss and functionality.   

Retrofitting, in terms of dollars and time per individual will be substantially less than 

that of new construction or structural retrofitting, although larger projects requiring 

engineering or construction assistance may have substantial costs.  The total cost of all 
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possible non-structural retrofits can also be high.  For most commercial buildings, the 

cost of structural retrofits accounts for approximately 20% to 25% of the original 

construction cost, while mechanical, electrical and architectural elements account for 

75% to 80% of the construction costs.  (Fierro et al. 1994).  However, non-structural 

retrofits can be done on a schedule that is less resource-demanding and less functionally 

disruptive than structural retrofits.   

In New Zealand, when a building is scheduled for structural retrofitting, the territorial 

authority has to evaluate the building performance in all aspects, which includes fire, 

electrical, emergency and disabled access according to various codes and legislation.  

Thus, an application for structural retrofitting could be the trigger for lots of other issues 

relating to the building, which makes the costs of non-structural retrofits even higher. 

Although a lot of research has been carried out in developing various technologies in 

structural and non-structural retrofits, the development of general rules of real use is 

difficult because of the vast variety of existing structures (Dowrick 2003b).  To a large 

extent, each structure must be approached as a strengthening problem on its own merits.  

In addition, a variety of methods of retrofitting can be employed, various degrees of 

strengthening can be used and there are differences in the strength of ground motions to 

which the retrofitted structures are subjected to.  The performance of various types of 

buildings that have been retrofitted varies widely.  Therefore, the effectiveness of 

retrofitting, both structural and non-structural, in withstanding real earthquakes needs 

careful interpretation on a case-by-case basis. 

 

2.5 Key mitigation actors in New Zealand 

 

The use of key mitigation tools leads to an increase in seismic building safety in a 

community, which is achieved through the actions of a variety of key actors.  Each actor 

or actor group makes a contribution to the level of earthquake safety achieved.  Dowrick 

(2003b) identifies nine entities involved in earthquake risk reduction in New Zealand 

during the process of identifying a list of New Zealand‟s weaknesses in earthquake 

reduction.  These entities are: architects, engineers, central government, government 

departments, the insurance industry, local government, economists, owners of property, 
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and planners.  These key mitigation actors in New Zealand can be categorized in the 

following groups: 

1. Government, including Central government, Local government, and government 

departments, 

2. Building owners and prospective building owners, 

3. Practical professionals, including architects, engineers, and planners, and 

4. Interested parties, including the insurance industry, and economists. 

Central government actors include officials of government agencies or their funded 

agents who might provide incentives to mitigate, or technical assistance in the form of 

risk assessments, i.e. Department of Building and Housing.  Local government actors 

include the department personnel who oversee code adoption and enforcement, the 

public officials that pass the legislation adopting codes, and the staff responsible for 

enforcing codes, such as Regional Councils and City Councils.  They propose, enact 

and enforce the legislation and policies on earthquake prone buildings. 

Building owners and prospective building owners are the people who actually make the 

decisions to construct new buildings or modify existing ones.  They also bear the 

ultimate risk and financial burden. 

Practical professionals are those who are actively involved in the building industry, and 

who directly or indirectly design and inspect for seismic safety.  They include engineers, 

geologists, seismologists, architects, planners, risk managers, contractors, quantity 

surveyors and others.  These actors play a primary role in seismic mitigation as they 

provide professional advice to their clients, such as the characteristics of the soil, the 

exiting performance of the building, and the estimated cost of each design. 

The last group, the interested parties, are those who have rights and/or interests in 

earthquake risk buildings.  Besides the insurance industry and economists as identified 

by Dowrick, the Historic Places Trust and local Heritage Trusts have significant 

influence on the adoption of seismic retrofitting solutions, if the proposed building has a 

heritage tag.  Other interested parties are insurance companies, banks, financial 

institutes and some professional bodies, such as BRANZ Group (Building Research 

Association New Zealand), New Zealand Property Council of New Zealand and New 

Zealand Society of Earthquake Engineering (NZSEE).  
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This long and varied list of actors suggests that mitigation decision-making is a complex 

process.  For local government, it is necessary to understand how the decisions by 

multiple actors interrelate so that a full picture of the region, which includes all the 

various pieces of the puzzle, can be seized.  However, an appropriate solution for local 

government may not be suitable to the building owner. 

 

2.6 Mitigation implementation policies and process in New 
Zealand 

 

As illustrated in Section 2.2, disaster mitigation measures consist of “policies and 

actions taken before an event which are intended to minimize the extent of damage 

when an event does occur” (Drabek 1986).  Therefore, it is necessary to understand the 

mitigation implementation policies and investigate the process in New Zealand. 

 

2.6.1 TA policy development and evaluation process 

 

A framework of risk management for understanding the complex processes behind 

hazard mitigation policy is illustrated in Figure 2.2 (Petak 2001).  A trade-off has to be 

made before the policy is accepted by the community.  This trade-off has to consider 

three main subsystems, political, natural hazard, and built environment.  Acceptable risk 

is the cornerstone of an acceptable policy, which is also referred to as community 

resilience or sustainability, and is the outcome of a complex process.  A successful 

process is facilitated when all key stakeholders are able to cope with the ambiguity 

caused by uncertainty and complexity, incorporate the principles of risk management 

into policy formulation, manage the conflicts in a system of multiple levels of 

government and stakeholder groups, and incorporate the social, technical, administrative, 

political, legal and economic factors which constrain the policy making system. 
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Figure 2.2: Risk management framework (Petak 2001) 

 

Thus, while implementing seismic mitigation as specified in the Building Act 2004,  the 

government has not imposed a „one size fits all‟ approach to the management of 

problems associated with earthquake prone buildings, since the seismic, economic and 

social conditions vary remarkably amongst the 73 territorial authorities (TA) in New 

Zealand.  The distribution of New Zealand‟s population across the country is uneven, as 

shown in Table 2.2.  The uneven distribution of population then has an impact on the 

economy and built environment of the district.  Furthermore, New Zealand is subject to 

earthquakes of varying severity and some areas are seismically more active than others.  

In locations that have more active seismicity impact, the population‟s life and health, its 

buildings and other built infrastructure are at considerable risk.  Hence, some 

communities may take the view that all earthquake risk buildings should be 

strengthened to the greatest extent possible, while others may consider that a lower level 

of strengthening or a longer timeframe will suffice for the community, depending on 

local circumstances.  Moreover, the aim of the legislation is to target the most 
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vulnerable buildings, thereby reducing the level of earthquake risk to the public.  

Therefore, the Department of Building and Housing (DBH) considers that a uniform 

procedure to suit the whole country is inappropriate.   

 

Auckland 1,313,100 

Hamilton 197,300 

Tauranga 116,000 

Napier-Hastings 122,700 

Wellington 381,900 

Christchurch 382,200 

Dunedin 114,900 

Remaining main urban area 457,000 

Remaining areas 1,183,600 

Total resident population 4,286,900 

Table 2.2: Resident Population in Main Urban Areas (Statistics New Zealand 2009) 

 

According to guidelines set by the DBH, TAs need to develop policies that are a result 

of consultation with their communities, which ensures a balance between the need to 

address earthquake risk and other priorities, such as the social and economic 

implications of implementing the policy (Department of Building and Housing 2008b).   

The general process for development of TA policy is illustrated in Figure 2.3.  As the 

process illustrates, TAs need to first undertake preliminary assessment of the building 

stocks in the region to determine the number and types of buildings with potential to be 

earthquake-prone.  TAs refer to NZS 1170.5:2004, Structural Design Actions Part 5: 

Earthquake Actions, for the information of the seismicity in its region.  The age, 

construction, location and use in relation to the earthquake hazard in the district are 

recommended to be included while considering building vulnerability.  The detail of the 

evaluation process will be introduced in the following sections.  Territorial authorities 

then developed a draft policy on the basis of preliminary assessment for consulting with 

community.  The draft policy was revised in accordance with the results of community 

consultation.  A territorial authority's policy must describe the approach that the TA will 

take in performing its functions under the legislation, the priorities for that approach and 
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how the policy will apply to heritage buildings.  The policy must be reviewed by the 

territorial authority within 5 years after the policy is adopted and then at intervals of not 

more than 5 years. 

An evaluation process runs through the process of policy development and 

implementation, as illustrated in Figure 2.4.  The evaluation process is composed of 

three stages: initial evaluation stage, detailed assessment stage, and owner response 

stage.  The initial evaluation and detailed assessment stages serve the purpose of policy 

development, while the evaluation of owner response stage mainly focuses on the policy 

implementation process.  In the initial evaluation stage, TAs start with a desktop study 

of the building stock to determine which buildings may fall into the category that has 

the potential to be earthquake-prone.  The key indicators could be building age and 

construction materials.  Buildings that the preliminary investigation suggests may be 

earthquake prone should be subject to an initial evaluation process (IEP).  The objective 

of this stage is to identify all earthquake prone buildings as accurately as possible.  If 

TAs are satisfied that the building is not earthquake prone, then the building will be 

graded according to its earthquake risk, which will be recorded in either its Land 

Information Memorandum (LIM) or Project Information Memorandum (PIM).  The 

details of the grading scheme are discussed in the next section.  For all buildings that the 

IEP indicates are likely to be earthquake-prone, TAs will advise building owners of this 

fact and consult with them on whether a more detailed analysis is necessary.  The 

second stage of the evaluation process, the detailed assessment stage, is to determine 

more precisely whether the building falls within the Building Act‟s definition of 

earthquake-prone.  The notification of earthquake prone building status allows building 

owners to take the earthquake risk into account when developing plans for a building‟s 

future.    The third stage, owner response stage, happens if the building owner does not 

agree with the TA‟s assessment of the building, he/she can appoint a qualified 

consultant for a detailed analysis.   Building owners are encouraged to discuss with the 

TA how to reduce or remove the danger.  If building owners fail to comply, the TA is 

empowered to issue the owner with a notice to improve the building‟s structural 

performance within a certain time frame.   
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Figure 2.3: Process for Developing TA policy (Department of Building and Housing 

2004) 
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The result of this evaluation exercise for territorial authorities is a database of buildings 

that include details of assessments, grading scores, notices issued, and any agreements 

with building owners concerning structural improvements of building.   The database 

can therefore assist TAs to 

 Provide a measure of the number of buildings in the NZSEE classification 

 Allow TAs to review overall progress of risk mitigation implementation 

 Provide an index to track the issued notices 

 Provide information for inclusion on PIMs and LIMs 

 Provide a priority list of buildings stocks in the region to demonstrate that a TA has 

taken a responsible approach to reducing earthquake risk for the community 

(Department of Building and Housing 2004). 
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Figure 2.4: Outline of evaluation process (Department of Building and Housing 2004) 
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2.6.2 Mitigation policies implementation approaches 

 

To implement the earthquake prone building policy developed under the legislation of 

the Building Act 2004, TAs are recommended to adopt two principal approaches, an 

active approach and a passive approach, as represented diagrammatically in Figure 2.5 

and Figure 2.6.  More details can be found in “Assessment and Improvement of the 

Structural Performance of Buildings in Earthquake” (NZSEE 2006).   

The active method means the TAs undertake an initial evaluation process (IEP) for the 

building stocks in its district, according to the priorities for identification, to assess 

which buildings could be earthquake-prone and therefore identify those buildings likely 

to be at high risk.  The priorities can be determined in the light of importance levels for 

building types, which is listed in AS/NZS 1170.0 Structural Design Actions.  Adopting 

the active approach, TAs identify the buildings at high risk and establish priorities for 

further detailed evaluations in accordance with the location, age, type of the building, 

set time tables for action and set guidelines of required performance levels for 

upgrading.  Then TAs advise building owners whose buildings are likely to be 

earthquake-prone and seek a detailed assessment of the building from the owners.  The 

best possible risk reduction programme is decided on to be implemented in a timeframe 

agreed by both TA and the building owner. 
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Figure 2.5: Outlines of Steps in Active Approach (NZSEE 2006) 

 

Comparatively, if TAs adopt a passive approach, the TA does not need to react unless it 

is triggered by an application relating to a building which the desktop research has 

indicated could be earthquake prone.  The trigger can be an application for a building 

alteration, change of use, or extension of life or subdivision in accordance with the Act.  

With the passive approach, on receipt of an application involving a building that the 

desktop research indicated could be earthquake prone, the TA would then undertake an 

IEP on the building.  If the IEP indicates that it is likely to be earthquake prone, the TA 

would then seek a detailed assessment of the building‟s structural performance before 

issuing a building consent.  If the detailed assessment still indicates it could be 

earthquake prone, the TA would issue a notice to the building owner advising either 

reduction or removal of the risk to the level set out in its earthquake prone building 

policy.  The building owner can undertake the retrofitting work as part of the building 
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work for which the owner is seeking consent.  If the building owner decides not to 

undertake the building work set out in the application, the TA would still require any 

necessary upgrading or strengthening work to be undertaken once the application has 

activated the policy implementation. 

 

 

Figure 2.6: Outline of steps in passive programme (NZSEE 2006) 

 

The third approach of policy implementation is a combination method of active and 

passive, which balances the need to address earthquake risk with the other priorities of 

the Council.  Thus, a Council may take a longer time to carry out the initial evaluation 

process, while the triggers by application of certain behaviour are still on the alert.   
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The advantage of the active approach is that it provides a TA with the best possible risk 

reduction programme as it is able to set and control the level of any work required to 

mitigate risk.  However, it takes considerable time and cost to complete the 

“homework”, such as accomplishing IEP, determining and setting the guidelines of 

required building performance.  Relatively, the passive approach requires much fewer 

resources, both in time and costs, than the active programme.  However, the significant 

disadvantage is that it relies on “a somewhat haphazard order of remediation based 

essentially on an owner‟s intention of a building” (Department of Building and Housing 

2004).  It thus leaves some vulnerable buildings untouched for a long period of time. 

From central government‟s point of view, there is not a best approach for one territorial 

authority but there is an appropriate one.  Each TA is expected to investigate the 

advantages and disadvantages of both active and passive approaches then determine an 

approach with the consideration of both seismic risk in the district and their financial 

ability to implement seismic mitigation. 

According to the statistics of the Department of Building and Housing (DHB) in 2008, 

amongst 73 territorial authorities, 33 adopted an active identification method, 23 

adopted a passive approach, and 17 TAs have opted for a combination method 

embracing both active and passive methods (Department of Building and Housing 

2008b).   

 

2.6.3 Issues raised by NZSEE regarding policy implementation 

 

The New Zealand Society for Earthquake Engineering (NZSEE) was formed in 1968 to 

provide a forum for technical debate, and promote reconnaissance of local and overseas 

earthquake research.  The Society is involved in the evolution of relevant legislation and 

regulations.  It has made a significant impact on attitudes and practices for earthquake 

engineering through study projects, seminars and conferences.  NZSEE‟s Study Group 

have produced several reports outlining recommendations for assessors and designers 

on how to identify potentially at-risk buildings and what measures can be taken to 

mitigate the risks. 
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With the support of the Department of Building and Housing, a NZSEE Study Group 

published a report, Assessment and Improvement of the Structural Performance of 

Buildings in Earthquakes: Recommendations of a NZSEE Study Group on earthquake 

risk buildings (NZSEE Recommendation), in June 2006.  The report aims to serve as “a 

reference document to assist in the application of those parts of the Act that deal with 

buildings that are potentially earthquake prone” (Jury 2006).  The NZSEE 

Recommendation then became the principal means of assessment used by TAs and 

structural engineers. 

There are two main issues raised in the NZSEE Recommendation.  One is the building 

grading system, and the other is target strengthening level. 

Due to the concerns about the moderate seismic risk posed by buildings with 34%NBS, 

NZSEE promotes the concept of a grading scheme for buildings in accordance with the 

likely performance of the building in severe earthquake shaking, which is recommended 

by the DBH.  As shown in Table 2.3, the proposed scheme is presented together with 

the estimated risk for each grade.  The NZSEE recommends that buildings with a grade 

of D or E are earthquake prone, and any building of grade C, D or E should be 

retrofitted to at least Grade B in the interests of achieving an acceptable risk.   

 

 

Table 2.3: Building Grading System for Earthquake Risk (Jury 2006) 

 

The intention of the grading scheme is to assist in prompting awareness of the existence 

of earthquake risk so that occupiers will have an appreciation of the risk to which they 

are exposed, and therefore provide underlying motivation for owners to improve the 

performance of their buildings (NZSEE 2006).  
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Although it is considered as a highly desirable mechanism to motivate the improvement 

of structural performance by NZSEE, the grading system is not made compulsory by the 

Act.  Therefore, it is up to territorial authorities whether to enforce the grading scheme. 

The legislation understands that the actual level to which a building is strengthened will 

depend on the particular circumstances of the building and the nature and effect of the 

remedial work on the performance of the building.  Therefore, it does not set any 

particular level of performance to which affected buildings are to be upgraded.  It is 

recommended for TAs to establish the appropriate level of strengthening for its own 

district considering social, commercial, and technical factors.   

The NZSEE Study Group expresses the view that the target level of the Act represents a 

very low level of performance.  The target level for an earthquake prone building is set 

in the guidelines as Ultimate Limit State (ULS) at one third of the load level defined in 

the current earthquake standard for a similar new building on the same site.  Compared 

with previous legislation, it is a much higher level of performance.  However, if a 

building just exceeds this threshold, which means it would be acceptable according to 

the Building Act 2004, it will still represent a moderate earthquake risk based on current 

pubic expectation.  In accordance with the Building Grading System, buildings with 33-

67% NBS has an approximate 5 to 10 times relative risk.  The Study Group further 

comments that an existing building should meet not less than two thirds of the load level 

of a new building in order to present an acceptable risk to inhabitants and neighbouring 

buildings.  As a conclusion, the NZSEE Study Group recommends that buildings should 

be strengthened to “as near as is reasonably practicable to the standard required of a 

new building”, while achieving two thirds of the standard of a new building (67% NBS) 

is the minimum level of strengthening recommended in the NZSEE document.  

However, while the Study Group recognises that some building owners will “only wish 

to meet the minimum requirements of the legislation”, it strongly encourages building 

owners to “consider the benefits of meeting the higher standard” (Jury 2006). 

Among 73 territorial authorities, 33 have recommended improvements much greater 

than 33% NBS for at least one or more building categories, while 20 of them 

recommend that an appropriate level of upgrade is greater than 66% NBS (Department 

of Building and Housing 2008b).  For building owners with portfolios across the 

country, they will encounter different target strengthening levels. Thus, decision of 



Page 43 

buildings in different areas has to be evaluated individually in accordance with the 

policy of its local government.  As a result, this makes the decision of what to do with 

substandard buildings more complicated.   

 

2.7 Previous studies in mitigation decision-making 

 

An emphasis on seismic mitigation has been addressed for a long time worldwide, so it 

is not surprising that many models have been developed for this purpose in the last 

decade.  In New Zealand, research focussing on seismic mitigation has been carried out 

since the Napier earthquake.  Structural engineering in seismic rehabilitation has a good 

reputation internationally.  However, it is recognized that the implementation of seismic 

retrofitting has encounter difficulty domestically (Hopkins 2005).   

The main research aim is to determine a method of assisting buildings owners to make 

informed decisions in implementing seismic mitigation of their substandard buildings.  

Therefore, to achieve the main research aim, literature regarding decision-making on 

seismic mitigation measure selections, both domestic and internationally, are reviewed 

to identify various techniques and models employed in seismic mitigation decision-

making. 

 

2.7.1 Previous studies in New Zealand 

 

In 1997, a cost benefit study (NZSEE 1997) was carried out in regard to high risk 

buildings, mainly of masonry construction in Wellington.  Based on the results of this 

project, a Report on Cost Benefit of Improving the Performance of Buildings in 

Earthquakes (Hopkins and Stuart 2002) was published by David Hopkins Consulting in 

2002.  The purpose of the project is to determine a suitable legislation regime.  The 

report covers development and application of a mathematical model to examine the cost 

benefit of the improvement.  Compared to the 1997 study, the report published in 2002 

covers more locations and examines a variety of different building types, and assorted 

legislation regimes.  The report considers four groups of buildings, Pre-1935, 1935-65, 
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1965-76 and post-1976, in 32 cities and towns in New Zealand.  In the study, four 

possible legislation regimes, status quo, 33%, 67% and 100% of NBS, were examined.  

The main result of the project determines the benefit cost ratios for each building type 

and for each legislation regime of each of the 32 locations.  The project takes the 

retrofitting costs of each type of building into consideration.  The benefits cover savings 

in damage to the building, injuries and fatalities, business interruption and social 

disruption.  These benefits are derived from seismicity at the location and the shaking 

intensity.   

As the authors claim in the report, care needs to be taken in the interpretation of the 

results.  The results presented in the study are based on the effect of annual probability 

of each level of shaking intensity, which provides a slow build up to a long-term benefit 

cost ratio.  The cost benefit ratio can be much higher than the average if a major 

earthquake occurs early within the analysis period.  The analysis takes no account of the 

prospect of the maximum credible earthquake risk at any particular location occurring in 

the first year, when such an event may occur.  Furthermore, although the annual 

probability varies considerably between very soft sites and very hard sites, average 

values are employed to analyse the cost benefit ratio.  This is an appropriate method for 

evaluating groups of buildings.  However, for a building owner with several buildings in 

an area, it is not a satisfactory way to interpret potential damage to the properties. 

Furthermore, the retrofit costs vary from $120 per square metre to over $500 per square 

metre.  These values are derived from consultants‟ records of previous projects, mainly 

on unreinforced masonry buildings, with very little relevance between costs, existing 

performance and improvement of performance.  The costs cover structural improvement 

measures only, despite the high costs of measures for meeting the obligations of other 

legislations and bylaws.  As most consultants have experienced, each building is unique.  

Therefore, it is difficult to indicate an average cost for certain building types.  The 

property owners are advised to adjust the retrofit costs to attain a proper B/C ratio for 

each building. 

Results of the report show that B/C ratios vary between 6.2 (for Wellington) to 0.012 

(for Whangarei), which indicates that the perceived benefit of earthquake strengthening 

is affected by the seismicity of a particular location.  The results also show that an 

increase of trigger and strengthening levels stimulates the rise of B/C ratio.  B/C ratios 
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for the two older vintages of buildings (pre-1935 and 1935-1965) are significantly 

greater than for the two more recent vintages.  The result emphasizes the need to deal 

with existing high risk buildings as a group in the locations that are subject to moderate 

to high seismicity.  It is also found that there is considerable sensitivity to the choice of 

input parameters such as discount rate, and the difference in damage ratio between 

different types of buildings.  The resulting benefit cost ratios depend strongly on the 

assumptions made.  Thus, it is suggested that the model developed in the project to be 

employed in examining the effects of variables such as discount rate, depletion of 

building stock over time, retrofit period, and factors governing business interruption and 

social disruption (Hopkins and Stuart 2002). 

The findings of this report play an important role in framing legislation and regulations 

governing earthquake risk buildings.  Instead of having a uniform solution for the whole 

country, the results suggest that each territorial authority has to develop its own policy 

on the approach, priorities, and timetable on earthquake-prone buildings.  By 

calculating the benefits and costs of improving the performance of existing buildings in 

an earthquake in the context of the national-wide built environment, this research aims 

to assist government agencies to obtain a more complete picture of the performance of 

building stock in New Zealand. 

Smith (2003) argues that decisions on the merit of strengthening buildings to resist 

earthquakes should not be made on a cost benefit basis.  The main issue raised by Smith 

is whether the average reduction in loss due to strengthening is an appropriate measure 

of the benefit.  The mean benefit determined by Hopkins and Stuart (2003) is the 

expected value of the benefit distribution.  A simple model employing Monte Carlo 

analysis is used to examine the distribution of the benefit of strengthening.  It is found 

that the distribution of the 100-year benefit for a hypothetical building using the 

expected value is highly skewed, with a long tail not unlike that of a lognormal 

distribution.   Thus, Smith reasons that the extreme skewness of the benefit distraction 

implies that to characterise the mean benefit of seismic retrofitting is inadequate and 

misleading.  As Haimes (2004) points out that the Expected Value is not the criterion 

employed for the design of highways, and bridges, telephone systems, emergency 

services or a number of other structures and infrastructure facilities.  Furthermore, it is 

common to use the 95 percentile instead of the mean value in earthquake engineering.  
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Earthquake risk is therefore another area where the expected value is not the best 

measure.  The paper suggests that a better procedure for decision-making is to decide 

„the unacceptable level of damage‟, and then to engineer to prevent that.  Although the 

Average Annual Loss is widely used by insurance companies whose main concern is 

with the aggregated cost of its policies; individual building owners think in terms of the 

unacceptable level of loss, where the probability plays a small part.  The unacceptable 

level of damage would be different for a school, a city hospital or a commercial building.  

To determine suitable criteria takes into account the extremes of the loss distribution, 

rather than just the mean value.   

Smith (2004) introduces the concept of the Conditional Expected Value to the Decision 

Support Model project, as a part of the Regional RiskScape research programme.  The 

Decision Support Model (DSM) was conceived because of the question being faced by 

risk managers of central government.  The question is how the various expenditure 

options addressing different hazards should be weighed up against each other when 

limited funding is available for risk mitigation purposes.  In practice, decisions are made 

on a case-by-case basis due to the absence of dependable relevant measures of risk and 

the consequences of mitigation works.  The DSM project aims to provide information 

that would give a quantitative and objective basis for risk-management decisions.  The 

conditional expected value is calculated for a series of probability ranges and allows 

short, medium and long-term losses to be identified separately.  The value is similar to a 

scenario loss estimate which should be readily usable by risk managers.  However, this 

methodology requires detailed loss modelling and considerable effort to perform the 

exercise.  The author also realizes that no decision tool can be expected to take the place 

of decision-making completely, as there will be subjective judgements required in the 

decision-making process.  There is a host of other issues, such as sources of funding, 

rather than just the benefits and losses caused by seismic retrofitting, which need to be 

considered in the decision-making process. 

Continuing with this study, Smith and Vignaux (2006) acknowledge that no single 

measure of risk is adequate for making well-informed decisions in risk management 

after examining various measures of risk, such as the annualised loss and the 

conditional expected values of the loss.  The study concludes that the annualised loss is 

a poor indicator of likely losses, and the conditional expected values of the loss are 
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useful for informing decision-makers of the likely extent of losses.  It also recognizes 

that Utility Theory introducing the subjective value judgements of the decision-maker 

could indicate the decision-maker‟s perception of the severity of possible losses in 

seismic risk management.  The study proposes the utility-adjusted NPV as a measure of 

an overall measure of the risk, so that the reduction in risk that would result from 

proposed strengthening works can be readily assessed.  Thus, the decision-maker who 

encounters with the costs of mitigation is in a position to assess the benefits.   

MacRae (2006) combines the information from the hazard curve and the vulnerability 

curve to obtain a loss hazard curve, which indicates the probability of exceeding a 

particular loss in a certain time frame.  While the total cost of a series of retrofit 

alternatives and the as-built structure is computed in the total loss curve, the break-even 

time can then be determined.  The methodology introduced by the author can be used 

for expressing seismic risk and the benefits of different mitigation alternatives for both 

individual facility evaluation, and for regional loss estimation.  The factors which have 

been considered in the methodology are probability of hazard occurrence, and losses 

including deaths, damage, and downtime.  It was proposed that standardized procedures 

for developing information of loss estimation to be used for earthquake decision-making 

should be developed by a committee representing the academics, governmental and 

nongovernmental institutes, consultants and building owners. 

Loss assessment is considered to be the basis of seismic risk quantification to support 

rational decision-making regarding the acceptance or mitigation of seismic risk.  The 

models of loss estimation examine seismic hazard, structural response, damage fragility, 

and damage consequences to interpret seismic performance in terms of seismic demand 

and associated economic loss as a function of the ground motion intensity (Bradley et al. 

2008).  The study suggests a model to be used within a decision-making framework to 

make rational loss-based decisions. 

The methodologies employed by researchers carried out domestically in the last decade 

were mainly cost benefit analysis and seismic loss estimation.  Benefits of seismic 

retrofitting and seismic losses are considered to be main factors of seismic mitigation 

decision-making.  Essentially, benefits of seismic retrofitting and seismic losses belong 

to the same concept, since the seismic losses are used as a part of seismic mitigation 

benefits.  However, the series of studies done by Smith disclose that decision-makers 
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deliberate on more factors than just benefits and losses.  While MacRae (2006) directs 

his study into the direction of individual facilities, all other researchers focus on the 

national scale. 

 

2.7.2 Previous studies Internationally 

 

Internationally, cost-benefit models have been proposed for the evaluation of the 

profitability of public or private investment in seismic retrofitting (Federal Emergency 

Management Agency 1992; Giovinazzi et al. 2006; Kanda and Shah 1997; Smyth et al. 

2004).  In general, these models allow comparisons among alternatives by assigning 

monetary values to costs and benefits happening in the future and discounting them to 

the present value accounting for inflation and interest rates.  Whether or not the seismic 

retrofit of a building is a viable option depends on how much economic benefit can be 

gained against the costs as a result of the retrofit.  These models are exploited by the 

government to evaluate seismic mitigation measures (Smyth et al. 2004) and to select 

optimum seismic design requirements for building codes (Harris and Harmon 1986). 

Economic benefits associated with seismic strengthening have been demonstrated in 

numerous researches (Ellingwood and Wen 2005; Ergonul 2005a; Harris and Harmon 

1986; Nuti and Vanzi 2003; Porter et al. 2004).  The economic benefits cover the 

reductions in mortality and injury as well as direct and indirect economic losses 

(Ellingwood and Wen 2005).  In order to evaluate the economic benefit of certain 

retrofit projects, it is necessary to determine the value of the estimated annual loss 

(EAL).  These researchers provide various accepted methods for determining EAL, 

while each different method requires different input data.  The main stream of 

determining EAL is firstly to investigate the annual probability of attaining certain 

performance levels at the building location.  With the damage ratio, fragility of the 

building and hazard curves, the economic benefit of seismic retrofitting can be derived 

(Williams et al. 2008).   The expected values of EAL determined in these methods are 

of general interest to insurance professionals and city planners. 

Chang and Shinozuka (1996) recognize that life cycle cost (LCC) concept has been an 

important factor in earthquake cost estimation in infrastructure system.  Pursuing this 
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concept, Ergonul (2005b) developed a probabilistic model for earthquake loss 

estimation of a town under earthquake risk.  LCC concept is adopted to reflect all the 

possible benefits and costs during the life cycle of the town instead of a traditional 

approach, which concerns only initial cost.  Earthquake loss of a town at any year is 

expressed as the difference between the future value of that year with no earthquakes 

occurring, and its future value including earthquakes.  Monte Carlo simulation is then 

applied to simulate the model by developing equations for the future value of the town, 

assigning suitable statistical distribution to cost and benefit items prone to variation, 

generating random numbers in accordance with specified distributions and calculating 

the earthquake loss equation, so that a satisfied distribution for earthquake loss can be 

provided.  This model aims to evaluate the earthquake loss before and after an 

earthquake occurrence so that a strategy can be selected for the recovery of a town 

within a reasonable time and cost.  Ergonul (2005a) also applied the life cycle cost 

concept in assisting the decision for investment purposes of the construction of a 

structure in a seismic zone.  The total cost of a structure is investigated at three levels, 

pre-earthquake cost, earthquake cost, and post-earthquake cost.  The cash flow 

generated by these costs is thus examined over its analysis period.  Total LCC is then 

calculated accordingly, to assist investors to make the best economic decision under 

certain assumptions at the feasibility stage.  This study concerns only the economic 

aspect of earthquakes, such as the recovery periods, discount rate, initial cost, and 

income expected from the enterprise: the social aspect of an earthquake is not 

considered at all.    

Ang and Leon (1997) employ LCC to formulate target reliability.  It is a systematic 

approach integrating factors affecting target reliability, so that the optimal accepted risk 

for the design of new structures or upgrading of existing structures can be obtained.  

Target reliability depends on the seismicity of the structure location, the probability of 

structural damage in certain earthquakes and the structural costs versus the potential 

losses from damage or collapse.  The total cost consists of provision for the initial 

structure costs and the potential future loss caused by earthquakes.  An expected 

building life cycle cost is then calculated by combining the initial cost and the 

discounted expected damage cost for the intensity of a given earthquake.  Therefore, in 

specified design earthquake intensity, the optimal target reliability is the one that 
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corresponds to the minimum expected life cycle cost.  It is suggested that this approach 

could be used to appraise the cost-effectiveness of existing engineering criteria (Ang 

and Leon 1997). 

Performance-based earthquake engineering (PBEE) and consequence-based engineering 

(CBE) are two concepts frequently mentioned in seismic mitigation decision-making.  

These two approaches drive current research projects invested under the National 

Earthquake Hazard Reduction Program in the United States.  Since there is an increased 

emphasis on the mitigation of prospective losses which have occurred (Bostrom et al. 

2006), heavy research investment has strengthened the role of science in informing 

efforts to reduce earthquake risks.  While the intention of PBEE is to extend 

performance objectives of building structures from simple objectives, such as life safety, 

to other attributes such as serviceability and durability (Rosowsky and Ellingwood 

2002), CBE claims that it aspires to broaden the decision focus from the conventional 

one, which is on individual structures, to an integrated socio-technical systems 

perspective (Bostrom et al. 2006).  The aim of the research conducted within these two 

approaches is to inform and thereby assist in the decision process of policy makers and 

others involved in the management of earthquake hazards, such as local and state 

governments (Bostrom et al. 2006; May 2001; Meacham et al. 2005). 

Being aware of the gap between the hypothesis and the contextually complex reality, 

Bostrom et al. (2006) suggest a dynamic decision structure for the development of 

earthquake mitigation policies in local communities instead of the a priori assessment of 

the acceptability of consequences as conceived in CBE.  Conventional CBE implies that 

the factor of acceptable consequences, as a component of the decision-making system, 

is a parameter that is estimated in an external process.  This parameter is then fed into 

the system providing guidelines for the selection of earthquake mitigation plans.  The 

assumption of an acceptable consequence, which is generally derived from consultation 

with stakeholders, is reasonable for the design of a single component.  However, its 

extension to a socio-technical system is questionable because of the increased 

complexity.  Furthermore, an acceptable consequence for individual stakeholders does 

not typically match or reflect the socially acceptable consequences.  In public decision-

making, when the decision context evolves, there are dependencies between subsequent 

decision stages.  A dynamic decision structure involves iteration between the 
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specification of the attributes to be evaluated and as well as the assessment of preferred 

outcomes.  It is claimed that successful implementation of this decision support tool 

could lead to looking beyond economic loss only.  However, the application of such 

decision structuring places heavy demands on both public participants and technical 

experts, such as the extensive value of preference elicitation exercises for the public, 

and the explicitness in modelling and data supply by experts. 

Other decision support tools and models for seismic retrofit of structures have been 

developed using different techniques for different end-users at different levels (Park 

2004; Porter et al. 2004; Williams et al. 2008).  Park (2004) developed a probabilistic 

decision framework to inform and improve seismic rehabilitation decisions for 

structural systems designed to minimize expected life and economic losses from 

earthquakes in regions of low probability and high consequence earthquakes.   The 

decision making system is a consequence-based engineering decision support tool.  It 

utilizes a variety of multi-criteria decision making (MCDM) models to determine 

consequences due to different earthquake levels so that the results among various 

alternative rehabilitation schemes may be examined.  The framework considers not only 

the structural cost and life losses as in previous studies, but also the secondary economic 

losses, such as loss of function.  However, the decision framework only investigates the 

impact on the structural systems not the building as a whole.  Therefore, the factors the 

system considered are limited to a tactical level not a strategic one. 

Another region in seismic mitigation decision-making is the decision about whether to 

invest in real estate in seismic zones.  When investing in seismic regions, risk factors, 

such as purchasing of investment property, designing of new structures, and decisions 

regarding the purchase of earthquake insurance, enter into the real estate decision-

making process.  In such situations, the decisions are influenced by the parameters such 

as who the decision makers are, what aspects of seismic risk most concern them, and 

how long their planning horizon is.  Williams et al. (2008) present a methodology to be 

used for making informed decisions on whether or not to retrofit structures in low-risk 

and high-consequence seismic zones for earthquakes based on the expected economic 

benefit due to retrofitting.  The research considers a variety of factors that can affect the 

consequences of the decision.  Instead of addressing the traditional method of 

consideration of achievable loss reduction and retrofitting costs, Williams et al. study 
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the effects of the investment return period on alternatives.  Considering the variety and 

complexity of seismic risk in the real estate decision making process, Porter and Beck 

(2004) developed a simple decision-analysis framework for real-estate purchase of 

existing commercial property in seismic regions.  The framework considers the 

probable maximum loss, probable frequent loss, expected annualized loss, attitudes 

towards risk.  Through a case study of a reinforced-concrete moment-frame building, 

four alternatives were evaluated by the decision analysis framework.  It is found that the 

certainty equivalent of the alternative “buy and do not mitigate seismic risk” was the 

greatest among all, which means the best choice is to buy the property and not to retrofit.  

The results imply that the uncertainty of an earthquake loss is small compared to the 

certainty of income generated by the property.  However, this decision framework only 

considers the income generated by the property and the expected loss of the property 

from earthquake, but does not treat the risk of injury or death from earthquakes, which 

could make a material difference in an investment decision. 

The review of the previous studies, both domestic and international, regarding the 

analysis of strengthening existing buildings suggests three major findings. 

First, these studies aim to help the policy makers, legislators, planners, investors and 

insurance professionals rather than the building owners.  These studies are used to assist 

the policy makers to understand the feasibility of retrofitting existing structures 

(Williams et al. 2008), appraise the cost effectiveness of existing engineering criteria 

(Ang and Leon 1997) and select mitigation planning (Bostrom et al. 2006; Ergonul 

2005b); facilitate the legislator to enact legislation (Harris and Harmon 1986; Hopkins 

and Stuart 2002); aid the planners to evaluate mitigation measures (Smyth et al. 2004); 

assist the investors to choose among competing investment alternatives in seismic zone 

(Ergonul 2005a; Porter et al. 2004; Williams et al. 2008); help insurance professionals 

to understand the estimated loss and risk (Ellingwood and Wen 2005).  None of these 

studies directs its focus on the building owners.  However, it is recognised that hazard 

mitigation decisions are largely made by individuals, businesses and institutions.  

Government regulators can only provide the minimum standards for public health and 

safety (Comerio 2004).  Therefore, building owners, who eventually decide the fate of a 

building and need the assistance most, are neglected. 
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Secondly, since the studies do not aim to assist building owners, factors influencing or 

constraining the decisions of building owners are not considered in these studies.  The 

factors that have been considered are various seismic losses, for example, building 

repair costs and loss of life.  The realities of the building owners and their core business 

needs are not reflected. 

Furthermore, previous research samples are either at a macroscopic level, such as a 

town or regional level, or at a microscopic level, that is, covering the structural system 

only.   Information derived by studies at a macroscopic level is not useful when building 

owners are evaluating mitigation options for their individual substandard buildings.  

Studies focussing on the structural system instead of the building as a whole do not 

consider the damages or losses of other essential systems such as water, power, and 

ventilation.  Although the structural system has a direct influence on fatality reduction, 

other systems in a building are essential to keep the building functioning after a major 

earthquake.  As discussed in Section 2.4.4.2, non-structural retrofits is important to life 

safety as well as the reduction of property loss and function loss, the reliability of the 

analysis is questionable if only the structural system is evaluated.  Furthermore, factors 

constraining the decision are not considered in most models, such as social costs and 

heritage value.  Thus, the decisions to be informed based on the evaluation of seismic 

mitigation focusing on structural system only are tactical decisions, such as the 

optimum retrofitting method to be selected for certain structural system.  

 Therefore, these models cannot be applied to assist building owners to make a strategic 

decision on whether or not to retrofit the buildings in seismic zones.  A method which 

can assist building owners to make an informed decision is thus a necessity for seismic 

mitigation implementation. 

 

2.8 Discussion 

 

As the literature review suggests, the decision-making process of seismic mitigation is a 

complicated process since it involves: 

 Inadequacies in the techniques available for analysing seismic risk.  Therefore, there 

is fundamental and continuing uncertainty in information about risk (National 

Research Council 1996).  There are many technical uncertainties of quantifying 
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seismic risk, such as when and where future significant fault ruptures will occur, 

process of seismic wave propagation, structure response and associated damage in 

the structure, and the cost to repair a damaged structure (Bradley et al. 2008).  Thus, 

uncertainties would be embedded in the decision-making process. 

 Various tools available for seismic mitigations.  Therefore, there are multiple 

constraints and alternatives applicable for specified buildings. 

 A large number of stakeholders who have limited knowledge of earthquakes, 

different perceptions about risk, various motivations, and diverse ability to act when 

involved in the seismic mitigation process (Petak 2001).  

 Three complicated existing critical subsystems, political, natural hazards, and built 

environment, have conflicting interests in seismic mitigation, which cannot be 

compromised (Petak 2001). 

 Different approaches, priority and target strengthening level in implementing the 

legislation related to earthquake prone buildings. 

Historically, the progress of seismic mitigation has been made by disaggregating the 

built environment into its component parts, and improving the performance of these 

parts, one piece at a time (Earthquake Engineering Research Institute 2003).  It has been 

done to simplify an extremely complex problem into tractable parts and to enable 

progress through incremental discoveries and engineering innovation.  This approach of 

structural engineering has been transferred into building modes for decision-making 

about seismic mitigation, which focuses on structural systems only.  The review of 

previous studies suggests that decision-making in mitigation focuses on the structural 

system instead of the building as a whole.  However, the problem here is that non-

structural retrofitting plays an essential role in life safety and is responsible for one-third 

of seismic losses.  Therefore, a decision tool or framework which ignores non-structural 

retrofits is not complete or appropriate to assist building owners executing a mitigation 

policy. 

On the other end of the scale, the models developed for policy-making evaluate the built 

environment as a whole, instead of as individual buildings.   Compared to the 

perspectives of analysts in policy adoption, the organisations who implement the policy 

have different perspectives, as shown in Figure 2.7.  As Petak (2001) expatiates in his 

presentation, “different roles for organizations in society require different performance 
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requirements, thus different earthquake risk mitigation decisions”.  Therefore, value 

judgements are part of the decision-making process when individual building owners 

implement a mitigation policy.  Answers to questions such as whether or not to take up 

seismic adoption, and what level of earthquake should be considered, will be 

completely different from different building owners due to the differences in their 

values.  Therefore, decision-making on seismic implementation from a building owner‟s 

point of view may share some common points considered in the policy adoption, but 

will surely have lots more distinct factors.  Building owners and/or organisations that 

are going to implement the mitigation policy cannot simply borrow decision-making 

tools from the policy makers or other mitigation actors.  Since coping with a risk 

situation requires a broad understating of the relevant losses, harms, or consequences to 

the interested and affected parities, the building owners need more assistance with 

decision-making than they presently have to successfully implement a seismic 

mitigation policy.   

 

Risk: a measure of the
probability and severity of
adverse effects.

Safety: the degree to which
risks are judged acceptable.

Efficacy: corresponding measure
of the probability and
magnitude of beneficial
effects.

Cost: distribution of hazard,
benefits, and costs social
options, and individual
freedom.

Benefit: the degree to which
efficacy is judged desirable.

Equity: equity of the
distribution of risks,
benefits, and costs, as
judgment of fairness and social
justice.

Analysts Organizations

 

Figure 2.7:Analysts vs. Organizations perspectives (Petak 2001) 
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In previous research, much attention has been given to analytic techniques which 

focusing on costs and benefits of retrofitting solutions (National Research Council 

1996).  These techniques, such as cost benefit analysis, simplify real-world situations 

and attempt to reduce many dimensions of risk into one, as an aid to decision-making.  

A feature of the seismic mitigation process suggests that an appropriate method for 

assisting building owners in seismic mitigations should embrace the uncertainties 

involved in risk analysis and be dynamic enough to consider multiple alternatives and 

constraints caused by various mitigation tools.  Successful earthquake hazard mitigation 

implementation requires effective participation by all involved mitigation actors. Thus, 

the method to be employed should provide effective communication among the 

mitigation players, such as between the engineer, who is familiar with the mitigation 

policy and its by-products -- legislation and construction codes, and building owners, 

who are ultimately responsible for the risk and financial burden.  The tools should be 

such that the building owner can use them to describe the rationale for any decision to 

the stake holders.  The communication should match the building owner‟s absorptive 

capacity , which means the methods should not contain excessive technical engineering 

detail, although technical detail should be available if the building owner needs it 

(MacRae 2006).  Most importantly, the technique to be employed in developing a 

decision framework should be able to consider the value judgements building owners 

make to represent different performance requirements caused by different roles for 

organisation in society, which could be easily overlooked in a cost benefit analysis.  

According to these guidelines, the next chapter examines the definition, purpose, 

application and methodology of Decision Analysis, which is widely applied in various 

fields to assist the decision-maker in solving complicated decision problems.  The 

characteristics of the decision problem analysed by Decision Analysis are then 

ascertained through the literature review, which is Research Objective 2 of this study. 
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Chapter 3 Decision Analysis 
 

3.1 Introduction 

 

Decision Analysis is examined in this chapter to achieve the aim of this research, 

determining a method of assisting building owners to make informed decisions on 

seismic mitigation implementation.  Decision Analysis is a technique widely applied in 

various industries to assist decision-makers in the process of solving complicated 

multiple-criteria decision problems.  The definition, purpose, and application of 

Decision Analysis are presented.  Two primary approaches of decision problem 

structuring, namely Alternative-focused thinking and Value-focused thinking, are 

examined in detail, and are followed with the methodology and procedures of applying 

Decision Analysis.  In conclusion, the characteristics of a decision problem analysed by 

Decision Analysis are ascertained to accomplish Research Objective 2. 

 

3.2 Decision Analysis 

 

Decision Analysis is a method widely applied in various areas to assist decision-makers 

in the process of solving multiple criteria decision problems.  In this section, the 

definition, purpose and application of Decision Analysis will be explored. 

 

3.2.1 What is Decision Analysis 

 

Decision Analysis is “a philosophy, articulated by a set of logical axioms, and a 

methodology and collection of systematic procedures, based upon those axioms, for 

responsibly analysing the complexities inherent in decision problems” (Keeney 1982).  

According to this definition, the foundations of Decision Analysis are provided by a set 

of axioms which imply that the attractiveness of alternatives should depend on the 
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likelihood of the possible consequences of each alternative and the preferences of the 

decision-makers for those consequences (Clemen 1996; Kirkwood 1997).  Keeney 

(1982) summarises the axioms as having three aspects of implication: philosophical, 

technical and practical.  The philosophical implications are that there are subjective 

judgements involved in any decision-making.  Therefore, the likelihood of various 

consequences and their desirability should be separately estimated using probabilities 

and utilities respectively.  From the technical aspect, probabilities and utilities can be 

employed to calculate the expected utility of each alternative.  The alternative with 

higher expected utilities should be preferred.  The practical implications of the Decision 

Analysis axioms are that they provide a sound basis and general approach for 

considering judgments and values in an analysis of available alternatives, which allows 

systematic analysis in a defensible manner of a vast range of decision problems.   

There are three branches of endeavour in the field of decision making, normative, 

descriptive, and prescriptive (Bell et al. 1988).  The decision theorists are interested in 

proposing rational procedures for decision making that is how people should make 

decisions if they wish to obey certain fundamental laws of behaviour.  Psychology and 

behavioural scientists are interested in how people do make decisions and in 

determining the extent to which their behaviour is compatible with any rational model.  

For this research, a prescriptive philosophy is adopted, since the main concern of the 

research is how to improve the quality of decisions regarding seismic mitigation 

implementation.  Decision Analysis does not describe how people actually make 

decisions, but provides a systematic quantitative approach to making better decisions  

(Clemen 2001; Skinner 1999).  The focus of Decision Analysis is on “transforming 

opaque decision problems into transparent decision problems by a sequence of 

transparent steps” (Howard 1988).  Therefore, the aim of Decision Analysis is to 

decompose a problem into a set of smaller problems so that the probabilities of different 

possible consequences of each alternatives and the desirability of those possible 

consequences can be evaluated (Bell et al. 1978).  When all the smaller parts of the 

decision problem have been analyzed separately, Decision Analysis provides a formal 

mechanism for integrating with the logic of the axioms to suggest which alternative 

should be chosen (Goodwin and Wright 2004; Keeney 1982).  This approach of “divide 

and conquer” is essential for addressing interdisciplinary decision problems (Howard 
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1968).  It provides a framework to combine the traditional techniques of operations 

research with professional judgements and values in a unified analysis to support 

decision-making.  Thus, Decision Analysis incorporates a philosophy and an approach 

to examine a decision problem in a formal and systematic way (Bell et al. 1978; 

Kirkwood 1997; Skinner 2001). 

 

3.2.2 The purpose of Decision Analysis 

 

Carefully applying the techniques of Decision Analysis can help decision-makers make 

better decisions.  Keeney (1982) points out that the main function of Decision Analysis 

is to address the complexities of a decision problem explicitly and that the axioms and 

theory of Decision Analysis are straightforward.  Compared to other forms of analysis, 

the implementation phase of Decision Analysis, which puts the methodology into 

practice, is more involved.  Thus, a significant effort in Decision Analysis is spent on 

specifying objectives, generating alternatives, eliciting professional and value 

judgments, and interpreting implications of the analysis (Goodwin and Wright 2004).  

This process helps to provide insight about which alternative should be chosen to be 

consistent with the information about the decision problem and the value of decision-

making.  The benefit engendered by the insights provided by the Decision Analysis 

approach is the promotion of creative thinking.  The creative thinking can lead to “new 

and possibly superior, courses of action” being generated (Goodwin and Wright 2004). 

During the Decision Analysis process, decision-makers are required to clearly and 

explicitly articulate their decision problems, objectives, and alternatives, and it is 

possible to trace back through Decision Analysis to discover why a particular course of 

action was preferred.  This approach can provide an „audit trail‟ which makes it possible 

to put Decision Analysis in a defensible position for choosing a particular option 

(Goodwin and Wright 2004).  This audit trial is essential if the decision has to be 

justified to the general public, stakeholders, and outside interested parities.  Where there 

is a disagreement among the parties, Decision Analysis with the audit trail can lead to a 

greater understanding of each party‟s position.  Therefore, there is a raised 
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consciousness about the issues involved and about any conflict, which enhances 

communication and understanding among a group of professionals from different fields.   

In summary, Decision Analysis is not a method for producing optimal solutions to 

decision problems.  As Keeney (1982) points out, “Decision Analysis will not solve a 

decision problem, nor is it intended to. Its purpose is to produce insight and promote 

creativity to help decision makers make better decisions”.  This perception of Decision 

Analysis is also addressed by Phillips (1989) considering the development of Decision 

Analysis: “Decision theory has now evolved from a somewhat abstract mathematical 

discipline which when applied was used to help individual decision-makers arrive at 

optimum decisions, to a framework for thinking that enables different perspectives on a 

problem to be brought together with the result that new intuitions and higher-level 

perspectives are generated.”   

 

3.2.3 Application 

 

For the application areas of Decision Analysis, Keeney (1982) summarizes that the 

early application of Decision Analysis started in the 1960‟s in the oil and gas industry, 

then expanded in both private industry and government in the 1970s.  The applications 

mainly focus on addressing various corporate problems, decision problems faced by 

various branches of government, diverse problems in the medical field, and significant 

environmental problems.  Corner, Kirkwood and Keefer conducted surveys of applying 

Decision Analysis in the operations research literature in 1991 and 2002 respectively 

(Corner and Kirkwood 1991; Keefer et al. 2002).  Both surveys review applications of 

Decision Analysis that appeared in major English language operations research journals 

and other closely-related journals.  The 1991 survey concluded that the identified 86 

articles can be classified into five application areas: Energy, Manufacturing and 

Services, Medical, Public Policy and General (Corner and Kirkwood 1991).  In 2002, 85 

articles were identified in the survey and categorised into Energy, Manufacturing and 

Services, Medical, Military, Public Policy, and General (Keefer et al. 2002).   These 

sequential studies also recognise the trend of applying Decision Analysis, as illustrated 
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in Table 3.1.  Table 3.1 compares the application area for the articles published during 

the period 1970-1989 and 1990-2001 respectively.   

 

 Number of articles 

 1970-1989 1990-2001 

ENERGY 24 26 

Bidding (and pricing) 3 3 

Environmental risk Not applicable 5 

Product and project selection 4 7 

Regulation 5 Not applicable 

Site selection 8 Not applicable 

Strategy Not applicable 3 

Technology choice 4 5 

Miscellaneous Not applicable 3 

MANUFACTURING AND SERVICES 16 23 

Budget allocation 3 Not applicable 

Finance Not applicable 2 

Product planning 4 5 

R&D project selection Not applicable 8 

Strategy 5 7 

Miscellaneous 4 1 

MEDICAL 16 5 

MILITARY Not applicable 13 

PUBLIC POLICY 20 13 

Standard setting  8 Not applicable 

Miscellaneous 12 13 

GENERAL 9 6 

Table 3.1: Number of applications articles by application area, with trends (Keefer et al. 

2002) 
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As the trends indicate, although Decision Analysis is widely applied in various areas, it 

is not reported to be commonly applied in either civil engineering or mitigation 

implementation.  The reason could be that it has long been considered that the only 

criterion to evaluate a viable alternative in seismic mitigation is if the benefits outweigh 

the costs of the alternative.  Therefore, the value judgement is neglected, which leads to 

cost benefit analysis as a dominant tool in seismic mitigation decision-making.  Another 

reason could be that there is not enough emphasis on multidisciplinary and 

interdisciplinary research approaches in seismic mitigation decision-making despite the 

decision problem involving knowledge in many aspects, such as engineering, business, 

and risk management (Tierney 2004).  As a result, approaches well recognised in other 

areas, such as Decision Analysis, are not explored to be employed in seismic mitigation. 

 

3.3 Alternative-focused thinking versus Value-focused 
thinking 

 

A decision problem normally contains numerous inter-connected elements.  The basic 

activities of structuring decision problems are identifying problem elements and relating 

the identified elements by influence relations, inclusion relations and hierarchical 

ordering relations (von Winterfeldt 1980).  Structuring the decision problem is an 

imaginative and creative process of translating an initially not well defined problem into 

a set of well defined elements, relations, and operations.  Therefore, the basic approach 

to identify the structure of a decision problem involves careful thought along the 

direction of the overall structure, details of individual elements, and their interactions.  

Many literates emphasize that structuring decision problems into a formally acceptable 

and manageable format is the most important step of Decision Analysis (Abualsamh RA 

et al. 1990; Corner et al. 2001; von Winterfeldt 1980).  However, despite the 

development of many models that describe and prescribe the structuring of decision 

problems, it remains as much an art involving the intuition and craftsmanship of the 

individual analyst as it does a science  (Corner et al. 2001; von Winterfeldt 1980).   

Corner et al. (2001) recognise that there is no single agreed upon definition of 

structuring decision problems, and summarise the general definitions of problem 
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structuring applied in multicriteria decision-making as the specification of states of 

nature, options and attributes for evaluating options. 

Recent discussions have occurred in the literature regarding the approaches of problem 

structuring.  There are two different approaches, which are alternative-focused thinking 

(AFT) and value-focused thinking (VFT).  Alternative-focused thinking is a process of 

first specifying alternatives in the problem structuring process, and then applying value 

and preference information to them in the interest of making a choice.  The prescriptive 

multicriteria decision-making literature suggests that AFT is the more common 

procedure (Corner et al. 2001), as it is the natural way people make decisions.  The 

majority of AFT models explore decision-maker values in the context of an already 

fixed and well-defined set of alternatives.  Alternatives are courses of action which can 

be pursued and are also used to measure outcomes in terms of the criteria.   Thus, the 

AFT decision-making method is reactive, not proactive.  The approach of alternative-

focused thinking is backwards, „because it puts the cart of identifying alternatives 

before the horse of articulating values” (Keeney 1994). 

Keeney (1992) argues that it is values that are fundamentally important in any decision 

situations. Alternatives are relevant only because they are a means to achieve values.  

Winterfeldt and Edwards (1986) define the term „value‟ as follows: “values are 

abstractions that help organize and guide preferences.  They are most often expressed as 

statements of desired states, positive intentions, or preferred directions.  The actions or 

objects of value may be such diverse things as social policies, marketing strategies, or 

individual consumer choices”.  Thus, it is more important to articulate and understand 

one‟s values and use these values to select meaningful decisions and create better 

alternatives than to identify and evaluate the desirability of the alternatives, since “an 

optimum decision is one which maximizes „weighted effectiveness‟ where the 

weighting factors are the values of the objectives” (Churchman et al. 1954).  Value-

focused thinking is a way to channel hard thinking, which leads to better decisions.  

Nine major benefits derived by VFT, such as guiding information collection, 

uncovering hidden objectives, and improving communication, are illustrated in Figure 

3.1.   
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Figure 3.1: Benefits of applying value-focused thinking (Keeney 1994) 

 

However, March (1988) suggests that values and criteria are derived out of experience 

with alternatives and, thus, suggest decision simulations as a way to discover hidden 

values which lead to promising alternatives.  Wright and Goodwin (1999) are in support 

of March‟s opinion and suggest that values are not sufficiently well-formed in the early 

stages of decision-making to be able to lead to the creation of alternatives.  Thus, 

decision alternatives are not well-developed during most decision processes and, 

therefore, need to be developed further using creative methods (Kasanen et al. 2000).  

Other researchers state from experience that thinking about values can arise from 

thinking about alternatives (Belton et al. 1997; Vanderpooten 1992).  Their argument is 

that decision-makers do not have well-formed preferences when encountering a decision 

problem.  Preference structures become better formed as decision-makers relate existing 

experiences and present explorations of alternatives to the existing decision problem.  

Therefore, iteration should occur between the learning and search phases of the 

decision-making process.  Belton et al. (1997) advocate that these „…two approaches 

should be seen as complementary ways of helping the decision-makers to think about 



Page 65 

the situation and to determine relevant values‟ (p.118).  Corner et al. (2001) agree that 

criteria and alternatives should generate each other interactively in a good structuring 

process instead of being static and remaining unchanged until the decision is made.  

Therefore, they propose a dynamic approach of thinking about decision problem 

structuring, which highlights the interactive and dynamic nature of criteria and 

alternatives.  Neither AFT nor VFT can be effective alone, independent of the other.  

The dynamic approach implies that thinking about alternatives helps generate criteria, 

and vice versa.  The concept of this dynamic approach to decision problem structuring 

is illustrated in Figure 3.2.  The essence of dynamic decision problem structuring is that 

the decision makers learn as they redefine their values and iteratively search for the 

corresponding alternatives, which are then incorporated within the framework. 

 

 

Figure 3.2: A dynamic approach to decision problem structuring (Corner et al. 2001) 

 

Henig and Buchanan (1996) conclude that the decision-making process should not place 

so much emphasis on the choice of methods, but rather emphasise understanding and 

expanding.  Therefore, any method, either VFT or AFT, which endeavours to 

understand and expand on alternatives and criteria to suit the decision problem, is the 

appropriate method for structuring the decision problem. 

For the decision problem of this research project, building owners normally have a clear 

picture of the available alternatives.  In general, they can either do nothing to improve 

the structural performance, retrofit the building or demolish it.  However, for each of the 

alternatives, there are different constraints caused by various mitigation tools.  Ignoring 

the value judgements building owners made on these constraints, simplifies the decision 

problem, however, it also ignores a very important component of the decision problem.  

