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Introduction 

Welcome to the 2020 APRU Sustainable 

Cities and Landscapes Conference and 

PhD Symposium 

By 2050, urban areas will account for nearly two 

thirds of the global population and create three-

quarters of the world’s emissions. 

In the face of unprecedented population growth 

and climate change, we need to better 

understand and manage the interconnections 

between cities and their surrounding ecology. We 

cannot ignore that our cities are inextricably 

linked and a part of nature, not separate from it. 

Understanding the interconnection between 

human activity, resource use, biodiversity 

protection and the interdependence between 

cities themselves is essential to solve the critical 

sustainability issues facing the Pacific Rim, one of 

the world’s most rapidly urbanizing regions. 

Here, interconnection is key to solving critical 

sustainability issues, including supplying 

adequate food, water and energy, while 

preserving vulnerable populations, including 

indigenous communities and ecosystems. 

The Association of Pacific Rim Universities 

(APRU), through the Sustainable Cities and 

Landscapes Hub, seeks to make these 

interconnections and draw on the strengths of 

differences across the region, using different 

viewpoints to solve urban and sustainability 

challenges that transcend city and country 

boundaries. 

The APRU Sustainable Cities and Landscapes 

(APRU-SCL) Conference and PhD Symposium is 

an exciting opportunity for academics, 

practitioners and public officials from different 

disciplines to collaborate on research and 

advocacy projects that foster long-term 

sustainability and resilient city-landscape 

relationships. 

The Conference and PhD Symposium are 

structured around plenary sessions involving 

eminent international and regional speakers and 

panellists, as well as working groups that bracket 

a range of social, economic and environmental 

issues. 

Previous editions of the APRU-SCL Conference 

include: 

The 2017 inaugural conference that was hosted by 

the University of Oregon in Portland, USA; 

The 2018 conference that was hosted by The 

University of Hong Kong, HK; 

The 2019 conference that was hosted by the 

University of New South Wales in Sydney, AU. 

The 2020 Conference is hosted by The University 

of Auckland, NZ, and is organised by the Future 

Cities Research Hub of the School of Architecture 

and Planning. Due the limited possibility of 

travelling across the region resulting from the 

Covid-19 pandemic, the 2020 APRU conference is 

held entirely held online at times that suited all 

regions from the east to the west of the Pacific 

Rim.
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PhD Symposium 

In occasion of the 4th APRU Sustainable Cities and 

Landscapes Conference 2020, the host University, 

in collaboration with the Association of Pacific 

Rim Universities (APRU), promotes an online PhD 

Symposium organised in collaboration with the 

Future Cities Research Hub of the School of 

Architecture and Planning at the University of 

Auckland. 

The Symposium takes place on Monday 14 and 

Tuesday 15 December 2020 and is entirely 

organised online. Accepted PhD students will 

have the opportunity to attend the whole 

conference too and to join a Working Group based 

on their research focus and interest.  

The Symposium provides PhD students with 

opportunities to present their research work 

related to the topics of the APRU Sustainable 

Cities and Landscapes Hub (SCL) and to the United 

Nations Sustainable Development Goals (SDGs). A 

reflection on the implications of Covid-19 

pandemic on their research needs to be included 

in the papers’ conclusion. 

Students receive high quality feedback and have 

the opportunity to participate in the broader 

conversations of the APRU SCL Working Groups 

during the entire conference. This enables 

doctoral candidates to interact and network with 

eminent researchers from the APRU SCL network. 

The doctoral symposium has the format of a two-

day virtual event, with live presentations of 

doctoral students’ papers, feedback from the 

audience and a workshop session for discussion, 

networking and the development of a final 

document. Students present this collaborative 

document during the conference closing plenary.  

The symposium is open to registered PhD 

students. APRU SCL 2020 conference participants 

and academic staff of the University of Auckland 

are invited to participate as discussants. 

 



PhD Symposium 

 

 

8 

Students presented their research aligned with relevant UN SDGs and one or more of the following 

topics: 
 

 

Children, Youth and 

Environments 

 

This topic explores the role of physical environments in children’s health, wellbeing and 

development, and the relationships between the social and physical environments of 

children’s lives. 
 

 

Food Nutrition Security 
 

This topic looks at how secure are the food systems of cities and their hinterlands, and 

what are some of the environmental and human health and wellbeing consequences of 

their current arrangements. 
 

 

Future Energy Landscapes 
 

This topic investigates which research paths should be prioritized to contribute to the 

achievements of the UN SDG No. 7 (Affordable and Clean Energy) within the Pacific Rim. 
 

 

Indigenous Knowledge and 

Wisdom 

 

This topic addresses sustainability challenges drawing on indigenous worldviews, 

knowledge, approaches, experience and practices. 
 

 

Landscape and Human 

Health 

 

This topic looks at action plans to enhance interactions with the landscape, and 

understanding benefits, by creating greens and vivid environment that reduce stress, 

increase productivity, and enhances good emotion responses. 
 

 

Smart Cities 
 

This topic investigates emerging smart technologies which generate new capacities to 

better understanding management and development of cities. 
 

 

Sustainable urban design 
 

This topic investigates sustainable urban design issues and approaches to better 

understand the particularities of each context as well as help identify more general, 

universally applicable solutions and ways of thinking about urban sustainability. 
 

 

Sustainable urban design 
 

This topic investigates sustainable urban design issues and approaches to better 

understand the particularities of each context as well as help identify more general, 

universally applicable solutions and ways of thinking about urban sustainability. 
 

 

Transitions in urban 

waterfronts 

 

This topic looks at the edge between aquatic and terrestrial ecosystems that has 

shouldered ongoing, significant impacts of urbanization, while also providing sites of 

transformative growth, symbolic inspiration, and reinvention/renewal. 
 

 

Urban-Rural Linkages 
 

This topic investigates cooperative and inclusive planning and governance approaches 

adopted in regions that help strengthen urban-rural linkages as nonlinear, diverse urban-

rural interactions and linkages across space within an urban-rural continuum. 
 

 

Vulnerable Resilient and 

Climate Justice 

Communities 

 

This topic is focused on resilience and climate justice and investigates the theory of 

resilience and vulnerability in community and economic development. 

 

 

Water and Wastewater 
 

This topic addresses how wastewater and sanitation services can evolve to be truly 

sustainable. 

 

 
 

 

A reflection on the implications of the Covid-19 pandemic on the research had to be included in the 

papers’ conclusion.
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PhD Symposium Keynote 

Speaker 

 

Prof Bart Johnson 

University of Oregon 

Dr. Bart Johnson is a Professor of Landscape 
Architecture at the University of Oregon. His 
training in agronomy (B.S.), landscape 
architecture (MLA) and ecology (Ph.D.) reflect 
his lifelong passion for learning how to 
integrate people and their use of the land with 
native ecosystems and evolutionary processes. 
His research is collaborative and 
interdisciplinary, with the goal of enhancing 
society’s capacity to adapt and innovate in the 
face climate change and human population 
growth. He believes that solutions must be 
founded in deep knowledge of how earth’s 
ecosystems sustain the foundations of life and 
provide the key to life’s and humanity’s 
resilience. 

He’s been a PI or co-PI on research grants 
totally nearly $10 million U.S. and feels he’s just 
figuring out how to write proposals that get 
funded. 
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The Significance of Outdoor Learning Environments in Innovative 
Learning Environments 

Neda, Afshar F. a*, Andrew, Barrieb  

 
a School of Architecture and Planning, University of Auckland, Auckland, New Zealand 

b School of Architecture and Planning, University of Auckland, Auckland, New Zealand 

* Corresponding author: nfar154@aucklanduni.ac.nz  

 
 
 
 
ABSTRACT 

This paper examines the presently under-developed potential for school grounds to form part of learning 
environments, especially in the pandemic situation, when the schools face difficulties accommodating 
students in indoor classrooms. The article attempts to provide a connection between Outdoor Learning 
Environments (OLE) and Innovative Learning Environments (ILE), proposing Outdoor Innovative Learning 
Environments (OILE1) on school grounds which can be used effectively by teachers and students. The paper 
includes a brief background of open-air schools as the first generation of OLE, a summary of the positive 
impacts of OLE, the definition of ILE, an ILE spatial typology, and evaluates some OILE examples in school 
grounds. 
 
Keywords: Outdoor Learning Environments (OLE), Innovative Learning Environments (ILE), open-air school, 
Outdoor Innovative Learning Environment (OILE), COVID-19 

 
 
 
INTRODUCTION 

In recent decades, the shift from traditional and teacher-centred to innovative and student-centred education 
promoted a rapid evolution in the architecture of learning environments. In the 2000s, the Organization for 
Economic Co-operation and Development (OECD) proposed Innovative Learning Environments (ILE) in order 
to update the teaching methods and school design for the 21st century. While the majority of research on ILE 
have focused on classroom design, little attention has been paid to the usage and design of the school 
grounds. Indoor spaces have evolved based on the ILE framework, but the outside areas of schools have not 
noticeably changed. However, there are several reasons for considering Outdoor Innovative Learning 
Environment (OILE) design in schools as a way to contribute to improving learning. Moreover, there is much 
evidence that children's access to nature has decreased in modern societies. The rapid growth of reliance on 

 
1 OILE is the term suggested by the author. 
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technology, screen-based educational methods, and limited land availability are some of the most prominent 
reasons for this decrease. 

Using outdoor areas as an educational environment is not a new concept. The Montessori educational 
approach supports students not being kept in a closed space all the time, arguing instead, they need to be 
inspired by being in natural outdoor environments. The enlightenment philosopher Jean-Jacques Rousseau 
(1712-1778) believed that a child's interaction with the world is a significant importance to their education.  

Moreover, the current situation in schools due to the outbreak of COVID-19 and the pandemic is another 
concern. Many students around the world cannot attend school because it is not easy to control social 
distancing and protocols in the limited and enclosed indoor classrooms. OLE or OILE can be solutions 
(Prakash, 2020) just as open-air schools appeared in the early nineteenth century in response to the spread 
of tuberculosis. 

 

THE BACKGROUND TO THE OPEN-AIR SCHOOL AS THE FIRST OLE 

In the early nineteenth century, to prevent the spread of tuberculosis among the younger generation, the 
"Open-Air Schools" movement developed in Europe (Fesler, 2000). In 1904, a medical doctor, Bernhard 
Bendix, and Hermann Neufert, an educator, launched the first open-air school, the Waldeschule of 
Charlottenburg situated in the woods close to Berlin, Germany (Fesler, 2000). After the publication of the 
results obtained at the Waldeschule Open-Air school at The International Congress of Hygiene, countries such 
as Belgium, Switzerland, England, France, and the U.S.A followed the movement. A few years later, in 1924, 
New Zealand's first open-air school opened in Christchurch; this was called Fendalton Open-Air School, shown 
in Figure one. The school was reported by the former Director of Glasgow Education, John Clark, as being one 
of the best of its kind in the world (Open-Air School's League of NZ, 1931).  

 

Figure 1.  Fendalton Open-Air School (a semi-open structure classroom) in 1924. 

Source: Alexander Turnbull Library Collection, Adapted from (Yusof, 2013). 