As concluded in Section 2.8, the method to be employed to assist building owners 
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should be able to consider the value judgements building owners made, which is 

overlooked in the existing dominant decision tool, cost benefit analysis.  Therefore, it is 

appropriate to structure the decision problem using the methodology of Value Focused 

Thinking with iterations between alternatives and criteria during the decision-making 

process for the purpose of this project.   

 

3.4 Decision Analysis Methodology 

 

Howard (1968) divides the Decision Analysis procedure into three phases,  the 

deterministic, probabilistic, and informational phases, as shown in Figure 3.3 (Howard 

1968).  The objective in the deterministic phase is to establish the deterministic 

relationships among the various factors of the decision problem in accordance with 

existing information.  These factors include both state variables and decision variables.    

The state variables are those not under the control of the decision-maker, while the 

decision variables are under control.  The deterministic model and sensitivity analysis 

are used to determine the deterministic value of the decision problem and the variables 

that have a major effect on value.  Uncertainty and risk preference are introduced in the 

probabilistic stage.  Considering the uncertainty of the variables and risk preference of 

the decision-maker, the knowledge developed in the deterministic phase is examined to 

calculate the value under uncertain circumstances and different risk preferences.  In this 

stage, with risk analysis and stochastic sensitivity analysis, some important additional 

insight into the decision problem is expected to be revealed, such as the need for further 

structure to allow the usage of available information more effectively, and the 

importance list of the variables.  The informational phase covers measuring economic 

sensitivity and therefore indicates what sort of additional information could be gathered.  

A decision on whether further information is required will be made following these 

phases.  If the decision-maker is satisfied with the quantity and quality of the 

information, the decision will be enacted.  With the further gathered information, which 

must be incorporated into the structure and probability assignments of the problem, the 

procedure is then repeated.  This methodology is regarded as a system engineering 

perspective views Decision Analysis, which is an iterative and progressive methodology 

for capturing the important elements of a decision problem.  This process is referred to 
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as the Decision Analysis cycle (Holtzman 1989).  If it is performed properly, the cycle 

of the Decision Analysis is an emergent and iterative process of discovery.  However, 

this Decision Analysis cycle can become difficult and time-consuming for decision-

makers (Corner and Corner 1995).  This is because consideration of one element of the 

decision problem leads to considering elements that have already been considered.   

 

 

Deterministic
phases

Probabilistic
phase

Informational
phases

Decision

Information
gathering

Prior information

Act

New information Gather new information

 

Figure 3.3: Decision Analysis procedure (Howard 1968) 

 

The other widely-applied approach for applying Decision Analysis is first to assess all 

the input parameters to model the decision completely, and follow with sensitivity 

analysis to determine those parameters which most impact on the recommended 

solution.  The approach begins with measuring the degree of attainment of each decision 

objective, which can be achieved by determining the decision alternatives to be 

analysed and specification of the evaluation measures to be used.  With regard to each 

evaluation measure, an initial model of the performance of each decision alternative is 

then constructed.  After the initial model is constructed, sensitivity analysis is carried 

out to determine which uncertainties potentially affect the decision.   

Keeney‟s methodology of Decision Analysis belongs to this approach (Keeney 1982).  

It decomposes the methodology into four steps: 

1. Structure the decision problem, 

2. Evaluate possible impacts of each alternative, 

3. Determine values of decision makers, and 

4. Appraise and compare alternatives. 

The steps and its interdependencies are illustrated in the Figure 3.4.   
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Step 1: Structure

the decision
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Alternatives and
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Figure 3.4: Decomposition of Decision Analysis methodology (Keeney 1982) 

 

The first step, structuring the decision problem, includes the generation of alternatives 

and the specification of objectives.  The links between the generation of alternatives and 

the specification of objectives make it possible to capture the dynamic nature of 

decision processes.  When the objectives are clearly articulated, a dynamic alternative 

can be designed to be adapted in accordance with external circumstances and new 

information.  At the second step, the set of possible consequences and the probabilities 

of each occurring are determined for each possible alternative.  The main objective of 

step three is to determine preferences for decision-makers by agreeing on value trade-

offs and evaluating the decision-maker‟s risk attitude.  This step is unique to Decision 

Analysis.  The last step is to examine the sensitivity of the decision to different views 

about the uncertainties associated with the various consequences and to different value 

structure.  This is achieved by carrying out sensitivity analysis for factors with 

uncertainty and thus identifies sets of conditions under which various options should be 

preferred.  It needs to be addressed that one iterates among the four steps, which means 

that, not only what should be done in one step but how it should be done, can be 

affected by preliminary results from another step.   

This fully-analysed approach may lead to „over-analysis‟, such as problem inputs may 

be unnecessarily assessed as revealed through a sensitivity analysis.  However, it 

ensures that all factors needed to model the decision environment are included in the 

analysis (Corner and Corner 1995).  Since the decision problem of seismic mitigation 

implementation has a complex decision environment with many variables, Keeney‟s 
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approach of Decision Analysis suits better in this project compare to the procedure 

specified by Howard. 

 

3.5 Procedures and elements of Decision Analysis 

 

In this section, the basic elements of Decision Analysis are discussed step by step in 

accordance with the methodology developed by Keeney, which is presented in Figure 

3.4.   

 

3.5.1 Structure the Decision Problem 

 

As illustrated in Figure 3.4, the main task of the structuring state is to generate proposed 

alternatives and specify objectives and attributes.  With a value focused thinking 

approach, values come before alternatives.  Hence, after a decision problem is 

recognized, the full specification of values is the next activity.  The objectives and 

attributes are the parameters that can be determined by value judgements.  These value 

judgments are the data that one needs to construct the value model.   

The method of getting the value judgements is by eliciting judgements from the 

decision-makers or individuals knowledgeable about given problems.  As Keeney (1994) 

explained, “If the information is about geology, one digs holes in the ground to collect 

data.  If the information is about values, one „digs holes‟ into the mind to collect data.”  

The problems of how to obtain these objectives and their associated attributes have been 

addressed in detail in Keeney and Raiffa (1976) and Keeney (1992).  Since the values 

that are of concern in a given decision situation are made explicit by the identification 

of objectives, the process of identifying them is crucial.  It encourages the engagement 

of significant creativity and hard thinking in the process with the devices listed in Table 

3.2 to stimulate the identification of possible objectives.   
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1. A Wish List. 

What do you want? What do you value? What should you want? 

2. Alternatives. 

What is a perfect alternative, a terrible alternative, some reasonable alternative? 

What is good or bad about each? 

3. Problems and Shortcomings. 

What is wrong or right with your organization? What needs fixing? 

4. Consequences. 

What has occurred that was good or bad? What might occur that you care about? 

5. Goals, Constraints and Guidelines. 

What are your aspirations? What limitations are placed upon you? 

6. Different Perspectives. 

What would your competition or your constituency be concerned about? At some 

time in the future, what would concern you? 

7. Strategic Objectives. 

What are your ultimate objectives? What are your values that are absolutely 

fundamental? 

8. Generic Objectives. 

What objectives do you have for your customers, your employees, your 

shareholders, yourself? What environmental, social, economic, or health and safety 

objectives are important? 

9. Structuring Objectives. 

Follow means-ends relationships: why is that objective important, how can you 

achieve it? Use specification: what do you mean by this objective? 

10. Quantifying Objectives. 

How would you measure achievement of this objective? Why is objective A three 

times as important as objective B? 

Table 3.2: Devices to use in identifying objectives (Keeney 1994) 

 

The outcome of refining the initial list of proposed objectives is a fundamental objective 

hierarchy, which is concerned with the ends of a given decision context.  Each objective 

is decomposed into its logical parts.  The complexity of the hierarchy heavily depends 

on what will be done next with the hierarchy, such as whether each of the objectives is 

going to be identified as an attribute, and whether the subjective or objective indices 

will be used (Keeney and Raiffa 1976).  Employing objective hierarchy can help 

decision-makers to assimilate large quantities of information relating to the decision 

problem and therefore help decision-makers to think more clearly about complex value-

judgements.  Beside the clarity of thought gained from the use of an objective hierarchy, 

the decomposition facilitates the group contribution and data collection, if the 

information flows in different departments, teams, and/or stakeholders.  It also makes 
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the process of making trade-offs much clearer by structuring the decision problem into 

an objective hierarchy, which allows the hierarchy to be rolled back at the lower levels 

(Brownlow and Watson 1987; Keeney 1992). 

Once the qualification of the fundamental objectives is done, the quantitative process is 

carried out by assigning of attribute to each objective.  This approach makes it possible 

to broaden the range of alternatives considered by eliminating any anchoring on 

already-identified alternatives.  Attribute is a measuring scale for the degree of 

attainment of an objective.  For each objective iO , there is an attribute iX  with a scale to 

directly indicate the degree to which the objective is achieved.  Other terms have been 

used to represent attribute, such as measure of effectiveness, measure of performance, 

and criterion.  Raiffa (1969) suggests that the set of attributes should be „a sufficiently 

rich and meaningful set of descriptors to capture the essence of the problem‟ (p.22), 

which suggests that the set of attributes needs to be complete and to adequately 

summarise the actual consequences.  The selected attributes should exploit „preferential 

independences and utility independence relationships‟ (p.29) to reduce the complexity 

of the assessment of the resulting multiattribute utility function. 

Keeney (1992) classifies attributes into three types: natural attributes, constructed 

attributes, and proxy attributes.  Natural attributes are normally in general use and have 

a common interpretation to everyone, such as cost measure in dollars, or number of 

fatalities.  If there is no natural attribute existing to measure the objective, then a 

constructed attribute is developed specifically for a given decision context.  Some 

constructed attributes, such as the gross national product (GNP), the consumers‟ price 

index (CPI), and the Richter scale for earthquake magnitudes, become well-recognized 

and tend to take on the features of natural attributes.  If neither a natural attribute nor a 

constructed attribute can adequately measure the degree to which an objective is 

achieved, it is necessary to utilize an indirect measure, which is also called a proxy 

attribute.  Since all types of attributes are directly related to the disabled properties of 

fundamental objectives, the attributes should be measurable, operational and 

understandable.  The attribute must comprise implicit value judgments that are 

appropriate and avoid those that are inappropriate, so that the associated objective is 

defined in more detail than that that provided by the objective alone.  Furthermore, an 

operation attribute can describe the possible consequences with respect to the associated 
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objective and provide a sound basis for value judgements about the desirability of the 

various degrees to which the objective might be achieved.  The property of 

„understandable‟ means that an attribute should not be ambiguous in describing 

consequences in terms of attributes, and in interpreting consequences described in terms 

of attributes.  When one person assigns an attribute level to describe a consequence and 

another person interprets that attribute level, there should be no information loss. 

 

3.5.2 Assess Possible Impacts of Each Alternatives 

 

In this step of Decision Analysis, the impact of each alternative is determined to rank 

alternatives and select the most preferred alternative.  The evaluation of alternatives, 

therefore, leads to a choice of the best consequence.  However, in the real world, 

uncertainties about the eventual consequences make the decision problem complicated.  

A large number of sources of uncertainty arise in design and assessment of engineering 

systems and various hazards, and impact technical, economic and social decisions (Wen 

et al. 2003).  Therefore, the fundamental step for making good decisions in problems 

under uncertainty is to acknowledge the existence of the uncertainties.  As a result, it is 

advisable to determine the set of possible consequences and the probabilities of each 

occurring, which means to determine a probability distribution function ( )jp x over the 

set of attributes for each alternative jA  (Golub 1997).  Kirkwood (1997) identifies three 

properties of probabilities: 

A probability varies between zero and one (including zero and 1). 

The relative sizes of the probabilities for different possible outcomes indicate the 

relative likelihood of the outcomes occurring. 

The sum of the probabilities for all possible distinct outcomes is 1. 

The quantification of probabilities can be achieved by using personal judgement, 

consulting existing information, collecting new data, or asking experts (Hammond et al. 

1999).  It is desirable to determine probabilities of possible consequences with the 

development of formal models if both general knowledge about the decision problem 

and the scope of the project allows.  These models normally employ the traditional 
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methodologies of operations research, management science, systems analysis, 

simulation, planning, and the sciences and engineering to determine probabilities of 

consequences (Keeney 1982).  Knowledge and information from experts, either 

deterministic or probabilistic, on the particular parts of the problem are main resources 

for these models.   

The quantification and assessment of the probability associated with alternatives can be 

achieved by using personal judgement, consulting existing information, collecting new 

data, or asking experts (Hammond et al. 1999).  The researchers (Jordaan 2005; Murphy 

and Winkler 1977; Spetzler and Carl-Axel 1975) identify several well-recognized 

methods to quantify probabilities.  One is to use a standard probability distribution 

function and evaluate parameters for that function.  The common example of this 

method is that parameters of a normal distribution are the mean and standard deviation.  

Referred to as a fractile method, another procedure for quantifying probabilities 

involves directly assessing points on the cumulative probability density function.  The 

detailed methodology and art of the method is explained in Keeney (Keeney 1977).  The 

third method is applied when the possible impact is categorized into distinct levels, then 

a professional expert on the subject is required to specify the probability of each level.  

It sounds like a simple method, but it needs art and training to formulate probabilistic 

forecasts in a reliable manner (Murphy and Winkler 1977).   

Through probabilistic modelling and analysis, uncertainties are assessed consistently 

and thus their effects on a given decision can be accounted for systemically (Ang and 

Tang 1984).  In the decision problem of implementing seismic mitigation, uncertainties 

inherent in various considerations, such as costs, are taken into account.  The 

corresponding variables are identified and described probabilistically.  The 

consequences will then be assessed as the expected value.  The expected value of an 

uncertain situation is calculated by multiplying each possible outcome by its associated 

probability and adding the results.   
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3.5.3 Determine Preferences of Decision Makers 

 

It is difficult to achieve the best level with respect to each objective in a decision 

problem involving multiple conflicting objectives.  To determine preferences to 

decision-makers, the common question raised is „how much should be given up with 

regard to one objective to achieve a specified improvement in another?‟ (Keeney 1982).  

The decision-maker is faced with the problem of trading-off the achievement of one 

objective against another one.  To determine the trade-off, it involves the creation of a 

model of values to evaluate the alternatives.   

The decision context assuming away the uncertainties is considered and discussed first.  

Value functions, including both the single attribute value function and weights, are 

introduced.  Payoff tables are utilised for conducting sensitivity analysis to deal with 

uncertain decision inputs.  In this project, utility function is introduced to deal with the 

uncertainty involved in the attributes and/or alternatives in a more formal way.   

 

3.5.3.1 Value function 

 

In a decision context, which assumes away the uncertainty involved in the outcome of 

each alternative, a multiobjective value analysis is the appropriate procedure to evaluate 

the impact of each alternative, which combines the multiple evaluation measures into a 

single measure of the overall value of each evaluation alternative (Kirkwood 1997).  

The uncertainty involved in the outcome of each alternative will be dealt with by utility 

function, discussed in the following sections.  There are many procedures and technical 

information for building value models, which is to find some function f in a simple 

form such as 

1 2 1 1 2 2( , ,..., ) [ ( ), ( ),..., ( )],n n nv x x x f v x v x v x  

where iv  denotes a value function over the single attribute ix . 

The principle of building value models is to use independent concepts to combine the 

achievement of different objectives into a value model (Keeney 1994).   



Page 75 

Two of the most common structures are the additive and multiplicative value models 

according to the survey of Corner and Corner (1995).   

If all combinations of attributes are cardinal independent, which means the preferences 

for the consequences depend only on the individual levels of the separate attributes and 

not on the manner in which the levels of the different attributes are combined, then the 

value function v  must have the additive form: 

1

( ) ( )
n

i i i

i

v x w v x


  

where iv  is a value function over the single attribute iX  and iw  is a scaling factor, also 

called weight. 

The original proof and details of this function are found in Fishburn (1965).  

Multiplicative value model is appropriate to be applied if each pair of attributes is 

preferentially independent of the others, and if one attribute is utility independent of the 

others.  The multiplicative form is: 

1

1

1 ( ,..., ) [1 ( )]
n

n l l l

i

kv x x kk v x


    

where lk  are the positive scaling constants, and k  is an additional scaling constant. 

The original proof and details of this result are found in Keeney (1974). 

With the value of each alternative, according to the axioms of Decision Analysis, the 

higher the value of the alternative, the more desirable the alternative will be.  

For the decision problem of implementing a seismic mitigation measure, tradeoffs 

between pairs of criteria are independent of performance on other criteria.  The cardinal 

preferential independence of the decision problem fits the assumption of the above 

mentioned additive model (Keeney and Raiffa 1976).  Therefore, for this research 

project, it is assumed that the value function of the decision problem in seismic 

mitigation implementation has the additive form. 

 

3.5.3.2 Single attribute value function 

 

Single attribute value functions, which also are called single dimensional value 

functions, are used to specify for each attribute.  Each single dimensional value function 
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is specified in a way that each of them is equal to zero for the least preferred level that is 

being considered for the corresponding attribute, and equal to one for the most preferred 

level.  According to Corner and Corner (1995), single attribute utility functions are 

primarily linear and exponential.   Linear attribute utility function is made up segments 

of straight lines that are joined together.  Exponential function is a specific 

mathematical form.  Kirkwood (1997) recognises that it is often possible to use either 

form of a single value function for a particular attribute, the difference is not of practical 

significance.  A piecewise linear single attribute value function is generally appropriate 

for considering an attribute which has a small number of possible different scoring 

levels.  Exponential single attribute value function is normally used to evaluate 

attributes which can take on, essentially, an infinite number of different levels, such as a 

cost increase.  The theory and details are introduced in Kirkwood and Sarin (1980).   

 

3.5.3.3 Weight 

 

The weight iw  is employed to show the relative importance of variations in different 

attributes.  The weight for a particular attribute is equal to the increment in value that is 

attained by improving that evaluation measure from its least desirable level to its most 

desirable level and depends on the possible range of variation for the attribute.  The sum 

of the weights of all attributes is one.  Borcherding and Eppel (1991) identify four 

weighting methods most commonly used in application of multiattribute utility 

measurement, which are the ratio method, the swing weighting method, the trade-off 

method and the pricing out method.  Several experimental studies (Borcherding et al. 

1991; Corner and Buchana 1997) demonstrate that weights derived from multiattribute 

utilities constructed with different methods have fairly high correlations.  Therefore, 

three weighting methods - the ratio method, swing weighting method and the trade off 

method - will be used to assess the consistency and validity of the results in this 

dissertation. 

With the ratio method, the decision-maker first ranks the attributes in terms of 

importance, which forces the decision-maker to examine comparisons of attributes.  

After the rank ordering, the decision-maker is asked how much more important the first 
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attribute is than the second, with the response typically given as a ratio.  By repeating 

this process across attributes, a complete set of attribute weights is gathered.  These 

weights are typically scaled so that they sum to 1 (Carroll and Johnson 1990). 

For the swing method, the term swing weight is used to indicate that the weight in the 

evaluation measure swings from its least preferred level to its most preferred level 

(Kirkwood 1997).  One procedure to determine the weights is via to the property of the 

single dimensional value functions.  The weight for an evaluation measure is equal to 

the increment in value that is received from moving the score on that evaluation 

measure from its least preferred level to its most preferred level (Kirkwood 1997).  The 

procedure started from considering the increments in value when one of the attributes 

swings from the least preferred end of its range to the most preferred end.  The 

increments shall be placed in order of successively increasing value increments.  Then 

each of the value increments is scaled as a multiple of the smallest value increment.  

Since the weights of all the attributes sums to 1, the smallest value increment can be 

calculated.  The result of the smallest value increment is thus applied to determine the 

weights for all the measures. 

The trade-off method is employed to check the weights that are determined using the 

swing methods.  This method is to prioritize the evaluation measures by considering a 

hypothetical alternative that has the least preferred level for all evaluation measures 

(Keeney and Raiffa 1976).  The first attribute which is desired to move from its least 

level to its most has the heaviest weight.  The question can be asked repeatedly until 

each attribute find its priority.  Then another hypothetical situation is considered.  

Suppose either one attribute can be moved from the least preferred level to the most 

preferred level, or another higher priority attribute can be moved from the least 

preferred level to an intermediate level.  This intermediate level is where the decision 

maker feels indifferent when considering move two attributes to it. 

 

3.5.3.4 Utility function 

 

Utility theory is a value-measuring theory that can incorporate uncertainty and risk 

attitudes in quantification of values.  The definition of utility is a true measure of value 
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to the decision-maker (Ang and Tang 1984).  Utility function converts a decision-

maker‟s value to a quantified relative number so that the effect of the value of the 

decision-maker can be reflected within the decision framework.  Furthermore, utility 

theory can be employed for comparison of different kinds of value by considering the 

weight information that the decision-maker assigns to each value and vice versa. 

Value function is not appropriate as a criterion for making decisions, since it does not 

consider the risk attitude of the decision-maker.  Questions, such as, “Are the potential 

benefits of having things go right worth the risks if things go wrong?”, cannot be 

answered by value function (Keeney 1982).  The answer to this question is related to the 

risk attitude of the decision-maker.  An objective function is, therefore, needed to 

aggregate all the individual objectives and an attitude toward risk.  In Decision Analysis, 

such an objective function is referred to as a utility function (Keeney 1992).  

A utility function represents a mapping of the degree of preference onto a mathematical 

function, thus permitting preference to be expressed numerically (Ang and Tang 1984).  

In general, a utility function can be formulated for the value of an attribute.  A utility 

function can also be constructed by investigating and comparing the decision-maker‟s 

preference.  Details of the technique to be employed in the formulation of the utility 

function can be found in selected references (Raiffa 1970; Winterfeldt and Edwards 

1986). 

The risk attribute of a decision-maker can be reflected in utility function (Keeney and 

Raiffa 1976).  A decision-maker whose utility function for a value looks like Figure 3.5 

is called risk-averse.  The utility function shows that the decision-maker tends to behave 

conservatively.  That is, if the decision-maker is facing a lottery yielding either a 

consequence 1x  or a less preferable consequence 2x , both with equal probability, and the 

decision maker is asked to state a preference between receiving 1 2(

2

x x
x




）
 for certain 

and the lottery 1 2,x x  , the decision-maker with a risk-averse attitude would choose 

x  to avoid the risk (Keeney 1992).  In the real world, the organisations or individuals 

who will sell an uncertain alternative for less than its expected value to get rid of the 

risk of an undesirable outcome, fall into this category (Kirkwood 1997).   
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Figure 3.5: Utility function of risk-averse 

 

Continuing with the lottery example, if the decision-maker chose to take the lottery 

1 2,x x   instead of x , this attitude toward risk-taking is called risk-seeking.  Figure 3.6 

illustrates the utility function of risk-seeking. 

 

 

Figure 3.6: Utility function of risk-seeking 

 

If the decision-maker considers that both x  and 1 2,x x   are indifferent, then the 

attitude of the decision-maker is called risk-neutral.  The utility function of risk-neutral 

is shown in Figure 3.7.  Organisations or individuals with a risk-neutral attitude will sell 
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alternatives for exactly their expected values.  It happens normally under the 

circumstance that risks are small relative to their assets. 

 

 

Figure 3.7: Utility function of risk-neutral 

 

The expected value of a random variable X can be calculated as follows, if the 

probability of a set of consequences is determined: 

( ) k k

k

E X p x  

where, X is the random variable and kp is the corresponding probability of kx .  A more 

general criterion for decision-making is using the maximum expected utility criterion.  

The expected utility of i
th

 alternative is computed as follows: 

( )i ij ij

j

E U p u  

where, iju is the utility of the j
th

 consequence associated with alternative i , ijp is 

corresponding probability, and  iU  is the utility of alternative i .  Therefore, if a 

decision has to be made among a set of alternatives, the alternative with the maximum 

expected utility value should be chosen. 

If the consequence is represented by a continuous random variable X , the expected 

utility of the i
th

 alterative can be determined as follows: 
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( ) ( ) ( )i

i i xE U u x f x x d





   

where, ( )if x x is the probability distribution function of X corresponding to alternative 

i .  The random variable X is the only attribute of concern in this equation.  However, in 

a case where a decision-maker is concerned about more than one attribute, the equation 

of the expected utility is multidimensional.  The expected utility is then computed as 

follows: 

11 2 ... 1 2 1( ) ... ( , ,..., ) ( , ,..., ) ...
n

i

i n x x n x xnE U u x x x f x x x d d
 

 
    

where, 1X  to nX  are the random variables that describe the value of n different 

attributes associated with the alternative i .  Also 
1... 1 2( , ,..., )

n

i

x x nf x x x  is the joint 

probability distribution function, and 1 2( , ,..., )nu x x x  is the multi-attribute utility 

function of the random variables 1X  to nX .  The joint probability function can be 

obtained either by explicit mathematical expression or can be approximated using 

simulations.  The problem is then how to obtain the multi-attribute utility 

function 1 2( , ,..., )nu x x x .  The task of obtaining the multi-attribute utility function is 

normally cumbersome, especially when the number of attributes is large. 

With several assumptions, the procedure for the determination of the multi-attribute 

utility function can be simplified.  These assumptions are: 

 Preferential Independence: trade-offs between any two attributes are not affected by 

the value of other attributes; 

 Utility Independence: the relative utility of an attribute can be determined regardless 

of the utility determination of other values. 

Both theory and practical applications demonstrate that these assumptions are 

appropriate to be used as an exponential for utility function in many realist decision-

making problems (Keeney and Raiffa 1976).  For this study, a power-additive utility 

function, which is the combination of an exponential curve to convert value into utility 

with the weighted sum for a value function, as defined by Kirkwood (1997), is 

employed.  The application of a scalar utility function to a value function requires 

separation of risk aversion from trade-off values, and assumes that the same risk 

aversion applies to all criteria.  Furthermore, the exponential functional form assumes 
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constant relative risk aversion.  These assumptions are probably reasonable in this 

research project.  However, they need to be verified in future research, which will be 

discussed in Chapter 9. The equation of a power-additive utility function is as follows: 

1 2
Infinity

1 2

1 exp[ ( , ,..., )/ ]
,  

1 exp( 1/ )

1 2
( , ,..., ),                      otherwise

( , ,..., )

n m
m

m

n

v x x x

n
v x x x

u x x x







 

 


 


 

where 1 2, ,..., nx x x are the attributes, and 

1 2 1 1 1 2 2 2( , ,..., ) ( ) ( ) ... ( )n n n nv x x x w v x w v x w v x     

where, iw  are weights greater than zero that sum to 1, ( )i iv x  are single dimensional 

value functions scaled to lie between zero and 1 over the attribute range of interest, and 

m  is the multiattribute risk tolerance. 

The equation of the power-additive utility function suggests that a multiattribute risk-

averse utility function has a positive multiattribute risk tolerance, while a multiattribute 

risk-seeking utility function has a negative multiattribute risk tolerance.  Because the 

value of m  illustrates the decision-maker‟s attitude towards risk, it is necessary to 

specify a numerical value for m  to use the power-additive utility function.  The 

researchers (Howard 1988; Kirkwood 1997) advise that determining the multiattribute 

risk tolerance is “the single most difficult question that must be considered in the 

assessment of a value function and utility function”.  However, the researchers also 

show that the exact value for m  often does not impact the ranking of an alternative in a 

decision problem.  Therefore, it is not always necessary to determine an exact number 

for m  in an evaluation.  Kirkwood (1997) suggests that m  is almost always positive 

and greater than 0.2 in application cases.  Thus, for this research project, m  is specified 

as 0.2.  A sensitivity analysis of m  from 0.2 to infinity is run to check the validity. 

With the utility value of each alternative, according to the axioms of Decision Analysis, 

the higher the value of the alternative, the more desirable the alternative will be.  Thus, 

the preference of the alternative could be determined. 

This step of determining the preference of decision-makers, through trade-offs and risk 

attitude, is unique to Decision Analysis, which involves the creation of a model of 

values to evaluate the alternatives.  The use of value functions determines the best 
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solutions under situations without considering risks, while the use of utility function 

identifies the best alternatives considering uncertainty and probability distributions.  

This step can be done by a structured discussion between a decision analyst and the 

decision-makers.  To quantify value judgements regarding the possible consequences of 

the problem should become apparent.  The procedure boils down to relevant 

information about value trade-offs, equity concerns, and risk attitudes with a view to 

consistency checks.  In addition, by exercising this step, any overlooked alternative may 

appear and concise communication about objectives among interested parties is 

facilitated (Keeney 1982).   

 

3.5.4 Evaluate and Compare Alternatives 

 

Now the decision problem is structured, and the magnitude and likelihood of the impact 

of each alternative is assessed, and the preference structure launched.  The last step of 

Decision Analysis is to synthesize the information in a logical manner to evaluate the 

alternatives.   

Clemen (1996) and Skinner (1999) conclude that it is extremely important to investigate 

the sensitivity of the decision to different views about the uncertainties associated with 

the various consequences and to different value structures. This is because the expected 

utility associated with an alternative is directly related to the objectives originally 

assigned to guide the decision, and reflects the degree of achievement of the objectives.   

A sensitivity analysis is employed to examine the sensitivity of the decision to different 

views about the uncertainties and risk attitude associated with the various consequences 

and to different value structures.  It is not difficult to achieve in Decision Analysis, 

since both impact and values are explicitly quantified, respectively, with probability 

distributions and the utility function (Goodwin and Wright 2004).  The sensitivity 

analysis should be carried out to examine the set of conditions, in terms of uncertain 

attributes and preference, such as weights and risk attitude.  The results of the analysis, 

therefore, identify conditions under which various options should be preferred (Keeney 

1982). 
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3.6 Software  

 

Over the last two decades, the computational power and visualisation capabilities 

supporting Decision Analysis software have increased by many orders of magnitude.  

These advances have made decision analytic techniques accessible to a much broader 

community of users.  Over the years, distribution numbers for many of the more mature 

software packages have grown from hundreds of likely specialised professional users 

ten years ago, to many thousands of users world-wide today. 

Maxwell (2008) points out that the following critical questions should be considered in 

addition to cost when selecting a software package for Decision Analysis purposes: 

 Is there a single decision-maker or many stakeholders? 

 Will the decision-maker participate in the Decision Analysis or will they be 

periodically presented results? 

 Is the decision situation a choice of one alternative or a group of alternatives? 

 Do decision-makers have multiple conflicting objectives that must be deliberated? 

 Is there significant uncertainty which might impact on the decision outcomes? 

 Is it a single decision or a sequence of decisions over time? 

When selecting Decision Analysis software, the focus should be on the potential ability 

of the tool to fit the specific problem or class of problems encountered.  Whichever tool 

is selected, it should be intuitive to the user, explainable to the decision-maker and 

support easy iteration among the various stages of the Decision Analysis process. 

 

3.7 Conclusion 

 

Decision Analysis is not a method for solving a decision problem.  Its purpose is to 

provide insight into the decision problem so that creativity can be promoted to help 

decision-makers make informed decisions.  The characteristics of a decision problem 

analysed by Decision Analysis through this chapter‟s literature review can be concluded 

as follow: 

1.  Decision Analysis aims to decompose a decision problem into a set of smaller 

problems, so that the probabilities of different possible consequences of each alternative 

and the desirability of those possible consequences can be evaluated, as discussed in 



Page 85 

Section 3.2.1.  The „decompose‟ technique is able to transfer a complicated decision 

problem into several manageable problems. 

2.  The audit trail, presented in Section 3.2.2 generated through the decision analysis 

process can facilitate effective communication and understanding among a group of 

professionals from different fields, which is essential when the decision problem 

involves the general public, stakeholders and outside interested parties. 

3.  According to the application areas of Decision Analysis, exhibited in Section 3.2.3, 

the decision problems analysed by Decision Analysis tend to be multi-criteria and 

involving a modest number of alternatives, with the uncertainties of the problems 

influencing the choice of alternative.  The decision problems normally have the 

following characteristics: 

 multiple evaluation considerations, 

 a variety of complex decision alternatives, 

 uncertainties and risks, 

 limited relevant historical data, 

 necessity for expertise from multiple disciplines, and 

 multiple interested groups and individuals (Brooks and Kirkwood 1988). 

4.  The approach of Value-focused thinking makes it possible to articulate and 

understand decision-maker‟s values and use those values to select meaningful decisions, 

so that a better alternative can be identified. 

As summarised in Section 2.8, the decision problem of seismic mitigation 

implementation involves many technical uncertainties, multiple criteria caused by 

various mitigation tools, complicated existing critical systems, and a large number of 

stakeholders.  The guidelines for selecting a method for assisting building owners 

suggest the method should embrace the uncertainties, provide effective communication, 

and consider the value judgements building owners have made.  In accordance with 

these principles, Decision Analysis should be an appropriate method to assist building 

owners to make informed decision.  However, the decision environment of seismic 

mitigation implementation and the decision-making process in the project environment 

should be examined closely to facilitate the development of a decision framework using 

the methodology of Decision Analysis. 
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The key considerations in the decision-making environment of seismic mitigation 

implementation will be discussed in Chapter 5, after the introduction of the research 

methodology in the following chapter. 
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Chapter 4 Research Methodology and Design 
 

4.1 Introduction 

 

This chapter explains the development process of the research from inception to 

completion.  It then presents the research design.  The objectives were established at the 

inception of the research and utilised as the guiding principles for the research approach.  

A description of the research methods used in accomplishing the objectives of the 

research and the main criteria for selecting these methods follows.  Finally, the 

approach to data collection and analyses is explained. 

The research, essentially, involved a systematic process of problem identification, data 

collection and analysis, theoretical framework testing, and, finally, the drawing up of 

objective conclusions in relation to the research objectives.  The thesis, outlined in 

Chapter One, lists the activities undertaken throughout the four phases of the research 

process.  The following section presents further details on the research process to 

illustrate how the study developed from the initial research directions to its current form. 

 

4.2 Research Process 

 

The research framework illustrated in Figure 4.1 gives a diagrammatic overview of the 

research process and the progression from the initial to the final phase of the research.  

In the first stage of the research, there was a need to identify research objectives.  This 

phase involved preliminary readings around the subject area and a review of the existing 

research focus on seismic mitigation decision-making both domestic and international.  

The researcher carried out an expansive review of the literature and found out that very 

limited research has been done to assist building owners in relation to seismic 

mitigation implementation.  In fact, not one research project designed to advise building 

owners on how to make a strategic decision about their substandard buildings was found.  

Most of the research was either at a policy making level, or at a structural system level, 

as discussed in Chapter 2.  To achieve the research aim, „To determine a method of 

assisting building owners to make informed decisions on seismic mitigation 
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implementation‟, Decision Analysis, as one of the main decision-making techniques, is 

reviewed to ascertain the characteristics of the decision problem analysed by Decision 

Analysis.  The results are presented in Chapter 3.  The researcher also met several 

participants from different seismic mitigation actor groups through conferences (a 

summary of the conferences is included in Section 4.4.1).  The comments and feedback 

from the these participants, coupled with the literature review, gave the initial directions 

to the research study and provided a focus on delivering results that will be of relevance 

to building owners in New Zealand. 

The second stage of the research was the data collection and data analysis.  Data was 

obtained through two different methods: (a) 32 interviews were conducted involving a 

wide cross-section of the government, building owners, practical professionals and 

interested parties, and (b) case studies were carried out of three projects with different 

project backgrounds.  In Chapter 5, the key considerations in the decision-making 

environment of seismic mitigation implementation are identified, in accordance with the 

analysis of data collected through interviews.  The characteristics of decision-making 

processes in a project environment are described in Chapter 6, based on the data 

generated from the three case studies.  Information collected from these sources was 

analysed in line with the research objectives to identify the characteristics of the 

decision environment and decision-making process.  The findings from the research 

aspect of the study were then interpreted into an illustrative application with the 

proposed method. 

The third stage of the study involved testing the decision framework model.  The 

theoretical model is testified and refined by application to two comprehensive real life 

projects.  Two real life projects, one an ongoing project and the other a completed one, 

were conducted to attest to the ability of the framework to provide assistance and in 

hindsight.   

The study consistently explored opportunities to work closely with building owners so 

that the final research outcomes could be relevant to practical needs and realities.  The 

results and feedback from interviews, case studies, and model testing, therefore, 

provided the baseline for cross-cases analysis at stage four.  The cross-cases analysis 

provided some insights and shone light on the decision problem under investigation.  
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Thus, conclusions could be drawn on the contributions of the current research and 

future research possibilities could be suggested. 

The next section describes the research design and presents the rationale for the 

selection of the methods that are applied in this research project. 

 

Stage 4 Conclusion

Future ResearchContribution

Stage 3 Decision Framework Testing

Application Case Study 2

(Completed project)

Application Case Study 1

(Ongoing project)

Stage 2 Data Collection and Data Analyses

Determine key

considerations of

decision environment

(Interviews)

Illustrative application of

decision framework

Establish research

objectives

Stage 1 Problem Identification

Review existing research

focus
Develop research planReview of literature

Develop interview

questions

(Attending conferences)

Chapter 1, 2, 3, and 4

Chapter 5 and 6

Chapter 7 and 8

Chapter 9

Examining Decision-

making process in project

environment

(Case studies)

Cross cases analysis

(Insight of Decision

problem)

Conclusion

 

Figure 4.1: Research framework 
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4.3 Research Design 

 

A research design is „an action plan for getting from here to there‟ (Yin 1984), where 

here describes the researcher‟s research question(s), and there describes the knowledge 

derived from the research.  Yin (2003) identifies that the function of research design in a 

research project is to assure that the evidence to be collected is relevant to the research 

questions.  The goal is to match rational research questions with the right evidence that 

will allow the researcher to draw analytical generalisations.  

Bloomberg and Volpe (2008) suggest that the choice of research methods is directly 

related to the research aim.  The research aim of this project is to determine a method of 

assisting building owners make informed decisions of seismic mitigation 

implementation.  To achieve this research aim, five research objectives include: 

 To review the existing research focus of decision-making in seismic risk mitigation. 

 To ascertain the characteristics of the decision problem analyzed by Decision 

Analysis. 

 To determine the key considerations in the decision making environment of seismic 

mitigation implementation. 

 To identify the characteristics of building owners‟ decision-making processes in a 

project environment. 

 To develop and apply a decision support framework to assist building owners to 

make informed decisions regarding seismic rehabilitation of substandard buildings. 

Qualitative research, concerning the development of explaining social phenomena, is a 

field of inquiry that crosses disciplines and subject matter.  Qualitative research is a 

suitable approach for promoting a deep understanding of a social setting or activity, as 

reviewed from the perspective of research participants (Denzin and Lincoln 2005).  

Thus, this approach implies an emphasis on exploration, discovery, and deliberation 

(Bloomberg and Volpe 2008).  Hancock (2002) summarizes the features of qualitative 

research as follows: 

 Qualitative research is concerned with the opinions, experiences and feelings of 

individuals producing subjective data. 

 Qualitative research describes social phenomena as they occur naturally. 

 Understanding of a situation is gained through a holistic perspective. 
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 Data are used to develop concepts and theories, which are helped to understand the 

social world.  This is an inductive approach to the development of theory. 

 Qualitative data are collected through direct encounters with individuals, through 

one to one interviews or group interviews or by observation.  Data collection is time 

consuming, which leads to the necessity of using small samples. 

 Different sampling techniques are used to seek information from specific groups and 

subgroups in the population. 

Qualitative research involves the collection, analysis, and interpretation of narrative and 

visual data to gain insight into a particular phenomenon of interest.  The current study 

involved data collection, analysis and interpretation of the decision-making factors and 

their interrelationship.  The factors involved in the process and analyse the decision-

making process of improving the seismic performance of existing buildings that are 

prone to earthquake were analysed, and the characteristics of the decision problem were 

ascertained.  Only with the insights gained through the data collection and analysis 

process, can a method that effectively assists building owners be confirmed.  Therefore, 

according to the definition and features of qualitative study, and the links between the 

research aim, questions and objectives, qualitative research is an appropriate approach 

to be adopted by this study. 

According to Babbie (2008), the research paradigm is determined by the nature of the 

research problem being investigated.  A research paradigm contains two main sets of 

assumptions: those about social science and about society.  Social science assumptions 

include assumptions about the ontology of the social world, epistemology, human 

nature, and methodology.  The assumption about society is either orderly or subject to 

fundamental conflict (Burrell and Morgan 1979).  According to Burrell and Morgan 

(1979), these two sets of assumptions yield four paradigms: functionalist, interpretive, 

radical humanist, and radical structuralist. 

The research questions addressed in the current research are concerned with both the 

nature and scope of knowledge and the nature of values.  The nature and scope of 

knowledge is about the factors affecting the decisions made by the building owners, 

what is the impact of these factors on the decision, and why did building owners make 

such decisions.  The nature of values means how to use the insights gained through the 

analysis of the decision process to set up a framework to assist building owners to make 
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future decisions.  Therefore, the social science assumptions of this research include 

assumptions about the ontology of the social world (what is the nature of existence in 

general), and epistemology (how we know what we know).  The research paradigm 

underpinning this dissertation is interpretive. 

Interpretive studies assume that people create and associate their own subjective and 

intersubjective meanings as they interact with the world around them (Chua 1986).  

Interpretive research aims to understand phenomena through accessing the meanings 

that participants assign to them.  Instead of accepting a factual account of events and 

situations, interpretive study seeks a “relativistic, albeit shared, understanding of 

phenomena” (Orlikowski and Baroudi 1991).  The intent of interpretive study is to 

increase understanding of the phenomenon within cultural and contextual situations.  

The phenomenon of interest is examined in its natural setting and from the perspective 

of the participants.  There is no a priori understanding on the situation which should be 

posed. The understanding derived from the research is then used to inform other settings 

(Orlikowski and Baroudi 1991). 

 

4.4 Research Methods Used 

 

This section describes the individual research methods that have been used in 

accomplishing the research objectives of this study.  The section gives the rational for 

selecting the methods as appropriate tools for the study.  Considering the research 

nature and the research commitment of this dissertation, four main methods have led to 

the accomplishment of the objectives. They include a literature review, exploratory 

interviews, and case studies, while the case study method is the overarching 

methodological strategy.  These methods mean that the approach, consisting of both 

quantitative and qualitative analysis, pursues the research aim of determining a method 

of assisting building owners make informed decisions in implementing seismic 

mitigation on their substandard buildings.  Essentially, the three methods discussed fall 

under the qualitative research category.   
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4.4.1 Literature review 

 

The literature review is an evident requirement for this research, specifically for 

establishing a knowledge base to identify a research gap and pursue the objectives of the 

research.  The literature review commenced with a broad view of seismic risk 

management, and gradually led to the New Zealand seismic code and legislation 

evolution, and implementation process, followed by an overview of decision-making 

tools both internationally and domestically.  There was no better way of understanding 

previous and existing seismic mitigation progress than by reading about it.  The choice 

in returning to the literature review after completing the interviews was essential, since 

a better understanding of decision-making techniques was necessary and not all issues 

of different techniques were covered at the initial stage.  This provided a better basis for 

developing the framework. 

Based on the Research Objectives 1 stated in Section 1.4 established at the inception of 

the research, the review was aimed at obtaining the following: 

 Understanding seismic mitigation tools, identifying key mitigation players and 

comprehending the code‟s evolution and  the mitigation implementation process in 

New Zealand to acquire an overview of seismic mitigation in New Zealand;  

 Understanding seismic risk management and the decision-making process, and 

evaluating various means and tools employed in the process, to ascertain the gap 

between research and practice; 

 Exploring decision analysis and its derivate methodologies, to mould an appropriate 

one for the applied question. 

The resources of the University of Auckland‟s (inter-loan) Library were instrumental in 

obtaining information on seismic risk management, seismic code evolution and 

mitigation implementation process.  Information on the decision-making process of 

seismic mitigation implementation in New Zealand was very limited, indicating few 

studies within this particular area.  Publications from the proceedings of domestic and 

overseas conferences on in earthquake engineering were invaluable in understanding the 

current status and trend of seismic risk management. 
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Apart from obtaining relevant literature by the above methods, it was also necessary to 

request reports from specific organisations such as the New Zealand Society of 

Earthquake Engineering and the Earthquake Engineering Research Institute. 

 

4.4.2 Interviews 

 

Interviewing various persons within the industry was adopted as a primary tool.  A 

general lack of information on seismic mitigation implementation in New Zealand 

means that it was necessary to have discussions with personnel actively involved in the 

industry to determine the characteristics of the decision environment.  The interviews 

formed the ideal tool for this process.  Compared to questionnaire, another very 

common method of obtaining people‟s beliefs, attitudes, and opinions, an interview is 

designed for a specific purpose with a 100% response rate.  Furthermore, the interview 

approach gives the interviewer the opportunity to explore the reasons for a person‟s 

response (Keats 2000).  Therefore, an interview, rather a structured questionnaire, is a 

more suitable tool to collect information regarding the situation of seismic mitigation 

implementation in New Zealand. 

In contrast with telephone interviewing, an in-person interview provides contextual 

naturalness, which gives the freedom to introduce topics and change the subject.  This 

naturalness, therefore, helps the interviewer to have more accurate responses and 

consequently more accurate information.  In addition, an in-person interview provides 

interactive naturalness, which is the context potentially simulates natural everyday 

conversation.  Therefore, a respondent tends to provide more than brief, underdeveloped 

answers to an interviewer‟s questions, which provide great effectiveness with complex 

issues.  Furthermore, an in-person interview provides more thoughtful responses and 

more accurate results than telephone interviews due to lower interviewer workload 

(Shuy 2001).  These advantages of face-to-face interviews are essential to achieve the 

Research Objective 3 of this research project, which involves complex questions and 

does not have developed knowledge in the area.  It was expected that the answers to 

some of the interview questions, such as, “What are key variables influencing a building 

owner‟s decision in implementation?” would be under-developed and therefore need 
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more discussion to clarify the respondent‟s thoughts to obtain a list of the variables.  

Hence, for the initial interview, an in-person interview approach was adopted instead of 

telephone interviews. 

Since a variety of key actors are involved in the mitigation process, it was advantageous 

to have “face-to-face” dialogue with participants from various groups.  These interviews 

allowed details and follow-up questions to be administered, which led to understanding 

various stages, policies, codes, and practices of seismic mitigation, likely to affect 

decision-making in implementation.  The objectives of the research meant that it was 

essential to ascertain the key considerations in the decision environment of executing 

seismic mitigation and, therefore, to develop a framework to conquer the difficulties.  

Obtaining statistical data was not the main aim of the interviews; rather they were 

designed to capture the policies, opinions and issues on seismic mitigation with the 

various key actors that would be involved in implementation.  The various groups of 

actors also meant that different questions had to be prepared for the four categories.  

Questions were derived based on the issues arising from the literature review, which 

were structured to determine the key considerations affecting the decision regarding the 

implementation of earthquake retrofits.  The questions for the interview were amended 

accordingly as additional issues emerged during the initial interviews. 

 

4.4.2.1 Choice of participants 

 

Selected mitigation actors in three major cities of New Zealand were interviewed.  The 

three cities are Auckland, Wellington, and Christchurch, as shown in Figure 4.2.  Two 

elements were considered for the selection of these three cities.  The first element was 

the exposure to earthquake risk, which identifies direct or indirect loss potential due to 

earthquakes (Earthquake Engineering Research Institute 2000).  The direct loss of 

capital is tied to the built environment, while the indirect loss is based on demographics 

(Cochrane et al. 1995).  Auckland, Wellington, and Christchurch are the three top urban 

areas in accordance with resident population.  Each city has a population of 1,313,100, 

381,900, and 382,200 respectively (Statistics New Zealand 2009).  Auckland is the 

largest city in New Zealand, Wellington is the capital of New Zealand, and Christchurch 
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is the biggest city in South Island.  All three cities have highest risk exposure to 

earthquake loss.   

Secondly, the research scope of the Seismic Retrofit Solutions project, of which the 

current research is a part, is the New Zealand built environment.  Thus, the following 

locations, namely, Auckland, Christchurch, and Wellington in New Zealand, were used 

for this study to represent seismic classifications of low, moderate and high seismic risk.  

According to Stirling et al.‟s seismic hazard model for New Zealand (Stirling et al. 2003) 

and New Zealand Standard NZS 4203:1992, Wellington belongs to Zone A (high risk), 

Christchurch falls into Zone B (moderate), and Auckland is in Zone C (low risk).   

 

 

Figure 4.2: Seismic zoning schemes (NZS 4203:1984) 
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The organisations were selected according to the categories of mitigation actors, as 

discussed in Section 2.5.  These categories are listed in Table 4.1 below, with the 

number of persons interviewed under each category.  Crown agents, such as the 

Department of House and Buildings and GNS, stand for the central government, while 

the regional councils and city councils represent local government.  Building owners are 

classified into private owners, public owners, and other.  Firms like engineer 

consultancies, architect associations, and quantity surveying companies, who are 

actively involved in the seismic retrofitting projects, were interviewed under the group 

of practical professionals.  Interested parties include the organisations of national and 

local heritage trusts, and BRANZ. 

 

Mitigation Actor Category Category of Organisation Number of Persons 

Interviewed 

Government  Central government 3 

Local government 6 

Building owners Private owners 4 

Public owners 4 

Non profit 3 

Practical professionals Engineers 5 

Architects 1 

Quantity surveyors 2 

Business consultants 1 

Interested parties  3 

Total 32 

Table 4.1: Summary of interviewed organisations 

 

It was left to each organisation to decide which individuals to participate in the research.  

The participants that were presented by the organisations were either from upper and 

middle management or senior engineers, who were prepared to answer most of the 

questions. 
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4.4.2.2 Methodology of interviews 

 

The interviews were conducted in three cities, Wellington first, then Auckland, and 

Christchurch last with one month in between each city.  This approach allowed for the 

overlap of data analysis and collection, and enabled the researcher to identify the 

differences between the cities, and revise the questionnaire accordingly.  The objective 

of the interview was to determine the key considerations in the decision-making 

environment of seismic mitigation implementation. The reasons why it is difficult to 

make a decision in seismic mitigation implementation from the viewpoint of different 

mitigation actors were thus revealed.  

All interviews were conducted face-to-face using a semi-structured interview format to 

ensure that the interviews covered the same main questions, but allowed participants to 

respond in a variety of ways and raise issues that were pertinent to the research.  As 

further elaborated in the next chapter, each in-person interview was conducted in a one-

hour slot, using a PowerPoint presentation as interview protocols, corresponding to the 

issues discussed in the literature review.  Following Yin‟s recommendations (Yin 2003), 

a PowerPoint presentation was used as the research protocol and included: an overview 

of the research; research objectives; and an introduction to available techniques in 

decision-making of seismic mitigation implementation.  This interview protocol is given 

in Appendix A.   

The interview was based on a series of 27 semi-structured questions that became 

increasingly specific, as suggested by Patton  (1990).  The series of open-ended 

questions was designed to engage participants to think about what variables influence 

the mitigation.  The questions became progressively more focussed on the issues of 

seismic mitigation but, simultaneously, concentrated on the practices of the designated 

actor group.  For example, the questions “What constrains the implementation of 

retrofitting?” is another way of asking what are the factors influencing the decision-

making in seismic mitigation implementation, as is the question, “What motivates the 

building owner to retrofit the building?”  The final list of questions and their order were 

field-tested prior to the start of the research (see Appendix B for a full list of the 

questions). 
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4.4.3 Case study method 

 

Yin (2003) offers a comprehensive definition of a case study: 

“A case study is an empirical inquiry that: 

 Investigates a contemporary phenomenon within its real-life context, especially 

when 

 The boundaries between the phenomenon and the context are not clearly evident. 

The case study inquiry: 

 Copes with the technically distinctive situation in which there will be many more 

variables of interest than data points, and as one result relies on multiple sources of 

evidence, with data needing to converge in a triangulating fashion and as another 

result, 

 Benefits from the prior development of theoretical propositions to guide data 

collection and analysis.” 

Ogawa and Malen (1991) suggest that a case study can be employed to inductively 

generate insights regarding the phenomenon of interest as a prudent prerequisite to more 

focussed investigation, especially when the topic of interest has not been the subject of 

extensive empirical examination.  As the literature review shows there is very limited 

research, either theoretical or empirical, that has been done to help the building owners 

when they select a strategic plan about what to do with substandard buildings.  

Therefore, the characteristics of decision-making process in a project environment are 

not clear.  The case study method, as a strategy, makes a relatively comprehensive and 

open-ended search for relevant information in the real-world possible.  Accordingly, the 

information can be used to “identify the major themes and patterns associated with the 

phenomenon of interest, develop or adopt constructs that embrace the patterns, 

articulate tentative hypotheses about the meanings of the constructions and their 

relations, and refine questions and/or suggest conceptual perspectives that might serve 

as fruitful guides for subsequent investigations” (Ogawa and Malen 1991).   

To study the characteristics of decision-making process in a project environment, it has 

to be understood what factors influence their decision during the decision-making 

process, which falls into behavioural research.  For behavioural research, Yin (1993) 

claims that three types of methods can be used to cover different real-life situations.  
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They are experimental, quasi-experimental and case study.  To use experimental 

methods, a study must meet four requirements: 

1.  There is a unit of analysis having adequate numbers of subjects, so that multiple data 

points for any given variable can be produced. 

2.  There are a limited number of variables that interests the researcher. 

3.  Experimenter or researcher has the ability to control and manipulate the variables of 

interest. 

4.  Subjects to the treatment and control conditions are randomly assigned. 

If a study cannot meet requirements 3 or 4, the quasi-experimental method becomes the 

application.  When none of the requirements can be achieved, the situation corresponds 

exactly with the technical characteristics of case studies, where the number of subjects 

is less than the variables of interest and the researcher cannot manipulate the relevant 

variables.  The case study method demands intensive amounts of data about a small 

number cases or a single case.  The reason for using case studies normally is that certain 

topics of inquiry are so complicated that the phenomenon of interest is not easily or 

promptly to be distinguishable from its contextual condition, and, therefore, data are 

needed about both.  Thus, the case study method is conditioned to dealing with this 

situation. 

In this research project, there are considerable factors influencing the building owners‟ 

decisions on scheme selection for earthquake prone buildings, while only limited cases 

can be studied due to the research nature and accessibility of case studies.  Selecting a 

retrofit scheme is a one-off decision for a specific building; thus, the unit of analysis is 

not replicable.  The researcher has no ability to control neither the factors affecting the 

building owners nor the decision environment.  Therefore, according to Yin‟s criterion, 

study in this fashion cannot be experimental or quasi-experimental, but can use the case 

study method. 

One of the research objectives to be achieved by the case study method is Research 

Objective 4, to identify the characteristics of the decision-making process in a project 

environment.  Thus, to identify these characteristics addresses in a contemporary 

phenomenon in a real life context, the case study method fits in answering the problem 

and is employed.  With the factors and interrelationship among them revealed in the 

case studies, the characteristics of the decision-making process are identified to further 
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confirm whether Decision Analysis is suitable to be applied as a method to develop a 

decision framework assisting building owners to make an informed decision of 

improving the buildings‟ earthquake performance. 

As Stake (1994) stated, “a case study is both the process of learning about the case and 

the product of our learning.”  Therefore, the case study method is employed again to 

illustrate the application of the decision framework, which is Research Objective 5, to 

develop and apply a decision support framework to assist building owners to make 

informed decisions about seismic rehabilitation of substandard buildings.  Through the 

case studies, the integrated framework is applied to a realistic and comprehensive 

decision problem to examine the possible differences and impacts in decisions that 

would arise from different stakeholders.  At the same time, the framework is part of the 

product of learning from the case study. 

To summarize, there are three reasons why case study methodology is applied in 

achieving both Research Objective 4 and 5 of this research project.  First, a case 

approach is an appropriate way to research an area in which few previous studies have 

been carried out.  As the literature review discussed in Section 2.7.3, little research 

aiming to assist building owners has been performed.  Secondly, the researcher can 

study the decision-making process of earthquake mitigation scheme selection in a 

natural setting, learn about the state of the art, and generalise characteristics from a real-

life context.  Last but not least, the case study method allows the researcher to answer 

“how” and “why” questions, that is, to understand the nature and complexity of the 

decision-making processes taking place.   

 

4.4.3.1 Design of case studies 

 

As Yin (1993) indicated that “the correct case study design identifies a theory that a 

case study is trying to test, rather than regarding individual case studies as data points or 

part of a sample.”  Although the importance of case study design cannot be over-

emphasized, there is no textbook teaching a comprehensive catalogue of research 

designs for case studies. 
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Case studies can be either instrumental or intrinsic in type. An instrumental case study 

is examined mainly to provide insight into an issue and to draw out generalisations 

about the issue, whereas intrinsic case studies focus on the case because of its 

uniqueness or to have a better understanding of that particular case (Stake 2006).  This 

research uses instrumental case studies to build a better understanding of the decision 

environment of determining the factors influencing the decision-making process.  

Intrinsic case studies are employed to apply and examine the decision framework. 

A principal distinction in designing case studies is between single-case and multi-case 

designs.  A single-case design is appropriate if the case meets certain conditions.   First, 

the single case should meet all of the conditions for confirming, challenging or 

extending the theory.  The interpretation can thus be used to determine the correctness 

of a theory‟s propositions or the relevance of explanations to some alternatives.  

Secondly, a single case has to stand for an extreme or unique circumstance, which 

commonly occurs in clinical psychology.  The third condition is that a single case needs 

to be a representative or typical case.  The objective of using a typical case is to capture 

the circumstances and conditions of an average situation.  Therefore, the lessons and 

information learned from these cases are informative and representative.  A fourth 

rationale for a single-case study is the revelatory case, which exists in the situation 

when a researcher has an opportunity to observe and analyse a previously inaccessible 

phenomenon.  Last, a single-case study should be a longitudinal case, which means the 

same single case is studied at two or more different points in time (Yin 2003).  These 

five conditions are major reasons for doing a single-case study as a complete study on 

its own. 

On the other hand, the logic underlying the use of multiple-case studies should follow 

“replication” logic (Yin 2003).  This indicates that each case should be selected so that 

either a literal replication or a theoretical replication can occur.  Literal replication 

means the case studies may predict similar results, while theoretical means the 

contrasting results are foreseen for predictable reasons. 

The vulnerability of the single-case design is that a case may turn out not to be the case 

it was thought to be at the commencement of the research.  Therefore, careful 

investigation of the potential case is required to minimize the chances of 

misrepresentation and to maximize the accessibility of evidence collection.  Compared 
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to single-case design, multiple-case design also has its recognizable advantages and 

disadvantages.  The multiple-case study is regarded as being more robust, since the 

evidence from the cases is considered more compelling (Herriott and Firestone 1983).  

However, multiple cases cannot satisfy the rationale for single-case designs, because 

multiple case designs have to follow replication logic.  Additionally, extensive 

resources and time are required to conduct a multiple-case study as compared with a 

single-case one.  Therefore, the decision to undertake a single-case study or a multiple-

case study cannot be taken lightly. 

Yin (2003) advises that multiple-case designs are preferred over single-case designs 

although all designs can lead to successful case studies as long as the rationale of either 

design is met.  This is because analytic conclusions independently arising from multiple 

cases are more powerful than those coming from a single case alone.  Moreover, 

multiple cases are likely to have contexts different from each other.  If common 

conclusions can be derived under varied circumstances, the external generalisability of 

the findings is more measurable than those from a single case. 

According to Skate (2006), an important reason for doing the multiple-case study is to 

examine how the programme or phenomenon performs in different environments when 

cases are chosen carefully.  An appropriate design can incorporate a diversity of 

contexts.  In the first part of this dissertation, the factors, including social, economic, 

engineering, and environmental, affecting the building owners‟ decision-making 

processes are to be settled.  These factors are involved in assorted decision contexts.  

Therefore, the multiple-case study is a pertinent for this practice. 