 

The Open-Air schools movement necessitated novel school buildings to provide adequate medical 
monitoring added to an adapted pedagogy for healthy students. These structures provided a new 
prophylactic approach for medical researchers to study and a novel teaching experience for educators who 
were enthusiastic about experiencing open-air schools. At that time, the conventional belief was that 
students' welfare needs would be fulfilled by the provision of sufficient sunshine, fresh air, appropriate 
activities, and breaks during school hours. Figure 2 shows some historical photographs of Open-Air schools in 
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Europe, which were located entirely outdoors, such as in the woods or school grounds. In addition to this 
type of Open-Air schools, there were some semi-open classrooms which were called "open window" 
classrooms. In this kind of open-air building, the main architectural idea was to facilitate extended access to 
the outdoors with wide, high windows complemented by appropriate heating systems that allowed air to 
circulate through the open windows. More specifically, in New Zealand, classrooms were designed to be 
north-facing (Yusof, 2013). The windows were designed to allow daylight into the classrooms while preventing 
direct glare from the sun. Windows that faced south in the schools were small and placed high up to prevent 
the room temperature from being affected by cold draughts. On the north wall of the classrooms, a door 
controlled the visual connection of students to the outdoors. In order to allow the circulation of fresh air, all 
the classrooms tended to be separate units connected by open corridors. Walls were warmed to produce dry 
air in the classrooms by either direct fires or electricity (Alsaif, 2014). After a while, Open-Air schools opened 
in other cities in New Zealand, such as Auckland, Hamilton, and Oamaru, by 1928 (Yusof, 2013). In Europe, 
the number of Open-Air schools was also increasing. For instance, 96 open-air schools were active all over 
Britain by 1937. 

 

Figure 2. Historical photographs of Open-Air schools. The top two photographs show open-air classrooms in the middle of the dunes 
in the Netherlands, in 1918 (left-hand photograph) and 1924 (right-hand photograph). Adapted from (Acosta, 2017). The two bottom 
photographs show Open-Air classrooms on school grounds; date and location, unknown. Adapted from Messynessy, 2016. 

Criticism of open-air schools started gradually in the 1930s. In the 1950s, key factors such as the 
inappropriateness of open windowed classrooms in cold areas, the priority for being cost-effective and 
energy-efficient, and the discovery of antibiotics; following World War II, the popularity of Open-Air schools 
declined globally (Encyclopedia, 2004). 

However, as Figure 3 shows, one of the most remarkable open-air schools in Amsterdam (1929–1930), in 
the Netherlands designed by architect Jan Duiker is still in operation. It was renovated in 1955, and in 1986 
the entrance area was altered by architect J.M. Peeters. In the years 1993 and 1994, the original building was 



 

 

 

16 

almost completely restored (Acosta, 2017; ARCAM, n.d.; architectureguide, n.d.). The school has seven indoor 
and five outdoor classrooms. The indoor classrooms have direct access to spacious terraces which are used 
as outdoor classrooms. In 2008 the school won a prize of one million euros for its renovation in a competition 
organised by the AVRO2 . The result of the voting surprisingly showed that 42 per cent of the voters had voted 
for the open-air school. It can be shown that the public has a positive idea about open-air schools. 

Therefore, while the open-air schools movement has gradually disappeared since the 1950s, these days, 
many classrooms still have direct access to outdoor spaces. The use of external space in schools for 
educational activities has gradually become more significant in education. This is especially so when the 
external space has been designed, protected and linked with the school's interior. Many educational practices 
in northern Europe are now based on living in the open air (Rigolon, 2010). 

                                                                 

        

Figure 3. Open Air School, Amsterdam, the Netherlands, by architect Jan Duiker (1929–1930). Adapted from 
www.architectureguide.nl and www.arcam.nl  

 

OUTDOOR LEARNING ENVIRONMENT (OLE) POSITIVE IMPACTS 

In recent years, researchers' attention to the benefits of nature for humans has increased. According to 
numerous studies (Kaplan, 19953; Mitchell & Popham, 20084; Moore & Cosco, 20145), spending time in the 
natural world is recommended for children. Further, some studies reveal that social health, intelligence, and 

 
2 The General Association Radio Broadcasting, abbreviated to AVRO, is a Dutch broadcasting organization. 
3 Kaplan, S. (1995). The RESTORATIVE benefits of nature 
4 Mitchell, R., & Popham, F. (2008). Effect of exposure to natural environment on health inequalities: an observational population study. 
5 Moore, R., & Cosco, N. (2014). Growing Up Green and Healthy: Naturalization as a Health Promotion Strategy in Early Childhood Outdoor Learning 
Environments. 
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creativity of people can be enhanced by spending more time in natural environments (Atchley, Strayer, & 
Atchley, 20126; Frumkin, 20017; Hodson & Sander, 2017a8; Mirrahimi, Tawil, Abdullah, Surat, & Usman, 20119; 
Nedovic & Morrissey, 201310). Beams et al. argue that people are more creative in outdoor spaces because 
of exposure to nature, which helps them engage all the senses to focus more intently (2012).  

More specifically, in education, Knap argued that outdoor learning experiences could support learners in 
expanding their understanding beyond the framed classrooms (Knapp, 1996). For example, science lessons 
such as Physics, Chemistry, Biology, and even Mathematics can be conducted through outdoor activities. 
Students can improve their abilities by experiencing these learning practices (Rickinson, 2001). Another 
interesting finding is that children can better remember their learning practices in an outdoor area in contrast 
with indoor activities (Hewitt, 2015). 

Consequently, extending educational environments to include outdoor spaces has significant positive 
effects on students' well-being and education. Outdoor learning generally takes place in different areas that 
are presented in Figure 411. The nearest outdoor space to classrooms is "school ground" located in the centre 
of outdoor learning zones. 

                                         

Figure 4 The four zones of outdoor learning (Beames, Higgins, & Nicol, 2012) 

 

SCHOOL GROUNDS AS OLE 

The role that the school grounds are able to play as OLE is relatively well recognised (Dyment, 2005; Titman, 
1994; Khan, 2012). There are many learning opportunities for students on school grounds. Most school 
grounds have the educational potential for ecology, culture, and even history (Beames et al., 2012). Many 

 
6 Atchley, R. A., Strayer, D. L., & Atchley, P. (2012). Creativity in the Wild: Improving Creative Reasoning through Immersion in Natural Settings. 
7 Frumkin, H. (2001). Beyond toxicity: Human health and the natural environment. 
8 Hodson, C. B., & Sander, H. A. (2017a). Green urban landscapes and school-level academic performance. 
9 Mirrahimi, S., Tawil, N. M., Abdullah, N. A. G., Surat, M., & Usman, I. M. S. (2011). Developing Conducive Sustainable Outdoor Learning: The Impact 
of Natural environment on Learning, Social and Emotional Intelligence. 
10 Nedovic, S., & Morrissey, A. M. (2013). Calm active and focused: Children’s responses to an organic outdoor learning environment. 
11 The nearest outdoor spaces to classrooms are “school grounds” that are located in the centre of outdoor learning zones. Outside the school grounds 
is the “local neighbourhood”. The local neighbourhood includes the areas that are simply reachable for students by walking, or by bus or train. The 
next zone is called “field trips” or “day excursion”. For day excursions, group transportation is needed because excursions are usually to areas that 
are more distant. The fourth zone consists of residential outdoor places. Students stay away from home overnight because of the expeditions and 
educational trips. Managing the students’ transportation, accommodation, food, and other necessary facilities needs to be done by school staff 
(Beames et al., 2012). 
 

School ground

Local neighbourhood

Day excursion

Overnight stay, residential 
and expedition
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other subjects, such as writing, reading, and mathematics can be taught in outdoor spaces of schools (Grant 
& Littlejohn, 2001; Malone & Tranter, 2003; Thomson & Arlidge, 2000). The broad advantages of using school 
grounds as an outdoor learning environment have been documented in many previous studies, and these 
benefits are comparable with the advantages of education in other kinds of outdoor learning environments, 
such as camps, fields, and zoos (e.g. Eden, 1998; Rahm, 2002; Rickinson et al., 2003).  

Scholars who have studied the capacity of school grounds as outdoor learning environment mainly agree 
that when learning transfers from an indoor space to an outdoor space, pupils find the contexts of education 
more stimulating (e.g. Dyment, 2005; Khan, 2012; Rickinson et al., 2003). Dyment argued that learning 
becomes dynamic when students can touch, hold, smell, and sometimes taste the things they are learning 
from or learning with. Outdoor learning on school grounds can be valuable for stimulating and encouraging 
students who are not very interested in learning in closed classrooms. She argued that education is also 
improved because green school grounds deliver infinite opportunities for students to understand the 
interconnections between their environment and their education (Dyment, 2005).  

The improvement of outdoor spaces in schools has a positive impact on students' productivity, creativity, 
motivation, and health (Beames et al., 2012). Khan and Islam  (2014) also found a positive relationship 
between young students' learning and outdoor learning classrooms. Their study noted that the students' 
academic scores were enhanced after attending lessons in outdoor classrooms. Most recently, Hodson and 
Sander argued the positive and noticeable relationship between study in the outdoors and students' 
academic achievement (2017). The majority of these studies on OLE are in the fields of education and 
psychology. However, these studies can have effects on the design of school grounds; further academic 
research in the architecture of OLE will directly enhance school grounds' design. 

From an economic point of view, the idea of outdoor learning environments could contribute to the reform 
the structure of modern schools. The construction cost for outdoor learning environments is not as high as 
the cost of school buildings. Therefore, facilitating school grounds as a learning environment may be relatively 
cheap compared to renovating indoor classrooms. For instance, indoor ILE requires large spaces for large 
groups of students. High levels of reverberation in such spaces require acoustic solutions which are very 
costly. However, in outdoor spaces these costs are naturally eliminated. Similar to acoustic issues, natural 
light and fresh air are available in open-air spaces and do not require the additional expense of artificial 
lighting and air conditioning. Therefore, designing school grounds as outdoor learning environments can be 
a cost-effective way of extending educational spaces. 

As modern education is generally based on ILE pedagogy, so the design of OLE should follow the ILE 
definitions and criteria.  

 

WHAT IS "INNOVATIVE LEARNING ENVIRONMENTS" (ILE)? 

The term ILE was introduced by the Organization for Economic Co-operation and Development (OECD) in 
order to denote educational ecosystems and flexible learning spaces (OECD, 2013). The ILE was identified by 
the OECD as a practical environment that supports students' learning ability and fulfils 21st century 
educational needs (OECD, 2013). The New Zealand Ministry of Education followed the OECD's definition and 
defined an Innovative Learning Environment (ILE) as an adaptable and flexible learning environment (Ministry 
of Education, 2016). The main definition of ILE that the Ministry and OECD focus on is a learning space which 
is able to develop and change over time to support the evolution of educational practices. Hence, access to 
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resources such as new technologies to improve educational methods plays an important role in their 
definition of ILE. 

In contrast to the OECD's pedagogical approach, ILE is defined in Cleveland's study12 (2011) from an 
architectural perspective. Cleveland (2011) stated that the ILE is an open plan learning space that 
accommodates a large group of students and joint teaching methods, with a range of different activities 
occurring at the same time. Similar to open-plan schools, there are different spaces with varying functions 
such as collaborative learning, silent and wet areas, breakout spaces, as well as covered outdoor spaces. There 
is innovative equipment, including portable white/blackboards, acoustic panels, flexible furniture and 
movable partitions to support the ILE spaces. In ILE, users can change the learning environment design based 
on their needs. 

The Centre of Educational Research and Innovation (CERI) in the OECD (2013) considered four elements 
students, teachers, content, and resources create a template for ILE. In this international research on ILE 
project conducted by the CERI 125 case studies from twenty different countries were carried out. The results 
of this study are quite positive for people who are involved with learning environments; however, architects 
require recognisable design parameters to improve the design of ILE spaces. In another piece of research, 
Osborne (2016) discusses the three key factors of ILE which are valuable for architects in the design of ILE. 
These three factors are Flexibility, Openness, and Access to resources. Flexibility means that learning space 
can accommodate several classrooms for collaborative teaching and at the same time, split a big classroom 
into smaller groups when needed. Openness can be defined as fewer walls and borders in the learning 
environment for a freestyle classroom. The term 'access to resources' relates to technology and internet 
facilities, rather than to architectural design (Wilson, 2015). 