For the multiple-case study method applied in qualitative research, the individual cases 

should be studied to learn about “their self-centring, complexity, and situational 

uniqueness” (Stake 2006).  Each case needs to be understood in depth, giving little 

immediate attention to the quintain.  According to Skate, a quintain is a target collection 

of an object or phenomenon to be studied.  Therefore, multiple-case study design is 

adopted for this research to examine the decision-making process and test the decision 

framework, since it is important to understand the phenomenon and the framework 

performing in different environments.   
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4.4.3.2 Case selection 

 

Selecting a case is a difficult process, since the search of existing literature provides 

limited information on this topic.  It is recommended that the selection offers the 

opportunity to maximize what can be learned, knowing that time is limited (Stake 2006).  

Tellis (1997) believes that the cases that are selected should be “easy and willing 

subjects”. 

According to Eisenhardt (1989), two activities occur at case selection stage.  First, the 

population of interest is specified.  Specifying a particular population helps to limit 

extraneous variation and sharpens external trustworthiness.  Second, the sample of cases 

must be determined based on their theoretical usefulness.  Thus, the potential case study 

population of this research is defined as building projects that have been or are going 

through the earthquake mitigation scheme in New Zealand.   

Stake (2006) proposes three main criteria for selecting cases as a general rule.  First, the 

case should be relevant to the quintain.  The case should also provide diversity across 

contexts.  The third criterion is that the case should provide good opportunities to learn 

about complexity and contexts. 

According to these criteria and accessibility, three case studies were selected to identify 

the characteristics of the decision-making process, while two case studies were 

employed to test the decision framework.  The reasons for selecting each case study are 

discussed in the representative chapters. 

 

4.4.3.3 Case study protocol 

 

The protocol is a major means to increase the reliability of case study research.  It is 

also the guide for carrying out the data collection.  A case study protocol is to be created 

prior to the data collection phase.  It is essential in a multiple-case study, and desirable 

in a single-case study.  The protocol is a major component in asserting the reliability of 

the case study research.  Yin (2003) outlines the sections of a case study protocol as 

follows: 
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 An overview of the case study project, including project objectives and case study 

issues. 

 Field procedures, such as presentation of credentials, general sources of information, 

and procedural reminders. 

 Case study questions, including the specific question of key data collection, and the 

potential information or hints for answering each question, if any. 

 A guide for case study report, including format for the data, other documentation 

having been presented, and bibliographical information. 

According to the results derived from the interviews, which have been presented in 

Chapter 5, the case study protocol for this dissertation was developed and is attached as 

Appendix B.  Most of the case study questions in the protocol are of an open-ended 

nature, which means that both factors of a matter and their opinions about events are to 

be answered.  The open-ended questions also propose the respondents to give their own 

insights into the decision-making process. 

 

4.5 Data collection 

 

The main principle of data collection is to use multiple sources of evidence.  The use of 

multiple sources allows a broader range of historical, attitudinal, and behavioural issues 

to be addressed.  The most important advantage of using multiple sources of evidence is 

“the development of converging lines of inquiry” (Yin 2003), which is a process of 

triangulation emphasised by many social research methodologists (Creswell 2007; 

Maxwell 2005; Patton 1987; Stake 2006; Yin 2003). Triangulation has been generally 

considered a process of using multiple perceptions to clarify meaning.  However, it is 

also verifying the repeatability of an observation or interpretation (Stake 2006).  It is an 

effort to ensure that the right information and interpretations have been obtained. 

Stake (2006) and Yin (1994) identify at least six sources of evidence, which are 

documents, archival records, interviews, direct observation, participant-observation, and 

physical artifacts.  It is recognized that no single source has a complete advantage over 

the others.  Instead, they might be complementary and could be used in tandem.  Thus, 

three different sources of evidence, namely documents, interviews, and case study data 

base which includes documents, archival records and interviews, are collected in this 
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dissertation allowing triangulation of the data, which is important to address the issues 

of construct reliability (Patton 1987).   

Documents, such as literature, memoranda, agendas and study reports in respect of the 

case studies are collected to identify the research gap and accomplish Research 

Objective 1 of understanding the characteristics and application of decision analysis.  

The archival records including maps, records and court conclusions came from two 

primary sources: library searches and city records.  The library was the source of 

information on literature relevant to this project.  City records were retrieved from the 

related council systems.  This data supplemented more general background information 

of the earthquake risk/prone buildings investigated in the case studies.     

A series of interviews are the primary sources of achieving Research Objective 3, to 

identify major factors of the decision-making environment, in this research.  The 

interviews were conducted according to the interviewee‟s schedule and availability 

using the same interview questions and protocol.  Open-ended interviews recommended 

by Yin (2003) are employed at the beginning of each case study to expand the depth of 

data gathering, and to increase the number of sources of information.  After the 

interview, the researcher reviewed relating documentation or archival records to 

understand the building owners‟ decision context.  Then, formal and semi-structured 

interviews followed, normally lasting around an hour, to probe additional clarification 

and new information. 

A collection of evidence is maintained to increase the reliability of the data collected in 

a case study.  The principle is to allow the reader of the case study to follow the 

derivation of any evidence, from initial questions to case study conclusions by using 

sufficient citation to the relevant portions of the case study database.  The data 

collection of case studies also follows the way of organizing and documenting the data 

collected for case studies suggested by Yin (2003) that a case study database should be 

developed.  Four components of the database are case study notes, documents, tabular 

materials, and narratives.  For this research, case study notes, documents and narratives 

of opened ended questions in the case study protocol are filed for retrieval. 
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4.6 Data analysis 

 

The data which required processing were the interviews and the case studies. 

 

4.6.1 Interview data analysis 

 

The interviews, which represented four main mitigation actor groups, presented a 

comparatively large set of data for analysis. The different perspectives of the groups 

meant that the responses had to be analysed under consistent themes (across the 

responses), rather than trends. While comparisons of responses were done within each 

category of mitigation actor, the primary aim was to identify major factors of seismic 

mitigation implementation decision-making environment.  Nvivo was adopted for 

interview data analysis.  Nvivo (Versions 2.0 and 7.0) were important in transcribing the 

taped interviews and also linking responses within all groups.  Nvivo was used 

extensively to code the responses from each participant, so that it became easy 

amalgamating and viewing the various responses for comparison and contrasting within 

each category and across the four categories of participants.  

In accordance with Research Objective 3, to determine the key considerations in the 

decision environment of seismic mitigation implementation, the information was 

analysed to: 

1.  Identify main factors, considered by each category of mitigation actor, influencing 

the final decision of whether to implement seismic mitigation; 

2.  Investigate the reasons of why each factor is considered in the decision-making 

environment and its importance;  

3.  Conclude why building owners have difficulties making decisions about mitigating 

seismic risk for their substandard buildings. 
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4.6.2 Case study data analysis 

 

Analysing case study data is especially difficult because there are few fixed formulas or 

cookbook recipes to guide researchers through the process.  Data analysis is one of the 

least-developed and most difficult aspects of doing case studies.  Yin (2003) recognised 

that “familiarity with various tolls and manipulative techniques is helpful, but every 

case study should nevertheless strive to have a general analytic strategy – defining 

priorities for what to analyze and why”.  He further suggests that determining a general 

analytic strategy in the first place can help reveal the suitable analysing tools and 

therefore how to use the tools and make manipulations more effectively and efficiently. 

Stake (2006) advocates four forms of data analysis techniques in case study research.  In 

categorical aggregation, the investigator seeks a collection of instances from the data 

and expects that issue-relevant meanings will emerge.  On the other hand, direct 

interpretation is a process of pulling the data apart and putting them back together in a 

way that is more meaningful.  The other two forms of analysing data are to establish 

patterns and pursue a correspondence between two or more categories.  Yin (2003) 

presents some possible analytic techniques: pattern-matching, explanation-building, and 

time series analysis.  In addition to these techniques, Creswell (2007) considers that a 

detailed description of the case and its setting should be analysed as well.  The 

researcher then is able to develop naturalistic generalisations, which people can learn 

from the case for themselves or to apply to a population of cases.   

For the data from case studies to achieve Research Objective 4, to identify the 

characteristics of the decision-making process in a project environment, the aim is to 

answer the question, “What are the characteristics of the decision-making process of 

seismic mitigation implement projects?”  Therefore, the proper analysing strategy for 

this phase relies on theoretical propositions.  The evidence for three case studies is used 

to give a detail description of the case and consequently establish the characteristics of 

the decision-making process for seismic mitigation project.  A cross-case synthesis will 

be run to seek similar and different characteristics from different categories of building 

owners.   A common pattern of the characteristics is hoping to be formalized.  Thus, the 

information was analysed to  
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1. Identify project background and chronological events for deeper understanding of the 

decision environment; 

2. Investigate the decision-making process of each case study thus to determine the 

factors influencing the final decision;  

3.  Conclude the main characteristics of a building owner‟s decision-making process 

regarding seismic retrofit projects. 

According to the criteria of Research Objective 5, to develop and apply a decision 

support framework to assist building owners to make informed decisions for seismic 

rehabilitation of substandard buildings, two real-life projects were selected to test the 

decision framework.  The theoretical model based on the theory of Decision Analysis is 

to be tested and refined in realistic comprehensive decision problem by examining the 

possible difference and impacts in decisions that might arise from different stakeholders.  

The information of these two case studies was thus analysed to:  

1.  Examine whether all factors considered by the building owner are covered by the 

decision frame work; 

2.  Investigate whether the theoretical model is able to deal with the complicated 

decision-making process;  

3.  Compare feedback from different stakeholders to conclude the trustworthiness of the 

decision frame work. 

 

4.7 Trustworthiness 

 

There is a general consensus that qualitative research needs to demonstrate its quality 

including trustworthiness, credibility, confirmability, and data dependability.  Several 

researchers identify common procedures for establishing trustworthiness in qualitative 

projects (Lincoln and Guba 1985; Maxwell 2005; Merriam 1998).  Qualitative research 

frequently employs member checking, triangulation, thick description, peer reviews, 

and external audits to establish the credibility of the study.  Creswell and Miller (2000) 

suggest that the choice of validity procedures is governed by the lens researchers choose 

to validate their studies and researchers‟ paradigm assumptions.  The lens used by the 

researcher means that the inquirer uses a viewpoint for establishing trustworthiness in a 
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study.  In qualitative research, a lens is established using the views of people who 

conduct, participate in, or read and review a study.  Researchers‟  

For this dissertation, a series of interviews was carried out to ensure that research issues 

or research questions that form the basis of subsequent case studies had taken the 

findings from the interviews into consideration.  This will ensure that the construct 

trustworthiness can be achieved. 

To ensure that results from the research can be generalized with the immediate case 

studies, the research will be conducted in „real-life‟ situations, since the studies of „real-

life situations would be more valid in the sense that they yield better results with 

broader applicability to other real-world contexts‟ (Leedy 2005).  The projects selected 

for the case studies are buildings that have either been through the mitigation process or 

are going through it. 

The triangulation research strategy is employed.  Multiple sources of evidence are 

collected, from documents, archival records, and interviews.  These methods are meant 

to improve the reliability of the research.  In addition, to ensure confirmability, and 

replicability, audit trail categories would be used in this project.  These include raw data, 

data analysis, data reconstruction and synthesis, structuring of categories and process 

notes. Findings from the research will also be validated via peer consultation and 

member checks.  The peer consultation will be accomplished by consulting academics 

in this field of research, while member checks will be done with key staff of case study 

organisations. 

 

4.8 Summary 

 

The focus of this chapter was to provide an overview of the research process, research 

methodology and the parameters within which the study was conducted.  The research 

process was narrated with the development process of the research objectives.  The 

research design where the primary mode of empirical data collection will be conducted 

is presented.  This chapter presented a detailed overview of the methods utilised in 

accomplishing the objectives of this research.  An expanded literature review, coupled 

with thirty-two interviews crossing the country, two conferences, three case studies and 
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two realistic project applications, collectively provided an adequate basis to make 

definitive conclusions on the achievement of research triangulation. 

The following chapter presents detailed results from thirty-two interviews among four 

groups of mitigation actors to from the background of the seismic mitigation decision 

environment.  This is undertaken in pursuit of Research Objective 3 of the research 

study which is outlined in Section 1.4 of Chapter 1. 
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Chapter 5 Decision Environment 
 

5.1 Introduction 

 

This chapter presents the key considerations in the decision-making environment of 

seismic mitigation implementation, which is a result of accomplishing Research 

Objective 3.  The key considerations are determined through a serious of interviews 

among different mitigation actor groups in New Zealand.  The interview methodology 

presented in this chapter details the composition of the interview participants.  It is 

followed by the results derived from the analysis of interview data.  The reasons why 

these factors are critical for the mitigation decision problem are explored as well.  The 

difficulties for building owners when making a decision about whether to implement 

seismic rehabilitation of their substandard buildings, in accordance with the key 

considerations of the decision environment and their interrelationship, are identified and 

discussed at the end of the chapter. 

 

5.2 Interview Methodology 

 

Interviewing key personnel in various mitigation actor categories who are actively 

involved in seismic retrofitting is the main tool used to collect data on the decision-

making environment.  The methodology of the interview and choice of participants are 

presented in Section 4.3.3. 

As indicated in Table 5.1, Summary of interviewed organisations, a wide cross-section 

of the government, building owners, practical professionals and interested parties 

relating to the topical issue was involved in the interviews.  The objective of the 

interview was to identify the key considerations influencing the seismic mitigation 

decision in the decision-making environment and, consequently, understand the practice 

of seismic mitigation implementation in New Zealand, and also to explore the reasons 

why making such a decision is difficult.  The participants were solicited from four 

categories of mitigation actors, government who understand the implementation 
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progress; building owners who make the decisions of whether or not to strengthen their 

buildings; practical professionals who deal directly with the building owners in regard 

to seismic mitigation and thus understand both the practice and decision-making 

environment; and other interested parties who are actively involved in seismic 

mitigation.   

The Local Government participants are from the City Councils of Auckland, Wellington, 

and Christchurch, respectively, in order to represent Councils with different 

implementation approaches in cities with different seismicity, as indicated in Table 5.1.  

The interviewees from the Councils are the officers who implement the Building Act 

2004 and actively deal with the building owners.  They have knowledge of Council‟s 

approaches and policies.  With the experience of working with building owners who 

possess earthquake prone building, these officers understand the building owner‟s 

situation and therefore their considerations in the context. 

 

Territorial 

Authority 

Seismicity Implementation 

approach 

Number of Persons 

Interviewed 

Wellington High Active/Passive 2 

Christchurch Moderate Active 2 

Auckland Low Active 2 

Table 5.1: Summary of Interviewed Territorial Authority 

 

To justify the possibility of bias, the interviewees from the building owner‟s groups 

were from Auckland, Wellington and Christchurch, respectively and from three 

different categories, namely, public, private and non-profit.  All the participants are 

either the owner of the building/company or the personnel who manage the buildings.  

All the interviewees had experience with seismic retrofitting.  They had all been 

involved in at least one project which required a decision-making process on whether to 

implement seismic rehabilitation.  The participants of the public sector are from 

government and its trusts.  The private owners include individual building owners, 

corporate building owners, and developers.  Non-profit building owners are mainly 

from religious institutions, however, for accessibility reasons, participants were not 
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available participants in each city in each category.  The detail summary is presented in 

Table 5.2. 

 

Ownership category City Number of persons interviewed 

Public  Auckland 3 

Wellington 2 

Private Auckland 1 

Wellington 2 

Christchurch 1 

Non-profit Auckland 1 

Wellington 2 

Total 12 

Table 5.2: Summary of Interviewed Building Owners 

 

The practical professionals interviewed are from Auckland and Wellington.  Because of 

its high seismicity, most companies have their earthquake specialist group based in 

Wellington.  These participants are from the engineering, architecture, quantity 

surveying, and business consultancy professions.  All the participants again had 

experience in seismic mitigation.  All of them had experience in consulting the building 

owners in one way or another regarding decisions on whether or not to strengthen 

and/how to strengthen building against earthquakes.  Table 5.3 displays details of the 

participants. 

 

Practical professional City Number of persons interviewed 

Engineer Auckland 2 

Wellington 3 

Architect Wellington 1 

Quantity Surveyor Wellington 1 

Business Consultant Wellington 1 

Total 8 

Table 5.3: Summary of Interviewed Practical Professional 
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The participants of the other interested parties are from Auckland, Wellington, and 

Christchurch, respectively.  They are from the organisations interested in heritage 

buildings and construction.  The details are illustrated in Table 5.4. 

 

Other interested parties Number of Persons Interviewed 

Wellington 1 

Christchurch 1 

Auckland 1 

Table 5.4: Summary of Interviewed Other Interested Parties 

 

Information from the interviews provided the basis for much of the discussion, on issues, 

including: 

 Understanding the differences of approach to implementing the Building Act 2004 

adopted by Territorial Authorities; 

 Establishing the decision-making environment of implementing seismic 

rehabilitation; 

 Understanding the incentives and impediments to improving the seismic 

performance of buildings; 

 Assessing the difficulties of decision-making in relation to the considerations of the 

decision-making environment. 

Of the 32 interviews, 26 were recorded.  The ability to record interviews enhanced the 

interview quality distinctly.  A compact digital record was used for this purpose.  

Permission to record the interview was sought from all interviewees prior to the start.  

Participants who declined permission to record the conversation were concerned about 

the sensitivity of the information released in the interview, especially in relation to 

legislation and costing issues.  While some people expressed initial reservations, they 

allowed the researcher to record the interview after the researcher explained that the 

record was only for research purposes, and they soon became unaware of the recorder.  

Twice during the interviews, the recorder failed due to its batteries running out.  The 

researcher took notes in the place of the recorder.  The use of the recorder enabled a 

more accurate record of the interview following transcription, and more importantly 
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allowed the researcher to concentrate solely on the interview and engage with the 

interviewees. 

The results of the interviews were collated and twelve considerations of the building 

owners‟ decision-making environment were summarized, as presented in the next 

section. 

 

5.3 Key considerations in decision-making environment 

 

It is well-recognised that the decision to improve the seismic performance of a building 

is complicated (Earthquake Engineering Research Institute 1998).  A building owner 

makes many decisions about a building, and the decision about improved seismic 

performance is just one of them. 

“In a building owner‟s mind, whether or not to improve the building‟s seismic 

performance is a small corner of a huge iceberg.”  Consultant Engineer P8 

commenting on the complexity of a building owner‟s decision. 

The seismic performance is normally evaluated simultaneously with decisions such as 

maintenance, upgrading, and future investment.  Seismic issues are rarely the sole 

consideration for the scope of a change or addition to an existing building.  Earthquake 

retrofitting may be a secondary consideration of a major remodelling effort undertaken 

for any number of reasons, such as redevelopment and change of use.  Even if 

implementation of seismic mitigation is the primary motivation, a broader potential 

scope has to be considered at the beginning of the project, such as fire and life safety 

improvements, building system improvements, and historic preservation.  Some of these 

improvements are required by legislation when changes are made to a building. 

The context in which each decision is made is thus a major determining factor.  

Therefore, it is essential to understand the environment of decision-making at the 

strategic level, to understand “the competing priorities, the possibility of trade-offs, and 

the terms of discussion and comparison” (Earthquake Engineering Research Institute 

1998).   

This section provides a general discussion of the complex array of factors and 

considerations summarised from interview results that can affect building owners‟ 

decision to implement seismic rehabilitation.  Table 5.5 summarises the frequently 
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reported consideration of the decision-making environment designated by the 

interviewees.  There are twelve considerations that were frequently mentioned and 

discussed by the participants from different groups.  The number under each mitigation 

group refers to how many participants in the specified group considered the factor as a 

part of the decision-making environment.  The rank of each factor is determined in 

accordance with the total number of participants who mentioned this specific 

consideration as part of the decision-making environment; the more participants 

considered it, and the higher the rank.  These factors and their interrelationships are 

discussed in the following section according to its importance rank. 

 

 Groups Government 

 

Building 

owners 

Practical 

professionals 

Interested 

parties 

Total Rank 

Factors 

Total 

participants 

9 12 8 3 32  

Risk 9 12 8 3 32 1 

Regulatory 

requirements 

9 12 8 3 32 1 

Costs 9 12 8 3 32 1 

Existing building 

performance 

7 10 8 1 26 4 

Benefits 4 12 5 2 23 5 

Technical assistance 2 12 6 1 21 6 

Liability 5 9 4 2 20 7 

Market and 

economic conditions 

4 7 4 2 17 8 

Future usage 0 7 4 2 13 9 

Ownership 3 7 2 0 12 10 

Profile of the 

decision-maker 

3 2 5 1 11 11 

Financial aids 2 4 1 2 9 12 

Table 5.5: The decision-making environment: Key considerations 
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5.3.1 Risk 

 

All the participants interviewed considered that risk is a major factor in the decision-

making process, since the decision of whether to implement seismic mitigation is 

involved in seismic risk management, as mentioned in Section 2.3.  Earthquake risk 

analysis is a combination of earthquake hazard assessment and engineering assessment 

of the vulnerability of assets (Smith and Vignaux 2006).  One step further than hazard 

assessment, risk assessment estimates the likely losses to structures by modelling their 

vulnerability.  The purpose of the risk assessment is to produce quantitative basis for a 

risk management decision to be made.  The quantitative basis is normally probabilistic 

estimates of losses for specific portfolios of assets, such as the average annual loss 

estimation.  The average annual loss estimation models simulate the expected value of 

the probability density function.  These models help decision-makers understand their 

exposure to an earthquake of a certain magnitude, and the consequences for their 

businesses and organisations.  Recent advances in software and computer technology 

have enabled these models to improve the sophistication and management of large data 

mines dramatically.  These models are extensively employed by insurance companies to 

determine possible loss (Smith and Vignaux 2006) and by government to allocate 

appropriate resources to mitigate earthquake risk (MacRae 2006). 

However, the risks considered by the government and engineers are the seismic risk 

which would occur in a specific portfolio of assets, while the risk defined by the 

building owners is the probable loss they will suffer, normally for a particular building.  

Nevertheless, all parties use the same tool to understand the risk, which is annual loss 

estimation modelling because of its popularity in earthquake engineering and seismic 

mitigation decision-making.  It is not surprising that building owners expressed their 

concerns and confusion in the interviews. 

 “But it (average annual loss) is not a very good measure [for building owners].  For 

example, I want to buy insurance for my building.  And the insurance fellow knows that 

for buildings like mine, on average, they sustain a loss, say around $200,000 a year.  

That is the average annual loss…That does not mean much to me, because I want to 

know my risk of this building not the whole lot.”  Comment by Managing Director of a 
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corporate building owner B9.  This quote highlights that average annual loss is not an 

appropriate measure for building owners to assess the risk they have. 

“To actually predict how much damage you have in a particular building is almost 

impossible… [If] you have 100 of those buildings, then your damage bill will be 20% of 

the replacement cost of these buildings.  [However,] it dose not mean that every 

building has 20% of damage.  Some of them might collapse totally, others will get away 

[unscathed].  If you only own one building, I cannot really tell you.  I can tell you [that] 

it will be somewhere between naught and a hundred, which is not a lot of use.”  

Chairman of an engineering consulting company P4 commenting on the limit of using 

average annual loss in risk assessment for building owners.  This quote from an 

engineer illustrates that average annual loss does not give building owners an indication 

of their primary loss on a particular building in the event of an earthquake.   

Since an earthquake loss estimate is a forecast of the effects of a hypothetical 

earthquake on a group of assets, it is useful for preparing for a disaster and to facilitate 

good decision-making at the regional and national level of government.  It is not a 

proper measure for explaining to building owners the risk posed by a specific 

earthquake prone building.  Therefore, building owners have difficulty understanding 

the risks they are exposed to with certain buildings.    

One of the participants from the public building owner category, who has buildings with 

significant function in the portfolio, found the average annual loss is somewhat 

misleading in risk assessment.  Since building codes seek to reduce the probability of 

loss to an acceptably low value instead of zero damage or complete protection, the 

building owner has to determine which level of damage is unacceptable in the context of 

its own risk management.  For building owners who have significant facilities which 

need to be functional after an earthquake, the expected value of average loss is not an 

appropriate criterion for risk assessment.  These building owners have to take into 

account the extremes of the loss distribution instead of the average.  Therefore, the 

annual average loss estimation is misleading for these building owners, since the 

annualized risk may appear small and give the wrong impression of risk due to a single 

event. 

Furthermore, there is uncertainty in the factors of modelling.  If several engineers were 

to develop the loss estimation curve, there is a high likelihood that the curves would 



Page 120 

look quite different.  This is because a number of assumptions are needed to develop the 

curves, such as a basis for selection of earthquake ground motions, soil type, 

considerations of soil structure interaction, analysis method used, and types of loss 

considered, for instance.  All the participants from the building owner category admitted 

that it is hard to be convinced about the reliability of the modelling result. 

Thus, although risk is one of the fundamental considerations of the decision-making 

process, building owners struggle to assess the risk for a particular building and 

engineers are having difficulty finding the right solution to assist building owners to 

understand the risk. 

 

5.3.2 Regulatory requirements 

 

All the participants identified that government requirements and regulatory constraints 

are part of the environment for the decision to improve seismic performance.  The 

consideration relating to regulatory requirements can be summarised in the following 

three aspects. 

The building owners‟ biggest concern is the cost with respect to other legislative 

requirements.  10 out of 12 participants in the building owner category reported that the 

cost of improving seismic performance can become unacceptably high because the work 

often triggers compliance with other code requirements, such as Fire Safety and 

Evacuation of Buildings Regulations, and Design for Access and Mobility (NZS 

4121:2001).  This is often cited by owners as another burden when carrying out seismic 

retrofitting. 

“Under the new building act, Council has a requirement to give you a notice 

particularly about structure… Say if you have a building, 50-year-old, that building 

might have roof leaks, no insulation, poor heating plant, poor windows, and a structural 

problem.  All these factors are going to drive that decision, rather than necessarily just 

the structure.  You also have to bring it up for fire, access for the disabled, the lift.  All 

those other things come in, which make the costs soaring up.”  Property manager of a 

public building owner B3 commenting on the impact of other regulatory requirements 

on the cost of a strengthening project.  This quote illustrates that normally the structural 
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deficiency triggers the decision-making.  However the factors that drive the decision are 

not the structural deficiency alone, but also include considering other regulation 

requirements that the Territorial Authority would require the building to be upgraded to, 

if a retrofitting is done.  The participants had difficulty in identifying the percentage of 

the whole costs which related to other legislation.  Three of the participants reported 

that it is not unusual for the cost of strengthening the structure to be less than 50% of 

the complete retrofit project. 

Application of resource consent is another issue raised by the participants.  In New 

Zealand, any project having an impact on the natural resources needs a resource consent 

under the Resource Management Act 1991.  Two participants said that they are cautious 

if the building to be retrofitted needs to go through a formal resource consent process, 

while one participant recounted a long time-consuming resource application for one of 

their retrofitting projects.  Their experience revealed that it may take years to get 

resource consent if one of the community members does not agree with the project plan, 

or there are some protected trees or resources on the site, or if the building itself is a 

heritage building, or the project employs a complicated measure to strengthen the 

building.  The application has to go through different groups of the local Council, which 

may cause some conflicting and/or redundant information.  From the building owners‟ 

point of view, there are many uncertainties involved in resource consent application. 

“It is also the risk of process. Risk of going through consent process.  In these cases, 

you have people that are empowered to prevent you from doing things on your 

property… We have to go through notify resource consent and spent $150,000 just to 

get the right to replace the verandah.”  Managing director of a commercial developer 

B6 commenting on the risk and cost of going through resource consent in accordance 

with their experience.  This quote highlights the frustration the building owner 

experienced.  For some projects, such as the one in the quote, it cost a significant 

amount of money and time to get the consent from the Territorial Authority so that the 

building owner could proceed with the retrofitting project.  The delay caused by waiting 

for resource consent is well-recognized in the construction industry and government 

department.  It is necessary for certain projects to have resource consent, however with 

the time, money and uncertainty involved in the application process, building owners 

considered it is one of the risky factors in the decision-making process. 
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The third issue raised by the participants is that some of the zoning controls of district 

plan are sensitive factors which influence the decision-making.  Renovation or 

remodelling projects are influenced by the existing use right.  If the existing use right is 

changed, the building has to meet all the requirements of the current district plan, laws 

and regulation.  For some projects, that means providing a significant amount of car 

parking, which may not be possible due to the limited size of the land.  At some extreme 

cases, the change of existing use rights would put off the seismic retrofitting project, 

since the building owners may have to face the constraints of tenant category.  

“I suppose the existing using right is the key of our decision-making.  We knew we 

could not demolish and rebuild, although it is the most cost efficient way, because we do 

not have sufficient land to then provide all the car parking (as required by the district 

plan).  We would like to have the building to be upgraded when we do the strengthening.  

If we only upgrade part of it, then our exiting using right will not be changed.  

Therefore, we only need to provide car parking for the increased area caused by the 

upgrade, which is practical for us.”  A Deacon in the Ministry of a church B12 

discussing the impact of existing using right on the rehabilitation project.  This quote 

illustrates that existing using right is a key consideration for projects which 

strengthening or upgrading the building which is a discretionary activity in accordance 

with the District Plan.  If the existing using right constrains the building owner to 

implement the most cost-effective seismic mitigation measure, building owners will 

have to look for other alternative, which may cost more time and money.  It may turn 

out that there is no suitable alternative for the building owner under the existing using 

right, and therefore building owners will need more time to allocate resource to 

implement a measure which is not the most cost-effective.  Alternatively, some owners 

just cannot work through it and give up on the mitigation of the seismic risk posed on 

the building.  This may be one of the reasons why the implementation in New Zealand 

experiences such slow progress. 

The inconsistency of the legal requirement and recommendations by NZSEE are other 

issues making a building owner‟s life complex.  While the Building Act 2004 specifies 

all the buildings have to be strengthened to 33% NBS, NZSEE recommend that the 

buildings should be retrofitted to at least 67% NBS to reduce or remove the danger.  In 

addition, the Building Act 2004 states that the Building Code will be reviewed over 
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three years, with input from consumers, the building industry, and central and local 

government. The purpose of the review is to ensure that the Building Code meets the 

requirements of the new Building Act. Thus, the inconsistency indicates that the 

legislation may change in the near future.   Some building owners expressed their 

concern at the possible legislation changes in the interviews. 

“We have strengthened our building as required by the previous code (NZSS1990 

Chapter 8).  It cost us a lot.  Now, we are notified that this specified building is 

earthquake prone again.  I am wondering whether we shall strengthen it this time.”  

Managing Director of a real estate and investment company B8, puzzling about what to 

do with an earthquake prone building.  This quote illustrates that the uncertainty of the 

legislation change is an impediment for seismic implementation.  Thus, building owners, 

who strengthened their building previously, as required by then current legislation and 

regulations, are now left out in the cold due to the upgrade of the legislation.   It is 

disappointing for these building owners to find that the buildings which were seismic 

retrofitted a few years before, are again considered to be earthquake prone buildings.  

They have to spend a significant amount of money again to revoke this status, not to 

mention the possible business interruption and other negative impacts on the owners.  

This has effectively become an encouragement for building owners who did not abide 

by the law at that time not to strengthen substandard buildings under the current 

legislation, and thus impedes the implementation of seismic retrofitting in New Zealand.   

 

5.3.3 Costs 

 

The costs factor is one of the three factors that was identified by all the participants.   

Three out four interviews in the private building owner category admitted that the 

determination of the likelihood that costs can be recovered in an acceptable period of 

time plays an important role in the decision-making environment.  All the participants 

of the public building owner category reported that it is essential to have an estimation 

of the costs of the strengthening project, so that the internal resource allocation 

programme can be administered.  All the respondents of the non-profit building owner 

category indicated that they have limited monetary resources and, thus, they need an 
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indication of the total costs of the retrofitting project to know whether they can afford to 

strengthen the building.  Therefore, a cost estimation of a rehabilitation project is a 

critical factor in the decision-making environment.  

However, it is well-recognised that improving the seismic performance of a building 

can be expensive and that the costs can vary widely as underlined by the engineers 

interviewed.  All the participants of the engineering category admitted that it is not an 

easy job to estimate the project cost.  One of the building owners revealed that he had to 

accept a cost estimation within a range of +80% to -20%.  The variation of the 

retrofitting costs depends on a number of factors, including the location of the building, 

the structural category, the characteristics of the building fabric, the level of 

performance desired, the extent of other upgrades required, and the costs of interior and 

exterior finishes. 

“It is difficult to give an indication of the average retrofitting costs, since every building 

is unique, the material, the quality, the interior material.  Every owner has different 

requirements as well.  You have to estimate the costs case-by-case.”  Director of a 

Structural Engineer Consultancy company P5, commenting on the difficulty of 

identifying the average costs for seismic retrofitting project.  This quote illustrates the 

difficulty of estimating the costs of retrofitting project.  Due to the uniqueness of every 

building and every building owner, it is difficult, if not impossible, to designate the 

average retrofitting cost according to the category of construction material, such as 

masonry, steel, and concrete. 

According to the comments of the participants, the direct rehabilitation cost of a 

retrofitting project is a combination of construction, non-seismic-related construction 

costs and non-construction costs.  In New Zealand, “the information on the costs of 

retrofitting is sparse” (Hopkins and Stuart 2002).  The data obtained from consultants in 

Christchurch and Wellington indicates that the structure rehabilitation costs vary 

between $120 and $500 per square metre (Hopkins and Stuart 2002). 

The interviewees from both the building owner category and the practical professional 

category noted that the costs can be influenced by a number of factors, such as 

seismicity, performance objectives, structural system, occupancy class, building area, 

number of stories, building age characteristics, and occupancy condition.  Since the 

latest legislation does not specify the performance objective as long as the building 
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achieves more than 33% NBS, all interviewed building owners reported that they 

consider the cost of different level of performance when making strategic decisions 

about how to mitigate the seismic risk.  In general, it costs less to strengthen the 

building to a lower level of performance.  However, there is little correlation between 

the target performance level and rehabilitation costs (Hopkins and Stuart 2002).  For 

some buildings, it costs dramatically more to retrofit the building to achieve 67% NBS 

than for other buildings.  As mentioned in Section 4.3.7, the costs to bring the building 

up to other regulatory requirements are complicated and considerable, which adds 

another aspect of complexity.  

“Lots of hidden costs are involved in these kinds of projects (seismic retrofitting 

projects).  Something you think [it] will [be] all right, such as plumbing, electrical 

system, when you start the project, you find it‟s all wrong.”  Manager of a corporate 

building owner B7, commenting on the cost components of seismic rehabilitation 

projects.  As this quote illustrates, even with a detailed investigation and professional 

service, there are lots of hidden costs involved in seismic retrofitting projects.  There are 

many “unknown” elements of various systems serving the buildings which can have an 

impact on the total cost of a retrofitting project. 

According to the findings of the interviews, there are several issues relating to the cost 

of a retrofitting project.  First, it is difficult to have an average retrofit cost for a certain 

category of building.  Building owners are not able to have an indication cost of a 

retrofitting project without professional service.  Furthermore, there are many options 

and different schemes in relation to the factors which can influence the cost.  Building 

owners have to consider each option and the cost of each option, which complicates 

decision-making process.  Even with professional service, there are still many 

uncertainties and problems which cannot be foreseen at the design stage which can have 

an impact on the costs.  Although, the cost of a strengthening project is crucial for 

building owners to make their decisions, building owners struggle to have an accurate 

cost estimation of the project at the decision-making stage.  
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5.3.4 Existing Building performance 

 

Building performance is a key factor when considering whether or not to improve the 

earthquake performance of a building.  Among the participants, 7 of the government 

personnel, 10 building owners, all the practical professionals and 1 of the interested 

parties agreed that existing building performance is one essential factor in the decision-

making environment.  Table 5.6 below summarises the responses: 

 

Actor Group Number of participants who mentioned 

building performance 

Government 7/9 

Building owners 10/12 

Practical professional 8/8 

Interested parties 1/3 

Table 5.6: Responses of participants mentioning Existing building performance as one 

of the considerations in the decision-making environment 

 

“It is the heart of the process to determine the level of risk represented by a building.”   

Technical Director of an engineering consultancy P3, who cited the sentence from an 

NZSEE publication, “Assessment and improvement of the structural performance of 

buildings in earthquake”.  This quote illustrates the importance of understanding the 

existing building performance. 

All the building owners interviewed, especially public owners, admitted that often the 

starting point for a decision about seismic mitigation implementation is the commission 

of building performance evaluations.  The understanding of existing performance 

directly influences the appraisal of the risk to the building and, consequently, to the 

business of the building owners.  All the engineers interviewed accepted that they can 

only develop seismic retrofit solutions based on the understanding of the existing 

building performance and thus be able to estimate the cost of different retrofit schemes.  

Two consulting engineers mentioned that they were often called upon to assess the 

performance of an existing building as the fundamental prediction for insurance 
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purposes and business continuance planning.  The business consultant agreed that the 

existing building performance is the baseline to estimate the possible loss a building 

owner may suffer in an earthquake of a certain magnitude. 

“The difficult part [of the decision-making] is the performance of the building, to know 

how much damage is going to occur, the vulnerability of the building.”  Manager of a 

public building owner B4, commenting on the importance of understanding building 

performance.  This quote shows that an understanding of the existing building 

performance is essential to decision-making. 

A number of local codes and guidelines help owners and engineers evaluate the seismic 

vulnerability of a particular structure, including NZS 1170.5:2004 Structural Design 

Actions (Part 5: Earthquake actions – New Zealand), and the recommendations of a 

NZSEE study group on earthquake risk buildings.  The latest publication is „Assessment 

and Improvement of the Structural Performance of Buildings in Earthquakes‟, published 

by the New Zealand Society for Earthquake Engineering in 2006.  This guideline 

provides information and methodology to assist TAs, building owners and engineers to 

make an assessment of the structural performance of existing buildings to decide 

whether or not the building is earthquake prone.  TAs in New Zealand employ this 

guideline to carry out the IEP and detailed analysis. 

However, the prediction of building seismic performance remains very much an art, 

even with the continuing development of science.  This is mainly because there is 

significant uncertainty existing in relation to many of the parameters that could be 

expected to influence actual building performance (Jury 2004).  Important 

considerations for building performance in an earthquake are the codes used in design 

of building, soil type, its construction material and configuration (Earthquake 

Engineering Research Institute 1998; NZSEE 2006).  Although the engineers construct 

many analytical models, the models need the input of material and structural properties, 

loads and other parameters which are based on past experience.  These models can be 

simplified or sophisticated, all with enormous approximation involved in the analysis.  

All this analysis has to go through the scrutiny of good engineering judgement, which 

introduces subjectivity.  With these assumptions and subjectivities, it is difficult to say 

how accurate the analysis of the existing building performance is.  There are many 

unexpected cases and lessons after every earthquake, which indicates that knowledge of 
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building performance is still incomplete.  NZSEE advocates that more data on actual 

performance has to be collected, so that it is sufficient to construct actual fragility 

curves to gain a better understanding of the existing building performance (Jury 2004).   

The difficulties of evaluating existing building performance illustrate that structural 

engineers struggle to provide credible information to building owners.  Considering that 

understanding the existing building performance is the starting point for building 

owners to make a decision about whether to implement a seismic retrofit, it is 

understandable that the implementation of seismic mitigation is unsustainablely slow in 

New Zealand. 

 

5.3.5 Benefits 

 

All the participants of the building owner category reported that they considered the 

benefits derived from the seismic mitigation project at the decision-making stage.  Other 

participants had different response rate than the building owner category.  Details are 

summarised in Table 5.7: 

 

Actor Group Number of participants mentioned 

benefits 

Government 4/9 

Building owners 12/12 

Practical professional 5/8 

Interested parties 2/3 

Table 5.7: Responses of participants mentioning “Benefits” as one of the considerations 

in the decision-making environment 

 

Benefits deriving from seismic rehabilitation considered by the participants include 

social benefits such as protection of life, as well as financial benefits such as protection 

of property, and possessions.  All the participants of the building owner category 

reported that, although it is an important factor, they have difficulty appreciating the 

benefits during the decision-making stage.  This is because most of the benefits accrue 



Page 129 

in the future, when the earthquake strikes, which means that the benefits may never be 

tested, since they are measured in terms of future building performance in an uncertain 

event.  Beside, many key factors, such as earthquake probability, discount rate and 

inflation rate, have to be assumed, which reduces the accuracy and add more uncertainty 

to the analyses.  There are two assumptions when evaluating the benefits of a seismic 

retrofitted project, one is a probabilistic assumption and the other is a deterministic 

assumption.  The probabilistic assumption discounts benefits according to the 

uncertainty associated with an earthquake‟s occurrence, which is based on the assumed 

seismicity such that there is a one in 150 probability of a major earthquake at the site at 

any time.  With this assumption, there is a slow build-up of a long-term benefit.  

However, an earthquake is a low probability and high consequence event, the slow 

build-up benefit does not present the benefits realised if a major earthquake occurs soon 

after the retrofitting is done, which could happen in reality (Hopkins and Stuart 2002).  

The results of the analyses are more likely that the costs outweigh the benefits due to 

the low probability of an earthquake and the consideration of the value of time, which 

discounts the benefits if they occur too far in the future.  If a deterministic assumption is 

used, which is assuming the earthquake will actually occur rather than discounting 

projected losses in accordance with the probability of the earthquake‟s occurrence, the 

benefits received from retrofitting have more chance to outweigh the costs.  Therefore, 

building owners have to choose which assumption they are going to use in accordance 

with their attitude towards risk.  The participants of the public building owner category 

indicated that they tend to use the deterministic assumption, while two interviewees of 

the private building owner category noted that they exercise the probabilistic 

assumption for their projects.  One possible explanation for this phenomenon is that 

public building owners‟ attitudes to risk is risk-reserve, while private building owners‟ 

is risk-seek.  Therefore, they choose different assumptions. 

“The return of seismic retrofitting project is very low.  This is because the level of 

damage multiplied by the probability of the event ends up being very very small...If you 

multiply the damage projected in the future by the probability of the occurring due to 

earthquake, and apply discount rate to return to present value, it is better to invest the 

money somewhere else.”    Senior Consultant of a Business Consultancy company P2 

discussing the calculation of the return of seismic retrofitting projects.  This quote 
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illustrates that using probabilistic assumptions the return of a retrofitting project is very 

low.  However, it does not represent the real benefit and return the owners can get from 

the project.  Thus, to some extent, it is misleading for building owners, but it is an 

opinion from a senior business consultant. 

The other difficulty in benefit evaluation is how to evaluate intangible benefits.  While 

some building owners make decisions about how to manage earthquake risk based on 

potential loss against potential retrofitting costs, many other building owners determine 

it on important intangibles.  These intangibles are difficult to evaluate by monetary 

value.  Different ownership would have different intangibles to be considered and 

evaluated.  In the private sector, such intangibles could be business continuity, 

maintaining a competitive position in the industry, and public image or reputation.  In 

the public sector, intangible benefits include protecting health and welfare, preserving 

heritage buildings, and providing uninterrupted services.  To the building owners who 

considered the uncertainty associated with an earthquake is outweighed by the absolute 

unacceptability of the possibility of the passivity of business interruption or of losing 

certain buildings, the benefits that occur in the future are much more substantial than the 

costs that are incurred today. 

“When we looked at [name of earthquake-prone building], we thought if we lose this 

building, we would be out of business.  So when we do a benefit cost [analysis], we 

looked at how much it would cost for a retrofit, and what will the benefit be if 

earthquake happens next year.  It is easier to do the analysis, because we do not need to 

muck around with discount rate and earthquake probability.”  Property Manager of a 

public building owner B3, commenting on benefit evaluation.  This quote highlights 

both difficulties of benefit evaluation.  The intangible factor of maintaining the business 

undisrupted is considered by the building owner, however, the building owner did not 

have a proper measure to transfer this factor into monetary value.  The building owner 

thus chose the deterministic assumption to limit the risk. 

The other serious issue in relation to benefits reported by the participants is who get the 

benefits.  The building owners bear the retrofitting costs, however, they are not the ones 

who receive the benefits of retrofitting.  The benefits are diffused and do not attach to 

particular people.  The benefits can be passed on to the next buyer in a developer‟s 

situation.  Tenants and occupants of the building get the benefit of business loss 
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reduction and knowing the building is retrofitted, while the community has social 

disruption reduction.  The distribution of benefits can put building owners off 

improving a building‟s seismic performance. 

“[For] heritage [buildings], the benefits are to the community not the owner…If they 

(the community) want to live in a nice city, if they want to protect them, they need to 

contribute towards it. That‟s the argument we have continuously.”  Managing Director 

of a commercial developer B6, commenting on benefit diffusion of heritage buildings.  

This quote illustrates the argument of the heritage building owners, who believe that the 

benefits of a strengthened heritage building are for the general community (rather than 

the building owners) who want to protect the building.  Since the value added to a 

strengthened building is not well-recognized in New Zealand, the benefits generated by 

retrofitting are not received by the building owners. 

“One (church) is up to [name of the community].  Church did not think it worth to 

strengthen it.  The community decided that they want to keep the building, and put 

money together and formed a trust.  Took the initiative for it, and then it is 

strengthened.”  Diocesan Property Manager of a non-profit organization B10, 

discussing a strengthening project paid for by the community.  This quote gives an 

example of the group who receive the benefits of a strengthened building making 

decision to bear the costs of the project. 

Although the benefits generated by the implementation of seismic mitigation are one of 

the factors to be considered by the building owners at the decision-making stage, 

building owners have difficulties in evaluating the benefits.  Even though building 

owners have to bear the rehabilitation costs, they are not the one who receives all the 

benefits.  Therefore, building owners are confused about how to appraise the benefits of 

seismic mitigation project. 

 

5.3.6 Technical assistance 

 

All the participants in the building owner category reported that technical assistance is 

one of the factors influencing their decision-making, while 2 participants of the 
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government category, 6 practical professional and 1 in the interested parties addressed 

this factor, as shown in Table 5.8:   

 

Actor Group Number of participants mentioned 

technical assistance 

Government 2/9 

Building owners 12/12 

Practical professional 6/8 

Interested parties 1/3 

Table 5.8: Responses of participants mentioning “Technical assistance” as one of the 

considerations in the decision-making environment 

 

Participants from the building owners group indicated that information in relation to 

seismic risk, risk management, and mitigation implementation is a necessary first 

condition for them.  Information may not necessarily bring about a decision to mitigate, 

but without it, no such decision is even possible.  It is noted that building owners have 

difficulty to understanding the documentation available for them. 

“We don‟t have too much information (about how to manage earthquake prone 

buildings) available.  I mean information [that] we understand.  It is expensive to 

engage an architect or an engineer.  If we are not sure we are going ahead to deal with 

the building, we don‟t want to spend that much on it.”  Manager of a corporate building 

owner B7, commenting on the limited technical assistance they have.  This quote 

highlights that although the technical information is a necessity for decision-making, the 

information available to building owners is not in their “language”.  Building owners 

have to seek the assistance and explanation of professionals, such as architects and 

engineers, to make a decision on their earthquake prone buildings.  Since these 

considerations are not limited to the engineering field, it is difficult for building owners 

to search for solutions from architects or engineers. 

The interview results reveal that decision-makers or building owners, who have the 

authority to allocate adequate resources to carry out seismic rehabilitation, found that 

there is not enough technical assistance available for them which, in turn, makes it 

difficult for them to understand and support mitigation implementation.  The people 
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who have the authority must be convinced of the wisdom of the mitigation 

implementation, otherwise the rehabilitation would not be carried out in a proper way, 

and sometimes it would not be carried out at all.  However, the participants of the 

practical professional category argued that it is difficult to address the question of 

authority, since the authority of resources allocation is placed differently in different 

organisations. Engineering staff, who often understand and support mitigation 

implementation, are not able to carry this priority to higher levels in the organisation to 

the decision-makers.  It is noted that the message of the advantage of seismic retrofitting 

is not delivered in the language of the addressee, that is, the building owners and the 

decision-makers (Killip 2001).   

In New Zealand, there are various government departments, Crown entities, and private 

sector programs that provide information or technical assistance.  One of the most 

authoritative technical bodies on seismic issues is the New Zealand Society of 

Earthquake Engineering (NZSEE), who have produced several reports outlining 

recommendations for practitioners on how potentially at-risk buildings can be identified 

and what measures can be taken to mitigate the risk.  The main documentation referred 

to regularly by the TAs, engineers, and building owners are the recommendations of a 

NZSEE study group on earthquake risk buildings, titled “Assessment and Improvement 

of the Structural Performance of Buildings in Earthquake”, which provides information 

and procedures for making assessments of whether the buildings are earthquake-prone 

in accordance with the structural performance of existing buildings (NZSEE 2006).  

Many engineers and TA officials have cited this technical publication as important 

influences in their understanding of seismic issues.  Other professional associations and 

peers, such as the New Zealand Historic Places Trust and IPENZ, also play an 

important role in providing information that may ultimately lead to the retrofitting of a 

building.  However, compared to information provided in other countries, such as USA, 

building owners in New Zealand find that there is not sufficient information and data 

readily available to make seismic mitigation decisions.  They still heavily depend on 

professionals, such as architect and structural engineer, to provide basic information, for 

example, which category will the building fit in, what measures could be adopted to 

strengthen the building, and what the rough cost would be.  As the previous quote 

indicated, building owners would prefer not to spend a certain amount of money to seek 
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professional advice if they are not persuaded that they are going to mitigate the seismic 

risk posed on the building.  On the other hand, the free information available to building 

owners is not sufficient for them to understand the risk or how to mitigate the risk.  It 

sounds like a catch-22 game for building owners, which is another possible explanation 

for the slow progress of seismic mitigation implementation in New Zealand. 

 

5.3.7 Liability 

 

Overseas research (Association of Bay Area Governments 1998) shows that potential 

liability can motivate a decision to strengthen a building.  However, it discovers that 

“the primary motivation for developing earthquake preparedness and general safety 

programs was never the liability as perceived by company officials‟ interviews.  

Liability was viewed as having a small but insignificant impact” (Association of Bay 

Area Governments 1998).  The interviews of building owners in New Zealand confirm 

this finding that building owners, especially public building owners and non-profit 

building owners, consider that liability is one of the factors influencing the decision-

making of whether or not to strengthen the buildings.  Some public building owners also 

fear that failing to commit to the liability would give a bad reputation to the 

organisation.  The response of the participants is summarized in Table 5.9.   

 

Actor Group Number of participants mentioned 

liability 

Government 5/9 

Building owners 9/12 

Practical professionals 4/8 

Interested parties 2/3 

Table 5.9: Responses of participants mentioning Liability as one of the considerations in 

the decision-making environment 

 

“Previous legislation focuses on masonry buildings only… We always know there is 

risk for some of our buildings, but we did not have reason to fix it.  But now the code 
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changed, we have to look at them.”  Diocesan Property Manager B10 of a non-profit 

organisation, commenting on the influence of liability they have due to the code 

upgrade. 

“As a school, we have liability to provide a sound and safe environment for the school 

children here.  Therefore, we have to do something with the [earthquake prone] 

buildings which are not safe in a moderate earthquake.”  Facility Manager of a school 

board B1commenting on the liability they have to their students that compel them to 

strengthen the school buildings.  Since, in the Crimes Act 1961, it states that if the 

institute fails to discharge any legal obligations knowing that this failure could endanger 

the safety or health of others then it is possible that the CEO or Council of the institute 

could be charged with criminal nuisance under Section 145. 

“Come with the legislation and responsibility, we have to actually legally confront it 

(earthquake prone building).  There is a moral issue though, what if the earthquake 

strikes nine o‟clock on Sunday morning.”  Deacons of a Church Ministry B11, stating 

the responsibility they have to the community influence their decision of seismic 

retrofitting the earthquake risk building. 

These quotes clarify that building owners are aware of their liability they have to the 

people/community who use the building and it is one of the considerations when they 

make decisions on whether to improve the seismic performance of the buildings.   

 

5.3.8 Market and economic conditions 

 

The interview results show that building owners consider market and economic 

conditions as one of the elements when making strategic decisions about earthquake 

prone buildings.  The responses of participants are summarised in Table 5.10. 
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Actor Group Number of participants mentioned 

market and economic conditions 

Government 4/9 

Building owners 7/12 

Practical professionals 4/8 

Interested parties 2/3 

Table 5.10: Responses of participants mentioning “Market and economic conditions” as 

one of the considerations in the decision-making environment 

 

Among the participant of building owners, 3 of the private category considered market 

and economic conditions are the factors in the decision-making environment, while 1 of 

the public and 3 of the non-profit category considered economic conditions when 

deciding whether or not to strengthen the buildings.  Market condition relates to the real 

estate market, both sale and lease market.  Economic conditions include business 

economy conditions, debt capacity of the building, capital goods condition and labour 

market. 

Four participants in the local government category from high and moderate seismic 

cities believed that there is an increasing demand for buildings that are seismically 

strengthened in high seismicity areas.  They believed that the property ownership 

market reflects an increased value for upgraded buildings in Wellington.  It may be 

because there is a significant market for office accommodation in Wellington.  As the 

capital of New Zealand, many Crown entities and government departments have their 

head/main offices in the city.  Embassies, multi-national corporations, and domestic 

corporations normally have their headquarters in Wellington as well.  These tenants 

prefer a building with good earthquake performance. 

“It (what to do with earthquake prone buildings) depends on the market…We deal with 

[City name] office market.  It is not strong enough to pull down a building.  That is why 

we have to think an efficient way to strengthen the building, so that we still have tenants 

and city Council is happy with it.”  Managing director of a commercial developer B6 

commenting on the influence of market.  This quote confirms that building owners 

consider market demand as one of the considerations in the decision-making 
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environment.  Overseas research strongly recommends using the value of seismic safety 

created by the market place as a motivator for improving the performance of buildings, 

which has been adopted by some of the Territorial Authorities. 

“One of the Council in [region name] use this policy, they call it „market takes care of 

the problem‟.  Because no one can afford to strengthen them [now], (the value of) 

earthquake prone building will go down to zero.  So, at some stage, someone will buy 

them and fix them.”  Managing director of a corporate building owner B9 explaining 

one policy adopted by a Territorial Authority in a high seismicity area.  This quote 

illustrates that building owners have started to realize that there is increase on the value 

of their seismic-strengthened buildings. 

However, for certain types of building owners, such as developers who buy buildings 

for investments and hold a property for a few years at most, it makes sense for them to 

pass the seismic risk onto future owners rather than invest in mitigation themselves.  In 

the interviews, most building owners noted that strengthening does not increase a 

building owner‟s equity.  Therefore, the strengthening costs should be considered as an 

operating expense instead of an investment.  If the building is viewed as a short-term 

investment, retrofitting the building to or above the code voluntarily is not a part of the 

investment option.  Thus, the decision of whether to implement seismic rehabilitation is 

influenced by both the combination of a building owner‟s profile and the market 

conditions.  

The economic condition which concerns the private building owners concern most is 

the debt capacity of the building.  They need to secure a loan to maintain a healthy cash 

flow for the project.  Therefore, it is essential for these building owners to be able to 

borrow either for the strengthening project or against the building, from banks and 

lending institutions.  With the increasing awareness of earthquake risk in the banks and 

lending institutions, they require an analysis of seismic performance of the building 

when making loans.  If the building tends to be classified as an earthquake prone 

building, the building owner would find it difficult to borrow against the “likely-to-be 

an earthquake prone” building.  This influences the debt capacity of certain buildings.  

To secure the lending, building owners have to engage structural engineers to do an 

analysis to satisfy the banks about the risk. 
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“We have more building owners come to us and asked for earthquake loss estimation 

lately.  It seems that they have difficulty persuading the bank without a professional 

endorser.”  Structural engineer P7 stating his observation.  This quote confirms that the 

debt capacity of the building is one of the economic conditions considered by the 

building owners.  The debt capacity is influenced by the existing building performance 

and the risk the building is exposed to. 

Other considerations of economic conditions are the capital goods condition and the 

labour market.  This is because the capital goods condition and labour market influence 

the retrofit costs, and thus the project costs.  Therefore, they are discussed in section 

3.3.3 Costs, later in this chapter. 

Market and economic conditions are considerations in the decision-making environment.  

Market condition is influenced by other factors, such as the national economic situation, 

demand and need in the market, which are beyond the building owners‟ control.  

Economic conditions are more or less the same as market conditions, which are full of 

uncertainty.  Debt capacity of the building, one of the economic conditions considered 

by the building owners, is related to existing building performance and risk.  The 

complexity of this consideration makes the decision-making process more complicated. 

 

5.3.9 Future usage 

 

Another factor building owners consider during the decision-making process of whether 

to retrofit the building, is what to use the building for post-strengthening.  None of the 

participants from the government category suggested that the future usage of the 

building after retrofitting is one of the considerations of a building owner in the 

decision-making environment, while 7 out of 12 building owners, half of the practical 

professional respondents and 2 out of 3 participants of interested parties reported that 

the future usage of the building is one of the factors in the environment.  Table 5.11 

summarises the respondents from all groups.  A possible explanation for this 

phenomenon is that it is a concern of the building owner, who has been communicating 

with the engineers so that the design can be adjusted to fit a future use.  Other interested 
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parties, such as a heritage trust, understood this issue through their own experience as 

building owners. 

 

Actor Group Number of participants mentioned 

future use 

Government 0/9 

Building owners 7/12 

Practical professionals 4/8 

Interested parties 2/3 

Table 5.11: Responses of participants mentioning “Future usage” as one of the 

considerations in the decision-making environment 

 

Building owners reported that they have to consider the future use of the building so 

that it is possible to evaluate the benefits from the retrofit project in order to adjust the 

significant costs pumped into the project.  Some buildings, especially old buildings such 

as pre-1965 vintage, are expensive to be brought up to the current code for two reasons.  

One is that the buildings may have roof leaks, no insulation or/and poor 

heating/ventilating system.  Furthermore, these buildings need to achieve requirements 

of other legislation, such as fire and disabled access.  Summing up all these costs, it is 

not surprising that the amount of money a building owner might need to inject into the 

project is significant.  Therefore, in this condition, building owners either seek a tenant 

who is willing to pay a higher rent or modify the building for a new use which can 

generate a higher return.  However, it is not practical all the time for building owners to 

achieve either one.  Tenants who are willing to lease the building may not be able to 

afford the rent.  Second, buildings of this category are normally masonry or concrete 

buildings, which are very hard to be modified to suit the requirements of contemporary 

tenants.  Furthermore, building owners may not be able to change the usage of the 

building due to the existing using right and/or zoning factors in the District Plan. 

“The problem with strengthening is not just the strengthening; it is repair the building 

and makes it tenantable.  You got to strengthen it in a way make it usable again.”   

Managing director of a corporate building owner B9 discussing the concerns of making 

retrofitted building usable. 
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“We struggle to find a tenant for this building because of the using right.   The 

buildings on our site can only be used for medical related business.  The tenant was 

interested in the building is [name of a university].  They were going to contribute a 

certain portion of the retrofitting costs and set up a training centre here.  When they 

realized it is going to be $6 million to bring the building to tenable level, they 

withdrew.”  Facility manager of a District Health Board B2, narrating the experience 

they had.  This project is still pending.  The building which is earthquake prone is still 

vacant on the site.  This quote illustrates the reason why building owners have concerns 

about the future use of the building which are normally generated by the significant 

retrofitting costs.  Before they implement the seismic mitigation measure, they would 

like to know what kind of future benefits and income they may have from the building 

so that the retrofitting costs could be either reimbursed or returned.  However, there are 

many constrains with the change of the existing use right which influences the 

“tenantability” of the building. 