 

ILE SPATIAL TYPOLOGY 

Since ILE education differs from the traditional methods, learning environment design has been transformed. 
The current learning environments are not formed by rows of comparable square classrooms. They are 
divided into various areas with different shapes and settings. 

According to Gibson's affordance theory, an environment must afford the functions that are essential for 
users; it has to provide for required activities conducted there (Clark & Uzzell, 2006). Therefore, pedagogy 
and frequent educational activities influence the spaces categories. Fisher (2005) also investigated the 
relationship between spaces and pedagogy. There has been much study on what different spaces ILE schools 
need (Dovey & Fisher, 2014, Settings for Learning: Identifying New Approaches Architecture and Design 
Scotland, 2015, O'Reilly, 2016, Fisher, 2005, Nair, Fielding, & Lackney, 2020). The ILE spaces are categorised 
into nine main areas, as Table 1 shows. The ILE school plans and previous research on ILE spaces are studied 
in my thesis to suggest this ILE Spatial typology in Table 2. 

 

 

 

 
12 Cleveland’s PhD thesis was a part of an interdisciplinary research project on the disciplines of architecture, education and human geography. He 
submitted his thesis in 2011 in Faculty of Architecture, Building and Planning, the University of Melbourne. 
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ILE Spatial typology Definition, Pedagogical activities, 
and affordances 

Size & Features 

Private room (silent area, cave) 

Figure 5. Private room, Hobsonville 
Point Primary School, Auckland, 
photo by author 

The private room is a place to think, 
to concentrate, and to deliberate. 
So they are often enclosed spaces, 
located separately from other 
communal rooms. They have clear 
borders. It should afford a quiet 
setting for working, studying, 
reproduction, or even resting. 

Individual and Small group size 

  

Attached comfortable features 
for sitting, reading, and writing 
or having a rest. 

Teaching area (Group learning 
space)  

A group learning area supports 
group teaching and more formal 
learning, which means teachers 
teach and students listen to learn. It 
is nearly comparable to traditional 
classrooms. That is why I called it 
the "teaching area." 

 

It is also suitable for a meeting or 
team or solo working for staff to 
prepare the teaching materials. It is 
a collaborative place for teachers 
and a learning space for students. 

Large group size 

 

Attached display surfaces, 
features for teaching, sitting, 
and working. 

 

Access to resources and 
technology is essential. 

Collaboration area 

(It is also learning space but more 
modern with the indirect teacher's 
supervision) 

The collaboration area supports 
developing teamwork, creativity, 
and inspiration. 

This space should offer group 
working, moving around, laying 
down, sitting, standing. 

Large and medium group size  

 

Attached freestyle decorations, 
seats, tables, smooth surfaces, 
movable boards, display 
surfaces. 
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Figure 6. Collaboration area, 
Hobsonville Point Primary School, 
Auckland, photo by author 

Access to resources, technology, 
and areas to put models and to 
show ideas are essential. 

Presentation area The presentation area allows 
exercising and sharing learnt skills 
and knowledge with other 
students, teachers and the public. 

This area enables persons or groups 
to reveal their working outcomes 
and receive feedback. 

This space is enclosed and 
separated from other rooms with 
borders. 

Large group size 

 

attached features for sitting 
audiences, a presentation board 

 

Access to resources and 
technology is essential. 

Display area The display area provides places to 
show models, ideas, final results or 
in-progress ones.  

This space allows the sharing of 
educational methods by displaying 
the learning activities, developing 
ideas, the process of improvement 
and completed projects and 
services. This space has to afford 
walking. 

Large group size 

 

Attached features for siting, 
exhibiting such as whiteboards, 
blackboards, tack surfaces, and 
showcases. 
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Project area and wet areas 

 

 

Figure 7. Wet area, Hobsonville Point 
Primary School, Auckland, photo by 
author 

The project area encourages 
working with hands to make and 
create products or produce 
materials and information. 

This place boosts collaboration, 
problem-solving, and critical 
thinking of the students.  

The wet area is a part of the project 
area where students can carry out 
more messy projects. It has to have 
access to water. 

Large and medium group size  

 

A range of working surfaces, 
cupboards for materials, storage 
zones for assignments in 
progress phase, access to 
technology and resources. 

Some specialised facilities such 
as; Specific lights, some 
particular arrangements such as 
sinks and disposal. 

 

Attached features for sitting and 
working 

Specific laboratory area The specific laboratory areas afford 
scientific experiments, cooking 
practices, etc. 

 This space affords arrangements to 
enable practice and advance 
specialised aptitudes. It needs 
particular tools or materials to 
practice different skills and 
experiments in science, fabrication, 
art, technology, music, dance, 
cooking, etc. 

Medium and large group size 

 

Some specialised facilities such 
as specific lighting, sinks and 
disposal systems are needed. A 
range of working surfaces, 
cupboards for materials, storage 
zones. 

Attached features for sitting and 
working 

"Breakout" area The "breakout" area offers a mental 
and physical break from formal 
settings.  

It can accommodate informal 
conversations and discussions. 
Breakout space allows small groups 
to have social activities offering 
students a chance to communicate 
and socialise away from formal 
educational activities. For example, 
lounges, some separated study 
rooms, expanded hallway, widened 
stairs. 

Small & medium group size 

 

Freestyle decorations, seats, 
tables, smooth surfaces 

Comfortable attached features 
for sitting and working  

Affords gathering 



Children, Youth and Environment 

 

 
23

Teacher space The teacher space supports 
activities related to teachers and 
teaching process such as planning 
for group teaching, discussion with 
other teachers, combining 
arrangements, and sometimes 
informal consultations with 
students. 

It is a space for accommodating 
individuals or numbers of staff to 
meet, discuss, and to prepare 
materials. 

It is a place for teachers to have 
surveillance of students. This space 
offers the role of the direct or 
indirect supervising room as well.  