 

5.3.10 Ownership 

 

The owner of a building is the one who makes the ultimate decision to improve its 

earthquake performance.  The interview results - 3 participants from the government 

group, 7 participants from the building owner group, and 2 participants from the 

practical professionals group- indicated that each different ownership group has its own 

characteristics, limitations and responsibilities.  The responses are summarised in Table 

5.12 below.  Therefore, ownership has an influence on the decision whether to 

implement seismic mitigation.  Ownership can be divided into three categories of public, 

private, and non-profit (Earthquake Engineering Research Institute 1998). 
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Actor Group Number of participants mentioned 

ownership 

Government 3/9 

Building owners 7/12 

Practical professionals 2/8 

Interested parties 0/3 

Table 5.12: Responses of participants mentioning “Ownership” as one of the 

considerations in the decision-making environment 

 

Public building owners include central government, Crown entities, local government, 

and their trusts.  They are generally responsible for all public facilities that they own 

and lease.  Thus, they have responsibility for a wider section of society than a private 

owner.  These facilities can be broadly categorized as follows: 

 Administrative and regulatory buildings, such as city halls, city libraries, and courts. 

 Educational institutions, such as public kindergartens and schools. 

 Health care facilities, such as hospitals and public-funded rest homes. 

 Public sports facilities, such as stadiums and parks 

 Special district facilities, such as water and wastewater treatment plants 

 Military bases 

 Emergency response facilities, such as fire and police stations, emergency response 

centres (Earthquake Engineering Research Institute 2000). 

Some of the facilities, such as fire stations, emergency response centres, and hospitals, 

are required to be operational immediately following an event.  Other public buildings, 

such as community centres, stadiums and schools, are used for emergency shelter.  

Facilities that provide essential services, such as water and wastewater treatment, also 

must be operational.  The ability of the community to respond effectively and begin the 

recovery process can be greatly affected if these buildings are not operational following 

an earthquake.  Thus, buildings of these facilities are expected to perform to a certain 

level post-earthquake so that the service is not disrupted.  The public owners usually 

accept the responsibility, take the leadership and set an example by reducing the 

earthquake risk for the public.  On the other hand, public owners may be constrained by 
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the availability of public funds to implement such measures.  These owners often have 

to trade-off funds for mitigation with community projects.  They may have to strengthen 

the building with funding that is supposed to be used for medical care needs or 

education needs.  

Private owners are those individuals, partners, corporations, foreign owners, and trusts 

who own one or more buildings.  Their properties can range from the home owner 

considering the strengthening of their dwellings to corporation owning real estate 

around the world.  

Non-profit owners include religious institutions, secular organisations, and foundations.  

They belong to a special category since they generally make decisions for many people, 

such as clients and parishioners.  Nevertheless, they have very limited or complicated 

funding choices. 

The interviews of different building owners indicate that the three groups of building 

owners have different philosophies when considering risk mitigation for earthquake 

prone buildings.  Private owners are normally driven by the profit, while public and 

non-profit owners consider more than just cost and benefit.  3 out of 4 private owners 

interviewed admit that when they make decisions about whether to improve the 

earthquake performance of a building, they consider cost and profit as essential factors. 

“We bought them (earthquake prone buildings) knowing we had to strengthen them.  

We strengthened them efficiently and as cheap as we could, to convert to apartments 

and sold.  All [the projects have been] done within that framework.  You increase the 

value sufficiently to make a proper profit that is all you need to do as a developer.”  

Managing director of a commercial developer B6 commenting on the philosophy he has 

for earthquake prone buildings. 

“The developer needs to think whether they can sell the building or not. It is quite 

simple for us (as developers)…If it (strengthening) makes the building more valuable, 

(and) if you can convince the bank that value is greater as the result of strengthening, 

and greater than what you will spend, then you get money.  So you do it.”  Managing 

Director of a real estate and investment company B8 explaining the principle of whether 

to retrofit an earthquake prone building. 

Compared to private owners, building owners from other groups seem to take into 

account other factors in the decision-making process rather than costs and profits only.  
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All the public owners and non-profit owners interviewed expressed that they have many 

constraints, both financial and social, when considering whether to strengthen the 

buildings. 

“So, I don‟t think it is necessarily always come down to cost… We consider our 

reputation is quite important.  If we do not retrofit the building, we have problem to 

maintain its function and this will give us a bad name.”  Manager of a public building 

owner B5, who mentioned that reputation is one of the drives for them to strengthen the 

building. 

These quotes show that private owners are normally profit-driven.  The main concerns 

they have are whether there is a margin for profit in the project, and whether they are 

able to get a loan from either a bank or other finance institute.  However, for the public 

and non-profit building owners, the constraints are not only about the margin and a loan.  

They have to consider the function of the building, the significance of the building, the 

distribution of their funding and so on.  Therefore, the ownership of the building can 

conceive different philosophies regarding whether to implement seismic retrofitting.  

Each owner and/or organisation has its own limitations, constraints and advantages.  It 

is difficult to generalise about the influence of ownership on the decision-making. 

 

5.3.11 Profile of the decision-maker 

 

The results of the interview suggest that the profile of the decision-maker influences the 

decision-making in seismic retrofitting.  Interestingly, participants from the building 

owner category did not notice this factor as much as the practical professionals group 

did.  It may be because the practical professional, especially the engineers, are in a good 

position to observe the influences when working closely with the decision-makers.  

Building owners, who are the decision-makers in most of the cases, are not able to 

notice the influences posed by their own characteristics, attitude and experience.  The 

responses from the participants are summarised in Table 5.13. 
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Actor Group Number of participants mentioned 

profile of the decision-maker 

Government 3/9 

Building owners 2/12 

Practical professionals 5/8 

Interested parties 1/3 

Table 5.13: Responses of participants mentioning “Profile of the decision-maker” as 

one of the considerations in the decision-making environment 

 

The participants categorised the profile of the decision-maker that influences the 

decision of implementing seismic mitigation, into the personal characteristics of the 

owner, previous experience with an earthquake, and the knowledge of the decision-

maker. 

Personal characteristics of the owner include their age and health, risk attitude, the 

experience in building development of the decision maker, and the intention of owning 

the building. 

“[To] some (building owners), it‟s all about returns on investment over ratio of the time.  

Some (building owner), owning one or two buildings, [are] independent building 

owners.  It (the earthquake risk building) has been part of their family, they are going to 

keep it in their family [trust], and they might be interested in retrofitting and upgrading 

it.”  Senior Consultant of a business consultancy company P2, describing his 

observation of the influence of decision makers‟ profile. 

Second, the building owner‟s previous experience with an earthquake can also greatly 

influence a building owner‟s willingness to consider implementing seismic mitigation 

of a building.  After an event, there is usually a window of an opportunity for action.  A 

moderate level of anxiety regarding earthquakes and the threat they pose to life and 

property is helpful for the implementation of mitigation measures (Hopkins et al. 2006).  

In New Zealand, there is an absence of major contemporary earthquakes, which causes 

a low level of anxiety. 

“People (building owners) don‟t really think a major earthquake is going to shake and 

damage their property, especially in those low seismic cities.  I know I have to 
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strengthen my buildings at one stage according to the legislation, however I don‟t 

believe I will see the earthquake myself.”  Discussion with Managing Director of one 

private property company B8, about his risk attitude towards the risk earthquakes are 

posing on his buildings.  This quote highlights that building owners in the low seismic 

cities do not feel any urgency to implement seismic mitigation for their buildings due to 

an absence of major contemporary earthquakes in New Zealand.  The low anxiety of the 

building owner/decision-maker has a negative impact on the implementation. 

Another profile of the decision-maker influencing the decision-making is their 

knowledge of seismic mitigation.  In many cases, individual building owners are not 

property developers.  They may have inherited one or two buildings, or own the 

building as a small business.  These building owners are not used to dealing with 

lending institutions and city bureaucracy.  Their understanding of the general building 

may be vague, and to impose on that the special requirements of an earthquake prone 

building may be even more confusing.  Sophisticated owners may have facility 

managers or project engineers who can help them through the process.  The knowledge 

of the project team formed by building owners and their technical expertise affect the 

decision of seismic rehabilitation.  If most members of the team are not knowledgeable 

about seismic design and construction, it may be difficult for the owner to reach a 

decision to strengthen a building. 

“From my experience with owners previously, an engineer‟s way of looking at it 

(helping owners gaining more knowledge) will be almost like a formula, such as step 1 

you have these choices, step 2 you have these choices.  When the owners look at it, if 

they can see here is the building, this is what the owner decided and this is [what] the 

outcome was, they will understand that lot more.”  A Director of Engineering 

Consultant company P6, commenting that building owners have limited knowledge of 

seismic engineering.   

This quote illustrates that decision-makers/building owners often feel lost amidst the 

mountains of legislation, various government departments, and diverse options.  It is 

also noted that building owners tend to learn from the experience of other projects.  

Sometimes, building owners choose to follow the way of other buildings which share 

similar building characteristics or business categories. 



Page 146 

This is one of the factors that influences the decision of whether to retrofit a building.  

However, it is hardly noticed by the building owners/decision-makers themselves.  Most 

practical professionals noticed this factor, but they found it difficult to articulate the 

impact on mitigation implementation. 

 

5.3.12 Government financial aids 

 

Government financial aid is another element in the decision-making environment of 

seismic mitigation implementation.  Four of the participants from the building owner 

category identified that they consider possible government financial aid to either make 

the project affordable or as a kick-off on the long journey of improving a building‟s 

seismic performance.  The details of the respondents are summarised in Table 5.14.  

 

Actor Group Number of participants mentioned  

government financial aids 

Government 2/9 

Building owners 4/12 

Practical professionals 1/8 

Interested parties 2/3 

Table 5.14: Responses of participants mentioning “Government financial aids” as one 

of the considerations in the decision-making environment 

 

The interviews of building owners suggest that the main financial aids are grants.  Some 

Territorial Authorities hand out grants to help maintain heritage sites and buildings, 

which include work for the statutory seismic strengthening of buildings.  The amount of 

the funding varies among all TAs and normally is relatively limited compared to the 

retrofitting costs. 

“Council has funding programmes for heritage building restoration.  The funding is 

something around $1,000 to $5,000.  The purpose of such funding is to motivate the 

owners to strengthen the buildings.  The funding normally just covers the cost of a 

detailed evaluation.  But it will be a good start for some owners.”  Principal Advisor of 
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a Territorial Authority G5, commenting on available funding programmes for heritage 

buildings.  This quote illustrates that the main aim of the funding available from the 

Territorial Authority only provides limited resource for building owners. 

Other interested parties, such as the Historic Places Trust, are considering funding to 

encourage building owner to strengthen their buildings.  The Trust is moving into the 

field of offering low-interest loans or grants by way of local heritage funds financed 

partly by Territorial Authorities and the Trust.  Building owners, thus, could receive 

positive encouragement and some financial assistance and, therefore, be motivated to 

implement earthquake retrofitting. 

Other financial aid building owners can seek are the grants entitled for the function of 

the building.  For example, if the building is used for early childhood education, the 

building owner is entitled to funding through the Education Board.   

Compared to other countries, building owners in New Zealand have access to limited 

financial aid.  In USA, the building owners can get tax credits for seismic retrofit work, 

tax deductibility for the work, and tax abatement so that seismic retrofit work does not 

contribute to an increased property tax.  Building owners can also have reduced interest 

loans, and subsidies for retrofit work. 

 

5.4 Difficulties in decision-making 

 

The interviews with a range of key mitigation actors disclose that decision-making to 

improve the seismic performance of a building is a very complicated process.  During 

the process, building owners have various options to mitigate the earthquake risk posed 

to their buildings.  The issues arising from the legislation enforcement process make the 

majority of the building owners more confused.  Considerations of the decision-making 

environment cross the areas of engineering, business, legislation, and risk management.  

With all this confusion, conflicts, and uncertainties, it becomes obvious why building 

owners have problems making decisions about mitigating seismic risk for their 

buildings. 
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5.4.1 Diverse options 

 

Building owners have different options for how to manage seismic risks, both the 

physical and the economic loss, posed by their buildings.  Risk treatment can involve 

any one or a combination of methods, such as risk retention, risk reduction, risk transfer, 

and risk avoidance (Flanagan and Norman 1993).  There are four options available for 

building owners to manage earthquake risk: 

 Retaining or self-insuring the risk, 

 Mitigating the risk through implementing seismic mitigation measures or other loss 

control measures,  

 Passing on the possible losses to other parties, and 

 Purchasing insurance (Earthquake Engineering Research Institute 1998). 

Risk retention, in seismic risk management, is retaining or self-insuring the risk, which 

is preferable when the possible financial loss is small and the probability of an 

occurrence is negligible.  Building owners who have buildings with more than 67%NBS 

have a relatively low risk and may choose to self-insure the risk, since the risk they bear 

and the loss which may occur is relatively insignificant, as indicated in Section 2.4.5 

(grading scheme).  Risk reduction includes reducing the potential probability and the 

consequences of occurrence.  In a seismic risk management context, since it is 

impossible to control the occurrence of an earthquake, risk reduction can only try to 

reduce the consequences of occurrence.  It can be achieved by implementing seismic 

mitigation measures, or passing the possible losses to other parties, such as tenants.  If 

the risk seems too large or unmanageable, the owner may choose to sell the building as 

the ultimate solution of passing on the possible loss to the sequential building owner.  

This method can also be regarded as risk avoidance.  Purchasing insurance is a method 

of risk transfer, in which part of the risk is transferred to be covered by the insurance.   

For a building owner, these options are not mutually exclusive, which means a building 

owner may use one or a combination of these measures, in accordance with his or her 

affordability and attitudes toward the risk.  Therefore, there are many available 

alternatives for building owners to consider.  Implementing seismic mitigation measures 

to reduce the risk building owners have is only one of many options, or part of an option. 
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5.4.2 Issues of implementation process 

 

A further dimension of complexity is added by the policy differences among Territorial 

Authorities.  The process of enforcing implementation of seismic mitigation on 

earthquake prone/risk buildings in New Zealand is illustrated in Section 2.6.  

Government does not enforce a uniform procedure for all Territorial Authorities.  The 

Department of Building and Housing believes by doing this, TAs have the right to 

develop and implement policy reflecting the Council‟s determination to reduce 

earthquake risk over time in a way that is acceptable in social and economic terms to its 

ratepayers. 

“It is good to have Territorial Authorities to have their own policy so that they have 

their say while they have to take the responsibility to the community [they serve].”  

Senior Advisor of a government department G2, discussing the process of enforcing 

implementation.  This quote illustrates that it is an appropriate approach for government 

to enforce the Building Act 2004 as explained in Section 2.6, but building owners, who 

have portfolios scattered across the country, have to confront different policies 

regarding earthquake prone buildings. 

The issue of different policies includes the approaches, the level of strengthening, and 

the timeframe.  The difference of the approaches has been discussed in Section 2.6.2.  

Territorial Authorities with active approaches evaluate the building inventory of the 

region, notify the building owners if a building is earthquake prone, and set timetables 

for actions.  Therefore, building owners respond to the notice from the Territorial 

Authority without initiative.    On the other hand, if the Territorial Authority adopts a 

passive approach, the building owners do not receive notice from the TA, however, 

building owners have to consider the regulatory requirements if they plan to upgrade or 

develop the building, which may trigger compliance with the legislation.  Therefore, 

building owners having portfolio across the country have to understand the approaches 

of the TAs and be aware of the impact of different approaches on their strategic 

decisions regarding the buildings. 

Second, the Building Act 2004 specifies that TAs have to establish the appropriate level 

of strengthening for its own district considering social, commercial, and technical 

factors, as discussed in Section 2.6.3.  Although Territorial Authorities have the power 
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to establish the strengthening level, all TAs only recommend an appropriate level 

instead of specifying it.  Therefore, building owners have to determine the strengthening 

level according to professional advice, along with the consideration of other factors in 

the decision-making environment. 

Furthermore, each Territorial Authority has the right to decide the time frame for 

undertaking the strengthening work for earthquake prone buildings.  It may vary from 5 

years to 15 years in accordance with the approach the TA has adopted and the 

significance of the building.  Some building owners with an interest in owning the 

building for a short term, are inclined to delay the strengthening work, so that they may 

sell the building in the timeframe and therefore transfer the risk to other owners.  On the 

other hand, the long time span allows certain building owners more time to allocate the 

resource for retrofitting work.  It also enables the engineers to develop advanced seismic 

retrofit solutions. 

“We strengthened it (earthquake prone building) in „96,„ 97.  The façade is very ornate.  

We strengthened the building to 90% plus current code then.  But we did not pin the 

whole façade back to that (strengthened structure).   We instead strengthened the 

canopy over the pavement, because the instruction to façade to secure it will be too 

expensive, can not be afforded.  Secondly, it would be very intrusive in heritage term.  

Instead, we provide protection to the public by shielding them with the canopy and left 

the façade as it was.  As the techniques evolve, [it] become[s] more economic viable or 

less intrusive, we can then strengthen there rather than rush in doing everything in once 

and ruin the heritage building.  I think some of those trade-offs enable it in a stage 

manner because you have a heritage building.  Set up the framework for next 15 years 

or 20 years, I think that is one of the strong things [that] building owners would like to 

support on.”   Director of Engineering Consultant company P6, discussing the 

timeframe of one heritage building which has been retrofitted.  This quote highlights the 

positive influence of a long timeframe in seismic mitigation implementation.  However, 

the long timeframe makes the decision-making process more complicated due to more 

possible options available to the building owners with more uncertainty.   

The issues of implementing legislation include the different approaches of each 

Territorial Authority, the ambiguity of the strengthening level, and the long time-span 
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for undertaking retrofitting all of which make the decision environment more 

complicated. 

 

5.4.3 Complicated decision-making environment 

 

The findings of the interviews with various mitigation actors show that there are twelve 

key considerations in the decision-making environment of seismic mitigation 

implementation.  These factors indicate that decision-making of seismic mitigation 

implementation is not simply an engineering problem, but a multidisciplinary one.  

Most factors of the decision-making environment involve uncertainty, such as building 

performance, risk, market and economic conditions, and costs.  Although the 

professionals in different fields are making steady progress to model the situations, 

uncertainty is still a “trouble” for building owners to accurately evaluate their risks. 

“It is a cutting edge of science.  You have to make lots of assumptions.”  Risk Manager 

of a government-owned research institute G3, commenting on the uncertainty of seismic 

risk assessment.  This quote highlights that there are various factors in the decision-

making environment of seismic mitigation implementation across different disciplines 

in engineering and business.  

“You can add sophistication to your analysis, by assuming a distribution either side of 

this (damage ratio curve)…End of the day, this number here if it is anywhere between 

double and half is about right…The lack of certainty you have is what that value is…In 

the United States and now it started to creep in New Zealand, lots of mathematics 

analysis of these costing and annual probability all based on something how much 

damage you will get in certain level of earthquake to a building…To actually predict 

how much damage you have in a particular building is still almost impossible.”  Senior 

advisor of a government department G2 commenting on the uncertainty in predicting 

physical damage on a particular building.  This quote illustrates that even with today‟s 

advanced computing technology and various models, it is still difficult to predict the 

performance of the building in an earthquake and therefore difficult to predict the 

physical damage of a building. 
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“There is lot of modelling.  The trouble is there is uncertainty.  We have all that 

earthquake hazard information.  We can tell you that at any given location, what the 

probability of strong ground motion, where the uncertainty is in the vulnerability of the 

building, how much the damage that will be to a given type of building…US has a 

computer package called HAZUS, that did this special approach, classifies the building 

and estimates a deformation states of the building and then amount of damage.  The 

trouble [of doing same way in New Zealand] is there is not a lot of data.  How much 

buildings are damaged?  We have much data of losses in New Zealand on houses, 

domestic properties, but not modern houses.  A lot of them go back 20 years or more.  

And buildings are now changed.  For commercial buildings, we do not have much data 

at all.”  Risk Manager of a government department G3, commenting on the uncertainty 

in risk assessment of earthquake prone buildings.  This quote illustrates that although 

there is various modelling for seismic risk assessment, New Zealand does not have 

enough data to stimulate the loss models and, thus, there are lots of uncertainties and 

assumptions in evaluating the loss a modern building might experience. 

Furthermore, these factors in the decision-making environment are not independent 

from each other.  These considerations, at a certain level, interact with each other.  The 

ownership of the building has an influence on the profile of the decision-maker, and, 

therefore, affects their attitude towards risk, liability and market conditions.  The cost of 

a seismic mitigation project varies due to the existing building performance and the 

regulatory requirements it is going to achieve.  Achieving regulatory requirements may 

raise the retrofitting costs and therefore building owners have to consider the future 

usage of the building, and so on.  Another observation that has been made is that not all 

the factors have the same level of importance in the decision-making environment.  

Building owners may not consider retrofitting cost is the most important factors.  Thus, 

even retrofitting the building is not most cost efficient alternative, the building owners 

may still select it.  Nevertheless, different building owners have their own priority 

rankings for these factors.  One building owner considered the costs were the most 

important factor in his decision-making process, while another building owner 

considered the liability they carry is the most important one.  It was impossible for all 

the participants to agree on a ranking of all the factors.   
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The long list of the considerations in the decision-making environment, the uncertainty 

in some critical factors, the interdependency of the considerations and the uniqueness of 

the building itself, make the decision of whether and how to implement seismic 

mitigation measures a very hard call.  The differences of the objectives of the owner, the 

financial circumstances of the owner, and the function of the building, inevitably lead to 

unique trade-offs considered by each building owner according to their own 

circumstances.  It is difficult to formulate the decision-making process according to 

either the ownership or building category.  All the participants agreed that it is difficult 

for building owners to evaluate the options they have and to finally make a decision 

about their earthquake prone buildings. 

The traditional method of evaluating the options available for building owners is to use 

a cost benefit analysis, which is originally a policy assessment method that quantifies, in 

monetary terms, the value of all policy consequences to all members of society.  The 

broad purpose of a cost benefit analysis is to help social decision-making and evaluation.  

It is a systematic procedure for evaluating decision that have an impact on society.  In 

engineering, benefit-cost analysis is employed as a decision-making tool to 

systematically develop useful information about the desirable and undesirable effects of 

public projects (Park 2008).  10 out of 12 participants of the building owner category 

indicated that they do not employ any systematic analysis, such as cost benefit analysis, 

to make a decision on their earthquake prone buildings, although all of them were aware 

of the analyses widely discussed by the professionals, such as cost benefit analysis and 

life-cycle costing.  They reported that they have difficulties in exercising these analyses 

because of the variety of the factors in consideration, the uncertainty involved and the 

interrelationship among the factors.   In the environment of decision-making and 

earthquake prone buildings, with several considerations not being able to be expressed 

in the analysis and/or converted into monetary value, cost benefit analysis seems not 

competent for the assignment. 

“There was not really a cost benefit analysis done to see whether it was worth saving it 

(earthquake prone building)…Firstly, it is not necessary always come down to cost.  

The essential concerns we have are the liability we have, the age and the quality of the 

building.  These concerns cannot be directly expressed in a cost benefit analysis.”  

Facility manager of a school board B1 explaining why a cost benefit analysis was not 
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carried out when deciding on whether to strengthen one of the earthquake prone 

buildings of their portfolio.  This quote illustrates why building owners do not use a cost 

benefit analysis when reaching a decision for their earthquake prone buildings.   

Thus, it is revealed that a complicated decision-making environment with various 

considerations and uncertainty cannot be evaluated by a cost benefit analysis.  

Consequently, building owners do not have a proper method to assist them with making 

a strategic decision in seismic risk management.   

 

5.5 Summary 

 

This chapter presents the results of interviewing personnel belonging to different 

mitigation actor groups.  Twelve factors commonly considered during the process of 

seismic mitigation decision-making are identified.  Each factor is then examined in 

detail to explore its importance and the difficulty in measuring and/or quantifying it.  

The interrelationships among the factors are investigated.  This concludes the reasons of 

why building owners have problems when making decisions about mitigation of 

earthquake risks for their buildings.  The hardship for building owners to reach a 

decision may well be one significant reason why New Zealand still tolerates earthquake 

prone building and why there is slow progress in implementing seismic mitigation 

measure. 

The interview results suggest that the environment surrounding decision problems in 

seismic mitigation implementation has the characteristics of multiple alternatives which 

fall between discipline categories (thus, there is no overall expert in this decision 

problem); multiple criteria to be achieved, and also involves various uncertainties.   

Combined with the results of cases studies, which are presented in the following chapter, 

the panorama of seismic mitigation implementation decision problems, including the 

characteristics of both the decision environment and the decision-making process, will 

be revealed to validate whether Decision Analysis is the appropriate method for 

developing a decision framework for this particular decision problem.   
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Chapter 6 Examination of Decision Making 
Process and Illustrative Application of 
Decision Analysis 

 

6.1 Introduction 

 

This chapter presents the results of three case studies that have been conducted to 

achieve Research Objective 4, to identify the characteristics of the decision-making 

process in a project environment.  Through three case studies, knowledge is gained of 

how the building owners make decision within the constraints imposed by the building.  

Techniques, if any, used to assist the decision-making are assessed.  A better 

understanding of the characteristics of building owners‟ decision-making process is 

gained. 

Followed by the case study results, the characteristics of the decision problem in 

seismic mitigation implementation, ascertained through the results of both the 

interviews and the case studies, are than compared to the characteristics of the decision 

problem analysed by Decision Analysis.  An illustrative application of the decision 

framework based on Decision Analysis is then carried out with Microsoft Excel using 

one of the case study projects. 

 

6.2 Case study methodology 

 

Three cases are selected in accordance with Stake‟s (2006) criteria for case selection. 

 The case should be relevant to the quintain. 

 The case should provide diversity across contexts. 

 The case should provide good opportunities to learn about complexity and contexts. 

The building owners of these three projects belong to either the public building owner 

or non-profit building owner groups.  The main reason they were chosen is for ease of 

access to the projects of these two categories due to the „information sensitivity‟.  Most 

private building owners the researcher contacted were happy to provide general 

information regarding seismic mitigation projects.  However, they were unwilling to 
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disclose certain information, such as costs and profits.  All private building 

owners/decision-makers declined to be identified either by project name or company 

name.  However, public building owners and non-profit building owners did not have 

these concerns.  Most of the information they provided was on the public system, which 

can be accessed by the public, either free or with little cost.  Thus, they did not treat the 

information, such as costs and the decision-making process, as sensitive as private 

building owners.  Second, it is well-recognised that public building owners and non-

profit building owners have a wider social responsibility than private building owners, 

and thus often have to make trade-offs in their decision-making (Earthquake 

Engineering Research Institute 2000).  Also, three cases are all from Auckland region, 

which belongs to low seismicity zone.  The passive approach and attitude adopted by 

Territorial Authorities gave no pressure to building owners in making a decision 

regarding their substandard buildings.  The decision-making is therefore more deliberate, 

so that the characteristics of decision-making process in a project background can be 

unfolded.  These characteristic meet one of the criteria of case selection, that the case 

provides a good opportunity to learn about the complexity and contexts. 

The detail reasons of selecting each individual project are described at the beginning of 

each case study. 

The data collection and analysis of these projects followed the methods outlined in 

Section 4.4 and 4.5. 

 

6.3 Examination of decision-making process in a project 
background 

 

In this section, three case studies are examined to determine the characteristics of 

decision-making processes in a project environment.  For each case study, the project 

background and site condition is introduced first for a better understanding of the 

decision environment.  The events relating to the decision-making are listed 

chronologically.  The decision-making process is then discussed in relation to the 

considerations involved.  The factors have been considered for the project and the 

techniques used in the project, if any, are examined at the end of each project. 
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6.3.1 Case Study 1: Dilworth Building 

 

The first case study is the Dilworth Building of Manukau Institute of Technology (MIT).  

There are several reasons for selecting the Dilworth Building as the case study for this 

project.  First, the building owner belongs to the public building owner group, which 

has a wider social responsibility than private building owners.  Also, public building 

owners are often constrained by many factors, such as the availability of funds.  Second, 

Dilworth is a listed heritage building under the city Council‟s district plans, which put 

an extraordinary restriction on the decision-making, and thus lead to a more 

complicated decision-making process.  Furthermore, the researcher was allowed to 

access the completed project with a detailed costing schedule, which made comparisons 

between the cost estimates and actual costs possible. 

 

6.3.1.1 Project Background 

 

Manukau Institute of Technology (MIT) is the owner of Dilworth Building.  MIT was 

former Manukau Technical Institute, which was the first of 10 new polytechnics 

established in the 1970s.  It was the first secondary institute had been opened in a 

metropolitan area, specially designed to meet the needs for the local community 

(Willyams et al. 1996).  MIT now is one of the premier education and training 

institutions and is committed to being a leading tertiary provider of high quality, 

relevant and accessible vocational education and training on a strong base of applied 

research.  The institute runs over 1500 full-time and part-time degree level, diploma and 

certificate courses, including an extensive portfolio in business, human science, arts and 

technology.  

The campus environment is 20 minutes‟ drive from downtown Auckland, and is set in 

12 tree-lined hectares in Manukau City, with large green open spaces and substantial 

gardens.  Many of the institute‟s buildings are new and attractively designed to 

harmonise with the Historic Places Trust listed building it owns, with good access for 

students with disabilities.   
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The Dilworth building is the first building on the campus.  It was built in the early 

1900‟s and has had a number of alterations over the years.  The Dilworth building was 

identified as a “heritage building” by the Manukau City Council District Plan, being 

ID20 on Planning Map 26.  However, the Dilworth building is not a registered building 

in terms of the Historic Places Act 1993.  The Dilworth building was recorded as an 

earthquake risk building in early 2000.  The building therefore fell into the category of 

being a building, which is deemed „earthquake prone‟ under section 66 of the Building 

Act 1991.   

 

6.3.1.2 Site Description 

 

The Dilworth building is predominantly a single storey structure comprising a central 

core, with wings approximately to the north, southwest, and east southeast, as shown in 

Figure 6.1.  A second storey exists over the core area only and has been constructed as 

gables in a slightly raised section of roof.  A small tower projects above the second 

story with a further height equivalent to approximately three storeys.  Load bearing 

masonry walls are constructed of both solid and cavity brickworks, along with timber 

frame partition walls.  The external walls are cavity construction, while the remainder of 

the brick walls are solid construction. 
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Figure 6.1: Dilworth Building  

 

The first floor comprises a timber floor construction, with brick walls around the core 

area, and a few minor rooms beyond the core with timber frame wall construction.  The 

lower storey roof consists of heavy tiles, while the second storey is roofed with 

lightweight iron, both supported on a timber truss/rafter system.  There are two existing 

chimneys on either side of the core on the west side of the building.   

The lower story walls around the core area are largely penetrated by openings and 

doorways, particularly in the east-west direction. This made the no clear load path 

existing for seismic loads distribution from the building down to the ground.  The 

corridor wall faces feature decorative ceramic tiles, which contribute significantly to the 

building character and need to be preserved. 

 

6.3.1.3 Chronological background  

 

Dilworth Building was first identified as an earthquake prone building due to its 

structure weakness in 1998.  An engineering consultancy firm was engaged in 2000 to 
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review the seismic strength of the building.  The building was first visited by the 

engineers and inspected in May 2000, which included a visual inspection of the interior 

and exterior of the building, the identification of the primary load bearing walls, and the 

confirmation and establishment of critical dimensions.  A follow up inspection was 

made in June 2000.  The current legal requirements were then contained in Section 66 

of the 1991 New Zealand Building Act, which gave Territorial Authorities power to 

require work to be done on a building deemed to be earthquake prone, to reduce or 

remove any danger.  Under the then current Act, a building is deemed to be earthquake 

prone if it is constructed wholly or substantially of unreinforced masonry or concrete, 

and does not exhibit sufficient capacity to withstand without collapsing the lateral force 

associated with a moderate earthquake.  The level of force was defined in NZS 1900, 

Chapter 8:1965, which represents an extremely low level of seismic resistance in 

comparison to that required by modern building standards, being between 12% and 27% 

of full NZS 4203:1992 force levels.  As Dilworth Building was mainly constructed by 

unreinforced masonry bricks without sufficient capacity to withstand a moderate 

earthquake, it was an earthquake prone building in accordance with the Building Act 

1991.  However, the Building Act 1991 was silent as to the strength that the upgraded 

building should achieve. The document prepared by the New Zealand Society for 

Earthquake Engineering intended as a Guideline to the Assessment and Strengthening 

of Earthquake Risk Buildings contains two levels of upgrading, one is for the securing 

of hazardous features and the other is full upgrading.  Hazardous features were defined 

as those features that would fail at an exceedingly low level of earthquake shaking 

leading to collapse, and for which securing would lead to substantial improvements in 

the building performance.  In the seismic strength review report, the structural engineers 

recommended the full upgrading for Dilworth Building, which would be „exceedingly 

expensive for this building‟ (Sinclair Knight Merz 2000). 

The detailed design of seismic strengthening for Dilworth Building was carried out by 

the same consultancy firm and finished in April 2002.  The strengthening work was 

composed of eight groups, steel framing in the tower, horizontal roof trusses, spayed 

concrete walls, ground anchors, ties for upper floor wall panels, face loading of brick 

walls, replacement of ceiling diaphragms, and sprayed concrete linings in the chimneys.  

A fire safety report for the building was carried out in October 2002 to address the fire 



Page 161 

safety measures needing to be upgraded with the seismic strengthening project.  The 

costs for the Dilworth Building seismic upgrade was estimated in October 2003 

incorporating better knowledge of the design.  The estimate was $518,000 plus GST, 

which covered the scope of structural seismic upgrading, refurbishment of internal 

surface disturbed by strengthening works, and alteration to the ground floor toilet area 

required by MIT.  However, it did not include general refurbishment of internal spaces, 

fire protection alterations and consent fees. 

MIT instructed the engineer to move into the tender and construction phase immediately 

in October 2003.  Two tenders were received for Dilworth Building seismic upgrading.  

One was $1,219,372 plus GST and the other was $1,324,618 plus GST.  There was a 

significant gap between the tender price and the pre-tender estimate of $518,000 plus 

GST.  There were several reasons behind the unexpected gap.  First, the contract was a 

lump sum one, for which the Contractor largely carries the risk.  The lack of a detailed 

schedule for the upgrading work promoted tenderers using very high rates.  Second, the 

building industry was experiencing a buoyant period at the time of tendering and the 

tenderers might have had a number of alternative projects to work on that carried a lot 

less risk.  Due to the risk factors and time restrains, negotiations with the lowest 

tenderer were put in process.  After design clarification a revised tender was received on 

17 March 2004.  The contractor confirmed they might have a saving of approximately 

$220,000 from the risk value along with alternative design changes.  Therefore, the 

revised estimate based on a cost reimbursement formula was between $960,000 to 

$1,000,000 plus GST with a $40,000 contingency sum. 

The work of seismic upgrading was carried out in May 2004 and finished in November 

2004.  Dilworth Building then had a full upgrade of seismic strength. 

 

6.3.1.4 Decision-making process 

 

The Dilworth Building retrofitting project was triggered by a review of the building‟s 

strength, which confirmed the earthquake prone status of the building.  The building 

owner first sought advice from a structural engineer regarding the current strength 
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assessment, upgrading work scope and estimated costs.  With this information in mind, 

MIT then started the decision-making process. 

As an institute, MIT falls into the category of public building owner.  It has limited 

funding for property management and building maintenance.  Since there was no 

pressure or action from the local authority, MIT could choose to do nothing for this 

earthquake prone building.  However, as an education provider, MIT was concerned 

more about the possible obligations and consequences for non-compliance in relation to 

the earthquake prone building.  Since Dilworth Building was deemed earthquake prone 

under Section 66 of the Building Act 1991, the then current legislation, it is an offence 

to use or permit to be used a building which is unsafe under Section 80 of the Building 

Act 1991.  The penalty for an offence is a fine of up to $200,000, and up to $20, 000 per 

day for each day that the offence continues.  Furthermore, according to the Crimes Act 

1961, if MIT fails to discharge any legal obligations, in this case obligation under 

Building Act 1991 knowing that this failure could endanger the safety or health of 

others, then it is possible that the CEO or Council of the Institute could be charged with 

criminal nuisance under Section 145.  The penalty for criminal nuisance is a maximum 

of 1 year in prison.  The Health and Safety in Employment Act was referred to for this 

case as well, which states that an employer must take “all practicable steps” to identify 

and eliminate significant hazards at work.  The significant hazard was the earthquake 

prone status of Dilworth Building.  The penalty for this offence is a prison term of up to 

1 year and/or a fine of up to $100,000.  Considering the liabilities posed on the Council 

of the Institute, MIT took it as the main incentive and decided to mitigate the seismic 

risk of Dilworth Building. 

MIT then considered the possible solutions for mitigating the seismic risk.  Demolishing 

the building was the least expensive solution, however, it was ruled out at the very 

beginning of the decision-making process because of its heritage value to the campus.  

Although MIT had limited funding for building maintenance, the emotional value 

attached to Dilworth Building as the first building on the campus outweighed the 

physical costs for strengthening the building.  Furthermore, Dilworth Building is 

protected under the Manukau City Council District Plan as a heritage building, being ID 

20 on Planning Map 26, but is not a registered building in terms of the Historic Places 

Act 1993.  In respect to that the heritage value of the building, MIT decided that the 
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façade will be kept and the style of the building will be kept as far as practical.  Thus, 

retrofitting the building was the practical solution to mitigate the seismic risk. 

The then current building code, the Building Act 1991, does not specify the strength 

that the upgraded building should achieve.  According to the New Zealand Society for 

Earthquake Engineering in 1985, two levels of upgrading, securing of hazardous 

features and full upgrading, were recommended.  MIT could either choose the lower 

level of securing of hazardous features, such as chimneys in the Dilworth Building 

project, or a higher level of full upgrading to bring the building up to full seismic 

strength.  The structural engineer stated that after enactment of the Building Act 1991, 

the NZSEE produced another updated guideline document in 1995 focusing on 

assessment of the appropriate design coefficients for upgrading earthquake risk 

buildings.  The Building Industry Authority (BIA) submitted to the Minister of Internal 

Affairs a series of amendments to the Building Act, which proposed that the minimum 

provisions relating to seismic resistance of earthquake prone buildings should be 

increased to one-third of full NZS 4203:1992 force levels.  This level of lateral force 

represented a value 110% higher than that used for securing of hazardous features, and 

50% of the force used for upgrading.  At the time when MIT was making the decision, 

the proposed changes had not yet been accepted by the Government.  The Council of the 

Institute decided to carry out full upgrading for Dilworth Building.  The main reason 

was that it would be more sustainable than the lower level alternative.  The chance was 

high that the Government would accept the proposed change from BIA.  If the 

building‟s hazardous features were not secured, Dilworth Building would be listed as an 

earthquake prone building again under the upgraded legislation.  MIT would again face 

all the legal obligations caused by the earthquake prone tag.  If it was to be brought to 

full strength, the building had a high chance to stand firm in next 50 years.  This would 

keep MIT away from the trouble of legal obligations and securing upgrading funding 

again.  It would give the Council of the Institute peace of mind that this heritage 

building would not suffer in a moderate earthquake, and therefore maintain the heritage 

value in a sustainable way.  Although the estimated costs of bring the building to full 

seismic strength were three time more than securing the hazardous features, MIT 

decided to have a full upgrade for Dilworth Building. 
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Dilworth Building was then strengthened with an upgrading design of 0.23C g , which 

is a full upgrade for the building.  The following features were seismic upgraded to 

achieve the strengthened level: 

 Slender masonry cavity walls, particularly at the upper storey. 

 Lack of any effective diaphragm at roof levels to provide support for the walls. 

 Tall heavy brick chimneys at the west frontage 

 Tall heavy tower comprising a concrete and stone composite 

 Lack of strength and stability in core area walls to provide the necessary seismic 

resistance for the building and tower 

 Heavy roof with little bracing. 

 

6.3.1.5 Discussion 

 

According to the decision making factors listed in Table 5.5 of Chapter 5, the 

consideration influencing the decision of Dilworth retrofitting project are ownership, 

costs, benefits, and liability.  As a public building owner, MIT has limited funding.  

Therefore, high retrofitting cost was the constraint for providing the institute the 

incentive to fully upgrade the building.  On the other hand, the institute wanted to 

remove the possible liabilities caused by an earthquake prone building.  The benefits of 

reducing the possibility of business interruption, sustainably protecting the heritage 

value and the emotional attachment to the first building on the campus outweighed the 

significant costs of bringing the building up to full seismic strength.   

These factors disclosed that there were multiple objectives which needed to be achieved 

in this project.  They were minimizing the costs, removing the legal liabilities, 

maintaining the heritage value in a sustainable manner and minimizing business 

interruption.  These objectives were conflicting at certain levels.  It would be impossible 

to remove the legal liabilities and maintain the heritage value with at a low cost.  Trade-

offs had to be made in this situation, which in this case was compromising the objective 

of minimizing the costs to achieve the objectives of removing legal liabilities, 

minimizing business interruption and maintaining the heritage value. 
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Making the decision problem more complicated were the uncertainties.  Proposed 

changes to the Building Act 1991 were under review.  There was speculation that the 

Act would raise the threshold of the definition of an earthquake prone building. 

The decision-making process was driven by possible alternatives instead of the 

objectives MIT wished to achieve in the project.  The decision-making started from 

whether it was possible to do nothing.  This option was rejected after MIT found the 

obligations imposed on the organization under various legislations, such as the Building 

Act 1991 and the Crimes Act 1961.  MIT then examined other available options.  They 

soon found out the only alternative was to strengthen the building, due to its heritage 

value and the emotional value attached to the building which made demolishing it 

impossible.  Then the options were concentrated on which level to strengthen the 

building to MIT considered the advice from engineers that the Government was likely 

to increase the minimum provisions relating to seismic resistance of earthquake prone 

buildings, which would make Dilworth Building earthquake prone again.  As a 

consequence, MIT would have to face the same issues they were facing again.  To 

remove the uncertainty of falling into the earthquake prone building category once more, 

MIT decided to bring Dilworth Building up to full strength.  The decision-making 

process was relatively easy because of the heritage tag and the significant social value 

of the building which outweighed the expensive retrofitting costs.  Thus, no special 

technique, such as cost benefit analysis, was employed in this project.  Group discussion 

and advice from an engineering consultancy were the primary information used in the 

process. 

In hindsight, MIT made the correct decision regarding Dilworth Building because of the 

imminent introduction of the updated Building Act in 2004 as the engineers forecast.  

This meant, if Dilworth Building had been strengthened to the level of securing 

hazardous features instead of full upgrading, the building would have fallen into the 

category of an earthquake prone building again under the new Act and would have had 

to be strengthened to reach the minimum requirements of the updated Building Act.  

Furthermore, this situation would have had an even more negative impact on the 

budgeting and funding requirements of the institute. 
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6.3.2 Case Study 2: St Augustine’s Church 

 

The second case study, St Augustine‟s Church, belongs to a non-profit organization, the 

Anglican Church.  The researcher was approached by one member of the work party of 

St Augustine‟s Church at the early stage of the research project after a department 

seminar discussed the research aim and objectives of this project.  The work party was 

seeking advice and assistance regarding what to do with the earthquake risk St 

Augustine‟s Church building.  Although, the researcher was not able to give any advice 

at that stage, she was welcomed as an observer of the work party.  The parish of the 

church agreed that the researcher could use the project as a case study.  In this way, the 

researcher was able to observe the whole decision-making process without judgement 

and input. 

The building itself has significant historical and heritage value.  The community has a 

strong emotional attachment to the building, since many of the local people have either 

attended church there or had weddings and memorial ceremonies in the church building.  

Thus, decisions on the future of the church building raised significant attention from the 

community. 

 

6.3.2.1 Project Background 

 

St Augustine's is the second church in the Anglican Parish of the Holy Trinity, 

Devonport, North Shore City.  Dating back to 30th September 1924, St Augustine‟s 

district was a separate parochial district with the Rev A.M. Niblock as its first Vicar.  In 

1936, twelve years after the separation took place, the Diocesan Synod, on the advice of 

the boundaries committee, decided that St Augustine's district should be reunited with 

the Parish of the Holy Trinity.  This decision was put into effect at the end of August 

1948.  Holy Trinity Church, located 1.3 km away from St Augustine‟s Church, then 

became the main Anglican centre in the Devonport Parish.  However, St. Augustine's 

has its own programme, serving mainly residents of the Stanley Point area of Devonport, 

which stands at the end of Devonport peninsula.  From 1979 to mid-1997 the Royal 
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New Zealand Navy were co-users of St Augustine's, and their chaplains assisted with 

the Sunday services from 1979 to the end of 1992 (Parish of Devonport).  

The unreinforced masonry church of St Augustine, located at 95 Calliope Road, was 

erected in 1930, in memory of those who gave their lives in the Great War, 1914-1918.  

The church was designed in 1929 by W.S.R. Bromfield.  St. Augustine‟s seats about 80 

comfortably and is available for weddings and funerals (Parish of Devonport).  The 

church building is included in the 'Schedule of Buildings, Objects and Places of 

Heritage Significance' in the North Shore Operative District Plan as Category A for the 

Devonport Ward (North Shore City Council).  St Augustine‟s Church is not a Historic 

Places Trust listed building 

 

6.3.2.2 Chronological background 

 

The church was built with unreinforced brick, as shown in Figure 6.2.  It has a steeply 

pitched roof of timber sarking and clay tiles, which is supported by timer scissor trusses.  

The church started to exhibit some severe structural distress in early 2005.  The east 

wall has a horizontal crack running almost the full length of the wall at the level of the 

window lintels.  The north gable end wall has moved outwards.  The combination of 

these two movements has resulted in some complex cracking around the north east 

corner.  The church is adjacent to a parking area for neighbouring buildings on the east 

side.  There are several trees around the north east corner. 
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Figure 6.2: St Augustine‟s Church 

 

There were no historical records of the cracking of the east wall and the movement of 

the north wall.  There were anecdotal reports that there had been some rotting of the 

floor boards on the west side of the church attributed to poor external drainage, and the 

downpipes were connected to the storm water system at the time repairs were carried 

out.  However, the time of these activities was not precisely known. 

An engineering consultant was then engaged to carry out a geotechnical investigation on 

the site.  A pit was excavated at one of the buttresses along the east wall to a level below 

the bottom of the concrete foundation pad.  It was found that the top half-metre of 

topsoil was dry and hard but at the level of the concrete foundation, the moisture 

content rose sharply.  The scalar penetrometer results indicate a “barely firm sub-base”, 

which is relatively low for residual East Coast Bays mudstone.  The base width of 

approximately 720 mm is considerably generous for a single storey building, which may 

indicate that the original designers were aware of the low-strength foundation material.  

Three hand-augered boreholes to a depth of 4m suggested by the consultant were not 



Page 169 

implemented due to budgetary reasons.  The findings of the preliminary geotechnical 

investigation did not explain the rotation of the wall.  The consultant suggested that it is 

possible that the sealing of the car park area reduced the ingress of water into the soil on 

the east side of the building and, therefore, caused very slow shrinkage due to reducing 

water content taking place in the foundation soils of residual mudstone.  The trench 

drain running along the side of the building may contribute to this effect by carrying 

away the infiltrating water between the car park and church.  The remedial work 

suggested by the consultant was the installation of underpinning piles along the sides of 

the east and north wall which would prevent the wall from moving in the future.  

However, the question of whether or not the church can continue to be used in its 

current state was beyond the scope of the geotechnical investigation and would require 

input from an experienced structural engineer. 

St Augustine‟s Church then called for a general meeting involved the congregation and 

general public discuss the issues regarding the structural condition of the church 

building.  In the meeting, the congregation and general public showed strong emotional 

attachment to the building and were concerned about the structural health of the 

building.  A working party was formed afterwards to contribute to the initial 

investigation work.  It was expected that the formation of the working party would 

provide opportunities for a broader group of people to take the initiative and take the 

issue to the next stage. 

The work party then engaged a structural engineering consultancy firm to seek advice 

on possible options for the church building.  The consultant recognized the church 

building as an earthquake risk building, since it is constructed of unreinforced brick 

masonry and, thus, is not as strong as modern reinforced concrete construction.  It was 

not certain whether the building is below 33% NBS.  The consultant understood that „if 

a building is below 33% NBS, then the local Territorial Authority can issue a notice to 

require strengthening of the building‟, while „there is no obligation on the building 

owner to strengthen the building for earthquakes until such time as the TA issues a 

notice to strengthen‟.  If a building is above 33% NBS, „there is no legal requirement to 

strengthen the building for earthquakes‟.  Accordingly, four options were suggested by 

the consultant relating to the seismic strength of St Augustine‟s Church as follows: 
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1. Do nothing and wait for the TA to analyse the building and issue a notice, or not, as 

they see fit. 

2. Examine and analyse the building to determine its seismic strength. 

3. Assuming the building is less than 33% NBS, consider whether or not the building 

should be strengthened. 

4. Assuming the building is above 33% NBS, consider whether or not to strengthen the 

building to higher levels due to its historic nature and significance to the community. 

The structural engineering consultant believed that „Option 1 is perfectly viable‟, since 

any other option would involve some expense even if just for the structural analysis. 

The work party then carried out a second geotechnical investigation in October 2006.  

The drilling of three boreholes to a depth of 4m was carried out.  All three showed a 

strong layer from 2-3m depth and getting slightly weaker below.  The deeper scalar 

results show the next hard layer to be at 5.5m or deeper, which is probably the top of the 

sandstone rock.  The findings of the second geotechnical investigation still could not 

explain the rotation of the wall.  The shrinkage by drying appeared to be the most likely 

explanation.  The geotechnical consultant proposed an arrangement of piles for 

strengthening the walls which was discussed and approved by the structural engineers.  

The structural repairs involve remedial work to the foundations and support structure of 

the eastern wall, which involved underpinning of the piles and repairing of the external 

brickwork and concrete.  The costs of piling were estimated. 

Four contractors were approached by the work party to tender for the work defined by 

the geotechnical and structural engineer.  Two tenders were received with prices more 

than double the estimates. 

The Vestry of St Augustine‟s Church decided to choose “to do nothing” after reviewing 

the tenders and report prepared by the work party.  The church building has been left as 

it is.  A revisit in 2010 showed that the condition of the church had not deteriorated 

significantly in the last five years.  Normal services are still being conduct in the church. 
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6.3.2.3 Decision-making process 

 

After the public meeting discussing the issues regarding the structural condition of St 

Augustine‟s Church, the Vestry Property Subcommittee considered that it was 

appropriate to form a working party to carry out further investigation.  Meanwhile the 

Vestry can continue to fulfil its responsibility to provide governance and management 

of parish property.  Three parishioners were appointed to prepare a scope of works and 

costs estimate for structural strengthening and to liaise with local authorities, 

government agencies and consulting professionals.  None of the members had previous 

experience in seismic retrofitting. 

Thus, during the process, the work party depended heavily on the advice provided by 

the consultant teams.  The work party tried to seek advice from the local Council, 

however, North Shore City Council had not formed its own earthquake prone policy, at 

the stage, and could not provide advice on whether and how the seismic retrofitting 

should be applied in the case of St Augustine‟s Church.  The work party then sought 

advice from Auckland City Council and was told that „Heritage buildings scheduled in 

Council‟s District Plan and/or registered by the New Zealand Historic Places Trust are 

to be assessed by December 2015 and to be strengthened within 30 years (i.e. by 2045)‟.  

In addition to this information, the advice from the professional consultant, „Do nothing 

at this stage is perfectly viable‟, was acceptable because of the relatively low seismic 

risks in Auckland. 

Furthermore, St Augustine‟s is not the main church in the Devonport Parish.  It only 

serves a small congregation, which means the available funding is less compared to the 

main church in the Parish.  The Vestry had difficulty in securing the funding for further 

investigation and retrofitting work.  It also had difficulty in persuading the Parish to 

allocate more funding for St Augustine‟s.  Although St Augustine‟s Church is listed as a 

Category A scheduled building of heritage significance, there was no extra funding to 

help the church to carry out any investigation regarding the building‟s seismic strength. 

Although the local community made their voice hear loud and clear that they would like 

to protect the church building, there were limited ways they could offer the help.  
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Furthermore, there is no legal obligation imposed on the Church, so the church can 

choose not to respond to the community requirement. 

After discussions with All Saints Vestry, St Augustine‟s Church decided to maintain the 

building as it was and carry out the strengthening work when the funding is available. 

 

6.3.2.4 Discussion 

 

Referring back to the key considerations in the decision-making environment of the 

seismic mitigation implementation decision problem detailed in Chapter 5.  There were 

four main factors influencing the final decision of not implementing seismic retrofitting 

for St Augustine‟s Church building.  They were existing building performance, the 

profile of the decision-makers, the technical assistance the building owner received, and 

costs. 

The decision problem commenced when the existing building started to show signs of 

structural weakness.  The trigger problem was „What is the cause of the weakness and 

how to fix it‟.  The building owners‟ initial motivation was to set the building right and 

they did not expect to encounter the „earthquake prone Building‟ section of the Building 

Act 2004.  Although the existing building performance did not deteriorate to a level 

where the Territorial Authority would be involved to enforce the building owner to 

remove the risk, the performance was serious enough to alarm the building owner to do 

further investigation. 

The subcommittee members and working party members involved in the decision-

making process had very limited knowledge and experience with an earthquake and 

seismic retrofitting.  The working party members worked voluntarily on the task and 

none of the members had experience on structural engineering projects.  The nature of 

the profile of the decision-makers made them heavily dependent on the advice from 

professionals and local government.  Unfortunately, in this case, the building owner did 

not receive the information or the details and certainty they expected.  Moreover, as a 

non-profit building owner, their risk attitude is risk-averse.  It would have been 

challenging for the building owner to invest a significant amount of money in 
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retrofitting with the limited and imperfect knowledge and information available relating 

to the cause of the building‟s structural weakness. 

Another factor influencing the decision was the costs, especially the retrofitting costs.  

The costs estimated by the working party to strengthen the building were $90,000, 

which including $55,000 for structural repairs, $15,000 for consents, $5,000 for 

supervision of repairs, $5,000 for cosmetic interior repairs, and $10,000 for 

contingencies.  The estimates had already exceeded what the church could afford and 

the uncertainty in the costs made their situation worse.  Then, the estimates done by the 

consultant were only half of the tender prices from the contractors.  Therefore, the 

Church Vestry was unable to ascertain the range of the total costs.  Given their risk-

averse attitude, it is understandable that the building owners would choose to do nothing 

at this stage, until either the available information was made clearer or there was a 

similar church strengthening project for comparison. 

The decision-making process of St Augustine‟s church reveals that there were several 

objectives St Augustine‟s church wanted to achieve.  They wanted to improve the 

building performance, minimise the retrofitting costs, and maximise the community and 

congregation satisfaction.  However, these objectives were in conflict with each other at 

certain levels.   

The decision-making process here again was driven by the alternatives.  The working 

party first sought alternatives from the local Council, where they only got information 

about the timeframe the Church had to react under the territorial earthquake prone 

building policy.  After the structural engineer engaged by the Church had suggested „do 

nothing and wait for the TA to analyse the building‟, the church decided to adopt this 

option despite being aware that the church building was deteriorating structurally.  The 

reason for choosing this alternative was mainly because of the uncertainties involved.  

Those uncertainties included the possible total retrofitting costs and what could happen 

during the project.  Although North Shore City Council, the Territorial Authority in this 

project, claimed that they adopted an active approach in implementing an earthquake 

prone building policy, there has been no initial building evaluation carried out up to the 

present time (2009).  Thus, on one side, there is no political or legal pressure from the 

local authority on the church; on the other side, it is unknown what the processes and 

requirements would be from the TA.   
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In summary, for the project at St Augustine‟s Church, it was extremely difficult for the 

building owners to make an optimal decision with the imperfect information obtained 

and without proper assistance.  The ultimate question here is who carries the risk in this 

decision?  If an earthquake strikes and people are injured or, worse, killed, it could be 

the victim; it could be the church would lose the building; it could be the community, 

who would no longer have such a historical building to be appreciated in the community.  

Another issue relating to this decision is if the building continues to deteriorate, the total 

costs of bring it back to earthquake regulation standards are accumulating.  So, whether 

this decision finally benefits the church is a big question yet to be answered. 

 

6.3.3 Case Study 3: Remuera Baptist Church 

 

The Remuera Baptist Church building project was selected because it started from a 

simple strengthening project, expected to cost around $100,000, and developed into a 

significant development project worth around $1.5m.  This project indicated that the 

retrofitting cost is not always the dominant factor in decision-making on seismic 

mitigation implementation.  Lower costs do not necessarily mean that it is a better 

decision for the building owner.  This project also received wide community 

involvement, which also helped to shape the decision-making.   

 

6.3.3.1 Project Background 

 

The Remuera Baptist Church building is owned by the Baptist Union of New Zealand 

and managed by Remuera Baptist Church.  The Baptist Union of New Zealand was 

formed in 1882.  A mission to Maori people was begun in the 1950s. With the recent 

growth of many ethnic groups in New Zealand, there are corresponding congregations 

developing.  Because of the congregational structure, most of the church's activities are 

built into the life of local congregations, which include work amongst children and 

youth, religious education at all levels, house groups for fellowship, prayer and Bible 

study, programmes extending into the community, care of the elderly, and other social 
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outreach programmes.  The main function of the Baptist Union is to assist in the 

development of the above primarily through advice.  The National Resource Centre 

serves the churches by providing all manner of administrative, legal, employment, 

property, and financial advice and services.  

Remuera Baptist Church was established in 1926 and has been integral part of the 

community ever since.  Originally it was called „North Memorial‟, after a prominent 

Baptist couple.  The present name, Remuera Baptist Church, was adopted in 1976 to 

identify clearly with the area.  Over the years, hundreds of people, young and old, 

families and children, have been nurtured by this fellowship and, as a result, found ways 

to serve the neighbourhood. 

Remuera Baptist Church runs a range of services relating to the current needs of the 

congregation and wider community.  A Samoan congregation used the church for a time 

in the 1980‟s and since 1996 the church has shared the facilities with a Chinese 

congregation.  The church runs one morning service at 10am and an afternoon service at 

2pm every Sunday.  The 10am Sunday congregation is, typically, 55 people but at 

special events on the Christian calendar, such as Easter and Christmas, the number of 

people can increase to 160.  The 2pm service is run by the Auckland Central Chinese 

Baptist Church.  The afternoon service is slightly larger than the typical morning service, 

usually involving 75 people.  During the week, the church is used for a variety of 

church and community facilities, such as prayer groups, Bible study, youth group, and 

choir practice.  Generally, these activities attract 10 to 20 people.  The church also 

serves the local community and the needs of its congregation by conducting funerals 

and weddings, which sometimes require the full seating capacity of the existing church.  

All these activities illustrate the Church‟s belief that they have an important part to play 

in building bridges in a multi-cultural society. 

Ever since the early years, the church has served the community as host to a 

kindergarten.  At first, the church hall was hired out for use as a private kindergarten.  In 

1981, when the owner of the private kindergarten wished to retire, the church took over 

and reorganized the kindergarten under the Remuera Baptist Trust.  Since then, the 

church has continued to expand and upgrade the service.  It is now a full-time licensed 

kindergarten, incorporating a maximum of 30 children and 4 staff between 8:30am and 

4:30pm Mondays to Fridays.  It serves the wide community and has a good reputation.  
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Feedback suggests that parents appreciate the caring and nurturing educational 

environment provided by the qualified and experienced staff. 

 

6.3.3.2 Site Description 

 

The Remuera Baptist Church manages three adjoining properties located at 641, 643 

and 645 Remuera Road, as shown in Figure 6.3. 

The site at 641 Remuera Road is occupied by the existing church.  The Remuera Baptist 

Church building, as shown in Figure 6.4, was designed by the American architect, H.R. 

James, and opened on 1
st
 August, 1926.  Various additions and alternations were made 

over the ensuing years.  In 1942, a hall was added behind the church building to 

accommodate a flourishing Sunday School of some 170 children.  Additions to the 

western side have included the existing entrance and the office and lounge facility that 

was added in 1974.  Designed in faux gothic style, the church is constructed with 

plastered masonry walls, with a heavy tiled roof supported by timber knee trusses.  The 

church hall has a slightly lower floor level than the existing basement of the church, 

with the kindergarten at a lower floor level again.  The various floor levels of this 

existing development are a result of the gradient of the site which slopes away from 

Remuera Road. 
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Figure 6.3: Site Location of Remuera Baptist Church 

 

The 1950‟s were a time of considerable growth for the congregation.  In 1957, the 

church bought 643 Remuera Road, which is currently occupied by a dwelling at the 

front with the Remuera Baptist Kindergarten to the rear.  In 1959, additional facilities at 

the rear of the hall were opened to cope with expanding ministry and community 

requirements.  In 1976, the church purchased 645 Remuera Road.  The house on the site 

became known as the „Whyte House‟, a centre for counselling and other community-

related services.  A new residence for the church minister was built behind the „Whyte 

House‟ in 1985.  The church currently rents out two of the dwellings on the properties 

which it owns for residential purposes. 

Remuera Baptist Church is located in a well-developed residential area, adjacent to 

Remuera Road, which is classified as a regional arterial road.  Traffic flows on Remuera 

Road reflect the morning peak city-bound, and the afternoon peak east-bound pattern.  

The church has no formal existing on-site parking or vehicle access.  However, vehicles 

informally park down the driveway on the western side of the site. 

 

Subject site 
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Figure 6.4: Remuera Baptist Church 

 

 

6.3.3.3 Chronological background 

 

In 1997, it was identified that the church building had a structural weakness, which 

needed to be addressed to ensure safety in the medium- to long-term.  It had started to 

show the signs of structural failure, such as cracks along the external walls and, as a 

result, became an earthquake risk building under the then current Building Act 1991.  A 

geotechnical investigation was carried out in June 1997.  It was not until August 2000 

the church engaged a structural engineer to carry out a preliminary analysis and 

structural upgrade proposals utilising a geotechnical report.  The church congregation 

and leadership investigated various scenarios in terms of the ongoing use of the site for 

church activities.  According to advice from the structural engineer and the comments 

from the church congregation, a final architect‟s design for the redevelopment of the 
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church building was finished in May, 2005.  A Traffic Impact Assessment, including a 

parking survey of a typical Sunday service was done in early June 2005.  With this 

information, the church introduced the proposed site redevelopment to the neighbours 

and key stakeholders with the aim of providing background information on what the 

church was contemplating for the site in late June, 2005.  A report regarding façade 

lighting was carried out in September, as a result of community concern about the 

revised church signage and façade. 

The application for Resource Consent and Assessment of Environmental Effects was 

logged at the Auckland City Council in November, 2005.  The application addressed the 

reasons for the resource consent application, assessment of environmental effects, 

assessment against the Operative Auckland City District Plan 1999 – Isthmus Section 

(District Plan) objectives and policies.  It also attached the Church Usage Statement, 

Traffic Impact Assessment, Façade Lighting, Signage Consent and Information Pack for 

Neighbours and Key Stakeholders. 

Auckland City Council gave notice of a planning hearing by commissioners of the 

church project in August 2005.  With the notice, the Auckland City Council also 

attached the Notified Report for a Discretionary Activity Land Use Consent Application 

under the Resource Management Act 1991.  Following the Auckland City Council 

notice, a report of „Additional Information Provided to the Auckland City Council 

Following a Request from the Hearing Commissioners on Friday 13 October 2006 

Regarding Resource Consent Application‟ was prepared by the Church planning 

consultant.  The report covered the noise condition, urban design assessment, traffic and 

parking issues, storm water, landscape concept and other issues addressed by the 

Auckland City Council.  The application was heard on 13 October and 28 November, 

2006.  The records of the hearing were sent to the church in January 2007. 

The Consent Order was issued on 26 June, 2007.  There was no appeal during the 

specified period.  As a result, the consent was granted subject to four conditions.  The 

main concerns are about the parking and the exit onto Remuera Road.  When the 

resource consent was granted, the church was notified by the Quantity Surveyor that the 

construction cost had risen 20% compared to the budget prepared in 2005.  This 

unexpected cost rise made the upgrading of the building unaffordable to the church.  

Therefore, there has been no work carried out yet.  In June 2009, the Baptist Savings 
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and Development Society guaranteed Remuera Baptist Church a loan of up to $1 

million.  After the expensive resource consent process, the church still has 

$342,259.00 in the Building Account.  The church aims to raise $150,000 in 2009 

through several events planned by the Fundraising Committee.  It is hoped that the 

redevelopment project will be started in 2010 (Remuera Baptist Church 2009). 

 

6.3.3.4 Decision-making process 

 

The preliminary analysis and structural upgrade proposals were carried out by a 

structural engineer in 2000.  The church reviewed the report and decided that repairing 

the wall only was not the preferred solution, since the building would only have been 

restored to a structurally sound condition without gaining anything further.  The church 

considered that there should be a better alternative for the money and effort being spent 

in this particular situation. 

The church first investigated the possibility of selling the church building and land 

moving elsewhere.  After the valuation of the property owned by the Remuera Baptist 

Church, indicated that the church would be able to get a significant amount of money 

for their land.  Indications were that the church could afford more land in the adjoining 

area or the industrial are close by than it currently had. 

However, according to the District Plan, if a new building is being built for the purpose 

of a church, it must achieve the District Plan Site Area and Parking requirements.  

Clause 8.7.1 Activities in Business 1, 2, 3, 4, 5, 5A and 6 Zones indicate that Church, as 

a „Place of Assembly‟, is allowed to be built in Business Zones 2, 3 and 4.  However, 

building a church in Business Zones 1 and 5 is a discretionary activity.  This means 

prior to commencing a project, a Building Consent is a necessity. 

If the church plans to build in a neighbourhood area, land in certain zones could be 

purchased for this purpose to avoid a complicated and time-consuming application for a 

change of using right.  However, Remuera is a highly-developed residential area.  It 

would be extremely difficult, if not impossible, for the church to obtain a piece of land 

of around 2,400m
2
 in Business Zone in the Remuera area. 
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After an investigation of the availability and price of land in the neighbourhood area, 

the church found that bare land adjoining or close to the existing church is not available 

due to the high development of the Remuera area.  To buy a piece of land with an 

existing building in a business zone and modify the building into a church is far beyond 

the church‟s financial ability.   It would not make sense for the church to move away 

from the Remuera area to buy land that the church can afford to build on, because the 

Remuera Baptist Church needs to serve the local community.   

Since the alternative of selling and moving elsewhere turned out to be impracticable, the 

church then investigated the alternative of demolishing and rebuilding the church 

building.  This would enable the church to have a building which meets the modern 

congregation‟s requirements.  However, the heritage value of the building itself and the 

community‟s emotional attachment to the building would be lost.  Furthermore, if the 

building is demolished or redeveloped, the existing using right is not applicable any 

more.  According to the District Plan, a building which is built before the execution date 

of the District Plan, even if the existing building is in a zone which is not permitted 

under the District Plan, the owner is allowed to keep it as it is.  Thus, two issues relating 

to the existing using right will arise in the case of demolishing and rebuilding.  Since the 

church was built and opened in 1926, well before the District Plan was enacted, the 

Remuera Baptist Church is allowed to be located in the Residential 6a zone.  If the 

church building is demolished the existing using right is not applicable any more, which 

means the site is not allowed to accommodate „a place of assembly‟, a permitted activity 

in Business Zone 2, 3, and 4 only.  The church would have to apply for resource consent 

to rebuild the church on the existing site, which would be a time-consuming and costly 

exercise.  The second issue is the number of car parks provided by the church.  Again, 

as the church was opened before the enactment of the District Plan, the church does not 

provide on-site parking as the District Plan required.   

Clause 12.8.1.1 of the Auckland City District Plan sets out the parking requirements for 

various activities.  As a place of assembly, the parking requirements specified by the 

District Plan are one for every 4.5m
2
 of floor area of the auditorium of the church, or 

one for every 4.5m
2
 of the total floor area of all meeting rooms (whichever is the 

greater).  The floor area of the exiting church auditorium is 219m
2
.  Therefore, if 

Remuera Baptist Church is going to rebuild a church with a similar floor area, according 
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to the District Plan, 49 on-site car parks would have to be provided.  As the traffic 

engineers suggest, the most efficient way to arrange parking is block parking with 90° 

parking angle.  As stated in Figure 6.5, the width of a parking space is 2.3m, with 8.3m 

manoeuvring space and 18.1m total depth of two rows.  Therefore, 1,018m
2
 of land is 

needed to accommodate 49 parking spaces, while the site area of the existing building is 

746m
2
 only.  Thus, despite the costs of demolishing the existing building and building a 

new one, the land itself is not able to accommodate both the building and 49 car parks 

as required by the District Plan.  It suggests that the alternative of demolishing and 

rebuilding is not viable either due to the constraints of the existing using right. 

 

Figure 6.5: Manoeuvring and Parking Space Dimensions (Auckland City Council 1999) 

 

After turning down two alternatives, it was apparent that the only feasible option would 

be to strengthen the building.  The structural engineers suggested that the retrofitting of 

the existing church building should involve strengthening the structure and re-tiling of 

the roof to mitigate the earthquake risk.  The re-tiling will reduce the weight of the 

roofing materials and ease the load on the existing church structure.  The congregation 

of the Church considered that while the retrofitting work was being carried out, it would 

be an opportunity to make the overall facilities more user-friendly at the same time.  

The present church auditorium is large enough to service the congregation.  An 

extension plan was proposed as a result of co-ordination between the structural engineer 



Page 183 

and the architect.  Instead of repairing the wall that is deteriorating, a new wall that is 3 

metres away from the existing one will be built which will improve the church layout.  

The addition of a 3m wide extension to the eastern side of the exiting church will 

provide reinforcement to the existing church building and will also provide for the 

internal reconfiguration of the church.  Due to the elongated shape of the existing 

auditorium, it is not appropriate for a modern congregation.  The addition will square up 

the auditorium space in the rear part of the church building, while the front of the 

building will be developed into a lobby and hospitality area.  The extra space will 

provide a small amount of extra foyer space and stairway and extra offices below.  This 

extension plan is what the Church would like to achieve in combination with the 

strengthening project.  The initial plan was to extend the church building and leave the 

house at 643 Remuera Rd as it is.  This alternative will not change the existing using 

right of the land, thus, the church thought the work could be done without an application 

for resource consent.  However, consultation with the local Council advised that the 

extension plan would be regarded as a redevelopment project.  Furthermore, there was 

great pressure from the neighbour and within its own congregation to try to provide 

more car parking.  The church then realized that it is important consideration to provide 

extra parking to justify the extension, although the church cannot provide sufficient car 

parking for its total needs in accordance with the District Plan. 

The Property Development Committee then considered removing the residential house 

at 643 Remuera Road, adjacent to the church, to provide off-street parking for up to 13 

cars.  This would be sufficient to cover the extra square metres that the church gained 

through the upgrade project.  It also provides a proper drive-through drop-off at the 

main entrance of the church with a covered entrance to provide sheltered access to the 

hearse for funerals.  All this would make the church much more user-friendly and 

relieve pressure on roadside parking simultaneously.  However, the property provided 

rental income supporting the cash flow of the Remuera Baptist Church.  Without this 

sustainable income, it is not viable for the church to commit to the upgrade project. 

After discussions and debates among the congregation, the church officers‟ board, and 

the church property development committee, the church decided to enlarge the existing 

basement so that it would accommodate a childcare centre for up to 25 preschool 

children underneath the proposed addition.  This facility would not only benefit the 
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local community but, more importantly, it would help the church to attract more funding 

from the Ministry of Education for the early childhood education centre.  The centre 

would also be in a position to generate income for the church. 

Thus, the redevelopment project of Remuera Baptist Church is finalized.  It comprises 

three main components.  First one is construction of new access and on-site parking area.  

This is to be achieved by removal of the exiting dwelling and garage on the northern 

part of the site at 643 Remuera Road.  The second component is additions and 

alterations to the church building.  This includes upgrading of the existing church 

building by strengthening the structure and retiling of the roof.  The proposed church 

addition will provide reinforcement to the existing church building, while the retiling 

will reduce the weight of the materials to ease the load on the existing church structure.  

These works make it possible for the church building to regain adequate seismic 

strength and remove the tag of an earthquake risk building.  The last element of the 

redevelopment project is the proposed new childcare centre, which involves excavation 

of 128m
3
 to enlarge the existing church basement and the provision of an outdoor play 

area south of the proposed car parking on the site at 643 Remuera Road. 

 

6.3.3.5 Discussion 

 

In accordance with the key considerations identified in Chapter 5, the main 

considerations influencing the decision in the Remuera Baptist Church project are 

ownership, costs, benefits, regulatory requirements and financial aid. 

As a non-profit building owner, Remuera Baptist Church is concerned about the 

affordability of the project due to its limited funding.  In responds to its limited funding, 

the church either looks for a low-costs option or extra financial aid.  Since the building 

owner has thoroughly examined the benefits they will gain through the retrofit project, 

the church found that the benefits they gain from replacing the two walls which have 

structural weaknesses do not outweigh the costs, time and effort put into it.  Thus, they 

would rather embrace the opportunity to upgrade the church building, so that they can 

gain significant benefit.  For the building owner, one of the main benefits relating to this 

seismic retrofit project is to have a safe and sound building, which can accommodate 
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the modern needs.  However, the building owner did not initially realize that a 

retrofitting project, which might cost around $100,000, could evolve into a significant 

development project, which would cost around $1.5m.  The key factors contributing to 

this evolvement are the regulatory requirements.  Without the constraints of the existing 

using right specified by the District Plan, the church could have settled for a lower-cost 

solution, such as demolishing and rebuilding, and had a brand new building to achieve 

the maximum benefits.  However, the church had to seek another solution to 

accommodate the regulatory requirements, which is not the most financially effective 

one from the building owner‟s point of view.  Since the solution of upgrading the 

church building was not the most financially effective one, the church had to seek 

external financial aid to fund the project.  For this reason, the church was motivated to 

extend the development project, so that extra space would be created to accommodate a 

child care centre, and external funding from the Ministry of Education could be 

attracted to generate a healthy cash flow. 

During the decision-making process, the Chairman of the Church Property 

Development Committee did a cash flow model to simulate the affordability of different 

scenarios the church may face.  The Chairman has a background in Quantity Survey, 

thus it was natural that he employed this technique to assist the decision-making.  The 

simulation gave a sense of how much each scenario would cost the church, however, it 

did not illustrate the benefits the church might gain though them.  The Chairman 

admitted that the model helped him to seek a more financially feasible solution for the 

church.  He did not present the model to the Board for further discussion, because „only 

the person who creates the model can understand it‟.  

The decision-making process of this project suggests that there were various objectives 

the church tried to achieve during the strategic decision-making process regarding how 

to implement the seismic retrofitting.  The Remuera Baptist Church sought to minimise 

the project cost, while maximising the benefits for the church, and satisfaction from the 

local community.  Again, these objectives were conflicting with each other in different 

ways so, therefore, it is not surprising that a trade-off had to be made, to satisfy both the 

church and the community.  The uncertainties, especially of total costs and things which 

could happen during the resource consent application, were teased out thanks to careful 
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planning and investigation.  However, it is not certain whether the church will receive 

any surprise bills as a result of the renovation project, as it is not underway yet. 

 

6.4 Characteristics of decision making process 

 

According to these three case studies, a cross-cases analysis is summarised in three 

aspects: key considerations of the decision environment, characteristics of the decision-

making process, and method used to assist decision-making, as summarised in Table 6.1. 

 

 
Case Study 1 Case Study 2 Case Study 3 

Key considerations of 

the decision environment 

ownership, costs, 

benefits, and 

liability 

existing building 

performance, 

profile of 

decision-makers, 

technical 

assistance the 

building owner 

had, and costs 

ownership, cost, 

benefits, 

regulatory 

requirements, and 

financial aid 

Characteristics of 

decision problem 

conflicting 

multiple 

objectives, 

uncertainties 

conflicting 

multiple 

objectives, 

uncertainties 

conflicting 

multiple 

objectives 

Method employed to 

assist decision making 

n/a n/a cash flow 

modelling 

Table 6.1: Cross-cases analysis 

 

Through the cross-cases analysis and other phenomena revealed in the case studies, the 

main characteristics of the building owners‟ decision-making process regarding seismic 

retrofit projects can be summarized as follows: 

1.  Conflicting multiple objectives 

It is found that individual building owners have their own objectives to achieve.  These 

objectives vary diversely from case to case.  Although there are some common 

objectives, such as minimizing total costs, it is difficult to generate a list of uniform 

objectives.  These fundamental objectives normally depend on the ownership, portfolio 

and nature of the building owners.  They heavily rely on the internal economics of the 

building owner and the characteristics of the building owner‟s core business.  From the 
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owner‟s point of view, it is important that the building is available to be used for its 

primary purpose.  As the Dilworth Building MIT case study illustrates, the main 

objective MIT wanted to achieve was to remove the legal liability imposed on the Board 

due to the building‟s earthquake prone tag.  Besides the variety of fundamental 

objectives, the objectives normally conflict with each other, such as minimising total 

costs and maximising the benefits.  The building owners have to make a trade-off 

eventually. 

2.  Diverse considerations of the decision environment 

Furthermore, the final decision regarding whether to mitigate the seismic risk posed by 

the building depends on many considerations in the decision environment.  Again, these 

factors vary from project to project.  As identified through the interview results, these 

factors cover a wide range of considerations in relation to engineering, risk management, 

legislation and financial aspects.  Making the decision problem more complicated, the 

case studies indicate that these factors are very difficult to identify during the decision-

making process.  These factors are connected to each other and/or have an impact on 

each other in most cases.  For example, in the case of Remuera Baptist Church, the 

existing using right, which is a consideration relating to regulatory requirements, has an 

impact on seeking extra financial aid.  The extra financial aid would reduce the total 

costs borne by the church, and, therefore, have an impact on the consideration of cost.  

Also, as discussed in Chapter 5, these considerations in the decision-making 

environment involve a certain amount of uncertainty which makes the decision-making 

even more difficult. 

3.  Various stakeholders 

Another characteristic revealed from the three case studies is that a seismic retrofit 

project involves many stakeholders and interested parties, such as local government, 

local heritage trusts, and sometimes the wider community.  The decisions have to take 

into consideration the opinions and viewpoints of these parties.  Most of the time, these 

parties do not have the same value as the building owners which, therefore, leads to 

disagreement on the final decision.  It is difficult, if not impossible, to avoid 

communication between building owners and such parties but it is building owners‟ 

responsibility to negotiate and finalise any disagreements.  If this is not done, the 
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building owner can be taken all the way to the Environment Court thus incurring high 

expenses, as described in the Remuera Baptist Church case. 

4.  Alternative oriented 

The decision-making of building owners is oriented towards alternatives.  Of necessity, 

the building owners look for the options available for the building instead of only 

examining the objectives they would like to achieve through the project.  These 

alternatives normally cannot fulfil all the objectives they would like to achieve and, thus, 

make the decision-making very difficult considering trade-offs.  This characteristic 

could be the result of either the nature of the problem and/or the traditional way of 

decision-making.  A seismic mitigation implementation problem normally has „ready-

made‟ alternatives, such as „do nothing‟ or strengthen to minimum levels, as suggested 

by the engineers.  The building owners thus tend to consider the available options 

instead of what they want to achieve through the project.   

5.  Unaided decision-making 

Most of the building owners made the decision on whether to retrofit the building in 

accordance with their „natural instinct‟.  There are no techniques or methods to assist 

building owners to either qualify or quantify the decision problem.  Although cost 

benefit analysis is a common method recommended by central government, the case 

study results suggested that it is not practical for building owners to exercise it in their 

decision-making.  All the decision-makers in the three case studies indicated that the 

main impediment of exercising a benefit cost analysis is that it is too difficult to 

quantify the benefit.  For all three case studies, the benefits building owners were trying 

to achieve were non-monetary benefits, such as removing the legal liability, having a 

safe building for the congregation, or having a building suitable for contemporary 

requirements.  In addition to it, there is uncertainty in determining total retrofitting costs, 

for example in the Dilworth Building case study, the price estimated by the consultant 

was only one-third of the tender price.  A cost benefit analysis is not a viable tool to 

evaluate the alternatives in projects like this. 

6.  No historical data 

Finally, building owners stated that they had tried to locate similar retrofitting projects 

but with no success.  They would like to have been able to compare notes with other 

building owners, mainly because most of them did not have any experience in dealing 



Page 189 

with earthquake prone buildings.  Also, they did not have enough support or sufficient 

assistance from the Territorial Authority.  In addition, the information they received 

from different engineering consultancy firms was not very consistent on some occasions.   

As the result, they found that they were in such a helpless situation.   

 

6.5 Seismic mitigation implementation and Decision 
Analysis 

 

In this section, the characteristics of a seismic mitigation decision problem are discussed.  

They are then compared to the characteristics of decision problems analysed by 

Decision Analysis.  This comparison suggests that Decision Analysis is the appropriate 

method to assist building owners to make informed decision regarding to their 

substandard buildings, as discussed in the following section. 

 

6.5.1 Decision problem of seismic mitigation implementation 

 

The characteristics of the decision problem of implementing seismic mitigation became 

apparent through the literature review, interview results and case studies.  Table 6.2 

summarised the characteristics concluded from these three components. 

 

Literature review Interview results Case study results 

 uncertainty 

 various mitigation tools 

 multiple mitigation actors 

 complicated existing 

critical subsystems 

 no research focusing on 

building owners 

 

 diverse options in risk 

managing 

 issues of implementation 

process 

 uncertainty 

 various considerations 

with interrelationship 

 none proper method to 

aid decision making 

 multiple objectives to 

achieve, not uniform, 

conflicting 

 many considerations of 

the decision environment 

 various interested parties 

 alternatives oriented 

 unaided decision making 

 no historical data 

Table 6.2: Summary of Characteristics concluded 
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The literature review, presented in Chapter 2, suggests the decision problem of seismic 

mitigation involves many technical uncertainties because of inadequacies in the 

techniques available for analysing seismic risk (National Research Council 1996).  

Furthermore, there are different mitigation tools available for seismic mitigation, such 

as issuance, building codes and engineering (Mileti 1999).  These tools provide multiple 

alternatives for any one specified buildings.  Multiple mitigation actors are involved in 

seismic mitigation implementation most of whom do not have expertise in the decision-

making regarding seismic mitigation implementation.  They have different knowledge 

levels of earthquakes, different perceptions about risk, various motivations and diverse 

ability to act.  Moreover, three complicated existing critical subsystems have conflicting 

interests in seismic mitigation, which cannot be compromised (Petak 2001).  These 

interests directly result in multiple criteria to be considered in the decision problem.  

The literature review also suggests that previous research aimed at helping policy 

makers, legislators, planners, investors and insurance professionals and ignored the 

building owners.  The research focuses either at the macroscopic level or the 

microscopic level, but not on individual building as a research unit.  As a result, the 

building owners make decisions unaided. 

The results of interviews from Chapter 5 highlight several important issues relevant to 

the mitigation implementation problem.  First, there are diverse options in risk 

management, which provide different alternatives for building owners.  These options 

are not mutually exclusive.  Building owners may use one or a combination of the 

measures.  Implementing seismic mitigation measures is only one of many options or 

sometimes a part of one option building owners could chose to reduce the risk.  

Furthermore, there are many issues with legislation implementation due to the different 

approaches of each Territorial Authority, such as the uncertainty of legislation changes 

and the ambiguity of strengthening level.  All these issues make the decision problem 

more complicated.  Twelve key considerations in the decision environment were 

identified by the interview results suggesting that there are uncertainties involved in 

quantifying some of the factors and the interrelationships among these factors.  This 

makes the decision of whether and how to implement mitigation a very hard call.  Again, 

the interview results indicate that building owners are making the decision unaided.  

The cost benefit analysis recommended by central government is difficult to use as a 
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decision-making tool because of the variety of factors under consideration, the 

uncertainty involved and the interrelationships among the considerations.  

The findings of case studies, as discussed in Section 6.4, illuminate other features of the 

decision problem of seismic mitigation implementation.  There are multiple objectives 

needing to be achieved at the same time.  Building owners wish to have a safe building, 

minimise the retrofitting costs and interruption periods, maximise economic benefits, 

and satisfy all interested groups.  However, all these criteria cannot be met with a single 

alternative; it is important to compare each alternative by appraising the degree to which 

each objective is achieved.  Moreover, there are many considerations in the decision 

environment.  These considerations vary from project to project.  Also, many 

stakeholders and interested parties are involved in the decision of whether to strengthen 

substandard buildings.  The results of case studies also suggest that building owners 

were alternative-oriented when they make the decision.  Values and objective that were 

important in the decision-making were not evaluated properly.  The case study results 

again indicated that there is no single technique or method to assist building owners 

making this decision.  In addition, there are not enough historical data for building 

owners to refer to, when making decision regarding their substandard buildings. 

Integrating the features of the mitigation implementation problem summarised from the 

literature review, the interview results and the case study results, the causes of the 

complexity in this specific decision problem is are self-evident.   

First is its interdisciplinary substance.  Building owners cannot be professionally 

qualified in all aspects of engineering, business, and legislation.  It is necessary for 

qualified professionals to supply the relevant inputs on the key factors.  Second, 

decisions regarding whether or not to strengthen the earthquake prone buildings are 

often affected by groups of people whose attitude and value differ greatly.  To achieve a 

decision which satisfies all stakeholders, effective communication is a must.  

Furthermore, the decision problem has multiple considerations, usually with a series of 

available alternatives, and it involves uncertainties without sufficient historical data.  

Moreover, decisions on implementing mitigation measure involve critical value trade-

offs.  These value trade-offs include the relative desirability of immediate economic 

costs today and future economic benefits, immediate social costs versus future social 

benefits, and the negative impact on a small group versus a smaller positive impact on a 
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larger group.  These characteristics of the decision problem in seismic mitigation 

implementation illustrate that complexity cannot be avoided.  It is part of the problem 

not just part of the solution.  Therefore, it is impossible to rely on unaided judgement 

for such complex and important decision problems.  As illustrated by Howard (1988), 

„because we know that we become disoriented in flying without visual cues, in bad 

weather we rely on flight instruments rather than on our body‟s sense of orientation‟, a 

normative practice of decision-making needs to be performed for decision problems of 

seismic mitigation implementation.  It is necessary to introduce a method which 

considers the fundamental objectives building owners want to achieve, balance the 

requirements of various stakeholders and interested parties, and reflect the uncertainties 

involved in different aspects.   

 

6.5.2 Decision problem analyzed by Decision Analysis 

 

On the other hand, according to the literature review of Decision Analysis presented in 

Chapter 3, Decision Analysis can provide a sound basis and general approach for 

considering judgement and value in an analysis of available alternatives.  The 

characteristics of decision problem analysed by Decision Analysis are as follows: 

Decision Analysis can decompose a complicated decision problem into smaller 

manageable problems. 

Decision Analysis can provide an audit trial for effective communication and 

understanding among stakeholders. 

Decision Analysis is widely applied in assisting decision-making in multi-criterion 

decision problem, which have the following characteristics: 

 multiple evaluation considerations, 

 a variety of complex decision alternatives, 

 uncertainties and risks, 

 limited relevant historical data, 

 necessity for expertise from multiple disciplines, and 

 multiple interested groups and individuals. 
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The approach of value-focused thinking in Decision Analysis makes it possible to 

understand and use a decision maker‟s value to select a better alternative. 

Considering the characteristics of the seismic mitigation decision problem and what 

Decision Analysis can offer, it is believed that carefully applying Decision Analysis 

should be able to provide insight into the seismic mitigation decision problem and, 

therefore, to assist building owners to make informed decisions.  The main reasons are 

as follows: 

1.  The focus of Decision Analysis is on transforming opaque decision problems into 

transparent decision problems using „divide and conquer‟ approach.  Employing this 

approach on an interdisciplinary seismic mitigation decision problem, without overall 

expert assistance, requires that the complex decision problem is divided into several 

sections so that expertise in specific areas would be able to address the issue and give 

advice to the building owners.  Also, Decision Analysis provides a systematic 

quantitative approach to making better decisions.  This characteristic of Decision 

Analysis is able to assist building owners to rank various alternatives.   

2.  Decision Analysis can provide an „audit trail‟ of the decision-making process, which 

is essential if the decision has to be justified to the general public, stakeholders and 

outside interested parties.  In accordance with the interview and case study results, input 

from the wider community where the earthquake prone building stands normally has a 

great impact or constraint on the final decision.  Therefore, an audit trail provided by 

Decision Analysis would enhance communication and understanding among the parties 

and, therefore, lead to a greater understanding of each party‟s position, so that a trade-

off could be achieved and the seismic mitigation could be implemented.   

3.  A seismic mitigation implementation decision problem meets all the characteristics 

of a multi-criterion decision problem.   

4.  Decision-making of seismic mitigation problem is alternative-oriented, as shown by 

the case study results.  Often, the values and objectives building owners would like to 

achieve through a retrofitting project are not able to be considered.  However, value 

judgements are essential in the decision-making process.  Thus, a value-focused 

thinking approach should be able to tackle the issue. 
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6.6 Illustrative Application of Decision Analysis 

 

In this section, Decision Analysis is applied illustratively to the MIT Dilworth Building 

project with the aid of Microsoft Excel.  The reason to apply the method illustratively is 

to check if the Value-focused Thinking decision analysis method would work before 

apply the method to real life complicated decision problems.  The illustrative 

application is able to suggest if this methodology can work for the decision makers. 

MIT is the only project could be given a trial application among the three case studies 

investigated by the researcher.  This is because MIT was the only one that had all the 

data for the available alternatives, both in relation to costs and objectives.  For the other 

two church projects, the costs of some of the viable alternatives were not available and 

would require significant effort to attain the data.  However, the decision-makers 

involved in the Dilworth Building project had either moved on to other organizations or 

had retired.  Thus, only an illustrative application in accordance with the data and 

comments from the files, memos, and meeting minutes could be carried out without 

input from the decision-makers.  As a result, the application is for illustrative purposes 

with assumptions on some factors, such as probability and weights.  However, the 

assumption of this data should not influence the illustrative application.  This is mainly 

because the assumption is made according to the comments from meeting minutes and 

memos.  The building owner‟s value and attitude were illustrated clearly in these 

documents.  Also, the main purpose for this illustrative application is to demonstrate 

that the methodology of Decision Analysis can be used to assist decision-making, 

especially about the ability of characterising the decision environment and providing 

insight into the decision problem.  Therefore, the accuracy of the factors should not 

influence the illustrative application. 

As explained in Section 6.3.1, Manukau Institute of Technology (MIT) owns the 

Dilworth Building, which was built in the early 1900‟s.  MIT is a premier education and 

training institute and runs over 1500 full-time and part-time degree level, diploma and 

certificate courses.  The Dilworth Building is the original building on the campus and 

was identified as a „heritage building‟ by the local Council.  Due to its structural 

weakness, it was recoded as an earthquake risk building.  The triggering problem for the 

building owner is, „How can we remove the tag of earthquake risk‟.  However, this 
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problem can be revised to include broader thinking such as „How can we provide a safe 

and sound building as an educational institute?‟  This change in the problem statement 

addresses the building owner‟s background and the decision environment of the 

decision problem, and affects the accompanying elements such as objectives and 

attributes, potentially resulting in different decisions. 

Considering the business environment, as a provider of education, MIT was concerned 

about its potential liability under the Crimes Act 1961, which states that if the institute 

fails to discharge any legal obligations knowing that this failure could endanger the 

safety or health of others then it is possible that the CEO or Council of the institute 

could be charged with criminal nuisance under Section 145.  As an education institute, 

MIT had limited annual funding for property maintenance.  Therefore, costing would be 

one consideration in this project.  As a functional building, a reduction in disruption 

time both during seismic mitigation implementation and after an earthquake would be 

desirable.  Since it is a heritage building, MIT has a legal obligation to protect its façade 

and other characteristics relating to its heritage status, which means MIT could not 

demolish or damage the façade. 

The following set of generic alternatives jA  is provided with technical assistance from 

the consultant engineering company engaged by MIT. 

1A  Do nothing and leave everything as it is:  since there was no pressure from the local 

Council regarding seismic mitigation implementation, MIT can leave the building in its 

existing condition.   

2A Strengthen to minimum level: this option allows the building to have its „earthquake 

prone building‟ tag removed and satisfies the minimum requirements recommended by 

NZSEE.  The cost estimation of this scheme was $300,000. 

3A  Strengthen to as practical as to new building: this option would bring the building up 

to the latest standards.  However, high retrofitting costs were to be expected.  It was 

estimated to be $1.4m. 

For illustrative purposes, the objectives for this example are identified as follows: 

1O   Minimum liability 

2O   Minimum costs, including maintenance costs, construction costs, etc  

3O   Minimise the interruption time, both before earthquake and after earthquake 
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4O   Maximise the heritage value attached to the building 

The objectives listed here are different from the key considerations during the decision 

making process.  This is mainly because these considerations are syntheses of the 

fundamental objectives the building owner would like to achieve for the project.  As 

stated in Section 3.5.1, identifying the fundamental objectives needs significant 

creativity and investigation.  Consideration of the decision environment is one of the 

devices used in identifying objectives.  

According to these objectives, the decomposed fundamental objective hierarchy is 

developed, as shown in Figure 6.6. 

 

Minimize legal
liability

Minimize cost

Maximize the heritage
value

Minimize interruption

Construction costs

Operation costs

Maintenance costs

Minimize construction
time

Minimize interruption
after earthquake

Provide safe and
sound building as

an institute

 

Figure 6.6: Objective Hierarchy of the Dilworth Building 

 

The attributes attached to these objectives are illustrated in Table 6.3.   
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Objective Attribute 

Minimise legal liability 
1X = yes/no 

Minimise costs 
2X = total costs 

Minimise interruption  

Construction time 
3X = months 

Interruption after earthquake 
4X = risk of damage (proxy attribute) 

Maximise heritage value 
5X = construct attribute 

Table 6.3: Objectives and Attributes for the Dilworth Building 

 

Attribute for Objective 1, minimise legal liability, 1X  is a construct attribute, since there 

is no natural attribute to be used.  According to the Crimes Act 1961, if the institute fails 

to discharge any legal obligation knowing that this failure could endanger the safety or 

health of others, the CEO or Council of the institute could be charged with criminal 

nuisance.  If MIT retrofit the building, despite the level, they will have no obligation 

regarding liability.  Therefore, the construct attribute 1X for this objective is as 

following: 

1 Waive the liability 

0 Obligation regarding liability 

Attribute 2X is a natural attribute.  It is the total cost of each alternative.  Similar to 2X , 

attribute 3X is a natural one and is the total months of the construction period. 

For the objective of minimising interruption after an earthquake, it is difficult to find 

either a natural attribute or to construct one.  Therefore, the proxy attribute of the 

relative risk defined by NZSEE  (Jury 2006) is adopted. 

Again, an attribute for the objective of maximising heritage value is a construct one 

with the following three-point scale: 

2 The heritage value is protected in full with details 

1 The heritage value is protected in general with some missing details 

0 The heritage value is not protected and could be lost after an earthquake 

-1 The heritage value is lost due to renovation or demolishing 
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Hereby, the first step of Decision Analysis for the Dilworth Building is finished.  The 

proposed alternatives are generated.  The objective hierarchy is developed with 

attributes relating to each alternative specified, as shown in Table 6.4. 

 

Attributes 

Alternatives 

Status Quo 

(
1A ) 

Strengthen to 

minimum 

level ( 2A ) 

Strengthen 

to 

maximum 

level (
3A ) 

Minimise legal liability ( 1X ) 0 1 1 

Total costs ($m) ( 2X ) 0 0.3 1.4 

Construction period (months) ( 3X ) 0 3 10 

Relative seismic risk (compared to 

new building) ( 4X ) 

25 10 2 

Heritage value ( 5X ) 0 1 2 

Table 6.4: Attributes relating to alternatives 

 

For illustration purposes, it is assumed that the attributes of total cost are uncertain, as 

identified in the following Table 6.5. 

 

Alternative Attribute 2X : Total costs 

Probability Consequence (change in percentage) 

1 1 0 

2 0.1 -5% 

0.7 0 

0.2 +20% 

3 0.1 -5% 

0.6 0 

0.3 +30% 

Table 6.5: Probability and consequence of attribute 2X  total costs 
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Single dimensional attribute value function of each attribute is then developed as 

following. 

1X  : Minimise legal liability 

Score Description Value 

1 Waive the liability 1 

0 Obligation regarding liability 0 
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Figure 6.7: Single dimensional attribute function of 1X  

 

2X : Minimise total costs 

The range of 2X is from 0 (status quo) to $1.4m (strengthen to maximum level).  For 

illustration purpose, it is assumed that the mid-value is $0.3m.  The mid-value should be 

determined by the decision-maker according to the situation in the real case. 

 

Highest costs ($m) 1.4 

Lowest costs ($m) 0 

Mid-value ($m) 0.3 
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The value of the exponential constant is determined using the methodology introduced 

by Kirkwood (Kirkwood 1997). 

For exponential single attribute value function with monotonically decreasing 

preferences, the value function ( )v x  can be written: 

1 exp[ ( )/ ]
,      

1 exp[ ( )/ ]

,                          
( )

High x
Infinity

High Low

High x
otherwise

High Low

v x






  


  






 


, 

where,   is the exponential constant. 

1.  Calculate the normalised mid-value.  The normalised mid-value can be determined 

by taking the difference between the mid-value and the less preferred of the two ends of 

the range of interest, and dividing it by the difference between the highest and lowest 

scores in the range, as the formula shows. 

0.5

( )
)

( )
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X X
NormalizedMidValue

X X





（z  

Therefore, for this case,  

(1.4 0.3)
0.786

(1.4 0)
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2.  While the normalized mid-value 5.0z  is calculated, the normalized exponential 

constant R can be determined by the following formula. 

)/1exp(1

)/exp(1
5.0 5.0

R

Rz




   

Therefore, R =-0.332 

3.  Calculate the exponential constant ρ. 

)( LowHigh XXR    

Therefore, 0.322 (1.4 0) 0.4508        

The exponential constant ρ is -0.4508.  Therefore, the value function of cost is: 

1 exp[ ( ) / ] 1 exp[(1.4 ) / 0.4508]
( )

1 exp[ ( ) / ] 1 exp[(1.4 0) / 0.4508]

High x x
v x

High Low





    
 

    
 

2

1 exp[(1.4 ) / 0.4508]
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1 exp(3.106)

x
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3X : Minimise construction time 

Construction time (months) Value 

0 1 

3 0.2 

10 0 
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Figure 6.8: Single dimensional attribute function of 3X  

 

4X : Minimise interruption after earthquake 

Relative risk (times) Value 

25 0 

10 0.6 

2 1 
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Figure 6.9: Single dimensional attribute function of 4X  

 

5X : Maximise heritage value 

Score Description Value 

2 The heritage value has been protected in full with details 1 

1 The heritage value is protected in general with some missing 

details 

0.8 

0 The heritage value is not protected and could be lost after an 

earthquake 

0.4 

-1 The heritage value is lost due to renovation or demolishing 0 
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Figure 6.10: Single dimensional attribute function of X5 

 

For illustration purposes, it is assumed that the weight of each attribute is as follows: 

 

Attributes ( iX ) Weight ( iw ) 

Minimise legal liability ( 1X ) 0.3 

Total costs ($m) ( 2X ) 0.15 

Construction period (months) ( 3X ) 0.1 

Relative seismic risk (compare to new building) ( 4X ) 0.25 

Heritage value ( 5X ) 0.2 

Total 1 

Table 6.6: Weight of each attribute 

 

Thus, the value function is 

5

1

1 1 2 2 3 3 4 4 5 5

( ) ( )

0.3 ( ) 0.15 ( ) 0.1 ( ) 0.25 ( ) 0.2 ( )

i i i

i

v x w v x

v x v x v x v x v x
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The value of each alternative is 0.330, 0.704, and .0750 respectively, as illustrated in 

Table 6.7.  According to the axioms of decision analysis, alternative 3 with the highest 

value is the most desirable alternative in this deterministic circumstance.   

Considering the uncertainty identified in the attribute of 2X  total cost, the expected 

value of each alternative is determined.  The result is illustrated in Table 6.8.  The value 

of alternative 3 is still the highest. 
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Alternative 

Minimise legal 

liability 

Minimise costs Minimise 

construction time 

Minimise 

earthquake risk 

Maximise heritage 

value 
Overall 

Value 
Score Value Score Value Score Value Score Value Score Value 

Status Quo 0 0 0 0.15 0 0.1 25 0 0 0.08 0.33 

Strengthen to 

minimum level 

1 0.3 6 0.07 3 0.02 10 0.15 1 0.16 0.70 

Strengthen to 

maximum level 

1 0.3 9 0 10 0 2 0.25 2 0.2 0.75 

Table 6.7: Overall value 
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 Minimise 

legal liability 
Minimise costs 

Minimise 

construction 

time 

Minimise 

earthquake 

risk 

Maximise 

heritage value 
Overall Value 

Alternative Value Probability Score Value 
Expected 

value 
Value Value Value  

Status Quo 0 1 0 0.15 0.15 0.10 0 0.06 0.33 

Strengthen to 

minimum 

level 

0.3 

0.1 0.29 0.04      

0.7 0.3 0.04 0.04 0.02 0.15 0.16 0.67 

0.2 0.36 0.03      

Strengthen to 

maximum 

level 

0.3 

0.1 1.33 0      

0.6 1.4 0 0 0 0.25 0.2 0.75 

0.3 1.82 0      

Table 6.8: Expected Value
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As an institute, it is assumed that the decision-maker at MIT take a risk-averse attitude. 

Therefore, the multiattribute risk tolerance m  is assumed to be 0.2, as discussed 

previously. 

For each alternative, certainty equivalent value is calculated as shown in Table 6.9. 

 

Alternative Certainty Equivalent Value Overall 

value 
1XCE  2XCE  

3XCE  4XCE  5XCE  

Status Quo ( 1A ) 
0 0.02 0.10 0 0.08 0.2 

Strengthen to minimum level ( 2A ) 
0.30 0.04 0.02 0.15 0.16 0.67 

Strengthen to maximum level ( 3A ) 
0.30 0 0 0.25 0.2 0.75 

Table 6.9: Certainty equivalent values for each alternative 

 

The next step is to calculate the utility function of each attribute.  

For alternative 1A ,  

1 2
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For alternative 2A , 
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For alternative 3A , 
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The alternative of strengthening the building to maximum standard has the highest 

utility value.  Hence, the model indicates that alternative 3A  is the most preferred one in 

accordance with the axioms of decision analysis. 

For illustration purpose, the sensitivity analysis is carried out to examine the weights 

and multiattribute risk tolerance. 

1.  Weights   

The two most important attributes in this example are 1X  minimise legal liability and 

4X  minimise earthquake risk.  The total of these two weights is 0.55.  To carry out 

sensitivity analysis for the weights, the weights of the other three attributes, 2X  

minimise cost, 3X minimise construction time, and 5X maximise heritage value, are 

fixed, as shown in the value function.  Since the sum of the weights of 1X  and 4X  is 

0.55, while the weight of 1X  is x , the weight of 4X  is 0.55 x . The sensitivity 

analysis examines the overall value of each alternative while the weight of 1X  minimise 

legal liability varies from 0 to 0.55.  When 1w  varies from 0 to 0.55, the utility of each 

alternative is shown in Table 6.10. 

 

 
1w  Weight of minimise legal liability 

Ai 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 

1 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 

2 0.95 0.95 0.96 0.96 0.97 0.97 0.98 0.98 0.98 0.98 0.98 0.95 

3 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 

Table 6.10: Sensitivity analysis of 1w  

 

Figure 6.11 illustrates the trend of utility value of each alternative when 1w  moves from 

0 to 0.55.  The figure shows clearly that alternative 3, strengthen to maximum level, has 

the highest utility value when 1w  moves from 0 to 0.55.  Once 1w  is 0.55 and 4w is 0, 

alternative 2 has a higher utility value than alternative 1.  This means only in extreme 

cases, such as not considering the disruption time after an earthquake, that the 

alternative of strengthening the building to maximum level is sensitive to the weight.  
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This sensitivity analysis shows that under the existing objective hierarchy and value 

model, the decision-maker should have confidence that alternative 3 provides the 

optimum trade-offs. 

 

Figure 6.11: Sensitivity analysis of 1w  minimise legal liability 

 

2.  Multiattribute risk tolerance 

As discussed in Section 3.5.3.4, multiattribute risk tolerance m  is set as 0.2.  As 

Kirkwood and Howard suggest, a sensitivity analysis regarding to multiattribute risk 

tolerance is carried out to check the validity.  It is positive that MIT, as an institute, 

would not have a risk-seek attitude.  Thus, the range of m  covered in the sensitivity 

analysis is from 0.2 to infinity, as shown in Table 6.11.   
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m  Alternative 1 Alternative 2 Alternative 3 

0.2 0.81 0.97 0.98 

0.3 0.69 0.93 0.95 

0.4 0.61 0.89 0.92 

0.5 0.56 0.85 0.90 

0.6 0.52 0.83 0.88 

0.7 0.49 0.81 0.86 

0.8 0.47 0.79 0.85 

0.9 0.46 0.78 0.84 

1 0.44 0.77 0.83 

1.5 0.41 0.74 0.81 

2 0.39 0.72 0.79 

2.5 0.38 0.71 0.79 

3 0.37 0.71 0.78 

5 0.35 0.69 0.77 

10 0.34 0.68 0.76 

20 0.34 0.68 0.75 

30 0.33 0.67 0.75 

40 0.33 0.67 0.75 

50 0.33 0.67 0.75 

80 0.33 0.67 0.75 

100 0.33 0.67 0.75 

200 0.33 0.67 0.75 

300 0.33 0.67 0.75 

500 0.33 0.67 0.75 

700 0.33 0.67 0.75 

1000 0.33 0.67 0.75 

2000 0.33 0.67 0.75 

3000 0.33 0.67 0.75 

5000 0.33 0.67 0.75 

7000 0.33 0.67 0.75 

10000 0.33 0.67 0.75 

20000 0.33 0.67 0.75 

30000 0.33 0.67 0.75 

50000 0.33 0.67 0.75 

infinity 0.33 0.67 0.75 

Table 6.11: Sensitivity analysis of m  multiattribute risk tolerance 
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Sensitivity Analysis (Multiattribute risk tolerance)
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Figure 6.12: Sensitivity analysis of m  multiattribute risk tolerance 

 

As Figure 6.12 illustrates, Alternative 3 has the highest utility value despite the various 

values of m .  Therefore, the utility function of all alternatives is not sensitive to the 

value of multiattribute risk tolerance.  Alternative 3 should be the most preferred one of 

the three available options in accordance with the fundamental objectives specified by 

the building owner.  This is mainly because Alternative 3 achieves a high score in 

attribute 1X minimizing legal liability, 4X  relative seismic risk and 5X maximizing 

heritage value, while these three attributes have the highest weight among five attributes, 

0.3, 0.25 and 0.2, respectively. 

This exercise of Decision Analysis application is a start point to validate the method.  

The value of this modelling seems to suggest this method does reflect the decision 

makers‟ considerations and behaviour.  It suggests that further application in a real life 

decision problem is practical. 

 

6.7 Conclusion 

 

The results of the three case studies reveal the characteristics of building owners‟ 

decision-making processes in a real project background.  Reinforced with the 
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characteristics summarised from the literature review of the seismic mitigation decision 

problem and interview results, the critical characteristics of seismic mitigation decision 

problems are thus concluded.  These characteristics are then compared to those of 

decision problems analysed by Decision analysis.  The similarity of the characteristics 

suggests that Decision Analysis is the right method to assist building owners to make 

informed decision. 

An illustrative application using the methodology of Decision Analysis, described in 

Section 3.4, was applied to one of the case studies.  The application suggested that this 

methodology is able to untangle various considerations which are interrelated, and 

underpin the fundamental objectives expressing the building owner‟s values.  The 

methodology is also able to quantify intangible objectives, reflect uncertainties and the 

building owner‟s risk attitude, and finally rank the alternatives in accordance with the 

priority of building owner‟s values preference.  

The application in a real-life complicated decision problem will be described in the next 

chapter. 
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Chapter 7 Decision Framework Application: 
Case Study 4 

 

7.1 Introduction 

 

The thesis so far has described the methodology of Value-Focused Thinking Decision 

Analysis.  The interview and case study results illustrate the characteristics of the 

seismic mitigation decision problem and its decision context.  The illustrative 

application of the method using Case Study 1, the Dilworth Building, suggests that it is 

feasible to further apply the method to real life decision problems.  To demonstrate the 

trustworthiness of this research and its ability to be generalized with the immediate case 

studies, two case studies in „real life‟ situations were carried out. 

This chapter and the following chapter, Chapter 8, are the results of achieving Research 

Objective 5, to develop and apply a decision support framework assisting building 

owners for seismic rehabilitation of substandard buildings.  The methodology of 

Keeney‟s four-step decomposition, detailed in Section 3.4, is employed as the base line 

of the decision framework.  Compared to the illustrative application presented in 

Section 6.6, application to the real-life complicated projects in Chapters 7 and 8 sees 

that decision-makers were consulted at each stage for data and comments, so that a 

sound grasp of the decision-making environment and process was achieved for carefully 

applying the theory of Decision Analysis.   

The chapter starts with the project background, which presents the information of the 

organization and the site.  Chronological events related to the project are detailed.  It is 

followed by the description of the decision environment of the project.  With deeper 

understanding of the issues related to the project, decision framework based on Value-

Focused Thinking Decision Analysis is applied to it.  To run the decision framework, 

Microsoft Excel is the main software with Add-on Decision Tree function and Visual 

Basic.  Feedback from building owners and involved mitigation actors was gathered to 

test and refine the framework. 
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7.2 Project background 

 

The case study investigated in this chapter is a proposed demolition of a hospital 

building, Building 5, of Auckland District Health Board (ADHB).  This project is 

selected for various reasons.  This building attracted considerable publicity from the 

wider community and media.  Several newspapers reported on this case due to the 

arguable heritage value of the building.  The building was scheduled to be listed as a 

heritage building after ADHB was granted building consent for demolishing the 

building.  While the community insists that Building 5 has significant heritage value 

and thus should be preserved by ADHB, ADHB argues that they have limited funding 

for on building maintenance and Building 5 is far too expensive to be kept.  Also, in 

accordance with the master plan, Building 5 is scheduled to be demolished to 

accommodate the further development of ADHB.  It is obvious that there are multiple 

and conflicting objectives to be achieved in this project.  A trade-off has to be reached.  

Otherwise, the seismic risk of this building will not be removed.   There are many 

uncertainties in the decision environment, such as whether the building is a heritage 

building and how much the total retrofit will cost.  All mitigation players need to be 

involved in the communication to finally achieve an optimum decision.  In a nutshell, 

this project is a typical seismic mitigation implementation decision problem with all the 

characteristics mentioned in both interview and case study results.  Therefore, it is ideal 

to use this project to test and validate the decision framework. 

All the data and case information were gathered from multiple sources of evidence, 

documents, interviews, and correspondence.  The documents include archival records 

and city records, such as application for resource consent, Hearting agendas and media 

releases.  Interviewing key personnel actively involved in the decision-making process 

or who have an influence on the decision are another source of evidence.  These key 

personnel include the property manager and communications manager of the 

organization, who are aware of the decision-making environment and process.  They are 

the main resources to identify the fundamental objectives, attributes, weights, and 

probability of the decision problem.  Other personnel interviewed for this case study 

include a heritage campaigner, Territorial Authority officers, and heritage trust 
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architects.  Correspondence with these key personnel via phone calls and emails was 

another resource through the data collection and analysis procedure. 

 

7.2.1 Organisation description 

 

Auckland District Health Board (ADHB) provides hospital and related services, 

including Primary Health Organisations, pharmaceuticals and laboratory residential 

services for older people and for people with a mental illness.  It consists of Auckland 

City Hospital and Greenlane Clinical Centre.  ADHB is funded on a population-based 

funding formula that is based on where people were living on census 

night.  Adjustments are made for age, ethnicity and also for the amount of specialist 

work provided to people outside the area.  ADHB aims to achieve the right mix of 

services for the people of Auckland city while balancing the needs of people who live 

outside the area and require the tertiary services. 

The first of three organisational goals ADHB has is to lift the health of people in 

Auckland City. To achieve this, a whole-systems approach is employed whereby 

internal departments and external organisations are working in close co-operation to 

achieve a vital few health outcomes and keep the community healthy.  Lead 

performance improvement is the second goal, which summarises ADHB‟s commitment 

to ensuring that all health and support services are integrated and all decision-making is 

evidence and values-based. The challenges to past practices ensure that current 

decisions make the best use of resources for the Auckland population.  The third goal is 

to Live within the means. ADHB receives over $1 billion each year in funding. 

Although it has a large deficit, the organisation now understands the root causes of this 

much better and has plans in place to help it live within its means. ADHB claims that 

although the deficit limits their ability to expand services or invest in new areas, it will 

not prevent them from achieving improvements in the health status of the local 

population. ADHB has to be innovative with its available resources and understand its 

priorities in order to get the greatest gains into the future.  

The Greenlane Clinical Centre concept is very different from the other hospital complex 

on the Grafton Road site owned by Auckland District Health Board.  It has become the 
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centre of outpatient services and day-stay surgery. The clinical centre has a 

comparatively relaxed environment with patients visiting by appointment.  The 

Greenlane Clinical Centre, which has 101,651m
2
 is bordered by Cornwall Park to the 

east, Claude Road to the south, and high-density residential development to the west.  

With the years of development, the centre is occupied by a large number of buildings of 

a variety of ages.  The oldest building on the site is Costley Building, which dates to 

1903.  Whilst the latest building, a childcare centre to the south of and adjacent to 

Building 5, is still under construction.  The most prominent buildings in the site are two 

very large buildings ranging between eight and twelve levels above ground.  In between 

the buildings are many car parks, access roads, and landscaped areas. 

The underlying zoning for Greenlane Clinical Centre under the Auckland City Council 

Isthmus District Plan is Special Purpose Activity Zone 1.   The adoption of the special 

purpose activity zone concept intends to secure and provide for a range of valued 

community assets.  Special Purpose Activity Zone 1 applies to „large scale hospitals, 

healthcare complexes and, in some instances, housing for elderly with associated care 

facilities‟ (Auckland City Council 1999).  The permitted activities in the Special Zone 1 

are healthcare services, hospital, ambulance facilities, car parking areas and/or buildings, 

care centres, helicopter facilities associated with a hospital, and residential 

accommodation associated with the primary use of the site.  Any activity not belonging 

to the permitted activities is deemed as a discretionary activity, which needs approval 

from the local city Council in accordance with the environmental effects of the 

proposed activity. 

 

7.2.2 Site description 

 

Building 5 Greenlane Hospital, as shown in Figure 7.1, was opened in December 1907.  

It was designed by the architect for the Hospital and Charitable Aid Board, G. W. 

Allsop.  Building 5 was the second major building on the site, after the completion of 

the Costley Block in 1890 (Hutchinson and Green Lane Hospital Centennial Committee 

1990).  The block was intended for "chronic and incurable cases, which could not be 
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treated satisfactorily at either the hospital or the Costley Home (Hutchinson and Green 

Lane Hospital Centennial Committee 1990). 

Building 5 is located at the northeast comer of the Greenlane Clinical Centre site, 

fronting Green Lane West between Gates 1 and 2, adjacent to Cornwall Park.  In the 

immediate vicinity of Building 5 is the Costley Block, the oldest building on the site.  In 

front of Building 5 is a small car park area.  On the opposite end of the car park is a 

two-storey building, Building 8, which was constructed in the 1960s.   

 

 

Figure 7.1: Building 5 

 

Building 5 is a free-standing two-storey brick building built in two stages.  The first 

section of the building was constructed in 1906, which is not the original ground floor.  

A second storey was attached midway along the rear of the building in 1917, at which 

time the “half-timbered” elements that distinguish the building were lifted to the upper 

level.  The building is described as being of Queen Anne Revival Style.  The basic plan 

of the building is a long rectangle running north-south, a single room wide.  It is a 

relatively large building measuring approximately 55 metres in length and 15 metres in 
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width.  The overall area of the main building is 567 square metres on each level. The 

eastern extension is 130 square metres on each level.  The verandahs are each 68 square 

metre.  The mass of the building is constructed of brick masonry, with a „tuck pointed‟ 

plaster finish, and it has a shingle roof.  Building 5 has balcony verandahs around the 

upper level with two prominent turrets at either end.   

 

7.2.3 Chronological background 

 

ADHB developed a master plan known as the Health Services Delivery Plan (HSDP) 

for the integrated provision of healthcare services, which include inpatient acute 

services, outpatient care, and day surgery.  The master plan proposed redevelopment 

and rationalisation of the ADHB Greenlane site relative to the provision of efficient and 

effective healthcare services to the Auckland region, in parallel with the ADHB Grafton 

site.  The rationalisation for the delivery of services was undertaken in response to four 

interrelated issues: 

 The state of existing buildings, and their ability for practical adaptive re-use for 

primary healthcare functions; 

 Auckland‟s increasing population, and the ageing of the population; 

 Technological advances and the necessity for new facilities to be developed to 

accommodate necessary equipment and facilities; 

 The configuration and layout of existing buildings and the ability of these to be 

practically integrated for the efficient assessment and treatment of patients. 

More detailed master planning was developed following the decision that the Greenlane 

site would provide the focus for outpatient care, and the Grafton site would provide for 

acute services.  In accordance with the redevelopment plan, the first stage of the 

programme for the Greenlane site is the construction of the Ambulatory Care Building.  

The proposed demolition of Building 5 had been consistently identified during the 

consultation process for the Ambulatory Care Building.  The last tenant of Building 5, a 

health and careers centre, moved out in 2006.  ADHB since then has had difficulty in 

securing a tenant for Building 5.  Therefore, ADHB lodged building consent for the 
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demolition of Building 5 on 20 December 2006.  The building consent was granted on 5 

January 2007. 

Subsequent to the granting of the Building Consent for the demolition, and prior to 

undertaking the approved works, Plan Modification 217 to the District Plan was notified 

on 25 February 2007.  Plan Modification 217 proposes that Building 5 be given a 

Category B heritage status.   The evaluation prepared by Auckland City Council in 

support of the classification of Building 5 as heritage status Category B, was carried out 

on 15 January 2007.  This evaluation scored the building at 53 points.  The Council‟s 

evaluation criteria identify that a score within the range of 50-74 qualifies for a 

Category B ranking.  According to the District Plan, Category B buildings are those that 

are of considerable heritage value, but are less significant than Category A items.  These 

buildings should not be wilfully removed, damaged or altered in a significant way 

unless there is a compelling reason.  ADHB lodged a submission in opposition to the 

specific classification of Building 5, while the Historic Places Trust and Housing New 

Zealand Corporation lodged a general submission in support, and opposition to the Plan 

Change in its entirety, respectively.   