Individual, small, medium,  

 

attached features for sitting, 
working, and meeting. 

Access to resources and 
technology  

Table 1. ILE Spatial Typology and Definitions.  

 

OUTDOOR INNOVATIVE LEARNING ENVIRONMENTS (OILE) IN SCHOOL GROUNDS 

This ILE spatial typology could be used to categorise various areas on school grounds as well. It also supports 
evaluating each type of space based on the ILE environmental qualities, the group size of students, essential 
components, and attached features. 

My analysis of several schools ground in Auckland and Nordic countries shows that outdoor areas have 
the potential to be used as OILE for students if they afford the requirements. The following figures 8 to 19 
demonstrate some of the examples of OILE on school grounds that afford different ILE pedagogy. For 
example, outdoor amphitheatres, wooden decks, gardens, a bamboo forest, tree ferns, a sandpit, terraced 
sand area, and lines of cut logs, casual walkways of soft mulch, and soft rubber surfaces all together create a 
peaceful and also functional learning space. Students have the opportunity to sit, read, write, make, do messy 
wet projects, rest, walk, run, climb, and explore and learn in this fresh-air area. Several groups of students 
also can collaborate and work together in outdoor classrooms. Teachers are able to supervise them directly 
and even indirectly because of the location and their proximity to the main building.   

OILE is also a cost-effective learning space that ease following the social distancing and WHO safety 
protocols in the pandemic situation. Schools can extend the classroom to the outside to accommodate more 
students at the same time. 

All in all, outdoor spaces offer various opportunities for the students to learn and discover outside of the 
building, benefiting fresh air and natural light. 
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Figure 8. Presentation and teaching area in OILE, The 
Observatory school, Stockholm, Sweden, Photo by author 

Figure 9. Presentation and teaching area in OILE, Caulfield 
South Primary School, Melbourne, Australia, Adapted from 

www.rblandscapes.com.au 

  

Figure 10. Private room in OILE, The Orestad School, 
Copenhagen, Denmark, Photo by author 

Figure 11. Private room in OILE, The Orestad School, 
Copenhagen, Denmark, Photo by author 

  

Figure 12. Project area and wet areas in OILE, The South 
Harbour School, Copenhagen, Denmark, Photo by author 

Figure 13. Break out area in OILE, The South Harbour 
School, Copenhagen, Denmark, Photo by author 
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Figure 14. Collaboration area in OILE, The Merkelbach 
school, Amsterdam, The Netherland, Photo by author 

Figure 15. Private room in OILE, The Merkelbach school, 
Amsterdam, The Netherland, Photo by author 

 

 

 

Figure 16. collaboration and teaching area in OILE, a 
primary school in Carlow, Ireland. Adapted from 

www.dezeen.com 

Figure 17. Collaboration area in OILE, St Macartan's Parish 
Primary School, Mornington, Australia, Adapted from 

www.rblandscapes.com.au 

 

  

Figure 18. Specific laboratory area, kitchen in OILE, St 
Macartan's Parish Primary School, Mornington, Australia, 

Adapted from www.rblandscapes.com.au 

Figure 19. Project and wet area in OILE, Bendigo Violet 
Street Primary School, Bendigo, Australia, Adapted from 

www.rblandscapes.com.au 
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CONCLUSION 

Despite the assumption that learning takes place primarily inside, there are several reasons for considering 
outdoor space design in schools, contributing to improving learning environments. School grounds can 
potentially complement indoor classroom space to facilitate modern pedagogies that are following ILE 
criteria. The immense advantages of Outdoor Learning Environments (OLE) are discussed in the literature.  

Especially in the current pandemic situation, OLE and OILE are useful options for traditional and ILE schools 
to continue their learning activities in the fresh air instead of the enclosed and small indoor classrooms. It is 
a cost-effective way that enables schools to extend their learning environment. More students can benefit 
from education simultaneously by the social distancing and World Health Organization (WHO)13 safety 
protocols that are easier to follow in outdoor learning spaces. 
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ABSTRACT  

Japan’s aging and declining farming population continues to exacerbate the decline of rural regions. As a 
response, there have been strong efforts from governments and local organizations to provide avenues of 
support for new and beginning farmers via a certification process which provides access to funding and 
subsidized loans. While the Ministry of Fisheries, Forests, and Agriculture (MAFF) promotes SDG Goal 2 under 
the premise of sustainable agriculture through Good Agricultural Practices (GAP) certification and grants for 
environmentally friendly farming, this does not directly extend to supporting new farmers who hold strong 
interest in farming sustainably.  Based on semi-structured interviews with farmers and government officials 
in Shiga Prefecture, we observe strong trends of new entry farmer collaborations and community building 
such as hosting unique opportunities for urban consumers to participate in agricultural activities, engaging 
with their surrounding rural residents to help uplift their region’s rural revitalization efforts, and building 
organizations and spaces for mutual support. The spaces of connection and relationship building that this 
current generation of new farmers is bridging between rural and urban areas provides insights on how best 
to support the future of rural areas and more holistically promote sustainable agriculture. New and beginning 
farmers especially those who promote sustainable agriculture serve critical roles in reshaping rural 
communities as they build capacity for solidarity between rural and urban areas.  

 

Keywords: new and beginning farmer, urban rural linkage, rural revitalization,  

 

 

INTRODUCTION 

Japan, as one of the most urbanized developed countries, faces a critical shortage of new farmers. With 
approximately 75% of its population residing in cities, rural areas face abandoned farm land and an aging and 
shrinking population of farmers where the average age of farmers is 67 years old (MAFF 2018), one of the 
highest within OECD countries. Despite such decline, there are new and beginning farmers interested in 
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sustainable food production and rural revitalization but are faced with various socio-economic and 
institutional barriers that make it difficult to actualize their vision. While their visions aligns with SDG Goal 2, 
target 2.4 which is defined as the implementation of “sustainable food production…. and resilient agricultural 
practices that increase productivity and production,” (SDG 2020) there are gaps among policy initiatives and 
current support structures to benefit new and beginning farmers. This paper focuses on how new self-
employed farmers realize their visions of sustainable agriculture by understanding their motivations for 
entry, access to institutional support and financial resources, and connection between rural areas and urban 
consumers.  The farmers in this study exemplify urban rural linkages through 1) their migration from urban 
to rural areas to begin farming and 2) their pre-existing network and marketing ability to facilitate urban-
rural connections and their ability to cultivate relationships with urban consumers. 