Leaving aside the status of the demolition permit held relative to the timing of the 

notification of Plan Modification 217, Auckland City Council subsequently advised that 

the demolition of Building 5 required a resource consent, for the reason that part of 

Building 5 is located within the 30m curtilage of the Costley Block, thus, as such, the 

whole of Building 5 is afforded heritage protection.  A declaration from the 

Environment Court pursuant to Section 311 of the Resource Management Act 1991 was 

sought in respect of whether the 30m curtilage of the Costley Block afforded any 

protection to all or part of Building 5.  The decision of the Environment Court was 

made on 14 June 2007 and finds that only that part, „approximately 52%‟, of Building 5 

that is within the 30m curtilage of the Costley Block is afforded heritage protection, 

which was appealed to the High Court by ADHB. 

After the closing of submissions to the Plan Change, and subsequent to the Environment 

Court declaration, Auckland City Council heritage experts undertook a further, more 

detailed analysis of the suitability of Building 5‟s inclusion in the District Plan as a 

heritage building.  This further analysis was reported to the Council‟s Planning & 

Regulatory Committee on 13 September 2007.  In this evaluation, Building 5 scored 49 
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points, instead of 53 as in the previous one, which determines that Building 5 no longer 

meets the District Plan threshold for scheduling.  As a result, it was recommended to the 

Council‟s Planning & Regulatory Committee that Building 5 be withdrawn from the 

Plan Change.  However, the committee determined that Building 5 not be withdrawn 

but supported the adaptive re-use of Building 5.   

ADHB lodged the resource consent application seeking consent for the demolition of 

Building 5 pursuant to that part of the building within the 30m curtilage of the Costley 

Block, and for consent to demolish Building 5 with reference to the provisions of Plan 

Change 217 in September 2007.  There were four submissions in opposition from the 

general public and the New Zealand Historic Places Trust, one conditional opposition 

from the general public, and one in support from Auckland Regional Public Health 

Service.   A Hearing for the application was held on 14 December 2007.  The consent 

was granted with conditions on 5 February 2008. 

A report „Base information assessment Building 5‟ funded by Auckland District Health 

Board, Auckland District Council and Auckland Regional Council was completed in 

October 2008.  The scope of work covered condition assessment and requirements of 

repair, structural assessment and preliminary strengthening options, strengthening cost 

estimates based on the assessments, and cost estimates of a similar sized new 

commercial building.  The report recommends the building be strengthened to 67% 

NBS in accordance with recommendations contained within the document, „Assessment 

and Improvement of the structural performance of Buildings in Earthquake‟, issued by 

the New Zealand Society of Earthquake Engineering.  The report also estimated the 

costs of strengthening the building to 67% NBS, and upgrading and refurbishing to be 

used as an open plan office. 

In February 2009, members of the Auckland District Health Board voted unanimously 

to oppose the scheduling of Building 5 for preservation in the Auckland City District 

Plan.  ADHB decided to oppose in the Environment Court the appeal of the resource 

consent granted to ADHB for the demolition of Building 5.  This decision followed the 

failure to attract a lessee interested in refurbishing, adapting, and occupying Building 5 

in return for a long-term lease at a „peppercorn rental‟ (Auckland District Health Board 

2009).  The marketing campaign initiated by ADHB via a Request For Proposal (RFP) 

had five formal replies, none of which fulfilled the base criteria of a commitment to 
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funding the building refurbishment costs.  Considering its moral and statutory duty to 

deliver quality health infrastructure and services to the people of Auckland and the 

Northern Region, ADHB decided against preservation of Building 5 in the current 

difficult economic climate and the tightening of health funding. 

A hearing to consider whether Building 5 should be listed under the District Plan was 

held on 19 and 20 February 2009.  Building 5 at Greenlane Hospital was then listed as a 

Category B Heritage Building in a decision of the Environment Court. 

ADHB subsequently appealed Auckland City Council‟s decision of listing Building 5 as 

Category B Heritage Building instead of a common building, while the New Zealand 

Historic Places Trust appealed the Category B listing of Building 5 as they thought it 

should be classified into Category A. 

 

7.3 Decision Environment 

 

Due to its heritage value, public awareness of the building, and various legal issues 

surrounding it, this decision problem involves various groups of mitigation actors and 

has a complicated decision environment. 

 

7.3.1 Mitigation Actors 

 

The major actors involved in this case are as follows: 

 building owner: Auckland District Health Board, 

 local government: Auckland City Council,  

 practical professionals: various consultancy, such as town planner and resource 

management consultant, architect, structure engineers, and quantity surveyor, and 

 interested parties: staff of ADHB who advocate the preservation of the heritage 

value of Building 5, general public and New Zealand Historic Places Trust. 
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7.3.2 Considerations of Building owner’s context 

 

The interview with the property manager of ADHB and the information prepared for 

various applications and hearings revealed the considerations of ADHB regarding 

Building 5.  Referring to the interview results presented in Chapter 5, the considerations 

influencing/constraining the decision in this case are a mixture of existing building 

performance, future usage, costs, regulatory requirement, and ownership. 

The main consideration of ADHB is the existing building performance and future usage 

for Building 5.  ADHB recognizes that the life-cycle of clinical buildings has three 

stages: the build-purpose life, the modified/upgraded stage, and utilization as an 

administration building.  They find that buildings constructed in the 1960s and 1970s 

tend to approach to the end of the life-cycle faster than other buildings.  The main 

reason is that these buildings normally have high ceilings and big open layout, which is 

typical of the design in that era. However, this layout is not suitable for modern 

hospitals.  The wards in a modern hospital require patients to be provided with a high 

level of privacy and dignity, and staff to have sufficient space to deliver the best 

possible care.  The layout thus tends to be in small modules to suit single room 

provision.  In addition, people are growing taller and bigger, which demands a new 

ward plan and standards for future clinical buildings.  The structure and construction 

materials of Building 5 make remodelling the building for a modem hospital extremely 

expensive.  ADHB believes that a 100-year-old building, like Building 5, can never be 

made compatible with the needs of modern medicine and hospital care.  They deem 

Building 5 to be simply one of many buildings that have been part of the evolving 

provision of public hospital care in the city.  Giving a building heritage status because 

of its close association with the hospital practice since the early 1890 would set a 

precedent for the retention of all significant old hospital buildings and, therefore, 

prevent major upgrades to facilitate the creation of 21
st
 century hospital facilities.  The 

other consideration related to future usage is the redevelopment rationalisation of 

Greenlane Clinical Centre.  ADHB is responsible for providing medical services for the 

people of Auckland City, which is approximately 10 percent of the total population of 

New Zealand.  The population of the Auckland City district in 2004 was estimated at 

420,700 and is growing rapidly.  By 2011 it is estimated that there will be 460,000 
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people living in the district.  This means ADHB will have to provide more medical 

service capacity in the near future.  Furthermore, the lack of contingent capacity in New 

Zealand‟s hospitals is continually being highlighted in the news media, especially 

during winter ailments season.  However, ADHB is not going to gain any land in the 

vicinity of the current clinical centre, which leaves them limited options on existing 

buildings.  They will have to be either remodelled for future usage or demolished to 

provide land for redevelopment. 

ADHB emphasises that the costs of preservation of the building is more than that 

required for construction of a new building.  The estimated cost of upgrading Building 5, 

simply to meet the earthquake standards of the Building Act 2004, is in excess of $1 

million.  Even after strengthening, the building would still have no value as a hospital 

facility, and refurbishment for any use would be an additional cost.  It would cost the 

Board approximately $7.5 million to refurbish Building 5 so that it is suitable for a 

tenant. 

Due to the Special Purpose 1 zone, the buildings on the site can be used for health-

related purposes only, which limit the tenant‟s options.  A local university was 

considering using the building as a health faculty training centre.  However, the plan 

was abandoned because of the excessive refurbishment cost, which was going to cost 

too much to satisfy the purpose. 

Furthermore, as a public building owner, ADHB is aware of their responsibility for 

maintaining heritage buildings.  The consideration of ADHB is that it already has a 

heritage protected building adjacent to Building 5, the Costley Block, which similarly 

cannot be used by ADHB because of design deficiencies inherent in an older building.  

The effect of protecting a building with arguable heritage value would, therefore, be to 

leave ADHB with a combined limitation on its use of the vital Greenlane site for 

hospital and medical purposes amounting to over a hectare.  This would limit the use of 

the balance of the land for new facilities because essential car parking for patients and 

staff in those new facilities could not be provided on the site as required by Auckland 

City Council.  On the other hand, a limited budget is a significant restraint of ADHB‟s 

daily business.  District Health Boards are funded from health votes pro-rata on 

population basis and are provided with capital to construct modern hospital facilities.  

But no capital or operational funding is provided to upgrade heritage buildings.  At this 



 Page 224 

stage, ADHB is committed to allocating resources to the continued retention of the 

Costley Block building, which is a listed heritage building.  In the absence of specific 

heritage funding, the DHB would have to use funds allocated for the provision of 

healthcare to its resident/feeder population to maintain Building 5, which is in 

significant conflict with its business objective of providing medical service. 

 

7.3.3 Considerations of other mitigation actors 

 

The major consideration of the other actors, namely, the local government, the general 

public and the New Zealand Historic Places Trust, is the heritage value of Building 5.  

This is because Building 5 is the second-oldest building on the site and is located within 

the 30m curtilage of a scheduled Category B heritage building, the Costley Block. 

The report of Council‟s specialist heritage architect indicates that Building 5 has 

historic and amenity values that contribute positively to the context of the Clinic Centre.  

Building 5 is a good example of the Queen Ann Revival style, a reasonably unusual 

style on the Auckland isthmus, particularly in institution buildings.  The report also 

points out that the building is reasonably intact and demonstrates “interesting and now 

unusual design features of the early 1900s in its overall form, composition, layout and 

detailing”, especially the upper floor stickwork, the corner towers and tapering roof 

lantern, along with a spatial plan based on natural light and cross-ventilation which 

accords with the social science of healthcare of the time.  As the second-oldest purpose-

built hospital building on the site, it has close associations with evolving healthcare 

norms and practice through the 20
th

 century in Auckland and stands alongside the 

Costley Block as a reminder of the hospital‟s original form and functions.  The two 

buildings, essentially, are the outworking of different parts of a collective entity.  They 

together maintain the early architectural history of the hospital.  Therefore, Building 5 

has heritage value both in itself and in association with the Costley Block.  However, 

Auckland City Council also considers that Building 5 is marginal in terms of scheduling 

for protection under the operative Distract Plan in accordance with other evaluation 

attributes. 
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New Zealand Historic Trust maintains the option that Building 5 is of sufficient heritage 

value to warrant scheduling in the District Plan despite the heritage evaluation 

reassessment undertaken by the Auckland City Council that resulted in a lower score.  

The trust believes that Building 5 has quantifiable and admitted heritage value and that 

the proposed demolition of Building 5 will have significant adverse effects on the visual 

appreciation and historical understanding of the Costley Block.  This opinion is agreed 

by the general public who are concerned about the loss of the heritage value Building 5 

holds due to the proposed demolition. 

 

7.3.4 Summary 

 

ADHB has a very tight budget for facility management. Furthermore, a scheduled 

heritage building on site is already undergoing retrofitting, which is budgeted to cost 

several hundred thousand dollars in the next five years.  However, the community and 

some institutions are focusing on the heritage value of Building 5.  The problem is 

further complicated by the uncertainty of future needs.  This particular problem is a 

difficult one because the options have a trade-off on financial budgets, future usage, and 

the heritage value of the building. 

The additional difficulty of the decision-making is compounded by the fact that the 

different interested groups have separate objectives and trade-offs with regard to the fate 

of Building 5.  A systematic decision analysis of this problem has not been carried out, 

yet, there is almost no relevant historical model or data to refer to, and no single 

discipline has expertise in all the required aspects. 

 

7.4 Applying Value-Focused Thinking Decision Analysis 

 

The methodology to be applied in this case is Keeney‟s four-step decomposition 

approach which was introduced in Section 3.4.  The methodology begins with the 

structure of the decision problem, then evaluates the possible impacts of each alternative, 
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followed by determining the values of the decision-makers, and an appraisal of the 

available alternatives, as illustrated in  Figure 7.2. 

 

Step 1: Structure

the decision

problem

Step 2: Assess

possible impact of

alternatives

Step 3: Determine

preferences of

decision makers

Step 4: Evaluate

and compare

alternatives
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Specify Objectives and

Attributes
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and Likelihood of Impact
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Structure and Quantify
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Evaluate Proposed

Alternatives and
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`

 

  Figure 7.2: Keeney‟s four-step decomposition methodology (Keeney 1982) 

 

7.4.1 Structure the decision problem 

 

After discussions with the facility manager of ADHB and examination of the other 

information collected, the trigger problem for ADHB can be defined as, „How can 

Building 5 be utilized to suit the needs of a clinical centre?‟  This trigger problem 

addresses the building owner‟s background as a health service provider.  

 

7.4.1.1 Objectives and attributes 

 

An objective hierarchy pertaining to managing a building inventory has emerged, as 

shown in Figure 7.3, after reviewing the documents and holding several discussions 

with various personnel of ADHB with the methods introduced in Keeney‟s work 

(Keeney 1992; Keeney 2001).  The five main fundamental objectives identified by 

ADHB are:  

1O  Minimise costs,  

2O  Maximise space for clinical purpose, 
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3O  Maximise quality of existing building inventory, 

4O  Minimise service disruption, and 

5O  Minimise social impacts on society. 

The costs include construction costs, operation costs, upgrade costs, maintenance costs, 

and security costs.  The main objective of minimising costs reflects the limited budget 

for property maintenance.  As a health provider, ADHB requires space for health care 

proposes, which is reflected by 2O .  The buildings serving this purpose need to achieve 

certain spatial requirements.  The buildings have to comply with various Acts and 

legislation, such as the Building Act 2004 and the Fire Service Act 1975.  This is 

reflected by 3O .  It is also required that service disruptions are minimised.  The service 

disruptions include the service that the building provides to other buildings and to 

patients.  Since the Greenlane Clinical centre is responsible for the provision of 

outpatient care, the wards provide the downstream service for the surgery theatre, and 

the service disruption in one building is related to other services provided in other 

buildings.  Also, the clinical centre needs to remain open after a major disaster, such as 

an earthquake, therefore, the possibility of disruption after an earthquake needs to be 

minimised as well.   The social impact the ADHB is aiming to minimise includes the 

heritage value and environment amenity.  The heritage value is the value embedded in 

the building.  Greenlane clinical centre is in the neighbourhood of One Tree Hill reserve; 

any change to the configuration of the buildings on the site would have an impact on the 

environment amenity.  These fundamental objectives are explicated from the 

considerations of the decision environment and are able to embody these considerations. 

The following section defines the contents of each fundamental objective and its sub-

objectives, if applicable.  The attribute allocated to each objective or sub-objective, with 

the scale measuring each attribute, are described in the section as well,  
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Figure 7.3: Objectives hierarchy for managing ADHB building inventory 
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1O  Minimise costs 

 

Attribute 1X  is allocated for Objective 1O with a natural attribute, the dollar amount of 

total costs for each alternative, including all the costs, both structure and non-structure.    

 

2O
 Maximise space for clinical purpose, 

 

For Objective 2O , two sub-objectives 21O  providing space for clinical purpose and 

22O meeting future needs are employed to describe the objective properly in accordance 

with the fundamental objective hierarchy.   

ADHB recognizes that the life cycle of clinical building has three stages, the build 

purpose life, the modified/upgraded stage, and using as an administrative building.  For 

Building 5, it was build for clinical use.  If the building meets the requirement as a 

clinical building, it scores a higher point due to the fundamental objective of the 

organization.  Since there is no natural or proxy attribute could be used to measure sub 

objective 21O , attribute 2X  is allocated to measure 21O with a constructed three-point 

scale.   

-1 The building can function as a general administration building. 

0 The building can function as a general ward building. 

1 The building can function as a clinical building. 

 

Objective 22O  is about meeting future needs.  Since there is no natural attribute to 

measure this evaluation, Objective 22O  is measured by the proxy attributes 3X , number 

of clinical bed which could be provided. 

 

3O
 Maximise quality of existing building inventory 

 

As suggested in the fundamental objective hierarchy, to achieve Objective 3O  

maximising quality of existing building inventory, the building has to meet the 
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requirements of various Acts, legislation and the District Plan.  Thus, a construct 

attribute 4X is set up to describe the Objective 3O  with the following three-point scale:  

-1 The building fails some of the regulation and may pose legal liability on the owner. 

0 The building does not satisfy all the regulation but meet the minimum requirements. 

1 The building satisfies the regulation requirements. 

 

4O
 Minimise service disruption 

 

Regarding Objective 4O , minimise service disruption, since the building is vacant and 

does not provide any service for either other buildings or patients, there is no attribute 

allocated for the objectives, minimise service disruption and patients.  For the objective 

of minimise interruption after earthquake, it is difficult to find either a natural attribute 

or to construct one.  Therefore, the proxy attribute of the relative risk 5X  defined by 

NZSEE  (Jury 2006) is adopted to measure Objective 4O .  As discussed in Section 2.4.3 

Chapter 2, the estimated risk is represented as the relative risk of the evaluated building 

has compared to a 100%NBS building, in accordance with the likely performance of the 

building in severe earthquake shaking.   

 

5O
 Minimise social impacts on society. 

 

Attribute 6X  is allocated for Objective 51O  maximising heritage value.  The attribute is 

a constructed four-point scale as explained in the following: 

-2 The alternative results in the loss of heritage value and historic contribution. 

-1 The historic contribution will be lost in the process. 

0 The example of the style will be kept, however, the usability and integrity will be lost. 

1 The architecture, history, environment, usability and integrity will be kept. 

The attributes attached to each objective and the scale used to measure the attribute are 

illustrated in Table 7.1. 
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Objective Attribute Scale 

1O  Minimise costs 1X = total costs Natural attribute (dollar amount 

the cost for each alternative) 

2O  Maximise space for clinical purpose   

21O  Provide space for clinical purpose 2X = Function of building Constructed three-point scale 

22O  Meet future needs 3X = Future needs Proxy attribute (number of clinical 

bed provided) 

3O  Maximise quality of existing building inventory 4X = Quality of inventory Constructed three-point scale 

4O  Maximise service disruption 5X =Disruption after earthquake Proxy attribute (relative 

earthquake risk level) 

5O  Minimise social impacts on society   

51O  Maximise heritage value 6X = Heritage value Constructed four-point scale 

Table 7.1: Objectives and attributes for Building 5 
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7.4.1.2 Alternatives 

 

At the initial stage, ADHB only considered three alternatives, which were: 

1A :  Do nothing and leave everything as it is: since there was no pressure form the local 

Council regarding mitigation of the earthquake risk and it was vacant without tenants.  

The ADHB could leave the building in its existing condition.  However, the Board has 

to provide security service and basic maintenance. 

2A : Demolish the building and leave the land for future use: Building 5 will be 

demolished and the land will be used to provide 30 parking spaces and possible future 

building once a need is identified and a plan is determined. 

3A :  Strengthen the building to 66%NBS and adopt for a new use: this option allows the 

building to have its „earthquake prone building‟ tag removed and satisfy the 

requirements recommended by NZSEE.  The building was originally built in 1905, but 

it will be required to meet current legislation, such as the Fire Service Act 1975 and the 

New Zealand Public Health and the Disability Act 2000, as part of the upgrade. 

During the process of decision-making, another two alternatives were generated, which 

were: 

4A : Demolish the building and build a new building with similar floor area. 

5A : Strengthen the building to 34% NBS and adopt for a new use: this option allows the 

building to stay away from the earthquake prone building category.  However, it may 

cause significant disruption after a major earthquake.  The requirement of achieving 

other legislation standards is compulsory for this alternative as well. 

Hereby, the first step of decision analysis is finished.  The proposed alternatives are 

generated.   

 

7.4.2 Assess Possible Impacts of Each Alternative 

 

There are uncertainties involved regarding the assessment of two attributes, 1X total 

costs and 5X disruption after an earthquake.  The details are explained as follows: 
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7.4.2.1 Total costs 

 

The uncertainty involved in the total costs of each alternative is one of the major 

concerns the building owner has in regard to possible impacts.  The total costs are 

influenced by two factors, one is inflation and market-related price changes, and the 

other one is unforeseen changes relating to existing building conditions. 

According to the information provided by the Department of Building and Housing 

(DBH), the building costs per square metre in the Auckland region for various types of 

buildings in January 2006 and January 2008 are shown in Table 7.2 (Department of 

Building and Housing 2008a).  The costs are built from current commercial prices of 

material and labour with allowances for contractors‟ overheads and margins.  GST is 

included as well.  The costing information was priced from a set of authentic 

construction documents in order to establish a unit cost that is as accurate as possible.  

The average increase in the building costs from January 2006 to January 2008 is 

17.08%. 

 

Building costs per square metre, including GST 

 Small 

house 

Large house Industrial 

building 

Bulk retail Retirement 

home 

Jan 2006 1493 1305 1085 1095 1738 

Jan 2008 1768 1493 1267 1305 2027 

Increase 18.42% 14.41% 16.77% 19.18% 16.63% 

Table 7.2: Building costs per square metre 

 

The main factors influencing construction costs are the inflation rate, interest rates and 

labour costs.  Various indexes and rates, such as the Consumers Price Index, Capital 

Goods Price Index, Labour Cost Index, and Official Cash Rate were reviewed.  

Combined with the comments and advice from professionals in accordance with their 

knowledge of Building 5‟s existing condition, the probability and consequences of the 

uncertainty involved in total costs is determined as follows: 
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Alternative Attribute 
1X : Total costs 

Probability Consequence (change in percentage) 

1 0.7 +10% 

0.25 0 

0.05 -5% 

2 0.15 +10% 

0.8 0 

0.05 -5% 

3 0.8 +20% 

0.15 0 

0.05 -5% 

4 0.75 +10% 

0.2 0 

0.05 -5% 

5 0.8 +20% 

0.15 0 

0.05 -5% 

Table 7.3: Probability and consequences of attribute 1X  total costs 

 

7.4.2.2 Disruption after earthquake 

 

5X Disruption after earthquake is a proxy attribute. The relative risk of the building 

compared to a building which complies with new building standards is utilized as the 

proxy attribute.  Since NZSEE does not state the uncertainty of the risk involved, the 

average of the range is used with a  50%.  The building owner would like to examine 

the possible impact this attribute would have on the final decision.  The probability and 

consequence of this attribute is illustrated in the following table: 
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Alternative Attribute 
5X : disruption after earthquake 

Probability Consequence (change in percentage) 

1 0.5 0 

0.5 -50% 

2 1 0 

3 0.5 +47% 

0.5 -50% 

4 1 0 

5 0.5 +50% 

0.5 -50% 

Table 7.4: Probability and consequences of attribute 5X  disruption after earthquake 

 

Table 7.5 illustrates the outcome of stage 2 assessment of the possible impact of each 

alternative, with the probability and score of each attribute relating to each alternative. 
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Alternative 

1X : total costs 
2X : Function of 

building 
3X :Future needs 

4X : Quality of 

inventory 

5X : Disruption after 

earthquake 
6X : Heritage value 

Probabilit

y 
Score 

Probabilit

y 
Score Probability Score Probability Score Probability Score 

Probabilit

y 
Score 

Alternative 

1 

0.7 0.066 

1 -1 1 27 1 -1 

0.5 25 

1 -2 0.25 0.060 0.5 12.5 

0.05 0.057   

Alternative 

2 

0.15 0.880 

1 1 1 40 1 1 1 0 1 -2 0.8 0.800 

0.05 0.760 

Alternative 

3 

0.8 4.100 

1 0 1 15 1 0 

0.5 10.5 

1 1 0.15 3.417 0.5 3.5 

0.05 3.246   

Alternative 

4 

0.75 3.487 

1 1 1 34 1 1 1 1 1 -2 0.2 3.170 

0.25 3.012 

Alternative 

5 

0.8 3.440 

1 -1 1 15 1 0 

0.5 24.99 

1 1 0.15 2.867 0.5 8.5 

0.05 2.724   

Table 7.5: Payoff table for each alternative 
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7.4.3 Determine Preferences of Decision-Makers 

 

The aim in this step of decision analysis is to structure and quantify the values of 

decision-makers.  Single dimensional attribute value function and weight for each 

attribute is determined in this step.  Decision-makers of ADHB are consulted to 

determine their preferences for each attribute in accordance with the methods introduced 

by Keeney (1977).   

 

7.4.3.1 Additive value model 

 

As discussed in Section 3.5.3.1, the additive form of value function is assumed and 

applied in this case study.   

1

( ) ( )
n

i i i

i

v x w v x


  

where iv  is a value function over the single attribute iX  and iw  is scaling factors, also 

called weight. 

If all combinations of attributes are additive independent, the additive value model is 

valid.  This preferential independence exists if the decision-maker‟s preference ranking 

for one attribute does not depend on fixed values of other attributes, which means the 

preference for the consequences depends only on the individual level of the separate 

attributes and not on the manner in which the levels of the different attributes are 

combined.  The building owner was asked that if any of the attribute, for example, 

regarding to 1X  total costs, less cost is still preferred to more total costs for any fixed 

combination of 2X function of building and 3X future needs.  The building owner 

responded positively that all the attributes are related.  Therefore, the attributes 

considered in this decision problem are preferential independence.  The assumptions of 

using additive value model are not fully verified because of its complexity.  The 

limitation will be addressed in Chapter 9. 
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7.4.3.2 Single dimensional attribute value function 

 

Total Costs 

 

The range of 1X total cost varies from $57,000 to $4,100,000.  The mid-value, 

$1,000,000 is determined by the decision-maker according to their value judgement.  

The single value function of total costs is assumed in an exponential function in 

accordance with the assumptions suggested by Kirkwood (1997).  The methodology 

used to determine the value of the exponential constant follows the one introduced by 

Kirkwood (1997) with the following steps: 

1.  Calculate the normalized mid-value.  The normalized mid-value can be determined 

by taking the difference between the mid-value and the less preferred of the two ends of 

the range of interest, and dividing it by the difference between the highest and lowest 

scores in the range, as the formula shows: 

)(

)(

LowHigh

MidvalueHigh

XX

XX
MidValueNormalized




  (1) 

For this project, 

(4.1 1.0)
0.767

(4.1 0.057)
NormalizedMidValue


 


 

2.  While the normalized mid-value 5.0z  is calculated, the normalized exponential 

constant R can be determined by the following formula: 

)/1exp(1

)/exp(1
5.0 5.0

R

Rz




  (2) 

Therefore, R = -0.372 

3.  Calculate the exponential constant ρ. 

( ) 0.372 (4.1 0.057) 1.504High LowR X X           

For 1X  Total costs, it is more preferred in a situation with low scores.  The preference 

over the attribute is monotonically decreasing.  Therefore, the value function of cost is 
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1

1 exp[ ( ) / ]
( )

1 exp[ ( ) / ]

1 exp[(4.1 ) /1.504]

1 exp((4.1 0.057) /1.504)

1 exp[(4.1 ) /1.504]

1 exp(2.688)

High x
v X

High Low

x

x
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Figure 7.4: Single dimensional attribute function of 1X  

 

Function of building 

 

For 2X  building function, the value of each score is determined by the decision-maker 

as follows: 

Score Description Value 

-1 The building can function as a general administration building. 0 

0 The building can function as a general ward building. 0.8 

1 The building can function as a clinical building. 1 
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Figure 7.5: Single dimensional attribute function of 2X  

 

Future needs 

 

Since there is no natural attribute to measure this evaluation, the objective of 

maximising future needs is measured by the proxy attributes, the number of clinical 

beds provided.  Similar to total costs, the number of clinical beds provided is on an 

infinite number of different levels.  The value function, thus, is exponential.  The 

highest score of this attribute is 50, while the lowest one is 0.  The mid-value 

determined by the decision-maker is 10.  Therefore, the single dimensional function of 

future needs is determined by the following steps: 

1.  Calculate the normalized mid-value 

)(

)(

LowHigh

MidvalueHigh

XX

XX
MidValueNormalized




  (1) 

For this project, 

(50 10)
0.8

(50 0)
NormalizedMidValue


 


 

2.  While the normalized mid-value 5.0z  is calculated, the normalized exponential 

constant R can be determined by the following formula: 

)/1exp(1

)/exp(1
5.0 5.0

R

Rz




  (2) 

Therefore, R = -0.305 
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3.  Calculate the exponential constant ρ. 

( ) 0.305 (50 0) 15.250High LowR X X           

For 3X  Future needs, it is preferred in a situation with low scores.  The preference over 

the attribute is monotonically decreasing.  Therefore, the value function of 
3X  is: 

3

1 exp[ ( ) / ]
( )

1 exp[ ( ) / ]

1 exp[(50 ) /15.250]

1 exp((50 0) /15.250)

1 exp[(50 ) /15.250]

1 exp(3.279)

High x
v X

High Low

x

x
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Figure 7.6: Single dimensional attribute function of 3X  

 

Quality of inventory 

 

Construct attribute 4X  is set up to describe the objective maximising quality of the 

existing building inventory.  The value of each score is determined by the building 

owner, as shown in the following table and figure.  
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Score Description Value 

-1 The building fails some of the regulation and may pose legal liability 

on the owner. 

0 

0 The building does not satisfy all the regulation but meet the minimum 

requirements. 

0.7 

1 The building satisfies the regulation requirements. 1 

 

Maximizing the quality of building inventory
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Figure 7.7: Single dimensional attribute function of 4X  

 

Disruption after earthquake 

 

5X Disruption after earthquake is measured by the proxy attribute, relative risk.  The 

value of each score of relative risk determined by the decision-maker is illustrated in the 

following table and figure. 

 

Relative risk (times) Value 

25 0 

17 0.3 

7 0.8 

1 0.99 

0 1 
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Figure 7.8: Single dimensional attribute function of 5X  

 

Heritage value 

 

To measure the heritage value, a constructed attribute is built.  It has a four-point scale, 

which covers the main arguments.  Adoption of a finer points scale is not recommended 

because, the finer the points, the harder it is to get multi-agreement from the interested 

parties.  The demolishing of the building will definitely lead to the loss of heritage value 

and historic contribution; despite of how significant its value and contribution is.  If the 

building has been strengthened but is not useful for the building owner or the 

community, then the building is not a live one, therefore the integrity will be lost.  The 

integrity will be kept only when the building has been strengthened and adopted for a 

new use.  The value of each score of the four-point scale, as determined by the building 

owner, is illustrated in the following table and figure.  The value function is a piecewise 

linear one. 



 Page 244 

 

Score Description Value 

-2 
The alternative results in the loss of heritage value and historic 

contribution. 
0 

-1 The historic contribution will be lost in the process. 0.2 

0 
The example of the style will be kept, however the usability and 

integrity will be lost. 
0.7 

1 
The architecture, history, environment, usability and integrity will be 

kept. 
1 

 

Maximizing heritage value
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Figure 7.9: Single Dimensional Function of 6X  

 

7.4.3.3 Weight 

 

Two methods are used to determine the weight of each attribute, one is the swing 

weighting method and the other is the ratio method.  The details of both methods are 

introduced in Section 3.5.3.3. 
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Ratio method 

 

Details and theory of the ratio method is introduced in Section 6.3.3 Chapter6.  The 

discussions with ADHB show that both 5X  minimising disruption after earthquake and 

6X  maximising heritage value have the smallest increment of value, followed by 4X  

maximising quality of existing building, and 1X  minimising total costs.  The attribute of 

3X  meeting future needs, gives the greatest increment in value.  The quantitative scale 

of each attribute is as follows: 

5 6

4 5

2 4

1 2

3 1

1.5

1.2

1.6

1.8

w w

w w

w w

w w

w w











 

Because the total of all the weights is 1, 

1 2 3 4 5 6

5 5 5 5 5 5

5

1

1.5 1.2 1.5 1.6 1.2 1.5 1.7 1.6 1.2 1.5

13.364

w w w w w w

w w w w w w

w

     

             



 

Thus, 

5

6 5

4

2

1

3

1/13.364 0.075

0.075

1.5 0.075 0.112

1.2 1.5 0.075 0.135

1.6 1.2 1.5 0.075 0.215

1.8 1.6 1.2 1.5 0.075 0.388

w

w w

w

w

w

w

 

 

  

   

    

     

   

Thus, the value function for Building 5 is 

6

1

1 1 2 2 3 3 4 4 5 5 6 6

( ) ( )

0.215 ( ) 0.135 ( ) 0.388 ( ) 0.112 ( ) 0.075 ( ) 0.075 ( )

i i i

i

v x w v x

v x v x v x v x v x v x





           



 

Swing weight method 

 

The other method of determining the weights, the swing weight method, is employed to 

validate the weights that are determined by the ratio method.  This method, as discussed 
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in Section 3.5.3.3, is to prioritize the attributes by considering a hypothetical alternative 

that has the least preferred level for all evaluation measure.   

The decision-maker of ADHB was asked to priority of all six attributes.  Then, 

hypothetically, the decision-maker was asked to determine the least preferred level for 

all six attributes.  The decision-maker was then asked to move one and only one of the 

attribute from its least preferred level to its most preferred level.  ADHB responded that 

the most important attribute would be 3X  , meeting future needs.  Then the question 

was asked that with all other five attributes at its least preferred level, which attribute 

would be selected to move to its most preferred level.  The answer was 1X  minimising 

total costs.   The questions were asked repeated until decision-maker found its priority 

of each attribute.  The results are consistent with the answers given by the ratio method, 

which shows that the priority list of six attributes is 3X  meeting future needs, 1X  

minimising total costs, 4X  maximising quality of existing building, with 5X  

minimising disruption after earthquake and 6X  maximising heritage value having the 

same priority at the bottom of the list. 

Then another hypothetical situation was considered by decision-maker of ADHB.  

Suppose, either one attribute can be moved from the least-preferred level to the most-

preferred level, or another higher-priority attribute can be moved from the least-

preferred level to an intermediate level.  An intermediate level is one which the 

decision-maker feels indifferent about considering moving two attributes to.  The 

decision-maker of ADHB was asked that if they kept all six attributes to the least-

preferred level, then moved 1X  minimising total costs to the most-preferred level, how 

much future needs would they sacrifice.  It was indicated that the ADHB would give up 

a capacity of 9 beds for a cost increase of $4.1m.  Since these two conditions are equally 

preferred, these situations can be explained as: 

1 1 2 2 3 3 4 4 5 5 6 6

1 1 2 2 3 3 4 4 5 5 6 6

(0.057) ( 1) (0) ( 1) (25) ( 2)

(4.1) ( 1) (41) ( 1) (25) ( 2)

w v w v w v w v w v w v

w v w v w v w v w v w v

       

        
 

The equation above is reduced to 

1 2 3 4 5 6

1 2 3 4 5 6

1 0 0 0 0 0

0 0 0.537 0 0 0

w w w w w w

w w w w w w

          

           
 

or 1 30.537w w  
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In a similar manner, the decision-maker of ADHB was asked to consider another five 

hypothetical alternatives, where 2X  building function moves all the way from its least-

preferred level to its most-preferred level, how much future needs they would sacrifice.  

With the same process, the decision-maker at ADHB felt indifferent when attribute 2X  

building function is moved from the least-preferred level to the most-preferred level, or 

3X  future needs can be achieved at 35, while other conditions keep the same.  These 

two situations are equally preferred.  When considering the attributes of 4X  maximising 

quality of existing building, the indifferent level is achieving 32 clinical beds.  For the 

rest of the attributes, 5X  minimising service disruption after earthquake and 6X  

maximising heritage value, the same indifferent level of providing 27 clinical beds was 

expected.  The relationships between the weights are illustrated as follows: 

2 3

4 3

5 6 3

0.349

0.280

0.191

w w

w w

w w w





 

 

Since the weights must sum to 1, 

3 3 3 3 3 31 0.537 0.349 0.280 0.191 0.191w w w w w w       

Hence, 

3

1

2

4

5 6

1/ (0.537 0.349 1 0.28 0.191 0.191) 0.388

0.537 0.388 0.208

0.349 0.388 0.135

0.280 0.388 0.109

0.191 0.388 0.074

w

w

w

w

w w

      

  

  

  

   

 

The results from these two methods are very close.  The reason for the difference 

between the weights is mostly likely the rounding effect.  The results of the first method 

are employed for the value function.  Therefore, the value function looks like: 

6

1

1 1 2 2 3 3 4 4 5 5 6 6

( ) ( )

0.216 ( ) 0.135 ( ) 0.388 ( ) 0.112 ( ) 0.075 ( ) 0.075 ( )

i i i

i

v x w v x

v x v x v x v x v x v x
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7.4.3.4 Overall values for the alternatives 

 

Using the single dimensional value function, the values that correspond to the attributes 

for each alternative are thus determined.  The determined weights are then multiplied by 

each of the single dimensional values.  The sum of these weighted single dimensional 

values is the overall value for each alternative.  The higher the overall value, the more 

preferred the alternative.  The single dimensional value analysis is carried out in this 

section without considering the uncertainty involved in each alternative.  The possible 

impacts of each alternative and the uncertainties involved in the attributes will be 

analysed in the following section with utility analysis.  At this point, the uncertainties 

are assumed away for value analysis. 

The value of each attribute, the weights, and overall values of five alternatives are 

presented in the following table.  The overall value of each alternative is 0.22, 0.64, 0.36, 

0.46 and 0.22, respectively, as illustrated in Figure 7.10.  Therefore, in accordance with 

the overall value, Alternative 2A  demolish and reserve the land for future use, is the 

most preferred alternative among the five alternatives, while status quo is the least 

preferred choice with the weights given by the building owner in specific situations. 

 

 

Figure 7.10: Overall value of each alternative 

 



 Page 249 

7.4.3.5 Utility function 

 

In this section, utility analysis is employed to test the possible impact on each 

alternative with the uncertainty involved in the decision-making.  As a multiple-attribute 

decision problem, the utility function is employed to convert values calculated using a 

multiattribute value function into utilities which consider the decision-maker‟s risk 

attitude.  The utilities then can be used to rank alternatives that have uncertainty about 

their outcomes. 

According to Corner and Corner (1995), the multiattribute utility functions are either 

additive or multiplicative, while 63.9% of the 86 application cases, which were 

published over a 20-year period used additive utility function,  with 36.1% employing 

multiplicative utility function.  Thus, the power-additive utility function with following 

the forms is used in this research project, as discussed in Section 3.5.3.4. 

1 2
Infinity

1 2

1 exp[ ( , ,..., )/ ]
,  

1 exp( 1/ )

1 2
( , ,..., ),                      otherwise

( , ,..., )

n m
m

m

n

v x x x

n
v x x x

u x x x







 

 


 


 

where 1 2, ,..., nx x x are the attributes, and 

1 2 1 1 1 2 2 2( , ,..., ) ( ) ( ) ... ( )n n n nv x x x w v x w v x w v x     

The decision-maker is capable to determine the utility value of 1X  despite the utility 

determination of other values.  This applied to the rest of the attributes as well.  

However, the mutual utility independence has not been checked for this research project, 

because it is a difficult concept to verify.  This limitation will be discussed in Chapter 9 

and is scheduled for future research. 

m  is specified by the decision-maker in accordance with the procedure introduced by 

Kirkwood (1997).  The decision-maker was asked to consider a hypothetical uncertain 

alternative which has equal chances of yielding the best levels of all six attributes or the 

worst levels of all six attributes.  Then the decision-maker was asked to consider various 

hypothetical certain alternatives that might be equally preferred to this uncertain 

alternative, until two certain alternatives are found, one of which is more preferred than 

the uncertain alternative, and the other less preferred.  The range of m  value is then 

determined.   
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After explanation and consideration, the decision-makers specified 

1X =2.5, 2X =0, 3X =35, 4X =1, 5X =10, 6X =0, as a certain alternative that is more 

preferred than the uncertain alternative, and 1X =3, 2X =0, 3X =25, 4X =0, 5X =12, 6X =-1, 

as a certain alternative that is less preferred than the uncertain alternative.   The value of 

the first certain alternative is equal to 0.48.  The corresponding value for m  is 8.18.  

The value of the second certain alternative is equal to 0.32, which corresponds to value 

of m  as 0.63.  Therefore, the value of m  is somewhere between 8.18 and 0.63.  The 

average of these two values, 4.41 is used for utility calculation.  A sensitivity analysis 

for the range of m  will be carried out in Section 4.4.2 as a part of Step 4, conduct 

sensitivity analysis and evaluate alternatives. 

Since there are two attributes involving uncertainty, it is possible that there is 

probabilistic interdependency among the attributes.  Therefore, the standard decision 

analysis rollback procedure is used to calculate the expected utilities for decision 

problem alternatives.  As indicated in Figure 7.11, the expected value is calculated for 

each branch of the decision tree.  Following the expected value, utility value is 

determined with a risk tolerance value of 4.41.  The utility value is then rolled back to 

calculate the expected utilities for each alternative using a MS Excel sheet.  The utility 

value of each alternative is 0.33, 0.67, 0.37, 0.48, and 0.15, respectively.  Referring to 

the decision tree presented in Section 4.2.1, if the Plan Modification is not approved, all 

five alternatives are under consideration Alternative 2, demolish and keep the land for 

future use, has the highest utility value among all alternatives.  Under the condition that 

the Plan Modification is approved, only three alternatives, 1A , 3A , and 5A ,  are under 

consideration.  The most-preferred alternative among the three alternatives is 

Alternative 3, strengthen to 66% NBS, which has the highest utility value of 0.37.   
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Figure 7.11: Decision tree with standard rollback procedure
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7.4.4 Evaluate and Compare Alternatives 

 

In the last step of decision analysis, sensitivity analysis is used to examine the 

sensitivity of the decision to different views, such as the uncertainties and risk attitude 

associated with the various consequences.  For Building 5, sensitivity analysis of 

weights to attributes and risk attitude is carried out to identify conditions under which 

various options should be preferred.  Other parameters which could be examined by 

sensitivity analysis are the probabilities relating to attribute 1X , total costs and attribute 

5X disruption after earthquake.  The building owner considered that the probability of 

attribute 1X  were determined with the best possible knowledge of the cost trend, and 

thus decided it was not necessary to do sensitivity analysis for this attribute.  For 

attribute 5X  disruption after earthquake, the weight of this attribute is 0.075, and the 

decision-maker considered that the impact on the final rank would be insignificant and 

thus the effort of doing sensitivity analysis on this attribute would be inefficient.  

 

7.4.4.1 Weight 

 

A sensitivity analysis is carried out to check the impact of the weight variation on the 

decision result.  Among all these attributes, attribute 3X  meeting future needs, and 

attribute 1X , minimising total costs have the highest weight.  The sum of these two 

weights is 0.60.  A sensitivity analysis varying 3w from 0 to 0.60, while the value of 1w  

is 0.60-w1, and keeping the other four weights as they were, is implemented with the 

utility value displayed in Table 7.6.  The data from Table 7.6 is plotted in Figure 7.12 

for ease of illustration. 
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Table 7.6: Sensitivity analysis of 3w  

 

As Figure 7.12 suggests, if 3w  varies from 0 to 0.25, 2A , demolishing the building and 

reserving the land for future use, has the highest utility value, followed by 1A  status quo, 

4A demolish and rebuild, 3A  strengthen to 66% NBS, and 5A  strengthen to 34% NBS.  

When 3w  varies from 0.25 to 0.35, the utility value of 4A  gets higher than 1A .  However, 

alternative 2A still has the highest utility value among five alternatives.  Within the 

variations of 3w from 0.35 to 0.60, 4A has the highest utility value.  Until 3w  is more 

than 0.55, 2A  has a utility value lower than 3A . 

Integrating the possibility of the Plan Modification, if the Plan Modification is not 

approved, considering all five available alternatives, the result is not sensitive to the 

variation of 3w .  Alternative 2A has the highest utility value despite the change of 

3w value. 

If the plan modification is approved, which puts Building 5 in Category B heritage 

building status, only alternatives, 1A , 3A , and 5A are under consideration.  When 3w varies 

from 0 to 0.35, 1A  status quo has the highest utility value among the three alternatives.  

Once 3w  moves from 0.35 to 0.60, 3A  starts to pick up and has the highest utility value. 

Therefore, this sensitivity analysis suggests that 3w , weight of attribute 3X , has an 

impact on the decision, if the Plan Modification is approved. The decision-maker has to 

consider that the turning point of 3w is at 0.35.  A careful examination of whether the 

value of 3w is more than 0.35 is recommended. 
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Figure 7.12:  Sensitivity analysis of  3w  

 

7.4.4.2 Risk attitude 

 

To test the sensitivity of the impact risk attitude imposed on the result, a sensitivity 

analysis of multiattribute risk tolerance is carried out.   The range of multiattribute risk 

tolerance tested in the analysis is from 0.63 to 8.18, in accordance with the response 

from the building owner regarding their risk attitude.  The range of multiattribute risk 

tolerance value from 0.63 to 8.18 represents the risk attitude of risk-reverse gradually 

towards risk neutral.  The variation of m  should be able to cover the span of the risk 

attitude of the building owner.  The results of utility value for each alternative under 

different m  are displayed in Appendix C.  The results are then plotted in Figure 7.13. 

As Figure 7.13 suggests, the utility values of all five alternatives are not sensitive to the 

value of multiattribute risk tolerance.  Alternative 2 has the highest utility value within 

the range of 0.63 to 8.18 for multiattribute risk tolerance. 
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Figure 7.13: Sensitivity analysis of multiattribute risk tolerance 

 

7.5 Feedback  

 

7.5.1 Territorial Authority 

 

Officers of the Territorial Authority (TA), who are in charge of earthquake prone 

buildings, were interviewed for feedback on the decision framework.  After reviewing 

the objectives listed by the building owner, the officer agreed that the objective 

hierarchy is reasonable from the building owner‟s point of view.  The officers agreed 

with both possible impacts of each alternative, and the single dimensional attribute 

value function for each attribute.  However, the officers had different values for the 

weight for each attribute, because the focus on earthquake prone buildings of the 

Territorial Authority is different from the building owner‟s focus.  Therefore, from the 

point of view of the TA, the officers gave the weight of each evaluation measure 

according to the TA‟s responsibility and interest to reflect the priority the TA would 

like to achieve through the project. 
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The quality of the building, 4w  , is the most important attributes of the TA‟s 

consideration, since the TA has responsibility to safeguard the health, safety, and 

amenity of people and to protect property from damage in accordance with the Building 

Act 2004.  The attribute that has the second heaviest weight is Heritage value 6w .  This 

is because local authorities have the statutory responsibility to recognise and provide for 

the protection of heritage buildings according to the Resource Management Act 1991 

(RMA).  Although Building 5 is not a tagged heritage building, it has heritage value in 

the building itself.  The third important attribute is the „disruption after earthquake‟, 5w .  

This is mainly because the building is in the hospital amenity, and, therefore, it is 

preferable for it to function after a major earthquake.  The rest of the attributes have the 

same weight.  The ratio method is used to evaluate the weight for each attribute.  The 

ratio given by the officer is illustrated as follows: 

4 6

6 5

5 1

1 2 3
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1.5

w w

w w

w w

w w w







 

 

Since the sum of the weights is 1,  

1 2 3 4 5 6

1 1 1 1

5

1

3 1.5 1.5 1.5 2 1.5 1.5

11.25

w w w w w w

w w w w

w

     

        



 

Thus, 

1 2 3

5

6 5

4 6

1 11.25 0.09

1.5 0.09 0.13

1.5 0.2

2 0.4

w w w

w

w w

w w

    

  

  

  

   

Therefore, the overall values of each alternative are 0.08, 0.72, 0.66, 0.65 and 0.54 for 

status quo, demolish, strengthen to 66% NBS, demolish and rebuild, and strengthen to 

34% NBS respectively, as shown in Figure 7.14.  Based on the overall value, if Building 

5 is not be listed as a heritage building, demolish and reserve the land for future use 

would be the most preferred alternative in light of the TA‟s principles.  If the building is 

to be protected as a heritage building, then strengthening it to 66% NBS is favoured.  

The value of each alternative is different from the result of the building owner‟s version.  
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However, the ranks for the available alternatives are the same as those one of the 

building owner. 

 

 

Figure 7.14: Overall value of Territorial Authority 

 

The officers from the local Council considered that the decision framework provided a 

“solid platform for communication”.  Without the framework, the whole decision 

problem and environment was too complex to be grasped.  “It is such a complicated 

decision problem, so many factors to be considered, so many different parties involved, 

and so much media pressure”,  an officer of the local Council describing the decision 

problem.  With the development of the objective hierarchy, the decision problem was 

able to be articulated.  It is much easier for local Council officers to gain insight into 

why it is difficult for building owners to make decision regarding earthquake prone 

buildings.  “Now we understand what priorities the ADHB has in mind, and what really 

matters from their point of view”, an officer commenting on the objective hierarchy 

developed for the decision problem.  The single dimensional attribute value for each 

attribute illustrates the judgement the building owner has for each attribute.  With the 

weight allocated to each attribute, the level of impact the attribute having on the final 

decision is illustrated.  “This [the weight and single dimensional attribute value function] 
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explained why ADHB would like to demolish the building.  It started to make sense why 

there is a fight between ADHB and the local community.  ADHB has to consider so 

many attributes, and try to balance it.  While the community emphasises the heritage 

value all the time, but does not look at the whole picture”, an officer discussing the 

whole picture revealed through the decision framework.  With this insight, the officers 

of the local Council believed that they were able to communicate better with the 

building owner and local community to offer assistance.   “This decision framework 

enables us to have a full picture of the [decision] problem and now we know how to 

communicate with the local community and media.  We will try to let everyone look at 

the whole picture and think again [about the decision problem].”  With this in mind, the 

Territorial Authority is then able to identify its own available resources, such as extra 

funding, to assist and guide the building owner towards the decision of strengthening 

the building.  “We now also know what we can offer to help ADHB to keep and protect 

Building 5, if that is the final decision for Building 5.  With all these attributes, we 

might be able to secure some funding somewhere, so that the value or the weight [of 

attribute 1X  total costs] can be smaller and the total value of the option of demolishing 

the building can therefore become less as well”, an officer of the local Council 

discussing the possible assistance they could offer based on the insight gained through 

the framework.  This possible assistance could lead to a win-win decision for both the 

building owner and Territorial Authority. 

 

7.5.2 New Zealand Historic Places Trust 

 

The Architecture Advisor of the NZHPT, who is actively involved in the Building 5 

project, was interviewed for feedback on the decision analysis model for Building 5.  

New Zealand Historic Places Trust (NZHPT) was established by an Act of Parliament 

in 1954.  It operates under the Historic Places Act 1993, which purposes to promote the 

identification, protection, preservation and conservation of the historical and cultural 

heritage of New Zealand.  Over the past 50 years, the NZHPT has become New 

Zealand‟s leading national historic heritage agency.  It is governed and managed as a 

crown entity under the Crown Entities Act 2004.   
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One of the main objectives of the NZHPT is to advocate and become actively involved 

in the resource management process, including encouraging and assisting Councils in 

using their powers under the Resource Management Act (RMA).  As stated in Section 6 

of the RMA, “in achieving the purpose of this Act, all persons exercising functions and 

powers under it, in relation to managing the use, development, and protection of natural 

and physical resources, shall recognise and provide for the following matters of national 

importance: (f) the protection of historic heritage from inappropriate subdivision, use, 

and development.”   

From the point of view of the NZHPT, “Building 5 is not simply one of many buildings 

that have been part of the evolving provision of public hospital care in Auckland.  It is a 

very significant building, a key, with the Costley Block, in the evolution of hospitals 

and health care in New Zealand, from the charitable care of the aged and infirm, to the 

accommodation and care of the chronically ill and incurable, to the institution and 

foundation of Greenlane Hospital, a progression evident from the establishment of the 

Costley Home for the Aged Poor, to the Male Infirmary Wards (Building 5), and the 

subsequent renaming of the group as the Auckland Infirmary, to the construction of the 

Main Block and the establishment and naming in 1942 of the group as Greenlane 

Hospital” (Byron 2009).  Thus, Building 5 is a rare example in New Zealand of the 

evolving transition and incorporation on one site, from poorhouse to hospital.  Due to its 

significant heritage value in both architecture and history, the NZHPT believes Building 

5 should be listed as a Category B heritage building, which should be readopted in a 

new use instead of the proposed demolition. 

The advisor agrees that the objective hierarchy describes the decision-making context 

properly.  It is understandable that the ADHB has constraints in the decision-making 

background and multiple objectives to be achieved as a public building owner whose 

main business is providing public health care.  The attributes allocated to measure the 

fundamental objectives are related and appropriate.  “It [the decision framework] makes 

ADHB‟s attitude more straightforward.  It is clear what matters to them and what does 

not”, advisor to NZHPT commenting on the explicit objective hierarchy.  However, it is 

difficult for the advisor to comment on the value and weight assigned to all six 

attributes.  This is because that the NZHPT focuses on the heritage value of Building 5 

but does not have full knowledge of the other aspects involved in the rest of the 
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attributes.  “We [NZHPT] only know what we know, that is knowledge of heritage 

buildings, architecture, and the importance of protecting Building 5.  I don‟t know what 

the business situation ADHB is in, and what the engineers‟ opinions are.  So I can‟t put 

value and weight on these [attributes]”, advisor to NZHPT explaining the reason for 

being unable to assign the value and weight.  It is satisfying to see that two more 

alternatives were generated during the decision analysis process, since one of the 

objectives the NZHPT advocates is to create more alternatives for reusing Building 5 

under the Special Zone requirement to avoid the proposed demolition.  As the objective 

hierarchy and decision framework suggests, the decision problem of whether to 

demolish Building 5 involves knowledge from various aspects and specialities, such as 

regulator authorities, engineers, architects, historic advisors, quantity surveyors, medical 

health advisors, and medical health management personnel.  The transparency of the 

model makes open communication possible.  The model also indicates which factor is 

more important than the others from the point f view of the building owner.   This could 

start open up the debate so a balance between all factors can be achieved.  “I think the 

disagreement on either the value or the weight of certain attributes would indicate 

whether further information is needed.  It would be a good guidance for further 

discussion”, advisor of NZHPT commenting on future communication which could be 

commenced based on the decision framework.  The disagreements between the 

stakeholders and interested parties regarding the value of each attribute would 

encourage an incentive study to promote seismic strengthening for heritage building.  

Referring to the decision analysis model, the advisor agrees that if outsourced funding is 

secured aiming to strengthen heritage buildings, then the value of Attribute 1, 

minimising total costs, would be reduced, and the weight of Attribute 6, maximising 

heritage value, would be raised simultaneously.  Thus, the decision framework provides 

insight into the decision problem and, consequently, would identify a further research 

direction for advocating seismic mitigation for heritage buildings. 

 

7.6 Conclusion 

 

The decision framework was applied to a real-life complicated decision problem with 

respect to a project, and considered all the attributes of the owner's fundamental 
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objectives relating to the earthquake prone building.  The building owner considered the 

framework was efficient and easy to understand.  It provided both a panoramic view and 

insight into the decision environment.  The result of the model simulation is to rank the 

priorities of the possible alternatives, which quantifies the alternatives and makes 

comparison among the alternatives possible.  The framework also facilitates effective 

communication among the stakeholders, so that the common ground of the decision 

problem can be grasped.  The communication platform provided by the decision 

framework offers opportunity to achieve „trade-offs‟ among all interested parties, which 

leads to better decision-making about seismic mitigation implementation. 

The application of the decision framework, using Value-Focused Thinking Decision 

Analysis theory as a method, suggests that it is valid and feasible to use the framework 

to assist building owners to achieve better-informed decision-making and, consequently, 

a better quality decision.  

The next chapter will describe the application of a project decision which has been 

made, and investigate whether the decision framework based on Decision Analysis 

could provide insight into the decision problem and improve the decision quality. 
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Chapter 8 Decision Framework Application: 
Case study 5 

 

8.1 Introduction 

 

In this chapter, the decision framework developed in accordance with the theory of 

Value-Focused Thinking Decision Analysis, is applied to a project that decision had 

been made regarding the earthquake prone building.  This chapter is part of the work to 

achieve Research Objective 5, to develop and apply a decision support framework for 

assisting building owners with the seismic rehabilitation of substandard buildings.  By 

exercising the decision framework on an existing project, it aims to test and validate the 

model by checking whether the framework is able to grasp the decision environment; 

whether the framework is able to illustrate and represent the building owner‟s thoughts; 

whether the framework is able to be administered in hindsight; whether an audit trail of 

the decision-making can be made. 

 

8.2 Project Background 

 

The case study is investigating a proposed upgrade of a museum building in Wellington, 

which is owned by Wellington City Council (WCC).  The building is located in a high 

seismic area, where the Territorial Authority adopts an active approach for dealing with 

earthquake prone buildings and there is high public awareness of seismic risk.  The 

Wellington City Council, as well as being the building owner, is also the earthquake 

prone building policy executer at the same time.  This means that the Council who has 

set up the rules also has to implement the rules in this project.   This dual role of the city 

Council, and the public‟s awareness of seismic risk, ensured that the decision of 

whether to strengthen the museum building received great publicity.  On the other hand, 

as a public building owner, the city Council only has to limited resources to allocate to 

such projects. Therefore, there were multiple objectives which needed to be achieved 

through the project.  These reasons made this project a representative complicate 

decision problem regarding seismic mitigation decision-making. 
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All the data and case information were collected from multiple sources of evidence, 

documents, interviews, and correspondence.  The documents included archival records 

and city records, such as applications for resource consent, strategy and policy 

committee reports and media releases.  Interviewing key personnel who were actively 

involved in the decision-making process or who had an influence on the decision were 

another source of evidence.  These key personnel include officers of the Council 

Controlled Organization Unit, the Director of the Gallery, and engineers engaged by the 

Council, who were aware of the decision-making environment and process.  They were 

the main resources for identifying the fundamental objectives, attributes, weights, and 

probability of the decision problem.  Other personnel interviewed for this case study 

included officers of the Strategic Business Unit and the Earthquake Prone Building 

Policy Department.  Communication with these key personnel via phone calls and 

emails was another resource for the data collection process and analysis procedure. 

 

8.2.1 Organization description 

 

The City Gallery Wellington Building (the Gallery) is owned by Wellington City 

Council (WCC), and managed by the Wellington Museum Trust, which also runs the 

Museum of Wellington City and Sea, Wellington Cable Car Museum and several other 

small museums.  The City Gallery contributes significantly to Wellington‟s cultural and 

economic vitality.  It also complements Te Papa to provide the city with a great offering 

of exhibitions for the citizens and visitors to the city. 

Wellington Museums Trust is one of the Council Controlled Organisations, where the 

Council owns 51% or more of the organisation.  The main objectives of the Trust are to 

manage the facilities and the collections for the benefit of the inhabitants of Wellington 

and the general public, to implement the Wellington City Council‟s policy for the 

development and enhancement of the Trust facilities, and to provide advice to the City 

Council on the Wellington City Council‟s long-term policy for the development of 

museum and gallery services in Wellington.   

Council Controlled Organisations (CCOs) are taken care of by Council Controlled 

Organisation Business Units of Wellington City Council.  The unit has responsibility for 
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10 CCOs, 20 Council originations, and between 10 and 16 other entities and projects.  

Wellington Museums Trust is one of the 10 Council controlled organisations.  Thus, the 

CCO represents the owner of the building.  The responsibility of the Council Controlled 

Organisation business unit is to look after Council‟s interests in subsidiaries and trusts 

such as the Wellington Museum Trust. The role includes assessing the service 

performance of the entities, in terms of their contribution towards the Council‟s 

outcomes.   A CCO is also responsible for ensuring that the Council‟s investment is 

protected and enhanced.  Core functions of the CCO business unit are: 

 Managing and supporting the relationships with Council Controlled Organisations 

 A formal monitoring role reporting quarterly on expenditure and outcomes 

The other unit of Wellington City Council which is involved in the decision-making of 

the Gallery redevelopment project is the Strategic Business Unit.  The focus of the unit 

is to refine and develop strategic direction at the operational level.  The unit manages 

the process of delivering a Long-Term Council Community Plan (LTCCP-10 year plan).  

Compared to the role of a CCO, the Strategic Business Unit has more interest in the 

Council‟s objective and benefits.  The unit has to balance the needs of different projects 

with the city Council‟s interests. 

 

8.2.2 Site description 

 

The City Gallery Wellington (the Gallery) was established in 1980 as a non-collecting, 

exhibition-based gallery.  In 1993, it moved into the former Wellington Public Library 

in Civic Square.  The Gallery building is a popular landmark for the city in 

Wellington‟s Civic Square, as shown in Figure 8.1.  It occupies the north-west frontage 

of the Square and, as a key public amenity, encourages public access to and enjoyment 

of the Civic Square.  The building is a two-storey reinforced concrete building, with 

additional basement and mezzanine levels.  It has a “T” shaped floor plan.  The building 

was originally used as a library and constructed in 1936.  Alterations to the structure 

were carried out in 1992, when the building was converted to suit the needs of an art 

gallery.  The alterations included creation of the theatre and adjacent plant levels in the 

north wing and removal of existing partition walls at the Ground and First floor levels to 
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create open exhibition space.  Most of the reinforced concrete walls surrounding the 

original internal lift shafts and stairwells were demolished during the alterations.  The 

foundations comprise deep pad footings around 4.6m below the basement floor level. 

The City Gallery building has heritage significance.  The building is listed as a Heritage 

Building by the Wellington City Council District Plan, and is also listed as a Category II 

Historic Place by the New Zealand Historic Places Trust. 

 

 

Figure 8.1: The City Gallery Wellington 

 

8.2.3 Chronological background 

 

The trigger of this project was the planning of a redevelopment project for the City 

Gallery.  It was to undergo a $4.2 million redevelopment project, which was the 

culmination of more than 2 years‟ consultation with the arts community in Wellington 

addressing concerns relating to access to high-quality art exhibitions in the city.  The 

redevelopment was planned to encompass the creation of a new Russell Hancock 

Gallery, a new Auditorium, an upgraded and relocated Michael Hirschfeld Gallery and a 

new Maori and Pacific Gallery. The creation of the Russell Hancock Gallery would 
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enable the Council to showcase a range of new exhibitions, in particular those owned by 

private collectors and the WCC‟s own art collection.  Art gifts for the city were being 

lost to other cities or districts, since WCC did not have a proper gallery to display them.  

The Michael Hirschfeld Gallery would provide a new and higher quality space for the 

exhibition of works from Wellington artists, and artists with a Wellington connection.  

A new weight would be placed on Maori and Pacific art works upon completion of the 

Maori and Pacific Galleries.  70% of the redevelopment cost was to be funded from 

non-Council sources, which consisted of $1.8 million from the bequest of the late Mr. 

Russell Hancock, $0.6 million from private donors and $0.5 million from New Zealand 

Lotteries.  There would be $1.3 million from the Council (Prangnell 2008). 

In June 2006, the Council approved the first stage, a $2.8m redevelopment of the City 

Gallery as part of the Long-Term Council Community Plan 2006/07–2015/16. That 

work was being funded by the Hancock Bequest ($1.8m) and the Council ($1.3m) and 

involved converting the existing theatre on the Gallery's ground floor into exhibition 

and function space, and developing a new auditorium on the ground floor.  The Council 

then approved the second stage of the project on November 2006 that would see the 

inclusion of a new Maori and Pacific Island gallery and the relocation of the Michael 

Hirschfeld Gallery to a larger space on the Gallery's second floor. The project would be 

funded by four private donors who have together donated $0.6 million plus savings of 

$0.25 million identified in the cost of the first stage of the project.  Construction of the 

entire project was expected to start in July 2007 and be completed by June 2008 

(Wellington City Council 2006a).  The tender for the construction of the redevelopment 

was run in March 2008, but had been put on hold.  This was because the building was 

notified as an earthquake prone building when the WCC was running a desk-top 

assessment, according to the Building Act 2004, thanks to the active approach it adopts. 

Wellington City Council, as the owner of the building, then engaged an engineering 

consultant for a detailed assessment, which confirmed that the City Gallery Building 

only had 10% NBS. 

The redevelopment project was then on hold due to the requirements of the Earthquake-

Prone Buildings Policy in Wellington.  As defined in the policy, “When an application 

for building consent, or a series of building consent applications, relating to a building 

determined to be earthquake-prone is received from 1 June 2006 with a cumulative 
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project value greater than one-third of the building‟s capital value (as defined in Section 

2(1) of the Rating Valuations Act 1998) for local government rating purposes the 

building owner will be required to undertake the structural design for strengthening, and 

either include the: 

 complete strengthening work in the building consent, or 

 strengthening work to the area otherwise affected by the building work, and agree 

with Council on a programme to complete the strengthening works within the 

maximum timeframe set out above. (Wellington City Council 2006b)” 

This was the case for the City Gallery redevelopment, where the $4 million 

redevelopment costs represent significantly more than 33% of the value of the City 

Gallery building.  Therefore, in spite of that the tender for the construction of the 

redevelopment was under way.  Upon receiving official notification of the Gallery‟s 

earthquake-prone status, it was required to provide plan to undertake earthquake 

strengthening, otherwise the architectural building consent for the redevelopment could 

not be granted. 

A structural engineering consultant firm was then engaged.  A final report on the 

structural investigation of the Gallery was submitted in June 2008.  The City Gallery 

redevelopment project was discussed in the Strategy and Policy Committee meeting in 

June 2008.  A decision was made afterwards to strengthen the building to 67% NBS 

during the redevelopment project.  The construction work was then carried out from 

December 2008 to September 2009. 

 

8.3 Decision Environment 

 

8.3.1 Mitigation actors 

 

The major actors involved in this case are as follows: 

 building owner: Council Controlled Organisation (CCO) of Wellington City 

Council, the Wellington Museum Trust, 

 local government: Wellington City Council,  
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 practical professionals: various consultants, such as architects, structural engineers, 

quantity surveyors, and 

 Interested parties: general public, tenants of City Gallery. 

The decision of whether and how to implement seismic mitigation was made in 

consultation with the Chief Executive and Chair of the Wellington Museums Trust, the 

Director of the City Gallery, engineers from various consulting groups, relevant Council 

officers and Councillors from different departments of the Council, such as the Council 

Controlled Organization Unit and the Strategic Business Unit. 

  

8.3.2 Considerations of Building owner’s context 

 

The City Gallery is not a collections Gallery, which means it is entirely reliant on the 

willingness of lending institutions and individuals in New Zealand and overseas to 

secure exhibitions and to function as a contemporary art gallery.  Furthermore, 

Wellington is a high seismic-risk city.  The building‟s official earthquake prone status 

would have a negative impact on lending institutions and individuals, which presents a 

significant operational risk to the Gallery.  Until the seismic mitigation measures are 

implemented, the Gallery may be unable to secure the exhibitions that make it New 

Zealand‟s leading contemporary art gallery. 

Also, according to the Council‟s prioritisation for strengthening earthquake-prone 

buildings, as displayed in Table 8.1, the Gallery building has a high priority determined 

by the factors of importance level, and building age and condition.  Occupancy of an 

earthquake prone public building poses a potential risk for both the public and staff 

members.  There is also the very real danger of a public perception that the Gallery is an 

unsafe building to visit or work in, which, ultimately, could reflect negatively on 

Wellington City Council, in terms of its duty of care towards its citizens and its assets. 

However, the Council can choose not to undertake the earthquake strengthening 

combination with the redevelopment project, if a review of amendments to the 

Council‟s Earthquake Prone Buildings Policy is approved on favour of the City Gallery.  

The review might have two key effects on the Gallery project subject to consultation 

with the public.  The first is that the requirement to undertake earthquake strengthening 
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as part of the building consent requirements for the redevelopment might be removed.  

Therefore, it would be the building owners‟ choice to determine whether to pursue 

earthquake retrofitting with the redevelopment of the existing building.  Secondly, the 

revised Policy proposed that the timeframes within which buildings must be earthquake 

retrofitted would be extended.  In combination with these two key effects, the Council 

might have the option of electing not to implement any seismic mitigation on the 

Gallery in the short term, during the redevelopment project.  However, it could keep the 

redevelopment on hold until the review of the Policy had been consulted on and a 

revised Policy approved in September 2008. 

 

 

Table 8.1: Priority for assessing and strengthening earthquake-prone building 

(Wellington City Council 2006b) 
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If the Council chose to mitigate seismic risk at a later stage after the redevelopment 

project, it is expected that parts of the redevelopment would have to be demolished to 

do the seismic retrofitting.  This could involve as much as $0.4 million of re-work.  

Furthermore, the Gallery would need to be closed twice, one for redevelopment now, 

and again one for the retrofitting later.  Considering the significant time required for 

construction preparation and wrap up, it would cost more for the disruption to the 

Gallery if the retrofitting is carried out at later stage. 

In the event that the Council decide to strengthen the building simultaneously with the 

redevelopment project, it might have a significant impact on the Council‟s Capital 

Expenditure Programme (Capex) for 2008/09 and 2009/10, which was reasonably tight.  

From a pure affordability point of view, the less funding required in the short-term the 

better for the Council.  However, approximately $1 million of funding for the Gallery 

redevelopment was sourced from private donors and New Zealand Lotteries.  If the 

redevelopment should be significantly delayed, this funding might not be available to 

complete the planned redevelopment at a later date.  In addition, there was a 

commitment to the family of the late Mr. Russell Hancock to use the Hancock Bequest 

to facilitate the redevelopment of the Gallery. 

Furthermore, the Wellington City Council was undertaking 3,000 to 4,000 desktop 

assessments of building in the region to ascertain whether they were likely to be 

earthquake prone. A number of Council-owned buildings are likely to be earthquake 

prone according to the Building Act 2004.  However, no funding had been set aside to 

retrofit the Council‟s property portfolio.  A programme for seismic strengthening of 

Council-owned buildings, which would be presented to the Strategy and Policy 

Committee to inform the 2009/10 LTCCP, was under development when the decision of 

whether to strengthen the Gallery during the redevelopment project was being made.  

The report was expected to identify a proposed programme for earthquake retrofitting, 

including prioritising of all of the seismic mitigation works that would be required over 

the next 15 years.  Therefore, not all of the Council‟s buildings had been assessed, and it 

was not possible to determine what priority would be afforded to the Gallery vis-à-vis 

other Council-owned buildings.  However, the Gallery was the only Council-owned 

building more or less “ready to go” when the detailed design was provided. 
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As the Gallery building was poised for a $4 million redevelopment, there was an 

opportunity to combine earthquake strengthening with the redevelopment project to 

minimise closure times and maximise the cost-efficiency.  Wellington City Council, as 

the building owner, had to make a strategic decision on whether to strengthen the 

building with the redevelopment, and if so, to strengthen to which level. 

 

8.3.3 Available options 

 

The Council then examined the available options regarding to seismic mitigation of the 

Gallery.  At the request of the City Council, concept strengthening schemes had been 

developed by professional engineering consultants for increasing the lateral load 

capacity of the Gallery building to 34%, 67% and 100% of new building standard 

(NBS). 

The scheme to strengthen the building to 34% NBS would remove the “Earthquake 

Prone Building” classification from the building, in accordance with the Building Act 

2004.  However, with the NZSEE‟s avocation of raising the strengthened level cut-off 

for earthquake prone buildings, this scheme would not provide any protection against it.  

The consultant thus recommended the building be strengthened to 67% or 100% NBS.  

These two options would not only provide an indication of the additional cost involved 

in achieving a degree of future-proofing but also make it a safer building with less 

damage during a minor earthquake event.  The details are explained in Section 2.6.3.  

Costs and timeframes of each scheme along with consequences of the building 

operation are presented in Table 8.2. 
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Strengthening 

Scheme 

Cost 

Estimate 

Timeframe Consequence 

34% NBS $410,000 2-4 

months 

Satisfies regulatory requirements, but does 

not significantly reduce the potential 

structural and non-structural damage.  

Relative risk of damage due to any 

earthquake event greater than 10 times that 

of a fully compliant building 

67% NBS $994,000 6-9 

months 

Provides a level of confidence against 

future legislative changes in the threshold 

for earthquake prone buildings.  Relative 

risk of damage due to any earthquake 

event approximately 5 times that of a fully 

compliant building. 

100% NBS $1,877,000 10-12 

months 

Provides full compliance with current 

codes, maximises life safety and minimises 

potential structural and non-structural 

damage. 

Table 8.2: Estimates of the three strengthening schemes 

 

As a general rule, the City Council considers that Council-owned buildings should be 

strengthened to 67% of NBS unless there is good reason to strengthen the building to a 

higher or lower level.  Their reasoning is because the Council believes that the current 

34% minimum level is likely to rise over time, which means that strengthening 

undertaken to the minimum level may become redundant within a short period of time 

and, therefore, be an inefficient use of limited capital resources.  The Council then 

carried out a simple cost benefit analysis for the three available alternatives.  The factors 

that were considered by the Council were cost, building type and the Council‟s 

reputation.  The cost of strengthening from 34% to 67% of NBS is $0.5 million, while it 

reduces the risk of damage due to earthquake from greater than 10 times of a fully 

compliant building to approximately 5 times that of a fully compliant building, as 
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indicated in Table 8.2.  It would cost $0.9 million to strengthen the Gallery from 67% to 

100% NBS to achieve the same level of risk mitigation.    Taking into account the 

relative importance of the Gallery building and its public use, the Council was inclined 

it to strengthen to 67% NBS.  Furthermore, the Council encourages building owners to 

strengthen earthquake prone buildings to 67% NBS.  It would be inconsistent with their 

policy if the Council strengthens the Council-owned building to 34% of NBS.  With all 

these reason, the Council decided to strengthen the Gallery building to 67% of NBS. 

Thus, the CCO had three basic options available for the Gallery project to be 

determined by the Councillors, as outlined below. 

Option 1:  Do nothing now 

By adopting this option, the Council would delay the redevelopment of the Gallery until 

the current „upgrade trigger‟ is removed through the review process of the Earthquake 

Prone Building Policy, which would not start until September 2008 and would be 

followed by public consultation.  The earthquake strengthening work might not be 

immediately required, however it would be sought within either a 10 or 15 year 

timeframe which would depend on the review of the policy again, as mentioned in 

Section 3.2.  This option would pose a risk to the viability of the ongoing operation of 

the Gallery due to its earthquake prone tag.  The Gallery would have to be closed twice, 

one for redevelopment and once for earthquake retrofitting.  It would incur 

approximately $0.4 million of „re-work‟ involving demolishing some parts of the 

redevelopment at a later date to facilitate earthquake strengthening.  Furthermore, the 

waiting for the review process would cause a two-month delay to the redevelopment, 

since the tender for the redevelopment could not be let until the Council had adopted its 

amended policy.  This would result in the cancellation of a major exhibition planned for 

the opening of the Gallery after the redevelopment. 

Option 2: Do minimum seismic strengthening now 

For this option, the earthquake retrofitting would be carried out in two stages.  The 

Gallery building would only receive minimum seismic retrofitting to be brought up to 

34% of NBS with the redevelopment project, so that the building consent for the project 

could be granted.  The remaining seismic retrofitting would be done over the next 10 -

15 years.  The strengthening work of the first stage would cost the Council approximate 

$0.6 million, which would have an impact on the Council‟s 2009/10 Capex budget.  
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There also would be duplication of some areas of finishing and some structural work 

would need to be re-worked at that stage.  However, it might not cost as much as $0.4 

million as indicated in Option 1.  The Gallery would be closed twice, once for the 

redevelopment, and once for the second stage of earthquake strengthening. 

Option 3:  Implement all seismic mitigation now 

To take on this option, the Council would do all of the earthquake strengthening 

required to bring the Gallery building up to 67% of NBS simultaneously with the 

redevelopment.  This would cost the Council $1.1 million and consequently, have 

greater impact on Capex compared to the other two options.  However, it is the most 

cost-effective option, since both redevelopment work and retrofitting work would be 

done at the same time, not to mention that the Gallery would be closed once only.  At 

the completion of the works, the Gallery building would be fully compliant with the 

Building Act 2004.  The risk that the Gallery is unable to function with its earthquake 

prone classification would be removed.  Table 8.3 summarises the cost, construction 

time, advantages and disadvantages of the three options. 

Wellington City Council eventually adopted Option 3, combining the seismic 

retrofitting work with the redevelopment project.  The City Gallery was closed in 

December 2008 and planned to be re-open in September 2009. 

 

8.3.4 Discussion 

 

The factors influencing the decision-making can be categorized into ownership, existing 

building performance, financial aid, benefits and costs.   

The owner of City Gallery Wellington, which is the Wellington City Council, belongs 

to the category of public building owner.  With the constraints of tight financial budget, 

the City Council has to consider the impact on long-term capital expenditure.  Although 

the building owner has a tight financial budget, as normally the public building owners 

do, the Council had to consider the safety of the public and its exhibitions and the 

impact on its reputation once they were notified that the building is an earthquake prone 

building in accordance with the existing building performance.   Furthermore, the 

Council is the one who sets the policy regarding earthquake prone buildings, and at the 
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same time, is the one who implements the policy.  Therefore, the City Council is 

supposed to accept the responsibility they have to the community, and take the 

leadership to set an example of reducing seismic risk.  Not strengthening or 

strengthening to a lower standard, would have had less impact on the budget, however, 

as a public building owner, the City Council had to consider their reputation and set a 

good example for other building owners.   

The constraints of this decision problem related to non-Council sourced funding.  Since 

70% of the redevelopment project cost was to be funded from non-Council sources, the 

ability of securing this outsourced funding was essential for the project.  During the 

decision-making process, there was uncertainty involved in securing non-Council 

funding.  The longer the project was pending, the higher the risk to acquire the 

outsourced funding.  Therefore, it was a main constraint of the decision problem. 

The main function of City Gallery Wellington is to acquire and manage collections and 

to operate them for the benefit of the inhabitants of Wellington and the public in general.  

With the earthquake prone building tag, the Gallery had difficulty securing some 

exhibition.  Since Wellington has a high seismic risk, lenders have major concerns 

about the risk they take against a collection.  To remove the earthquake prone tag 

enables the City Gallery to secure most exhibitions. The main benefit of the 

implementation of seismic risk mitigation is to boost the ability of the City Gallery to 

function.  To make the City Gallery‟s function sustainable, it is required to reduce the 

length of interruptions to its business, which includes the construction time for 

redevelopment and strengthening project.  From this aspect, it is more suitable to 

combine the strengthening project with the redevelopment. 

As a public building owner, the Council has limited funding.  Any significant impact on 

the long-term capital expenditure programme would make the balance of demands from 

different projects difficult.  It is difficult for the Council to make a decision without an 

evaluation of all Council-owned buildings.  The decision of whether to implement the 

seismic mitigation with the redevelopment project would be easier to make if there were 

a proposed programme which determines what priority would be afforded to the Gallery 

compared to the other Council-owned buildings.  The Council had to consider its 

affordability and the impact on the long-term budget.  Furthermore, cost efficiency is 

another factor considered by the Council.  If the redevelopment project were carried out 
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without the strengthening, some of the redevelopment work would have to be 

demolished, which would reduce the cost efficiency dramatically. 

All these factors to be considered during the decision-making process are tangled with 

each other.  There are multiple objectives to be achieved through this project.  However, 

the objectives the building owner would like to achieve are conflicting.  Although the 

Council officers employ a simple cost benefit analysis to articulate their thoughts, it is 

still unclear which factor is more important than the others, and why the decision to 

strengthen the building to 67% NBS and combine it with the redevelopment project was 

the right decision. 
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 Option 1 Option 2 Option 3 

Description 
Do nothing now 

Do minimum seismic strengthening 

now 
Implement all seismic mitigation now 

Cost Nil $0.3 – 0.6 million $1.1million 

Construction time Nil 3-6 months 7-9 months 

Advantages  No funding required in the short term 

 Have 10 to 15 years to prioritise the 

work in the LTCCP 

 Less impact on 09/10 Capex 

compared to Option 3 

 Removes the risk that the Gallery is 

unable to function with its earthquake 

prone classification 

 Most cost-effective option 

 The Gallery needs to close once 

 Strengthening works are done within 

the redevelopment timetable 

Disadvantages  Risk to the viability of the ongoing 

operation the Gallery 

 Approximately $0.4 million „re-work‟ 

 The Gallery needs to be closed twice 

 A two-month delay to the 

redevelopment 

 Requires $0.3 to $0.6 million funding 

in 2009/10 

 Not cost effective 

 The Gallery needs to be closed twice 

 

 Requires $1.1 million funding in 

2009/10 

 Decision is made without reference to 

seismic requirements for other 

Council-owned buildings 

Table 8.3: Summary of three options 
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8.4 Applying Value-Focused Thinking Decision Analysis 

 

As introduced in Chapter 3, Decision Analysis, the methodology to be applied in this 

project is a four-step approach, which is composed of structuring the decision problem, 

evaluating possible impacts of each alternative, determining values of the decision-

makers, and appraising the available alternatives.  The City Gallery redevelopment 

project is assessed by Value-Focused Thinking Decision Analysis to articulate the 

decision-making process and evaluate the decision quality. 

 

8.4.1 Structure the decision problem 

 

In this step, the objective hierarchy would be specified to examine the factors which 

matter to the building owner.  Then, the proposed alternatives need to be generated.  It 

is not necessary for the building owner to discus and examine exactly the same options, 

since the development of an objective hierarchy might lead to new alternatives that have 

not been considered by the decision-maker.  The relative attributes used to measure the 

objectives for each alternative are then determined within the decision environment. 

 

8.4.1.1 Objectives and attributes 

 

After a review of the Council reports and discussion with the manager of the CCO, an 

objective hierarchy of the CCO regarding the Gallery building that represents the point 

of view of the building owner is developed in accordance with the methods introduced 

in Keeney‟s work (Keeney 1992; Keeney 2001), as shown in Figure 8.2. 
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Figure 8.2: Objective Hierarchy of the City Gallery 

 

Four fundamental objectives identified for the City Gallery building are: 

1O  Maximise Function, 

2O  Maximise funding utilization, 

3O  Maximise sustainability, and 

4O  Maximise heritage value of the building. 

These four fundamental objectives were underpinned by the decision-maker in 

accordance with the decision environment.   These independent objectives are able to 

explicate the considerations discussed in Section 8.3.4.  The considerations of the 

decision environment are interrelated and are difficult to quantify.  With the 

development of an objective hierarchy, these considerations can be expressed by simple 

and fundamental objectives, which could be quantified by Decision Analysis. 
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The following section describes the contents of each objective and its sub-objectives, if 

applicable.  The attribute allocated to each objective/sub-objective and the scale for 

measuring each attribute is discussed following each objective/sub-objective. 

 

1O  Maximise Function 

 

Since one of the main objectives of City Gallery Wellington is to establish exhibition 

programmes and education policies, it is essential for the Gallery to be able to maximise 

its function, which includes increasing its ability to attract exhibitions and keeping the 

interruption times as short as possible.  Therefore, objective 1O maximising the function 

as a Gallery has two sub-objectives, 11O  maximising the ability of attracting exhibition 

and 12O  minimising the interruption period.  Both sub-objective 11O  and 12O  have been 

allocated attribute 1X  and 2X  respectively.   

Attribute 1X  is used to measure 11O  maximise the ability of attracting exhibitions.  Due 

to the earthquake prone classification of the Gallery building, most lending institutions 

and individuals are not willing to lend exhibitions to the City Gallery.  In most cases, a 

specific agreement has to be signed to secure an exhibition.  Even when building has 

been strengthened to 34% NBS and the classification removed, some lenders express 

concerns about the risk posed against to the collections.  Since there is no natural 

attribute to measure this objective, attribute 1X  is constructed with a four-point scale, as 

follows: 

 

2 There is no concern from the lender 

1 
There is little concern from the lender, however, it does not have a great 

impact on securing exhibition 

0 
There is concern from the lender, however, still able to secure some 

exhibitions with a specific agreement 

-1 
There is serious concern from the lender due to the building's earthquake 

prone classification 
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12O  is to minimise the interruption period of the City Gallery service.  A proxy attribute 

of the construction time for each alternative is adopted to measure attribute 2X .  The 

attribute uses the number of months that the construction would undertake as a natural 

scale. 

 

2O
 Maximise funding utilization 

 

For objective 2O , maximise funding utilisation, three sub-objectives are allocated, since 

the Council, as a public building owner, prefers to have a reduced cost on its budget, 

less impact on its long-term capital spending, and to secure as much non-Council 

funding as possible.  Three sub-objectives are 21O , minimise the cost of Council 

funding, 22O , minimise the impact on Capex 2009/10, and 23O , maximise the utilisation 

of non-Council funding.   

Attribute 3X  is allocated for objective 21O  with a natural attribute, the dollar amount of 

cost carried by the City Council.  The costs include all the costs for seismic 

strengthening project. 

There is no natural attribute which can be employed to measure 22O  , minimise the 

impact on Capex 2009/10.  Thus, attribute 4X  is a constructed attribute with following 

three-point-scale allocated to 22O : 

1 
The alternative has a significant impact on Capex 2009/10 (more than 

$500,000) 

0 
The alternative a has moderate impact on Capex 2009/10 (less than 

$500,000) 

-1 The alternative has no impact on Capex 2009/10 

Attribute 5X  is allocated to Objective 23O , maximise the utilisation of non-Council 

funding with the following three-point-scale: 

1 The alternative has no impact on securing non-Council funding 

0 
The alternative has a moderate risk of securing non-Council funding (loss 

more than 30% but less than 70% of the funding) 

-1 The alternative has a high-risk of securing non-Council funding (loss 
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more than 70% of the funding) 

 

3O
 Maximise sustainability 

 

Objective 3O  Maximising sustainability, considers both maximising the public safety 

and the Council‟s reputation.  The decision regarding the Gallery building should be 

sustainable considering the possibility of raising the threshold of earthquake prone 

buildings.  The Building Act 2004 states that the Building Code will be reviewed over 

three years, with input from consumers, the building industry, and central and local 

government to ensure the Building Code meets the requirements of the new Building 

Act. The inconsistencies between the Building Act 2004, which specifies that the 

threshold of earthquake prone buildings is 34% NBS, and the recommendation of 

NZSEE, which suggests the building is not earthquake prone until it achieves 67% NBS, 

indicates that the legislation may change in the near future.   The Council is prepared for 

this increase, and recommends all buildings to be strengthened to 67% NBS in its 

earthquake prone buildings policy.  This will provide the user of the building a safer 

environment.  Strengthening the building to 67% NBS also makes the building more 

sustainable, which stops the building owner (the Council) from having the building 

classified as earthquake prone for a longer time.  Selecting a more sustainable 

alternative regarding seismic risk mitigation would lead to a safer building.  

Furthermore, the earthquake prone building policy of the Wellington area suggests that 

building owners should strengthen buildings to at least 67% NBS.  By selecting a more 

sustainable alternative and bringing the building above 67% NBS, the Council would be 

a model for other earthquake prone building owners.  Since there is no natural attribute 

to measure Objective 4, an attribute is constructed with the following four-point-scale: 
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2 
The alternative can provide long-term resilience in terms of safety (more than 

50 years) 

1 
The alternative can provide mid-term resilience in terms of safety (more than 30 

years, less than 50) 

0 
The alternative can only provide short-term resilience in terms of safety (less 

than 30 years) 

-1 The alternative cannot provide sustainability 

 

4O
 Minimise heritage value of the building 

 

There is no attribute allocated to objective 4O , maximise heritage value.  This is 

because all available alternatives have the same positive impact on the objective, and 

therefore there is no need to measure it. 

The objectives included in the objective hierarchy display a snapshot of the decision 

environment.  These are the fundamental considerations extracted from the whole 

picture relating to the building owner‟s context, as described in Section 8.3.2.  In 

accordance with the objective hierarchy, the attributes attached to the objectives and 

scales of each attribute are identified, and are illustrated in Table 8.4. 
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Objective Attribute Scale 

1O  Maximise Function   

11O  Maximise the ability of attracting exhibitions 1X = Ability of attracting exhibition Constructed four-point scale 

12O  Minimise the interruption period 2X = Interruption period Proxy attribute (number of 

construction months) 

2O  Maximise funding utilization   

21O  Minimise the cost of Council funding 3X = Council funding ($) Natural attribute (dollar amount of 

Council funding) 

22O  Minimise the impact on Capex 2009/10 4X = Impact on Capex 2009/10 Constructed three-point scale 

23O  Maximise the utilization of non-Council 

funding 

5X = Impact on securing non-Council funding Constructed three-point scale 

3O  Maximise the sustainability 6X = Maximise the sustainability Constructed four-point scale 

4O  Maximise heritage value No attribute required  

Table 8.4: Objectives and Attributes for City Gallery 
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8.4.1.1.1 Alternatives 

 

The decision to implement seismic mitigation for City Gallery Wellington was triggered 

by a proposed redevelopment plan.  Therefore, the decision problem is “Whether to 

seismic retrofit City Gallery with the redevelopment project, if yes, to which level 

should the building be retrofitted.”  The alternatives considered by CCO are: 

1A : Do nothing now.  It was hoped that the „upgrade trigger‟ of the Earthquake Prone 

Building Policy will be removed through the review process.  The redevelopment of the 

Gallery can then be carried out without any work on earthquake retrofitting.  However, 

seismic mitigation might be sought within a 10 to 15 year timeframe, according to the 

review of the policy. 

2A : Do minimum seismic strengthening now.  Minimum seismic mitigation is to be 

implemented during the redevelopment project to bring the Gallery building to 34% 

NBS. 

3A : Strengthen the building to 67% NBS with the redevelopment project.  Seismic 

mitigation required to bring the Gallery building up to 67% NBS is carried out 

simultaneously with the redevelopment project. 

The above three alternatives were specified and discussed by the Council.  The option 

of rising to 100% NBS was ruled out by the Council at very beginning of the project.  It 

would have proved a useful comparison so that the alternatives bracketed the chosen 

option.  However, since the option was ruled out at the early stage of the project, there 

is no data available in many attributes.  Without „real‟ data, this alternative cannot be 

considered using the VFT decision analysis method.  During the development of the 

objective hierarchy, two other possible alternatives appeared which were not involved in 

the formal discussion within the City Council, but with available data.  The building 

owner agreed that these two alternatives to be analysed for evaluation in hindsight. 

4A : Strengthen the building to as practical as possible.  This alternative provides full 

compliance with current seismic codes, which maximises life safety and minimise 

potential structural and non-structural damage. 
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5A : Wait for the priority list of all Council-owned buildings to be compiled, and select 

one of the above-motioned four alternatives.  Since setting the priority for strengthening 

the City Gallery building along with other Council-owned buildings is one of the 

constraints during the decision-making process, it needs to be addressed by the decision 

analysis method.  If the City Gallery Building falls into the low priority list, Alternative 

2, strengthening to 34% NBS should be the proper alternative.   If it falls into the high 

priority list, the alternative with the highest value among 3A  and 4A is the appropriate one.  

The value of Alternative 5 can only be determined after values of all other four 

alternatives are concluded.   

The first step of the methodology, structuring the decision problem, is thus finished with 

the objective hierarchy developed, and fundamental objectives and attributes identified 

relating to each alternative.   

 

8.4.2 Assess possible impacts of each alternative 

 

The uncertainties involved in this decision problem are the uncertainty of securing non-

Council funding and the uncertainty of costs. 

 

8.4.2.1 Impact on Council funding 

 

The dollar amount of Council funding is influenced by two factors, one is inflation and 

market-related price changes and the other is unforeseen changes relating to existing 

building conditions.  According to the experience Council has, it is predicted that there 

is an 80% probability that the strengthening costs will go up 10%, and a 20% 

probability that there will be no change for the total costs.   
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8.4.2.2 Impact of non-Council funding 

 

The other uncertainty identified during the process is the risk of losing non-Council 

funding.  If Alternative 1 is adopted, which suggests that no work is carried out until the 

earthquake prone building policy is reviewed, there is a 50% probability that Council is 

going to lose its non-Council funding.  However, there is still a 50% probability that 

Council can secure it even if the project has to wait for another 9 to 12 months.   

 

8.4.2.3 Impact of the priority list 

 

The uncertainty of whether the City Gallery building belongs on the low priority list or 

the high priority list has an impact on the selection of Alternative 5.  As discussed in the 

Section 8.3.3, a priority list for the seismic retrofitting of Council-owned buildings over 

the next 15 years is under preparation.  In accordance with the existing information, it is 

estimated that there is an 80% probability that the City Gallery is on the priority list, 

leaving a 20% probability that it is not on the list. 

With the objectives identified, attributes and scale allocated, alternatives established, 

and the possible impact of each alternative assessed, the score of each alternative can be 

determined.  The following Table 8.5 illustrates the structure of all data. 
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Alternative 

1X : Ability of 

attracting exhibition 

2X : Interruption 

Period 

3X : Costs of Council 

funding 

4X : Impact on Capex 

09/10 

5X : Impact on 

securing non-Council 

funding 

6X : Sustainability of 

building life and 

safety 

Probabilit

y 
Score 

Probabilit

y 
Score 

Probabilit

y 
Score 

Probabilit

y 
Score 

Probabilit

y 
Score 

Probabilit

y 
Score 

Alternative 

1 
1 -1 1 0 1 0 1 -1 

0.5 -1 
1 0 

0.5 0 

Alternative 

2 
1 1 1 6 

0.8 0.55 
1 0 1 1 1 34 

0.2 0.5 

Alternative 

3 
1 2 1 9 

0.8 1.21 
1 1 1 1 1 67 

0.2 1.1 

Alternative 

4 
1 2 1 12 

0.8 2.09 
1 1 1 1 1 100 

0.2 1.9 

Table 8.5: Payoff table for each alternative 
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8.4.3 Determine preference of decision-maker 

 

The goal for this step of the decision analysis methodology is to structure and quantify 

the values of the decision-makers.  Both the single dimensional attribute value function 

and weight of each attribute is decided in this step.  The decision-maker of the CCO is 

consulted to determine preferences of each attribute according to Keeney‟s (1977) 

methods. 

 

8.4.3.1 Additive value model 

 

As discussed in Section 6.5.3.1, The additive form of value function, in the following 

form, is employed in this case study:  

1

( ) ( )
n

i i i

i

v x w v x


  

where iv  is a value function over the single attribute iX  and iw  is a scaling factor, also 

called weight. 

The decision-maker was asked that if any of the attributes, for example, regarding to 1X  

ability of attracting exhibitions, higher ability is still preferred to lower ability for any 

fixed combination of 2X , interruption period and 3X Costs of Council funding.  The 

decision-maker was positive with the question and all the attributes related.   
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8.4.3.2 Single dimensional attribute value function 

 

Ability of attracting exhibition 

 

For 1X  ability of attracting exhibition, the value of each score is determined by 

decision-maker, as follows.  The figure of the single dimensional attribute function of 

1X  is illustrated in Figure 8.3. 

 

Score Description Value 

2 There is no concern from the lender 1 

1 
There is little concern from the lender, however, it does not have a 

great impact on securing exhibitions 
0.8 

0 
There is concern from the lender, however, still able to secure some 

exhibitions with certain agreement 
0.1 

-1 
There is serious concern from the lender due to building's 

earthquake prone classification 
0 

 

0
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Figure 8.3: Single dimension attribute function of 1X  
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Minimise interruption period 

 

2X is set up to describe the interruption period the City Gallery may have for each 

alternative.  Proxy attribute of construction period for each alternative is adopted for 2X .  

The value of each score of the construction period is determined by CCO officers and is 

illustrated in Table 8.6 and Figure 8.4. 

 

Construction period (months) Value 

12 0 

9 0.05 

4 0.1 

2 0.9 

0 1 

Table 8.6: Value of 2X  
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Figure 8.4: Single dimension attribute function of 2X  
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Minimise the dollar amount of Council funding 

 

3X , the total costs settled on by the City Council, is used to measure 21O  minimising 

the dollar amount of Council funding.  The range of 3X , the costs settled on by the City 

Council varies from $0 to $2.10m, as shown in Table 8.7.  The mid-value, $0.5m, is 

determined by the decision maker according to their value judgement. 

 

 
Alternative total costs  

($m) 

Prob. Cons Estimated costs 

($m) 

1.  Status Quo 0 1 0 0 

2.  Strengthen to 34% NBS 0.5 0.8 10% 0.55 

      0.2 0 0.5 

3.  Strengthen to 67% NBS 1.1 0.8 10% 1.21 

      0.2 0 1.1 

4.  Strengthen to ANAP 1.9 0.8 10% 2.10 

      0.2 0 1.9 

Table 8.7: Estimated costs for each alternative 

 

The officer of THE CCO considered that the curve of 3X  should be a straight line.  

Since the higher the total costs, the less it is preferred.  Therefore, the preference of 

3X is monotonically decreasing over the total costs x .  The value function is then: 

3( )

2.10

2.10 0.5

2.10

1.6

High x
v x

High Low

x

x














 

Figure 8.5 illustrates the graph of single dimension attribute function of 3X . 
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Figure 8.5: Single dimensional attribute function of 3X  

 

Minimise impact on Capex 2009/10 

 

For 4X  , the decision-maker set up a three-score-point value function to describe the 

impact on Capex 2009/10.  The value of each score is determined by the decision-maker 

as follows: 

Score Description Value 

1 The alternative has significant impact on Capex 2009/10 (more than 

$500,000) 

0 

0 The alternative has moderate impact on Capex 2009/10 (less than 

$500,000) 

0.3 

-1 The alternative has no impact on Capex 2009/10 1 

 

Figure 8.6 expresses the graph of single dimensional attribute function of 4X . 
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Figure 8.6: Single dimensional attribute function of 4X  

 

Maximise the utilisation of non-Council funding 

 

Construct attribute 5X  is set up to describe the objective maximising the utilisation of 

non-Council funding.  The value of each score is determined by the building owner, as 

shown in Table 8.8 and Figure 8.7 as follows:  

 

Score Description Value 

1 The alternative has no impact on securing non-Council funding 1 

0 The alternative has moderate risk of securing non-Council funding 

(loss more than 30% but less than 70% of the funding) 

0.3 

-1 The alternative has high risk of securing non-Council funding (loss 

more than 70% of the funding) 

0 

Table 8.8: Value of 5X  
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Figure 8.7: Single dimensional attribute function of 5X  

 

Maximise sustainability 

 

3O  maximising sustainability, focuses on the sustainability of safety for the project.  If 

the alternative can provide long-term resilience in terms of safety, it provides a positive 

reputation for the Council as well.  6X  is a constructed four-point scale to measure this 

project.  The value of each score is determined, as shown in the following Table 8.9 and 

Figure 8.8. 

 

Score Description Value 

2 
The alternative can provide long-term resilience in terms of safety 

(more than 50 years) 
1 

1 
The alternative can provide mid-term resilience in terms of safety 

(more than 30 years, less than 50) 
0.9 

0 
The alternative can only provide short-term resilience in terms of 

safety (less than 30 years) 
0.2 

-1 The alternative cannot provide sustainability 0 

Table 8.9: Value of 6X  
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Figure 8.8 Single dimensional attribute function of 6X  

 

8.4.3.3 Weight 

 

Details and theory of swing weighting method is introduced in Section 6.3.3, Chapter 6.  

The discussions with the CCO gradually articulate the priority of each attribute.  The 

priority list of all attributes is shown in Table 8.10. 

 

Priority Attributes 

1 
1X = Ability of attracting exhibitions 

5 
2X = Interruption period 

2 
3X = Council funding ($) 

4 
4X = Impact on Capex 2009/10 

6 
5X
= Impact on securing non-Council funding 

3 
6X
= Sustainability in terms of long-term 

Table 8.10: Priority list of attributes 
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Because the total of all the weights is 1, 
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Thus,  
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4

5
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0.32
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Since every attribute considered in this case is independent, therefore, as discussed in 

Section 8.4.3.1, the value function v  has the additive form 

1

( ) ( )
n

i i i

i

v x w v x


  

where iv  is a value function over the single attribute iX  and iw  is scaling factors, also 

called weight. 

Thus, the value function for City Gallery Wellington is: 
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8.4.3.4 Overall values for the alternatives 

 

Value function is used to determine the value of each alternative assuming away of the 

possible uncertainty.  A value analysis for each alternative is carried out in this section 

without varying the values of the uncertain attributes.  The possible impact of 

alternatives and the uncertainty of the attribute will be discussed in the next section. 

Using the single dimensional value function, the values that correspond to the attributes 

for each alternative are thus determined.  The determined weights are then multiplied by 

each of the single dimensional values.  The sum of these weighted single dimensional 

values is the overall value for each alternative.  The higher the overall value, the more 

prefer the alternative. 

For alternative 1A , 2A , 3A , and 4A , the  format of the value function is  

6

1

1 1 2 2 3 3 4 4 5 5 6 6

( ) ( )

0.320 ( ) 0.116 ( ) 0.160 ( ) 0.128 ( ) 0.116 ( ) 0.160 ( )

i i i

i

v x w v x

v x v x v x v x v x v x





           

 . 

As discussed in Section 8.4.1.2, Alternative 5 depends on the probability of that the City 

Gallery Building falls into the low priority list.  If it falls into the low priority list, the 

value of the Alternative will be equal to Alternative 2, since Alternative 2 will be 

adopted.  If the City Gallery falls into the high priority list, then the value will be equal 

to the value of Alternative 3 or 4, whichever is higher.  Since the probability of the City 

Gallery belonging to the low priority list is 20%, and 80% for the high priority list, as 

specified in Section 8.4.2.3, the value of Alterative 5 is: 

2 3 4

1 2

1 2

[ ( )] ( ( , ,... ))

( ( )) ( ( )) ... ( ( ))

0.2 ( ) 0.8 [ ( ), ( )]

0.5 0.58 0.5 0.66

0.65

n

n

A A A

E v x E v X X X

E v X E v X E v X

E v Max E v E v
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The value of each attribute, the weights, and the overall values of the four alternatives 

are presented in the following table.  The overall value of each alternative is 0.40, 0.58, 

0.67, 0.61 and 0.65, respectively, as illustrated in Figure 8.9.  Therefore, in accordance 

with the overall value, Alternative 3, strengthen to 67% NBS is the most preferred 

alternative among the five alternatives, while status quo is the least preferred choice 

with the weights given by the building owner in a certain situation. 

 

Figure 8.9: Overall value of each alternative 

 

8.4.3.5 Utility function 

 

In this section, the possible impact and uncertainty involved in each alternative is 

considered by using a utility function.  As a multiple-attribute decision problem, the 

utility function is employed to convert values calculated using a multiattribute value 

function into utilities which consider the decision-maker‟s risk attitude.  The utilities 

then can be used to rank alternatives that have uncertainty about their outcomes. 

As discussed in Section 7.4.3.5, the additive form of utility function is the dominant 

multiattribute utility function in application.  The power-additive utility function with 

the following forms is assumed and employed in this case study.  Details can be found 

in Section 3.5.3.4. 
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where 1 2, ,..., nx x x are the attributes, and 

1 2 1 1 1 2 2 2( , ,..., ) ( ) ( ) ... ( )n n n nv x x x w v x w v x w v x     

As a public building owner, the risk attitude of CCO is naturally risk-reserve towards 

risk-neutral.  m  is thus set as 0.2, as specified by Kirkwood (1997).  A sensitivity 

analysis to see the evaluation results for values of m  over that range will be conducted 

as the last step. 

Since there are two attributes involving uncertainty, it is possible that there is 

probabilistic interdependency among the attributes.  Therefore, the standard decision 

analysis rollback procedure is used to calculate the expected utilities for decision 

problem alternatives.  As indicated in Figure 8.10, the value of each possible outcome is 

calculated for each branch of the decision tree.  The utility value of each branch of the 

decision tree is calculated with the value of multiattribute risk tolerance as 0.2.  The 

utility value is then rolled back to calculate the expected utilities for each alternative 

using an MS Excel spread sheet.  The utility value of each alternative is 0.89, 0.95, 0.97, 

0.96 and 0.95, respectively.  Alternative 3, strengthen to 67%NBS having the highest 

utility value of 0.97, is the most preferable according to the result of decision analysis. 
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Figure 8.10: Decision tree with standard rollback procedure 
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8.4.4 Evaluate and compare alternatives 

 

As the last step of decision analysis, sensitivity analysis is used to examine the 

sensitivity of the decision to different views, such as the uncertainties and risk attitude 

associated with the various consequences.  For the City Gallery, sensitivity analysis of 

weights to attributes, probability of possible impacts and risk attitude is carried out to 

identify conditions under which various options should be preferred. 

 

8.4.4.1 Weight 

 

A sensitivity analysis is carried out to check the impact of the weight variation on the 

decision result.  Attributes 1X , 3X , 6X  are the three most important attributes in the 

decision-making problem.  The sum of the weight of these three attributes is 0.64, 

which is more than half of the weights.  Therefore, the sensitivity of the weight of these 

attributes is essential in evaluating the alternatives. 

Since 1w , the weight of Attribute 1, has the highest weight among all other attributes, 

while 3w = 6w , the sensitivity analysis of varying 1w  from 0 to 0.64, the value of 

3w = 6w = 1(0.64 ) / 2w , is implemented.  The results of the sensitivity analysis are 

displayed in Table 8.11.   

 

 

Table 8.11: Sensitivity analysis of three top weights 
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As Figure 8.11 suggest, when 1w  varies from 0 to 0.05, Alternative 1 has the highest 

utility value, followed by Alternative 3, 2, 5 and 4.  Within the variation from 0.05 to 

0.64, Alternative 3 has the highest utility value.  Discussion with the case officer of 

Wellington City Council suggests that the weight of Attribute 1 is definitely more than 

0.05.  The possible range suggested by the case officer is 0.28 to 0.35, in which range 

Alternative 3 has a far higher utility value than other alternatives.  Therefore, the 

sensitivity analysis proposes that the variation of 1w does not have a significant impact 

on the conclusion. 

 

 

Figure 8.11: Sensitivity analysis of three top weights 

 

8.4.4.2 Probability of possible impacts 

 

The uncertainties involved in this case study relate to 3X  , costs of Council funding, 

and 5X , impact on securing non-Council funding.  Another significant uncertainty 
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having an impact on the decision is the „priority list‟, as described in Section 8.4.2.3.  

This uncertainty has direct influence on the rank of Alternative 5.  The building owner 

considered that these uncertainties could have an impact on the decision, and would like 

to know the impact. 

3X  Costs of Council funding 

For this attribute, a sensitivity analysis examining the probability of the attribute 

varying from 0 to 1 is carried out.  This means the probability range of 3X , costs of 

Council funding increasing 10%, is from 0% to 100%, while the chance of costs staying 

the same, is from 100% to 0%.  The results of the sensitivity analysis are presented in 

Table 8.12 and plotted in Figure 8.12 for ease of interpretation.  The sensitivity analysis 

illustrates that there is no impact on the ranking of alternatives. 

 

 

Table 8.12: Sensitivity analysis: 3X  Costs of Council funding 
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Figure 8.12: Sensitivity analysis: 3X  Costs of Council funding 

 

5X  impact on securing non-Council funding 

For this attribute, a sensitivity analysis examining the probability of the attribute 

varying from 0 to 1 is carried out.  This means the probability range of 5X , impact on 

securing non-Council funding increasing 10%, is from 0% to 100%.  The results of the 

sensitivity analysis are presented in Table 8.13 and plotted in Figure 8.13 for ease of 

interpretation.  The sensitivity analysis illustrates that there is no impact on the ranking 

of alternatives. 

 

 

Table 8.13: Sensitivity analysis: 5X
 impact on securing non-Council funding 
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Figure 8.13: Sensitivity analysis: 5X
 impact on securing non-Council funding 

 

Uncertainty of priority list 

The uncertainty of whether the City Gallery is on the priority list has an impact on the 

utility value of Alternative.  A sensitivity analysis examining the probability of the City 

Gallery building being on the high priority list is carried out.  The probability varies 

from 0 to 1, which means that the building has chance of being on the priority list is 

from 0% to 100%.  The results of the sensitivity analysis are presented in Table 8.14 

and plotted in Figure 8.14 for ease of interpretation.  The sensitivity analysis illustrates 

that there is no impact on the ranking of alternatives. 
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Table 8.14: Sensitivity Analysis: Priority list 

 

 

Figure 8.14: Sensitivity Analysis: Priority list 

 

8.4.4.3 Risk attitude 

 

To test the sensitivity of the impact risk attitude imposed on the result, a sensitivity 

analysis of multiattribute risk tolerance is carried out.   The range of multiattribute risk 

tolerance tested in the analysis is from 0.2 to infinity, which represents the risk attitude 

of risk reversing gradually towards risk neutral.  The variation of m  should be able to 

cover the span of the risk attitude of the building owner.  The results of utility value for 
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each alternative under different m  are displayed in Appendix D.  The results are then 

plotted in Figure 8.15 for a clearer illustration.  It is obvious that the value of 

multiattribute risk attitude does not change the preferred order of the alternatives.  The 

utility value of Alternative 3 has the highest value in spite of the change of m , which 

suggests that the risk attitude of the building owner does not change the choice of 

alternative. 

 

 

Figure 8.15: Sensitivity analysis of multiattribute risk tolerance 

 

8.5 Feedback 

 

In this section, feedback from the Council Controlled Organization Unit, who act as a 

building owner in this project, and the Strategic Business Unit, who act as a Territorial 

Authority, are gathered and discussed. 
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8.5.1 Council Controlled Organization Unit 

 

The review of the model with the officer of the CCO, who is acting as the building 

owner in this case study, confirms that the model reflects the decision-making 

environment.  It is noticed that the objective hierarchy helps to articulate the 

background of the decision problem.  “The factors we considered seemed tangled 

together.  They have an impact on each other.  It was so difficult to find out which 

factor is the most important one.  They all seem important”, an officer commenting on 

the situation of unaided decision-making.  The process of developing an objective 

hierarchy transferred the complicated decision environment into a list of concise and 

comprehensive fundamental objectives.  It enabled the Council to realise that the 

fundamental objectives regarding mitigating seismic risk for the City Gallery are to 

enable the Gallery to secure exhibitions, minimise the costs to the City Council, and to 

have a sustainable plan for the Gallery.  The evaluation of a single value function for 

each attribute describing the objectives provided an opportunity for the building owner 

to quantify each attribute.  “The [process of determining] single value function gives us 

a chance to think about the difference of each alternative in the context of individual 

attribute.  The functions show the preference we have for each attribute”, an officer 

discussing his understanding of the determination of single dimensional attribute value 

functions.  The exercise of determining the weight of each attribute clarifies the priority 

of each objective.  “The objective hierarchy shows what we want to achieve, and the 

weights for each attribute show what really matters.  The ratio method is relatively easy 

to determine the weight.  The method is straightforward, and it makes sense”, an officer 

commenting on the ratio method used in determining the weights in this case study. 

Analysing the feedback, it is revealed that the process of developing an objective 

hierarchy and allocating attributes untangle the conflicting objectives, and made the 

panorama of the decision problem clear.  Combining with the value of each attribute, it 

is possible to understand which objective contributes the most value for each alternative 

and the reason behind it.  This characteristic of decision analysis makes quantifying a 

decision problem possible.  The “decomposing” technique of Decision Analysis 

separates the decision problem into smaller questions, such as what are the fundamental 

objectives, what is the value of each attribute, and what is the order of priority among 
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all attributes.  When it is difficult to approach a complicated decision question, it is 

much easier to find solutions, or the right expertise, to solve the decomposed smaller 

questions.  This technique can also facilitate and speed up data collection. “If we used 

this method [decision analysis], it would be much easier to get data from individual 

experts.  We could go to the group or personnel who can solve the problem, instead of 

getting everyone together and constantly arguing over the whole problem.  That was 

time-consuming, and sometimes very frustrating, because everyone wanted their 

priority to be on the top of the list, which is impossible”, an officer discussing the 

benefits they could gain using Decision Analysis as a method to assist decision-making.  

Furthermore, the audit trail derived from the process could help the communication 

between Council departments and Council officers and Councillors.  “The whole 

process makes it very clear how and why the conclusion is reached.  The process 

clearly points out why the alternative is at the top rank, what makes it higher value, and 

what are the attributes and weight.  The report [Earthquake strengthening of the City 

Gallery Wellington] we gave to the Councillor explained all the alternatives with the 

conflicting and interactive considerations.  It does not give a clear answer why the one 

[alternative] we decided to do is definitely better than others.  I think the report might 

confuse the Councillors, especially those who were not involved in the whole process”.  

The officer compared the effective communication provided by Decision Analysis, with 

the original method used in the decision-making. 

There are many uncertainties involved in this decision problem, such as the possible 

changes in the project costs, the possibility of losing non-Council source funding due to 

project delay, and the uncertainty of the building‟s rank on the Council‟s priority list.  

The sensitivity analysis helps to answer „what if‟ questions relating to the uncertainties, 

such as what if the costs go up, what if the funds from outsource cannot be secured, and 

what if City Gallery is not on Council‟s priority list.  The details of sensitivity analysis 

are presented in Section 8.4.4.  The impact of the uncertainty can thus be estimated and 

evaluated.  This would help the Council not to be caught by surprise.  “With the 

sensitivity analysis regarding the costs increasing, we are able to know its [the costs 

increasing] impact on all alternatives”, the officer commenting on the effect of 

sensitivity analysis on one of the uncertainties.  The sensitivity analysis also makes it 

possible to evaluate the impact of the priority list.  The priority list is a programme 
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examining Council-owned buildings and proposing a priority list for seismic retrofitting 

over the next 15 years.  Whether the City Gallery building is on the priority list has a 

direct impact on the selection of alternatives, especially Alternative 5, as discussed in 

Section 8.4.2.3.  “It was very difficult to make a judgement on Alternative 5.  We just 

could not think of a way to compare it with other alternatives.  Because of the 

uncertainty regarding the priority list, it [comparing Alternative 5 against other 

alternatives] seems like comparing an apple to an orange.  The sensitivity analysis not 

only solves this issue, it also shows the impact of the probability of the building being 

on the priority list on the final decision”, the officer discussing on of the benefits of 

carrying out a sensitivity analysis.  Moreover, the sensitivity analysis regarding the 

weights of each attribute provides a platform to co-ordinate understanding among the 

stakeholders.  The sensitivity analysis examines the impact on the rank of each 

alternative caused by the weight variation.  “Since every stakeholder has their own 

understanding of the priority to be achieved in this project, the sensitivity analysis 

[regarding weight] makes it possible to present the impact on the ranking of 

alternatives at different ranges of weight.  The concerned stakeholder can see even 

when the weight of certain attributes falls out of their expected range, it might have no 

impact on the final rank of the alternatives.  It [sensitivity analysis regarding weight] 

should make co-ordination much easier”, the officer advising on the possible benefit of 

sensitivity analysis. 

However, the officer of the CCO expressed the concern that the model is not user-

friendly.  This is mainly because of the complexity of the mathematics involved in the 

value function and utility calculations, especially with exponential functions.  Building 

owners do not necessarily have to understand these calculations, as long as the figure of 

each single value function meets their expectation.  Another reason for the framework 

not being considered user-friendly is that the model is set up with Microsoft Excel with 

Visual Basic.  The researcher did not have the resources to set up a proper interface for 

the building owner.  Thus, it is difficult for the decision-maker to follow the logic.  

However, this problem can be solved by employing specialty Decision Analysis 

software in accordance with the selection criteria presented in Section 3. 6.    

In a general, the feedback from the officer of CCO is positive.  The officer considers 

that they would like to use the decision framework if a similar decision problem rises 



 Page 312 

again.  The model would help the decision maker to think critically about the criteria 

and relative weighting.  The theory of developing a decision analysis model is 

understandable.  However, it is difficult to articulate the relationship of the conflicting 

objective and set up the objective hierarchy.  It is also difficult for the building owner to 

grasp the mathematics for the calculation.  The officer suggested a blueprint for an ideal 

user-friendly model.  It should have a list of the top twenty factors commonly 

considered by building owners.  The decision-maker then is able to select either the top 

five or six relative to his/her own circumstances.  The officer considers that he would 

use the model along with his instincts.  „With what people are telling me, what others 

have done, and what engineers say, they usually suggest the building should be 

strengthened to 100% NBS.  My accountant would say, „Don‟t use any more money if 

you don‟t have to‟, the regulator would say.  You should really strengthen this‟.  I will 

form my own view with the help of the model.‟  By considering the priorities of the 

factors and giving the ratio of each consideration, the value and the weight of each 

attribute is set up.  An informed decision would be achieved accordingly. 

 

8.5.2 Strategic Business Unit 

 

The officer from the Strategic Business Unit was interviewed regarding to the decision 

framework.  The Strategic Business Unit develops and implements Council strategies 

which are intended to assist Councillors and staff in their decisions-making processes, 

to ensure that all Council policies, projects, investments and activities contribute to 

making Wellington a better place to live, work and play.   The Unit takes care of the 

Council‟s strategic architecture in seven domains: urban development, transport, 

economic development, the environment, social and recreational, cultural well-being 

and governance.  The objective of the Strategic Business Unit is to adopt a structure 

with other agencies to make the Council‟s strategic direction-setting more coherent and 

directional.  Thus, the Strategic Business Unit acts as a function of local government. 

After reviewing the decision-making model developed for the City Gallery Wellington 

with the officer of the Strategic Business Unit who overlooked the project, the feedback 

for the model was positive.  The officer‟s main concern about the project was the 
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political factor involved.  “The main concern we [Strategy Business Unit] have 

regarding to this project is the Council‟s reputation.  We are the owner, we are the 

[earthquake prone building] policy-maker at the same time.  We would like to be a role 

model for the community, but at the same time, we have limited funding.  It was very 

difficult to make a decision because of this issue.  This model is able to grasp all these 

intangible factors and quantify them”, The officer commenting on the complexity of the 

decision problem and the application of the decision framework.  As a policy-maker 

itself, the Council has to implement its earthquake prone building policy.  How to 

balance the position of being an example to the community, the requirements of the 

Long-Term Council Community Plan (LTCCP) and a limited capital expenditure 

budget was a major concern of the Strategic Business Unit.  The model successfully 

illustrates these considerations and uses the weights to articulate the balance.  The 

officer is satisfied with the value, weight and risk tolerance allocated for the project.  

The model represents the decision-making context and process.  It would be 

encouraging to see the decision analysis model employed in other projects to articulate 

and manage multiple objectives which are occasionally faced by Council officers. 

 

8.6 Cross-cases analysis 

 

By capturing, detail and depth, case studies are among the most effective methods of 

investigating a contemporary phenomenon within its real-life context.  Case studies are 

employed to inductively generate insights regarding the phenomenon of interest, which 

is the decision problem of seismic mitigation implementation in this research project.  

This chapter and the previous chapters, Chapter 6 and Chapter 7, only address a single 

project.  It does not provide a framework for comparing and contrasting the findings of 

multiple case studies that share a similar profile and objective. 