In 2017, MAFF established an initiative in 2017 to support new and beginning farmers (under the age 49) 
through their Next Generation Agriculture Investment Capital providing interest free loans and living stipends 
totalling USD $15,000 per year (MAFF 2019). This program catalysed the increase of new self-employed 
farmers, especially those who are under the under the age of 50 (see Table 1).  
 

Table 1: MAFF (2019) New Farmer Census Data 

 

However, despite the intention to increase the number of new farmers, there is little assessment 
concerning what potential barriers exist for new and beginning farmers, particularly farmers who do not have 
an agrarian background. According to an agricultural extension center in Shiga Prefecture, many prospective 
farmers come with a strong desire to grow a wide variety of agricultural products using organic growing 
practices. However, in order to gain access to MAFF’s financial capital, new farmers are required to be 
certified. The certification process is largely dependent on a respective region’s agricultural policies which 
predominantly is aligned with conventional agricultural practices as organic agriculture in Japan makes up 
only 0.5% of the agricultural industry (MAFF 2018).  

Japan’s agricultural sector is unique among OECD countries as it is comprised of largely small-scale and 
less-commercial farm households that work cooperatively and rely on values of strong uniformity to maintain 
and preserve rural society (Hisano et al. 2018; OECD 2009).  Rural hamlets whose community leaders hold 
extensive control and influence as place-based community institutions often maintain and promote a uniform 

 Total Farm Successors Newly Employed 
Farmers 

New Self-employed 
Farmers 

Year  <50yr  <50yr  <50yr  <50yr 

2008 60,000 19,840 49,640 12,020 8,400 6,960 1,960 860 

2010 54,570 17,970 44,800 10,910 8,040 6,120 1,730 940 

2012 56,480 19,280 44,980 10,540 8,490 6,570 3,010 2,170 

2014 57,650 21,860 46,340 13,240 7,650 5,960 3,660 2,650 

2016 60,150 22,050 46,040 11,410 10,680 8,170 3,440 2,470 

2018 55,810 19,290 42,750 9,870 9,820 7,060 3,240 2,360 



Food Nutrition Security 

 

 
31

mode of farming (McGreevey 2016; McGreevey et al. 2018). Likewise, Sawada (2001) points out that 
incumbent farmers welcome newcomers who can practice the same local farming methods and easily adapt 
to their social norms. Similar to many other countries, the notion of good farming rests on acceptance from 
incumbent farmers in the region (Burton 2004, Sutherland 2011). This research provides comparisons 
between new farmers who are certified and those who are not in order to assess the dynamics new and 
beginning farmers have in relation to their own motivations for farming, relationship with their respective 
rural communities, and connections to urban areas.  

 
METHODS  

We carried out semi-structured  interviews from 2019 to 2020 to 13 new and beginning farmers located in 
various parts of Shiga Prefecture, engaged in participant observation for events related to new and beginning 
farmers,  and conducted interviews with several agricultural extension agency officers. See Table 2 for a list 
of our cases. Each interview lasted between 90 minutes to 2 hours with additional farm visits and tours. 
Interviews were recorded and transcribed where questions were asked regarding their entry into farming, 
interactions with various regional agricultural associations and extension agencies, and production and 
market distribution processes. We define new and beginning farmer in accordance to MAFF’s eligibility to 
apply for the young farmer certification program. The eligibility requirements include those with less than 5 
years of experience as a farm owner, under the age of 49 years old (although exceptions apply for those who 
hold specific knowledge and experience in agriculture related fields), has proven ownership or permission for 
the right to use farmland, and sales are conducted under the name of the farmer. Our sample provides 
evidence of both certified and non-certified farmers and focuses on farmers who come from non-farming 
backgrounds. By looking at this minority population, we aim to better assess the relationships made between 
urban and rural areas as many new entry farmers are often migrating from urban areas to rural areas 
(Rosenberger 2016, McGreevey 2016).  

Fieldwork was conducted in Shiga Prefecture which is known for its strong agricultural production with 
92% of farmland dedicated to rice but has faced an increase in production of vegetables as the demand for 
rice consumption has decreased.  
 

Name 
Age/ 

Gender 
Certification 
Status 

Total Farm 
Size (area of 
greenhouses) 

Farming method/ 

Crops 
Distribution Streams 

A Mid 40s 
MALE 

CERTIFIED 3.5ha 

Organic non certified/ 

30+varieties of 
vegetables, 

shiitake mushrooms 

Direct sales market,  

Furusato Nozei 

 (Tax Deductions) 
 

B Mid 40s 
FEMALE 

C 
Mid 30s 

MALE 
CERTIFIED 

1.1ha 

(0.53ha) 

Conventional (Reduced 
chemical-fertilizer and 
chemical-pesticide)/ 
Komatsuna and leaf 
vegetables, Melon 

Consumers’ 

Cooperative 

 (via Rich-green) 

Direct Sales Market D 
Early 40s 

FEMALE 
NOT 

CERTIFED 
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E 
Late 20s 

FEMALE 
CERTIFIED 

0.13ha 

(0.13ha) 

Conventional/ 

Strawberry 
Farm Stand, 

F 
Mid 30s 

FEMALE 
NOT 

CERTIFIED 
1.5ha 

 

Organic non-certified/ 

40+ varieties of 
vegetables 

Farm Restaurant, CSA 
style box distribution, 

Restaurants, and 
Direct Sales Markets G 

 