By developing a cross-case analysis, data across all of the cases can be evaluated by 

looking for patterns and themes that are common across projects.  Through a cross-case 

analysis, it is possible to synthesize the ideas embedded in themes that are validated by 

individual case study.  Additionally, cross examination of the cases with different 

decision environment will allow for diverse ways of conceptualising the feature of the 

decision problem in seismic retrofitting by distilling the lessons learned from different 
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projects.  As shown in Table 8.15 and Table 8.16, the results of the cross-case 

comparison by comparing data for the various dimensions, such as key considerations, 

building typology, fundamental objectives, and uncertainties involved in the cases, are 

able to provide further insight into issues concerning the decision problem of seismic 

mitigation implementation, so that common features of the decision problem could be 

uncovered to help building owners to deal with similar decision problem in New 

Zealand. 
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Key considerations in the decision 

environment 

Case study 1 Case study 2 Case study 3 Case study 4 Case study 5 

Risk      

Regulatory requirements      

Costs      

Existing building performance      

Benefits      

Technical assistance      

Liability      

Market and economic conditions      

Future usage      

Ownership      

Profile of the decision-maker      

Financial aid      

Table 8.15: Main considerations of case studies  
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Project name Case study 1 Case study 2 Case study 3 Case study 4 Case study 5 

Dilworth Building St Augustine’s 

Church 

Remuera Baptist 

Church 

Building 5 City Gallery 

Wellington 

Ownership Public Non-profit Non-profit Public Public 

Typology A G G C Reinforced concrete 

Fundamental 

objectives 

Minimise liability 

Minimise costs 

Minimise the 

interruption time 

Maximise the 

heritage value  

  Minimise costs 

Maximise space for clinical 

purpose 

Maximise quality of existing 

building inventory 

Minimise service disruption 

Minimise social impacts on 

society 

Maximise museum 

function 

Maximise funding 

utilization 

Maximise 

sustainability 

Minimise heritage 

value 

Uncertainty Total costs Total costs  Total costs 

Heritage tag 

Total costs 

Security of funding 

Priority list 

Table 8.16: Summary of Cross-cases findings
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8.6.1 Key considerations 

 

According to the interview results in Chapter 5, where twelve key considerations in the 

decision environment were identified, Table 8.15 lists the considerations of each case 

study.  As Table 8.15 suggests, each project has its own list of key consideration and the 

considerations vary from project to project.   

It is noticed that not all twelve considerations have impact on the decisions in each 

project.  However, the factor of „Costs‟ is a key consideration emerging in all the case 

studies.  The factor „Ownership‟ is reported in four case studies, while the factor 

„benefits‟ is reported in three case studies.  The rank of the reported considerations 

suggests that building owners cannot make a decision regarding their substandard 

buildings without knowing the retrofitting costs or total costs of each available 

alternative.  It is an essential consideration for the decision.   

The factor „Ownership‟ considered in four projects represents the constraints facing 

each building owner and their financial position.  In Case Study 1, MIT has limited 

funding as a public building owner.  In Case Study 3, Remuera Baptist Church concerns 

about the affordability due to its limited funding.  Again, in Application Case Study 1, 

the building owner is aware of their responsibility for maintaining heritage building as a 

public building owner, while having limited funding in improving the quality of 

building inventory.  In Application Case Study 2, the building owner is the one who sets 

the policy regarding earthquake prone buildings.  Thus, the building owner has to 

consider its responsibility of taking the leadership and setting an example by reducing 

the earthquake risk for the public, while facing the tight financial budget.  Interestingly, 

the consideration „Ownership‟ does not have a high rank among twelve considerations.  

It sits at the eighth place, as indicated in Table 5.5.  The breakdown summary of the 

response of interview participants, shown in Table 5.12 suggests that only one third of 

the participants from the government category, one fourth from the practical 

professionals, and none from the group of interested parties recognise that „Ownership‟ 

is one of the considerations in the decision-making environment.  However, the case 

study results indicate that „Ownership‟ is an important factor, since it poses many 

constraints while building owners considering the decision problem. 
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The benefits gained through the retrofitting project considered in Case Study 1 is the 

reduction in business interruption and the protection of the heritage and emotional value 

attached to the building.  In Case Study 3, the main benefit the building owner 

considered to achieve through the project is to have a safe and sound building that can 

accommodate the modern needs of the congregation.  For the building owner in 

Application Case Study 2, the benefits gained through the retrofitting project is related 

to its core business, acquiring and managing museum collection for the general public.  

The benefits considered by building owners in the case studies are all related to the 

organisations‟ core business. 

Since these key considerations are intertwined, it is difficult to categorise the 

complicated decision context into several key considerations.  Some factors, such as the 

perceived value of the building, which may include the heritage value (in case study 1, 4, 

and 5), or emotional value (in case study 1 and 2), or social value (in case study 4), do 

not seem to fit into any of the 12 key characteristics.  The decision context of each case 

study should be further examined to identify any important characteristics in the future 

research.  

As each case study illustrates, the factors influence the decision normally have impact 

on each other.  For example, in Application Case Study 2, City Gallery Wellington, the 

considerations involved in the decision-making environment are ownership, financial 

aids, costs, and benefits.  Belonging to the category of public building owner, the 

building owner had to consider its responsibility to the general public while having a 

tight financial budget.  The character of the ownership also has impact on the benefit 

considered in the project.  To achieve the benefits the building owner was expecting to 

gain through the project, the owner had to examine the costs of each available 

alternative and secure outsourced financial aids.  This intertwined feature of the 

considering factors in the decision-making environment affects the desirability of one 

particular alternative, a good deal of deliberation is required to identify a single 

alternative which can possibly achieve all factors under consideration. 

Another feature of these considerations is that most of them are intangibles.  Questions, 

such as „How should a building owner assess the heritage value attached to the 

building?‟, „How to measure the effect of service disruption?‟, „How to access the 

liability carried by the organization‟, or „How to evaluate the reputation influenced by 
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the decision?‟ are hard to answer.  Although it is difficult to measure such intangibles, 

they are normally critical factors when determining whether to implement seismic 

rehabilitation for an earthquake prone building, as proved in individual case study 

examined in this thesis. 

Furthermore, the factors considered in each case study suggest that considerations of the 

decision environment of seismic mitigation implementation problems cross the areas of 

engineering, business, legislation, social science and risk management.  Because of the 

breadth of concerns involved in this specific decision problem, there are no overall 

experts.  The decision problem has interdisciplinary substance.  Different individuals 

have expertise in separate disciplines need to be incorporated into the decision-making 

process and supply the relevant inputs on these factors in the decision 

 

8.6.2 Building typology 

 

Typology introduced in the cross case analysis is based on the research findings of 

another PhD student, Alistair Russell, on the Seismic Retrofit Solutions project.  Russell 

(2008) assessed the existing unreinforced masonry buildings in New Zealand and 

divided the buildings into 7 different typologies, depending on the storey height and 

whether their arrangement is in a row or as an isolated structure, as shown in Table 8.17.  

The buildings analysed in the case studies are categorised in accordance with the 

typology. 

As Table 8.16 indicates, the case studies examined in this thesis covers a range of URM 

buildings, such as types A, C, and G, and one reinforced concrete building.  Building 

typology may proves to be essential for developing a retrofitting solutions (Russell and 

Ingham 2008), it seems that typology is unrelated to the decision-making process, as 

proved in the case studies.  Arguable, building typology may has impact on the existing 

building performance and/or the retrofitting costs of each alternative, these attributes are 

considered by building owners under the key considerations.  Furthermore, among all 

the case studies examined in the current research, the building owners considered the 

decision at a strategic level, that is to consider whether to strengthen the building and 

which level the building to be strengthened.  Moreover, the application of the decision 

framework in Application Case Study 1 and 2 proves that the alternatives can be 
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evaluated if the objective hierarchy is developed, the attributes and their weight are 

determined, and the uncertainty of impact of the proposed alternative is assessed.  These 

factors are unrelated to the building typology.  Therefore, the decision framework 

should be able to be applied to all types of buildings. 

 

Typology Description 

A One-storey, isolated buildings 

Single-storey URM buildings, often with an open front.  Prevalent 

throughout New Zealand, in both smaller rural centres and in city 

village areas (mainly older early-settled parts of town). 

B One-storey, row buildings 

Single storey URM buildings with multiple occupancies, joined with 

common walls in a row.  Prevalent throughout New Zealand, in both 

smaller rural centres and in city village areas (mainly older early settled 

parts of town). 

C Two-storey, isolated buildings 

Two-storey URM buildings, often with an open front.  Prevalent 

throughout New Zealand, in both smaller rural centres and in city 

village areas (mainly older early settled parts of town). 

D Two-storey, row buildings 

Two-storey URM buildings with multiple occupancies, joined with 

common walls in a row.  Prevalent throughout New Zealand, in both 

smaller rural centres and in city village areas (mainly older early-settled 

parts of town).   

E Three-plus-storey, isolated buildings 

Prevalent mainly in coastal areas.  Least prevalent of all the types 

identified. 

F Three-plus-storey, row buildings 

Three-plus-storey URM buildings with multiple occupancies, joined 

with common walls in a row.  Typical in industrial districts, for example 

parts of Timaru and in Auckland‟s waterfront. 

G Religious and monumental buildings 

Churches (with steeples, bell towers etc), water towers, chimneys.  

Prevalent throughout New Zealand. 

Table 8.17: URM typology description 

 

 

8.6.3 Characteristics of Fundamental objectives 

 

As shown in Table 8.16, there are multiple fundamental objectives to be achieved at the 

same time in one project.  The fundamental objectives of each case study are different.  
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Although there is no general guideline of identifying fundamental objectives achieved 

through projects, some general characteristics of fundamental objective can be 

concluded through cross-cases analysis.   

 

8.6.3.1 Multiple conflicting objectives 

 

The fundamental objectives vary from „minimising heritage value‟ to „maximising the 

building‟s sustainability‟.  The application case studies indicate that it is desirable to 

achieve multiple conflicting objectives at once.  As illustrated in Application Case 

Study 1 in Chapter 7, the building owner wished simultaneously to minimise costs, 

maximise space for clinical purposes, maximise the quality of the existing building 

inventory, minimise service disruption, and minimise the social impacts on society.  For 

Application Case Study 2, the building owner expected to maximise the museum 

function, maximise funding utilization, maximise the sustainability of the museum 

building and maximise the heritage value of the building at the same time. 

Because all these objectives could not be achieved with a single alternative, it was 

important to appraise the degree to which each objective could be achieved by the 

competing alternatives.  Thus, the decision of implementing seismic mitigation involves 

critical value tradeoffs.  According to the results of two application case studies, these 

value trade-offs include the relative desirability between environmental impact and 

economic costs today, immediate social costs versus future social benefits, negative 

impact on a small group versus smaller positive impacts on a larger group. 

 

8.6.3.2 Relate to the core business 

 

The cross-cases analysis suggests that the fundamental objectives heavily depend on the 

core business of the building owner and the main function of the building.   

The most important attribute, which has the highest weight in the decision framework 

application, is the one related to the core business, as shown in Table 8.18.  For 

Dilworth Building, the most important objective is to minimise the legal liability.  The 

building owner of Dilworth Building is a tertiary education provider, therefore the 

possible obligations and consequences for non-compliance in relation to the earthquake 
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prone building, which endangers the safety of the students and staff, is the main concern.  

The owner of Building 5 is a district health board, whose primary organisational goal is 

„to lift the health of people in Auckland City‟.  Therefore, when considering the future 

of Building 5, whether “future needs as a hospital” could be accommodated has the 

highest weight.  Again, in the City Gallery Wellington project, the core business for a 

gallery is the ability to secure exhibitions.  The attribute of „maximising museum 

function‟ has the highest weight among the six attributes. 

 

8.6.3.3 ‘Costs’ is not the only factor 

 

As discussed in Section 8.6.1, the factor „Costs” is one of the key considerations 

through all five case studies examined in this thesis.  It is not surprising that 

„Minimising the total costs‟ is one of the fundamental objectives specified by all three 

case studies that have a developed objective hierarchy. 

Table 8.18 summarises the weight attached to each attribute in the three case studies 

that are analyzed by Decision Analysis.  The objective of „minimising the total costs‟ 

does not have the heaviest weight among the attributes in all three case studies.  It is the 

fourth important attribute among five of them in Case Study 1, and the second important 

attribute among six of them in both Application Case study.  The weight of this 

objective varies from 0.15 to 0.216, compared to the total weight of 1.  It proves the 

researcher‟s ascertainment that “total retrofitting cost is a main consideration when 

building owners decided whether to implement the seismic upgrade work, but it is not 

the dominant one”, as discussed in Section 1.3.   
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Case study 1: Dilworth Building Application case study 1: Building 5 Application case study 2: City Gallery 

Wellington 

Attributes Weight Attributes Weight Attributes Weight 

Minimise legal 

liability 

0.3 Minimise total costs 0.216 Maximise museum 

function 

 

0.32 

Minimise total costs 0.15 Maximise function 

of building 

0.135 Minimise interruption 

period 

0.116 

Minimise 

construction period 

0.1 Future needs 0.388 Minimise Council 

funding 

0.160 

Minimise relative 

seismic risk 

0.25 Maximise quality of 

existing building 

inventory 

0.112 Minimise impact on 

Council funding 

0.128 

Maximise the heritage 

value 

0.2 Minimise disruption 

after earthquake 

0.075 Minimise impact on 

securing non-Council 

funding 

0.116 

  Maximise the 

heritage value 

0.075 Maximise long-term 

sustainability 

0.160 

Total weight 1  1  1 

Table 8.18: Weights attached to each attribute in the case studies 
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8.6.4 Uncertainty 

 

Uncertainty is one of the main characteristics of the decision problem in accordance 

with the cross-cases analysis.  The building owners involved in the case studies 

recognise that it is not possible to predict precisely the consequences of each alternative 

because of uncertainties.  It occurred in four of the case studies in different aspects.  The 

uncertainties considered in the sensitivity analysis of the decision framework include 

fluctuation of total costs (Case Study 1, Application Case Study1, Application Case 

Study 2), the possibility of being categorised as a heritage building (Application Case 

Study 1), the uncertainty of securing funding (Application Case Study 2), and the 

likelihood of being on the priority list for seismic retrofitting (Application Case Study 

2), as summarised in Table 8.16. 

As illustrated in the Application Case Studies, building owners‟ risk attitude has an 

impact on the final rank of alternatives due to the introduction of utility analysis (details 

of utility function are in Section 3.5.3.4).  Building owners having a risk-averse attitude 

tend to evaluate risky alternatives as less desirable.  Specifically, the alternative with 

more uncertainty will be ranked lower than the alternative with less uncertainty, even 

though both alternatives have the same expected value.  Thus, even if the likelihoods of 

the various consequences are known, crucial value judgements about an attitude toward 

risk are essential to appraise the appropriateness of accepting risks accompanying each 

alternative. 

While the traditional evaluation method recommended by the central government has 

difficulty to reflect the possible uncertain impacts of available alternatives, utility theory 

employed in the Decision Analysis framework is able to incorporate uncertainty and 

risk attitudes in quantification of values, which provides a true measure of value of the 

decision-maker (Ang and Tang 1984).  With the sensitivity analysis, it is possible for 

Decision Analysis framework to demonstrate the possible impact the critical attributes 

could pose on to each alternative.  Building owners can therefore assess the possible 

consequence at different scenarios. 

The findings of the cross-case analysis provide further insight through the application of 

Decision Analysis, which suggest that the decision problem of seismic mitigation 

implementation is a multiattribute decision problem with interdisciplinary substance 
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involving uncertainty.  Therefore, the application of the decision framework using 

Value-Focused Thinking Decision Analysis is able to provide insight into the decision 

problem and, thus, assist building owners to deal with similar decision problem in New 

Zealand. 

 

8.7 Conclusion 

 

The application of the decision framework in this multiple objective project illustrates 

its capability of grasping a complicated decision environment, presenting the 

considerations arising in the decision-making process, and comprehending the 

uncertainties involved.  The framework is able to provide information, in hindsight for 

the decision-maker to evaluate the quality of the decision made regarding an earthquake 

prone building.  The feedback from different departments of Wellington City Council is 

positive for future use with similar decision problems.  It proves that the decision 

framework, using the Value-Focused Thinking Decision Analysis method, is the right 

tool to assist building owners to make informed decisions.  Application of the 

framework in both real-life case studies suggests has brought to light both strong points 

and limitations of the method employed.   

Cross-cases analysis has concluded the general feature of the decision problems of 

implementing seismic mitigation in substandard buildings.  The identification of 

common features of the decision problem can assist building owners to deal with similar 

decision problem in New Zealand. 

The next chapter will present a substantive review of the thesis, followed by the 

discussion of the contribution of the current research and future research. 
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Chapter 9 Conclusions 
 

9.1 Introduction 

 

In this chapter the major substantive findings of the research are reviewed and practical 

implications drawn.  A methodological review critiques the decision framework 

modelling, its contributions and its limitations in this study.  Finally, an assessment of 

both substantive and methodological future work is made, highlighting the path for 

further research.  

 

9.2 Substantive review 

 

The aim of the research was to determine a method of assisting building owners to make 

informed decisions in implementing seismic mitigation of their substandard buildings.  

A qualitative research approach was selected as a suitable methodology to: 

 guide the current research,  

 provide an empirical representative and descriptive research process, and 

 produce robust research results. 

The research was composed of four stages, problem identification, data collection and 

data analysis, decision framework testing, and conclusion to achieve the research aim.  

The main research method used in the stage of problem identification was the literature 

review.  The second stage of the research, data collection and data analysis, employed 

two methods, interviews and case studies.  When testing the decision framework, the 

case study research method was employed to serve this purpose.  At the last stage of the 

research, cross-cases analysis was carried out to gain insight into the decision problem. 

The research objectives to be achieved through the research framework were 

1. To review the existing research focus of decision-making for seismic risk 

mitigation. 

2. To ascertain the characteristics of the decision problem analysed by decision 

analysis.  
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3. To determine the key considerations in the decision environment of seismic 

mitigation implementation. 

4. To identify the characteristics of the decision-making process in a project 

environment. 

5. To develop and apply a decision support framework assisting building owners to 

make informed decisions regarding seismic rehabilitation of substandard buildings.  

This section presents a substantive review of the research to illustrate how these 

research objectives are achieved. 

The current work is part of a larger research project, Seismic Retrofit Solutions, which 

aims to develop and implement retrofit solutions that specifically address the 

characteristics of New Zealand‟s unique multi-storey buildings.  The current research 

presented in this dissertation is to achieve one of the research objectives of Seismic 

Retrofit Solutions project, to develop rational and economical approaches, methodology 

and practical implementation guidelines for seismic rehabilitation of substandard 

buildings.  This research objective is to work out a solution to the phenomenon that 

although there is steady progress being made in research on what to do physically to the 

environment to reduce earthquake risk, the implementation of seismic retrofitting in 

New Zealand has experienced slow progress.  Building owners often delay the 

mitigation process to avoid making a significant decision which may affect the 50-year 

life span of the building or involve millions of dollars in construction costs.  Retarding 

the implementation of seismic risk mitigation at this level is problematic because 

eventually “earthquake risk buildings” pose a major hazard to the community as a 

whole.  It may also lead to the entire or partial loss of many valuable heritage buildings. 

The findings presented in Chapter 2 explore the reasons for slow implementation 

progress in seismic mitigation.  First, there is fundamental uncertainty surrounding the 

accuracy of information about seismic risk due to inadequacies in the techniques 

available for analysing seismic hazard and risk, and in evaluating the performance of 

existing buildings.  Further, there are various strategies available to mitigate seismic 

risk, each providing possible alternatives employing different tools. It is difficult to 

adopt a single benchmark for evaluating all alternatives against the backdrop of three 

existing critical systems, namely, socio-political, natural hazards, and the built 

environment.  These systems have different attributes which are not easily reconciled, 
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including a large number of stakeholders involved in the decision-making process, 

many possessing limited knowledge of earthquake hazard and different perceptions of 

risk, various motivations, and diverse abilities to act.  In addition, each New Zealand 

local government organisation has different approaches, priorities and target 

strengthening levels when implementing the legislation regarding earthquake prone 

buildings.  Chapter 2 then carries on reviewing the existing research focus of decision-

making for seismic risk mitigation, which is the Research Objective 1.  The literature 

review suggests that building owners, who bear the ultimate responsibility and costs 

associated with implementing seismic mitigation measures, do not have assistance to 

help them deal with complicated decision problems.  There is no standard decision-

making tool available to assist building owners make strategic decisions about future 

strengthening or use of their substandard buildings.  The researcher contends in this 

thesis that building owners are struggling to make good quality seismic risk mitigation 

decisions without the aid of a decision framework. 

Decision Analysis, as „a philosophy, articulated by a set of logical axioms, and a 

methodology and collection of systemic procedures‟ (Keeney 1982), has been examined 

in Chapter 3 for its utility and application to decision framework development.  To 

recap briefly, Decision Analysis is widely applied in various industries to assist 

decision-makers in the process of solving complicated multiple-criteria decision 

problems.  It can provide insight about which alternative should be chosen to be 

consistent with the information about the decision problem.  The process of utilising 

Decision Analysis can provide an audit trail to trace back through the Decision Analysis 

to discover why a particular course of action was preferred.  When various stakeholders 

are involved, Decision Analysis with an audit trail can lead to a greater understanding of 

each party‟s respective position.  Research Objective 2, to ascertain the characteristics 

of the decision problem analysed by Decision Analysis, is achieved through an 

extensive review of the literature regarding Decision Analysis.  The characteristics of 

Decision Analysis are summarised in Chapter 3.  The author believes that the theory is 

indeed appropriate for setting up a framework for seismic mitigation analysis, enabling 

different perspectives to be brought together with the result that new intuition and 

higher-level perspectives are generated and eventually lead to a better-quality decision. 
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To confirm Decision Analysis is a proper method to address the decision problem, the 

decision environment of seismic mitigation implementation and the decision-making 

process in the project environment should be examined closely.  Since there is a general 

lack of information on seismic mitigation implementation in New Zealand, it was 

necessary to interview key personnel in various mitigation actor categories who were 

actively involved in seismic retrofitting to determine the key considerations in the 

decision environment of seismic mitigation implementation, as Research Objective 3 

specified.  Twelve key considerations of the decision environment, summarised from 

interview results, are presented in Chapter 5.  In addition to the key considerations, the 

interview results highlighted the following important issues of the decision problem: 

There are diverse options in risk management, which are not mutually exclusive.  

Implementing seismic mitigation is only one of those options. 

There are many issues of legislation implementation due to the different approaches 

adopted by individual territorial authorities. 

There are uncertainties involved in quantifying some of the main considerations. 

The analysis method recommended by central government is difficult to apply as a 

decision-making tool, which leaves the building owners making decisions unaided 

regarding their substandard buildings. 

Three case studies were employed to achieve Research Objective 4, to identify the 

characteristics of the decision-making process in a project environment.  Knowledge of 

how the building owners make decisions in a real project environment and the 

constraints imposed on the buildings, was gained through the case studies which are 

presented in Chapter 6.  The case studies examined the building owners‟ background, 

site conditions, and decision-making process.  The results of case studies suggested the 

following characteristics of decision-making process. 

An individual building owner has his/her objectives to achieve through the seismic 

mitigation project.  These objectives vary from project to project and normally are in 

conflict with each other. 

The final decision regarding whether to implement mitigation for the substandard 

buildings depends on many considerations in the decision environment.  These factors 

are connected to each other and/or have an impact on each other, and thus are very 

difficult to identify during the decision-making process. 
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Many stakeholders and interested parties are involved in a seismic retrofit project.  

Normally, these stakeholders and interested parties have different values from the 

building owner.  Thus, building owners have to negotiate and resolve any disagreements 

during the decision-making process to achieve a final decision. 

The decision-making process is alternatives-oriented.  Building owners tend to consider 

the available options instead of what they want to achieve through the project.  This 

alternatives-oriented decision-making process makes it difficult to negotiate a trade-off, 

which is necessary because of the conflicting multiple objectives building owners would 

like to achieve through the project. 

Building owners make the decision of whether to retrofit the building according to their 

„natural instinct‟ instead of a scientific method, which could provide them with insight 

into the decision problem and thus enable them to make an informed decision. 

There is no historical data available on seismic mitigation projects which make it 

impossible for building owners to compare notes on similar projects or with other 

building owners in comparative situations. 

The in-depth understanding of the characteristics of seismic mitigation decision 

problems are then compared to the characteristics of the decision problems analysed by 

Decision Analysis.   It is confirmed that Decision Analysis is an appropriate method to 

provide a sound basis and general approach for considering judgement and value in an 

analysis of available alternatives.  The value and objectives building owners would like 

to achieve through their retrofitting project will be considered, which is essential in their 

decision-making process.  Decision Analysis can transfer the intangible yet important 

factors of the decision problem into comparable forms so that alternative outcome-

options can be prioritised through a systematic quantitative approach.  The „divide and 

conquer‟ approach of Decision Analysis can subdivide the interdisciplinary decision 

problem into several sections so that expertise in a specific area can address the issue 

and provide advice to building owners.  Thus, building owners are able to grasp a 

complete picture of the decision problem and thus make a better-quality decision. 

The decision framework, which is built in accordance with the methodology of Decision 

Analysis, is then applied as a trial to one of the case study projects to examine the 

possibility of using Microsoft Excel as the platform for the framework.  The trial 
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application was performed without any input from the decision-maker because of the 

limitations of the real-life situation.  The results are presented later in Chapter 6. 

To test and refine the theoretical decision model, the decision framework is then 

implemented in two live projects.  Chapters 7 and 8 detail the application of the 

decision support framework based on Decision Analysis to achieve Research Objective 

5, to develop and apply a decision support framework assisting building owners to make 

informed decisions regarding seismic rehabilitation of substandard buildings.  Decision-

makers for these two projects were consulted at each stage for data and comments to 

ensure a sound grasp of the decision-making environment and process was achieved, 

and to carefully apply the theory and methodology of Decision Analysis.  Feedback 

from the decision-makers and involved stakeholders was gathered to conclude the 

research findings.  The decision framework was first applied to a project to aid a 

building owner who is making decisions relating to an earthquake prone building.  It is 

considered that the framework is efficient as it provides both a panoramic view of, and 

insight into, the decision environment.  It also facilitates effective communication 

among stakeholders to achieve common ground for the solution of the decision problem.  

Having reached common ground, the building owner believed that it offered the 

opportunity to achieve „trade-offs‟ among all interested parties, which could lead to 

better decision-making.  In the second real-life project the framework was applied to the 

decision had been made to strengthen the earthquake prone building.  The framework 

was thus tested by examining whether the framework was able to illustrate and 

represent the building owner‟s decision-making process and thereby provide, in 

hindsight, an audit trail of the process.  The feedback from the different departments of 

the building owner‟s organisation suggested that the framework is competent for the 

task and they will be encouraging its application in similar future projects in the 

organisation. 

 

9.2.1 The advantages of the decision framework 

 

The decision framework developed and applied in the current research is based on the 

knowledge of Value-focused thinking Decision Analysis.  Thus, some of the advantages 
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of the decision framework are inherited from the characteristics of Decision Analysis.  

Other advantages of the decision framework are derived from the appropriate match 

between the method and the decision problem.  These advantages, as discussed in this 

section, are derived from the application process and the feedback from building owners 

and interested parties. 

1.  The ability of „decomposing‟ the interdisciplinary decision problem. 

The decision framework is able to divide the complicated decision problem of seismic 

mitigation into smaller parts by using the four-step methodology of Decision Analysis.  

All these smaller parts of the decision problem can then be analysed separately.  

Decision Analysis provides a formal mechanism for integrating the logic of the axioms 

to evaluate and rank the alternatives based on the results of the smaller parts analysis.  

This characteristic provides two significant advantages to assist with the decision 

making.  At first, when the decision problem is too complicated, it thus overwhelms 

building owners‟ ability and desire to conquer the problem.  The decision problem 

might never be solved and the substandard buildings would remain as risks.  Secondly, 

as the feedback in Case Study 5 suggests, once the „big‟ decision problem is divided 

into smaller decision problem, it facilitates and speeds up the data collection. 

2.  The ability of explicating fundamental objectives. 

Without the development of an objective hierarchy, the building owners are confined by 

the considerations of the decision environment, as illustrated in Chapter 5.  These key 

considerations normally have an impact on each other and are intertwined.  Thus, it is 

very difficult to have a clear picture of the alternatives and the trade-offs.  The objective 

hierarchy assists building owners to explicate the fundamental objectives they would 

like to achieve.  When developing the objective hierarchy properly and carefully, not 

only the fundamental objectives appear, but new alternatives may appear as well, as 

illustrated in Case Study 4. 

3.  The ability to quantify the attributes 

As discussed in Section 9.3.1, there are intangibles which need to be measured in the 

seismic mitigation implementation decision problem.  It is difficult to measure these 

intangibles, but they are normally critical factors in the decision problem.  The main 

reason that building owners have difficulty in applying the recommended method, a 

Cost Benefit Analysis, is that it is impossible to quantify the intangible benefits, such as 
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having a safe building for the congregation, or have a building suitable for 

contemporary requirements, as discussed in Chapter 6.  The introduction of single 

dimensional attribute value function in Decision Analysis makes it possible to quantify 

both tangible and intangible attributes. 

4.  The ability of prioritizing the objectives 

Among the fundamental objectives, some objectives matter more than others from 

building owner‟s point of view.  The weight attached to each attribute is a simple way to 

quantify the priority of the objectives.  The ratio method of determining the weight 

assists building owners to prioritize the objectives they would like to achieve.  The 

building owners felt it was easy to use the method and it made the determination of 

weight simple and straightforward, as suggested in Case Study 5. 

5.  The ability to facilitate the communication 

As discussed in Section 9.3.1, there are many affected groups and interested parties 

involved in the decision-making process.  Their attitudes and values differ greatly.  

Legally, it is the building owners‟ responsibility to communicate with these groups and 

parties so that a satisfactory decision can be reached.  The audit trail derived from the 

process of exercising the method of Decision Analysis can help the communication 

between the various affected groups and multiple decision-makers.  As illustrated in 

Case Study 5, the audit trail might facilitate a better understanding of the decision for 

the Councillors who were not involved in the whole decision-making process.  

Sensitivity analysis is the other tool to assist communication.  In the case of affected 

groups with different priorities for the objectives to be achieved, a sensitivity analysis of 

the weight could explain the impact the specific attribute has on the final decision.  A 

range of weight that would not influence the rank of the alternatives can be determined 

by sensitivity analysis.  Further discussion of the possibility of the weight falling out of 

the range can be carried out, if it is a concern.  Through sensitivity analysis, equity 

concerns in relation to decision problem can also be addressed. 

6.  The ability to guide data collection 

The decision problem of seismic mitigation implementation has its interdisciplinary 

substance.  Because of the breadth of concerns involved in this specific decision 

problem, there are no overall experts.  The decision framework decomposes the decision 

problem into smaller manageable problems in one specific area.  Therefore, the data of 
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individual problem can be collected.  Furthermore, decision makers are able to identify 

the attributes that are important for decision-making through the exercise in determining 

single dimensional attribute value functions and weights for each attribute.  Thus, 

decision makers can decide whether the existing data is adequate for making an inform 

decision.  If the answer is negative, then decision makes are able to allocate limited 

resources, such as time and costs, to important data collection. 

In accordance with the advantages the decision framework can provide, it is ascertained 

that Decision Analysis is a much better and more appropriate method to assist building 

owners than Cost Benefit Analysis.  Decision Analysis is able to account for the 

intertwined features of the decision problem.  Thus, this method should be applied to 

assist New Zealand building owners to make an informed decision. 

 

9.3 Contributions 

 

The aim of this research is to determine a method of assisting building owners to make 

informed decisions regarding seismic mitigation of their substandard buildings.  The 

substantive review and insights gained through application of the decision framework 

illustrate that a decision framework, based on the theory of value-focused thinking 

Decision Analysis, can consider the factors of the decision environment and 

accommodate the decision-makers‟ value  and thus improve the decision quality.  This 

project is believed to have made a number of contributions to the building owners and 

other mitigation actors. 

 

9.3.1 Building owners 

 

The following contributions to building owners arise directly or indirectly from this 

study: 

 The choice of a decision framework helps to articulate the decision problem, 

including the objectives and alternatives.  By articulating the decision problem, the 
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decision-makers are able to clarify their thoughts and communicate the problem 

efficiently. 

 Those building owners interviewed in this study indicated that they were more 

likely to follow their instinct when making decisions, while, at the same time feeling 

uncomfortable about doing so.  The reported discomfort applied to the potentially 

significant consequences of a decision on seismic mitigation, such as high costs, 

decades of potential occupancy or site-use in the life span for a building, and 

impacts or perceptions about community safety.  With the aid of the decision 

framework, building owners are able to better understand the philosophy and logic 

behind their “instinctual responses” and, therefore, gain greater confidence in the 

decision process. 

 The decision framework helps to allocate the limited resources that may be available 

to inform a decision, by ensuring that the key objectives are identified and 

prioritised.  In addition, any information required for further consideration and 

analysis is identified.   

 When a decision problem is solved by the decision framework, the building owner 

can review the decision using the audit trail the framework provides.  In hindsight, 

the information gained through the review can be used to evaluate the quality of the 

decision.  The lessons learned through this exercise would build up the building 

owner‟s confidence and, thus, make the next decision problem easier to solve. 

 

9.3.2 Other mitigation actors 

 

The results of this research indicate that the decision framework can provide the 

following contribution to the actors involved in implementing seismic mitigation 

 The decision framework can provide a platform for better communication. 

Once building owners can tackle the decision problem by articulating the objectives 

hierarchy they would like to achieve, it is easy for a Territorial Authority to execute 

its earthquake-prone building policy.  It also helps the Territorial Authority to 

explain the situation to the concerned community and related interested parties. 
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 The decision framework can guide involved actors to provide useful information 

and advice. 

The decision framework can assist building owners to identify the gap between the 

existing knowledge and the knowledge to make good decisions regarding their 

earthquake prone buildings.  Thus, by reviewing the framework, it would facilitate 

the Territorial Authority, practical professionals and academic professionals to fill 

this knowledge gap by providing information, advice and/or carrying out further 

research. 

 The decision framework can assist in identifying motivation for seismic mitigation 

implementation. 

The decision framework can help building owners to identify the important 

objectives that they would not like to compromise and the objectives that they 

would like to yield to achieve other factors.  Central and local government can 

examine these factors and thus establish a list that would encourage building owners 

to implement the strengthening work and thus speed up the transition toward a safer 

built environment. 

 

9.4 Limitations 

 

One of the difficulties in applying decision analysis is to identify the real decision 

makers.  In projects involving implementation of seismic mitigation, there is normally a 

panel that makes the final decisions.  When applying the decision framework in a real-

life project, the related personnel were identified as the decision-maker instead of the 

panel, since it is difficult to consult each one on a panel for data at every stage.  

However, this limitation is adjusted by consulting the personnel who were able to 

balance the comments from the whole panel. 

Another limitation in decision framework application is the variable time frame for 

implementing strengthening in accordance with the various earthquake prone building 

policies as enforced by Territorial Authorities.  Territorial Authorities normally allow 

staged timeframes to strengthen earthquake prone buildings, which gives building 

owners between 5 and 20 years to undertake strengthening work.  The decision 
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framework does not consider the sequential decisions in conjunction with the resolution 

of uncertainties over time. 

Another general limitation is the related difficulty involved in communicating the 

process and results of the model‟s application to those unfamiliar with the methodology.  

The complexity of the model can be overwhelming to the uninitiated and untrained.  

This will be especially true where there are many variables and interrelationships.  The 

main reason for this limitation is the decision model was developed using MS Excel.  

The researcher has limited time and resource to develop a user-friendly interface.  

Building owners, who are not familiar with Decision Analysis, would find it 

complicated and mathematical.  It requires expert assistance for building owners to use 

the model.  Once building owners are familiar with the methodology and the philosophy 

behind the value function, it would be a usable decision aid.  Also, taking advantage of 

a mature interface from on-shelf decision making software, such as MindDirect and 

Expert Choice, would significantly enhance the usability of the model.  Identifying 

appropriate on-shelf software can be a part of future work following the selecting 

criteria introduced in Section 3.6. 

 

9.5 Future research 

 

The research presented in this thesis tries to apply an old theory, which is Value-focused 

thinking Decision Analysis, in to a new area, implementing seismic mitigation.  The 

aim is to demonstrate that a simple technique, when applied appropriately, can help 

decision makers to make a more informed decision in a sophisticate decision context.  

For now, the research focuses to test the ability of applying the method to seismic 

mitigation decision problem.  Many assumptions, such as preferential independence, are 

introduced through the process without looking at other options.  The project provides a 

foundation for further work on both the substantive issue of seismic mitigation 

implementation and the methodological approaches associated with Decision Analysis. 
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9.5.1 Decision Context 

 

As discussed in the cross-cases analysis, it is noticed that to categorise the complicated 

decision context into several key considerations is extremely difficult.  The main reason 

is that these considerations are intertwined and are not interdependent from each other, 

as explained in Section 5.4.3 Chapter 5.  Furthermore, as reported in Case Study 4 and 

Case Study 5, some of the factors that Building Owners considered through the process 

could not be grouped into any of the considerations identified in the interview results.  

This suggests that further investigation is necessary to capture more considerations so 

that the context of the decision problem can be fully grasped.  It also helps Building 

Owners to identify the fundamental objectives they would like to achieve through the 

seismic mitigation projects.  A constructivist paradigm would be useful to identify the 

key considerations. 

 

9.5.2 Fundamental objectives 

 

The findings of the characteristics of the decision problem in both Case Study 4 and 5 

suggest that the objectives building owners would like to achieve through the project are 

the most powerful determinants for the final decision.  Therefore, the traditional 

alternative-oriented evaluation method is not appropriate to evaluate the decision 

situation and thus aid building owners to make a decision.  The value-focused thinking 

must be promoted to building owners.  Feedback from participants in the modelling 

exercises of Case Study 5 suggests that a list of the top twenty factors commonly 

considered by building owners would be a major component of an ideal user-friendly 

model.  Therefore, future research on comparing the considerations discussed in the 

case studies, such as linking to some form of cognitive map and identifying 

fundamental objectives in accordance with different building ownership categories 

would be helpful for building owners to articulate their objective hierarchy under 

different circumstances.  This would lead building owners to examine their current 

decision environment and critically investigate whether all the possible objectives are 

being considered. 
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9.5.3 Other Decision Analysis Methods 

 

There is a wide range of methodological issues related to Decision Analysis modelling 

to be researched in future.  Such work should address the limitation of the decision 

framework developed in this report.   

Kahneman and Tversky (Kahneman and Tversky 1979) and more recently Bazerman 

(Bazerman and Moore 2009) have demonstrated the advantages of Prospect Theory 

over Utility Theory for explaining how decision makers react to risk.  They post that a 

decision maker can be both risk averse and risk seeking depending on the situation.  In a 

loss situation, decision makers tend to be risk seeking, while in a savings or gains 

situation, they tend to be risk averse.  Using this framework, the apparently contrary 

behaviours of the building owners studied in the case studies, such as MIT (Case study 

1) and Wellington City Council (Case study 5) on the one hand, and St Augustine‟s 

(Case study 2) on the other, can both be explained.  Prospect Theory could be a most 

useful adjunct to the Decision Analysis methodology to understand how the building 

owners are viewing the situation, and by understanding their frame of reference, better 

outcomes may be possible.  Future research can focus on exploring this framework as a 

means of understanding building owners‟ perspectives better.  Prospect Theory can be 

utilised to make sense of the individual building owners‟ actions and guide decisions. 

The use of Decision Analysis relies fundamentally on expected values (EV) and 

expected utilities (EU).  It is widely acknowledge that such techniques are valid for a 

large number of independent decisions (Ang and Tang 1984; Jordaan 2005; Murphy and 

Winkler 1977).  However, for any particular decision, the EV or EU will never occur.  

Instead the decision maker faces a set of outcomes, each with probabilities.  Therefore, 

expected value is not an appropriate criterion for one-off decision, such as building 

owners who owns only one substandard building.  The research aim of this thesis is to 

identify a decision making support method to assist individual building owners, not for 

insurance companies or society as a whole.  For building owners who own a portfolio of 

building, EV would be highly appropriate.  But for owners with one building, the 

appropriateness of using expected value/utility for such one-off decisions is limited.  

Future research should address this concern and explore several alternative ways of 

dealing with such situations.  Firstly, decision criteria such as Maximax (or Minimin), 
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Minimax (Maximin), and maximum likelihood can be used (Targett 1983).  Secondly, a 

payoff or probability table for laying out the probabilities of the various possible 

outcomes under the chosen alternative can be employed (Targett 1996).  This makes the 

risk involved in the „best decision under EV‟ transparent to decision makers. 

New trends and developments, such as Decision Conferencing and Real Options in 

operational research should be embraced to improve the decision framework.  Decision 

Conferencing is most often applied in combination with multiattribute value models, 

which utilise Decision Conferencing.  It is an intensive computer-assisted group 

meeting focused on a specific decision problem and utilises outside facilitators skilled 

in a Decision Analysis and group facilitation techniques.  This could help building 

owners to generate and evaluate alternatives in a structured fashion, and use real-time 

quantitative models to help the decision panel reach consensus on a preferred alternative.  

Real Options can be used to consider the staged timeframe building owners have 

defined in the earthquake prone building policy.  It can address the importance of 

modelling sequential decisions in conjunction with the resolution of uncertainties over 

time.  A commercially-developed Decision Analysis tool could be explored for a more 

user-friendly decision framework. 

 

9.5.4 Assumptions used in the model 

 

There are several assumptions introduced in this thesis without being verified, such as 

the additive form for the value function (Section 3.5.3.1), scalar utility function (Section 

3.5.3.4), and mutual utility independence (Section 7.4.3.5).   

Three relevant but distinct concepts of preferential independences are ordinal 

preferential independence, cardinal preferential independence, and additive 

independence, ordered from weakest to strongest sets of assumptions (Dyer and Sarin 

1979).  In this thesis, cardinal preferential independence is used as the result of 

assuming tradeoffs between pairs of criteria are independent of performance on other 

criteria.   These independence need to be check in the future research to confirm the 

validity of using additive form for the value function. 

The application of a scalar utility function to a value function is much stronger 

assumption than the assumption of cardinal preferential independence.  It requires 
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separation of risk aversion from trade-off values, and assumes that the same risk 

aversion applies to all criteria.   One can certainly construct counter examples in which 

these assumptions would not be valid.  The existing model employs these strong 

assumptions without proper foundation due to the limited resource and time invested in 

this research.  Future research needs to verify these assumptions. 

The mutual utility independence has not been checked in both case study 4 and 5.  This 

is typically a difficult concept to verify methodology wise.  In practice, it will cost 

building owners considerable time and effort to validate the assumption.  As reported in 

case study 5, building owners found the model is not user-friendly.  The main reason of 

this concern is the complexity of the mathematics involved in the value function and 

utility calculations.  Without the independence check, the building owners already 

found it is difficult to follow the model.  It is concerning that with more data collection 

and more mathematic calculation building owners would be discouraged from using the 

decision model.  Future research can address this issue and look at how to validate the 

assumptions efficiently without hindering the usage of the decision model. 

 

9.5.5 Consolidation with other research results 

 

Furthermore, as mentioned in Section 8.5, the users of case study 5 suggests that while 

the method was efficient and helped them see the whole and build consensus, it was 

overly complicated and mathematical and they could not see themselves using it.  It 

requires an expert to construct and use the model.  From the researcher‟s point of view, 

if the model cannot be used by building owners without the expert assistance, building 

owners are not tend to use it to aid the decision making.  Therefore, to improve the user-

friendliness is essential to prompt this decision model.  

One of the methods to improve the user ability of the model is to simplify the procedure 

of identifying the fundamental objectives.  This can be addressed in the future research 

as stated in Section 9.5.2.  It can also be achieved by consolidating with research results 

by other PhD students on the Seismic Retrofit Solution project.  One result can be 

connect to this research is the motivation model developed by Temitope Egbelakin.  

This model intends to identify the factors affecting motivation for improved seismic 

retrofit implementation.  With the assistance of this model, building owners can 
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understand the motivation regarding the implementation of seismic mitigation project 

and as a result identify the factors of the decision problem. 

The other model which could be combined with the decision framework is Cost 

Modelling of Seismic Rehabilitation of Existing Structures in New Zealand developed 

by Reza Jafarzadeh (details can be found at www.retrofitcost.net).  Since the factor of 

total costs is always a consideration in relation to the fundamental objectives in the 

decision problem, as suggested in Section 8.6, it is essential to provide building owners 

with a proper estimation of retrofitting costs.  With this model to be utilized in 

conjunction with the decision framework, building owners are then able to investigate 

the decision in at a tactical level to determine the retrofitting costs of various retrofitting 

methods.  This model would also reduce the uncertainty of the costs data input in the 

decision framework. 

It is hopeful with the effort of recommended future research the decision model would 

be more validate with improved usability.  Therefore, the decision analysis model can 

be widely and easily used by building owners. 

 

The insights from various perspectives have proven particularly fruitful for studying 

building owners‟ decision environment and decision-making process with respect to 

seismic mitigation implementation.  By determining the key considerations in the 

decision environment, the difficulties for building owners when making a decision 

about whether to implement seismic rehabilitation of their substandard buildings are 

identified.  In order to gain a deeper understanding of the complex issues related to the 

decision problem, the characteristics of decision-making process in a project 

environment are identified through case studies.  With this knowledge, the decision 

support framework developed based on Value-Focused Thinking Decision Analysis is 

applied to real life project to demonstrate that it is the appropriate method of assisting 

building owners to make informed decisions in implementing seismic mitigation of their 

substandard buildings.  The feedback from the users demonstrates the advantages the 

decision framework can provide.  The common features of the decision problem in 

seismic mitigation implementation uncovered through the application of the decision 

support framework further proves its potential in promoting its utilisation in a large 

scale. 
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In the future, it may be possible to see the decision framework is used in large amount 

of projects across different groups of building owners in New Zealand.  Building 

owners with substandard buildings are able to gain the insight into the decision problem 

through the exercise of Decision Analysis, and thus deal with decision problem and 

make decision to improve the building performance.  With the assistance of the decision 

framework, it is probable to accelerate the progress of implementing seismic retrofitting 

of substandard buildings, thus, reduce the risk to the public and the community posed 

by substandard buildings. 
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Appendix B: Case Study Protocol 

 

A.  Overview of the Case Study Project 

1.  Seismic Retrofit Solutions 

2.  Research aim and objectives 

3.  Research design framework 

4.  Role of protocol (as a standardized agenda for the researcher‟s line of inquiry) 

 

B.  Data collection procedures 

Names of projects to be visited (including contact persons) 

Data collection plan (dates, how long is the interview) 

Preparation prior to site visits (retrieve council files, background of the project, etc) 

 

C.  Case study questions 

Project background 

What was the trigger for the project? (Legislation? Structural failure? Change of use?) 

How was the structural itself? (Sound performance? Earthquake risk? Earthquake 

prone?) 

What was the character of the building? (Any heritage value? Emotional value attached 

to it?) 

The decision environment 

What was the decision making process? (Any resource consent application? Building 

consent application? Environment court?) 

What information was gathered through the process? (Engineer report? Quantity survey 

report? Traffic? Architect?) 

What was the most preferred plan? (Is the implementation plan the favourite one? If not, 

what was the favourite one? Why it was not carried out? What are the constraints?) 

Alternatives 

What alternatives have considered? 

Why some of them were not considered? (Not practical? Why not?) 

Analysis of alternatives 

What analysis methods were employed to evaluate the alternatives? 
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Were these methods used during the process? (Life cycle costing, Cost benefit ratio, 

Decision making tools?) 

Decision making process 

Who was/were the main decision maker/s? 

Were the stakeholders involved? (Who are they? Any input?) 

Was the community involved? (In which stage? Any input?) 

Final decision 

After the project‟s completion, was/were the main decision maker/s happy with the 

outcome? 

If there is a chance to reconsider the project, will the same scheme be selected? Or 

anything will be done in a different way? 

Were the stakeholders satisfied with the implementation? 

Was the community satisfied with the implementation? 

 

D.  Outline of case study report 

Project background 

Site description 

Alternatives 

Decision 

Discussion 
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Appendix C:  Sensitivity Analysis of Risk Tolerance 
(Case Study 4) 

 

Multiattribute 

Risk Tolerance 
Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 

0.63 0.48 0.80 0.53 0.65 0.25 

0.70 0.47 0.79 0.51 0.63 0.24 

0.80 0.45 0.77 0.49 0.61 0.22 

0.90 0.43 0.76 0.47 0.59 0.21 

1.00 0.42 0.75 0.46 0.58 0.21 

1.10 0.41 0.74 0.45 0.57 0.20 

1.20 0.40 0.73 0.44 0.56 0.19 

1.30 0.39 0.72 0.43 0.55 0.19 

1.40 0.39 0.72 0.43 0.54 0.19 

1.50 0.38 0.71 0.42 0.54 0.18 

1.60 0.38 0.71 0.41 0.53 0.18 

1.70 0.37 0.71 0.41 0.53 0.18 

1.80 0.37 0.70 0.41 0.52 0.17 

1.90 0.36 0.70 0.40 0.52 0.17 

2.00 0.36 0.70 0.40 0.52 0.17 

2.10 0.36 0.69 0.40 0.51 0.17 

2.20 0.36 0.69 0.39 0.51 0.17 

2.30 0.35 0.69 0.39 0.51 0.17 

2.40 0.35 0.69 0.39 0.51 0.17 

2.50 0.35 0.69 0.39 0.50 0.16 

2.60 0.35 0.68 0.39 0.50 0.16 

2.70 0.35 0.68 0.39 0.50 0.16 

2.80 0.35 0.68 0.38 0.50 0.16 

2.90 0.34 0.68 0.38 0.50 0.16 

3.00 0.34 0.68 0.38 0.50 0.16 

3.10 0.34 0.68 0.38 0.49 0.16 

3.20 0.34 0.68 0.38 0.49 0.16 

3.30 0.34 0.67 0.38 0.49 0.16 

3.40 0.34 0.67 0.38 0.49 0.16 

3.50 0.34 0.67 0.38 0.49 0.16 

3.60 0.34 0.67 0.37 0.49 0.16 

3.70 0.34 0.67 0.37 0.49 0.16 

3.80 0.34 0.67 0.37 0.49 0.16 

3.90 0.33 0.67 0.37 0.49 0.16 

4.00 0.33 0.67 0.37 0.49 0.16 

4.10 0.33 0.67 0.37 0.48 0.15 

4.20 0.33 0.67 0.37 0.48 0.15 
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Multiattribute 

Risk Tolerance 
Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 

4.30 0.33 0.67 0.37 0.48 0.15 

4.40 0.33 0.67 0.37 0.48 0.15 

4.50 0.33 0.67 0.37 0.48 0.15 

4.60 0.33 0.67 0.37 0.48 0.15 

4.70 0.33 0.66 0.37 0.48 0.15 

4.80 0.33 0.66 0.37 0.48 0.15 

4.90 0.33 0.66 0.37 0.48 0.15 

5.00 0.33 0.66 0.37 0.48 0.15 

5.10 0.33 0.66 0.37 0.48 0.15 

5.20 0.33 0.66 0.36 0.48 0.15 

5.30 0.33 0.66 0.36 0.48 0.15 

5.40 0.33 0.66 0.36 0.48 0.15 

5.50 0.33 0.66 0.36 0.48 0.15 

5.60 0.33 0.66 0.36 0.48 0.15 

5.70 0.33 0.66 0.36 0.48 0.15 

5.80 0.33 0.66 0.36 0.48 0.15 

5.90 0.32 0.66 0.36 0.48 0.15 

6.00 0.32 0.66 0.36 0.48 0.15 

6.10 0.32 0.66 0.36 0.47 0.15 

6.20 0.32 0.66 0.36 0.47 0.15 

6.30 0.32 0.66 0.36 0.47 0.15 

6.40 0.32 0.66 0.36 0.47 0.15 

6.50 0.32 0.66 0.36 0.47 0.15 

6.60 0.32 0.66 0.36 0.47 0.15 

6.70 0.32 0.66 0.36 0.47 0.15 

6.80 0.32 0.66 0.36 0.47 0.15 

6.90 0.32 0.66 0.36 0.47 0.15 

7.00 0.32 0.66 0.36 0.47 0.15 

7.10 0.32 0.66 0.36 0.47 0.15 

7.20 0.32 0.66 0.36 0.47 0.15 

7.30 0.32 0.66 0.36 0.47 0.15 

7.40 0.32 0.66 0.36 0.47 0.15 

7.50 0.32 0.66 0.36 0.47 0.15 

7.60 0.32 0.66 0.36 0.47 0.15 

7.70 0.32 0.66 0.36 0.47 0.15 

7.80 0.32 0.65 0.36 0.47 0.15 

7.90 0.32 0.65 0.36 0.47 0.15 

8.00 0.32 0.65 0.36 0.47 0.15 

8.10 0.32 0.65 0.36 0.47 0.15 

8.18 0.32 0.65 0.36 0.47 0.15 
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Appendix D: Sensitivity Analysis of Risk Tolerance 
(Case Study 5) 

 

Multiattribute 

Risk Tolerance 
Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 

0.20 0.89 0.95 0.97 0.96 0.96 

0.40 0.72 0.83 0.88 0.85 0.84 

0.60 0.63 0.76 0.82 0.78 0.77 

0.70 0.61 0.74 0.80 0.76 0.75 

0.80 0.59 0.72 0.79 0.74 0.73 

0.90 0.57 0.70 0.77 0.72 0.72 

1.00 0.56 0.69 0.76 0.71 0.71 

1.10 0.54 0.68 0.75 0.70 0.70 

1.20 0.54 0.67 0.75 0.70 0.69 

1.30 0.53 0.66 0.74 0.69 0.68 

1.40 0.52 0.66 0.74 0.68 0.68 

1.50 0.52 0.65 0.73 0.68 0.67 

1.60 0.51 0.65 0.73 0.67 0.67 

1.70 0.51 0.64 0.72 0.67 0.66 

1.80 0.50 0.64 0.72 0.66 0.66 

1.90 0.50 0.64 0.72 0.66 0.66 

2.00 0.49 0.63 0.71 0.66 0.65 

2.10 0.49 0.63 0.71 0.66 0.65 

2.20 0.49 0.63 0.71 0.65 0.65 

2.30 0.49 0.63 0.71 0.65 0.65 

2.40 0.48 0.62 0.70 0.65 0.64 

2.50 0.48 0.62 0.70 0.65 0.64 

2.60 0.48 0.62 0.70 0.64 0.64 

2.70 0.48 0.62 0.70 0.64 0.64 

2.80 0.48 0.62 0.70 0.64 0.64 

2.90 0.48 0.62 0.70 0.64 0.64 

3.00 0.47 0.61 0.70 0.64 0.63 

3.10 0.47 0.61 0.69 0.64 0.63 

3.20 0.47 0.61 0.69 0.64 0.63 

3.30 0.47 0.61 0.69 0.64 0.63 

3.40 0.47 0.61 0.69 0.63 0.63 

3.50 0.47 0.61 0.69 0.63 0.63 

3.60 0.47 0.61 0.69 0.63 0.63 

3.70 0.47 0.61 0.69 0.63 0.63 

3.80 0.47 0.61 0.69 0.63 0.63 

3.90 0.46 0.60 0.69 0.63 0.62 

4.00 0.46 0.60 0.69 0.63 0.62 

4.10 0.46 0.60 0.69 0.63 0.62 

4.20 0.46 0.60 0.69 0.63 0.62 

4.30 0.46 0.60 0.68 0.63 0.62 

4.40 0.46 0.60 0.68 0.63 0.62 

4.50 0.46 0.60 0.68 0.63 0.62 

4.60 0.46 0.60 0.68 0.63 0.62 
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Multiattribute 

Risk Tolerance 
Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 

4.70 0.46 0.60 0.68 0.62 0.62 

4.80 0.46 0.60 0.68 0.62 0.62 

4.90 0.46 0.60 0.68 0.62 0.62 

5.00 0.46 0.60 0.68 0.62 0.62 

5.10 0.46 0.60 0.68 0.62 0.62 

5.20 0.46 0.60 0.68 0.62 0.62 

5.30 0.46 0.60 0.68 0.62 0.62 

5.40 0.46 0.60 0.68 0.62 0.62 

5.50 0.46 0.60 0.68 0.62 0.62 

5.60 0.46 0.60 0.68 0.62 0.62 

5.70 0.45 0.60 0.68 0.62 0.62 

5.80 0.45 0.59 0.68 0.62 0.61 

5.90 0.45 0.59 0.68 0.62 0.61 

6.00 0.45 0.59 0.68 0.62 0.61 

6.10 0.45 0.59 0.68 0.62 0.61 

6.20 0.45 0.59 0.68 0.62 0.61 

6.30 0.45 0.59 0.68 0.62 0.61 

6.40 0.45 0.59 0.68 0.62 0.61 

6.50 0.45 0.59 0.68 0.62 0.61 

6.60 0.45 0.59 0.68 0.62 0.61 

6.70 0.45 0.59 0.68 0.62 0.61 

6.80 0.45 0.59 0.68 0.62 0.61 

6.90 0.45 0.59 0.68 0.62 0.61 

7.00 0.45 0.59 0.68 0.62 0.61 

7.10 0.45 0.59 0.67 0.62 0.61 

7.20 0.45 0.59 0.67 0.62 0.61 

7.30 0.45 0.59 0.67 0.62 0.61 

7.40 0.45 0.59 0.67 0.62 0.61 

7.50 0.45 0.59 0.67 0.62 0.61 

7.60 0.45 0.59 0.67 0.62 0.61 

7.70 0.45 0.59 0.67 0.61 0.61 

7.80 0.45 0.59 0.67 0.61 0.61 

7.90 0.45 0.59 0.67 0.61 0.61 

8.00 0.45 0.59 0.67 0.61 0.61 

9.00 0.45 0.59 0.67 0.61 0.61 

10.00 0.45 0.59 0.67 0.61 0.61 

11.00 0.44 0.58 0.67 0.61 0.61 

12.00 0.44 0.58 0.67 0.61 0.60 

13.00 0.44 0.58 0.67 0.61 0.60 

14.00 0.44 0.58 0.67 0.61 0.60 

15.00 0.44 0.58 0.67 0.61 0.60 

20.00 0.44 0.58 0.66 0.61 0.60 

30.00 0.44 0.58 0.66 0.60 0.60 

40.00 0.44 0.58 0.66 0.60 0.60 

50.00 0.44 0.58 0.66 0.60 0.60 

80.00 0.43 0.58 0.66 0.60 0.60 

100.00 0.43 0.57 0.66 0.60 0.60 

200.00 0.43 0.57 0.66 0.60 0.59 
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Multiattribute 

Risk Tolerance 
Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 

300.00 0.43 0.57 0.66 0.60 0.59 

400.00 0.43 0.57 0.66 0.60 0.59 

500.00 0.43 0.57 0.66 0.60 0.59 

600.00 0.43 0.57 0.66 0.60 0.59 

700.00 0.43 0.57 0.66 0.60 0.59 

800.00 0.43 0.57 0.66 0.60 0.59 

900.00 0.43 0.57 0.66 0.60 0.59 

1000.00 0.43 0.57 0.66 0.60 0.59 

2000.00 0.43 0.57 0.66 0.60 0.59 

5000.00 0.43 0.57 0.66 0.60 0.59 

10000.00 0.43 0.57 0.66 0.60 0.59 

50000.00 0.43 0.57 0.66 0.60 0.59 

100000.00 0.43 0.57 0.66 0.60 0.59 

1000000.00 0.43 0.57 0.66 0.60 0.59 

10000000.00 0.43 0.57 0.66 0.60 0.59 

100000000.00 0.43 0.57 0.66 0.60 0.59 

1000000000.00 0.43 0.57 0.66 0.60 0.59 

 

 

 

 

 