Mid 30s 

MALE 
NOT 

CERTIFIED 

H 
Early30s 

MALE 
CERTIFIED 

0.53ha 

(0.07ha) 

Conventional/ 

Strawberry, Cabbage 
Roadside station, 
School Lunches 

I 
Mid 30s 

FEMALE 

J 
Mid30s 

FEMALE 
NOT 

CERTIFIED 2.5ha 

Organic non-certified/ 

Rice, Miso, 

Rice flour, Koji 

Online sales, direct 
sales, small grocers 

K 
Late30s 

FEMALE 
NOT 

CERTIFIED 1.5ha 
Organic non-certified/ 

50+ varieties of 
vegetable 

Direct Sales Markets, 
Direct to Large 

Retailer 

L 
Early 40s 

FEMALE 
NOT 

CERTIFIED 0.2ha 
Organic non-certified/ 

Heirloom hot peppers 

Online Sales, Direct to 
small retailers, value 

added products 

M Mid 30s 
FEMALE 

NOT 
CERTIFIED 0.7ha 

Organic non-certified/ 

30+ varieties of 
vegetables 

Educational 
workshops, Cooking 
workshops, Direct 

Sales Markets 

Table 2: Index of Case Studies 

 

RESULTS 

In order to become a certified farmer, prospective farmers will contact either their municipal agricultural 
extension office or prefectural agricultural office to seek initial consultation. Either office will provide 
information on the certification process and serve as the point of contact in developing their farm plan which 
describes the farmers’ 5 years business plan. Prospective farmers need to establish a clear business plan that 
achieves a stable revenue stream within their first five years of farming. In Shiga Prefecture, the application 
requires that one provide evidence to meet the projected revenue forecast of at least $25,000 (USD) by the 
fifth year of farming. In developing their plan, applicants are encouraged to consult with various prefectural 
agricultural extension officers, JA employees, municipal government officers, and related organizations in 
their farming area of interest because the plan will be approved by a certification committee consistent of 
members from the above mentioned offices. 
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Certified Farmers 

In order to be a successful farmer, one needs several assets and a stable income stream to create a viable 
livelihood. Assets include land, water, equipment, labour, inputs, and knowledge, as well as social networks 
to share information and develop potential collaborations or pooling resources (Carlisle et al. 2017). While 
many veteran farmers or farm successors have an established network to access and own the above assets, 
new farmers must work to establish these assets while learning how to be an effective farmer who can deliver 
stable harvests to meet their distribution demands.  
 While the young farmer certification program provides financial capital and technical assistance, a 
little under half of the respondents in the study were certified young farmers.  Almost all respondents who 
were certified, except for 2, grew mainly 1-3 speciality crops. Many of these farmers first began by working 
in larger agricultural enterprises or held prior careers in other industries before transitioning to farming 
(Farmer A,C,D,E,I). All stated that the certification process was relatively straight forward. For instance, Farmer 
E attended a local agricultural college where she first received knowledge about the certification process. The 
application process was easy for her as she had previously met many of the members of the certification 
committee through her interactions at the university. Those who obtained their certifications, often utilized 
the living stipend and access to loans to expand their production with the installations of greenhouses and 
other necessary equipment. Beyond access to financial capital, most respondents noted no particular 
difference in access to information or social networks as their status changed from non-certified to certified 
farmers.  
 

Non-certified Farmers 

Because each young farmer certification system criteria is largely based on a region’s master agriculture plan, 
regions that do not focus on organic agriculture creates an institutional barrier, making it difficult for new and 
beginning farmers to convince their certification committees that their farm management plans are viable as 
they fall outside of the prescribed master plan. All of the non-certified farmers practice sustainable growing 
practices. Typically low input ecological farming is more knowledge intensive (Gliessman 2016) and often 
relies on years of experience before reaching a state of success. However, respondents chose these growing 
practices as they best aligned with their motivation for farming and creating an environment for which they 
could share with others. Some of the respondents stated that they were met with significant doubt in regards 
to their desires to farm during their visits at municipal offices and therefore felt discouraged from applying. 
For instance, Farmer K was disqualified because her farm to lunch stand business conflicted with eligibility 
requirements. Farmer M did not qualify as she grew on land less than the minimum requirement. Others did 
not wish to apply as they had personal reasons for not wanting to apply, such as not wanting to rely on the 
government funds. While these farmers did not go through the certification process, they did utilize other 
resources from the prefecture and municipal offices for technical assistance, seminars, and training courses 
made available such as women farmer focused farm management curriculum.  
 

Collaborations supporting new entry farmers 

While the agricultural extension offices and municipal level agricultural administrative offices provide some 
technical assistance, farmer to farmer collaborations are self-organized. Collaborations can help expand a 
farmers’ economic resources via collective branding and shared communication with urban consumers. In 
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Shiga, there are two organizations that facilitate new farmer collaborations, Rich Green and Shiga Women 
100 Project. Rich Green, a business established in 2016, aggregates produce and distributes directly to four 
regional consumer cooperatives. Since 2019, they have 17-member farmers growing 17 varieties of 
vegetables. While they operate as a private company, the stockholders are the farmer members and operates 
as a de-facto farmers association where all members participate in regular meetings and cooperatively 
purchase farming materials and conduct skills-based trainings.  9 of its 17 members are new entry farmers 
and 11 of its members are under 50 years old. Their ability to aggregate their production provides stability to 
meet the supply demand coming from consumer cooperatives where most members reside in urban areas. 
Shiga Women 100 Project is a women farmers’ organization established in 2018 and operates as an 
organization to support women farm owners. Led and operated by women farmers, their vision is to provide 
mutual aid via shared marketing and product and event collaborations. With over 20 members they market 
their agricultural products under the shared banner of Shiga Women 100 Project  as a way to  strengthen one 
another’s market presence. Such networks not only allow for the exchange of information but build additional 
financial capacity to promote one another’s farming operations.   
 
DISCUSSION 

Moving beyond socially entrenched norms 

Although the young farmer certification program is designed to incentivize future farmers, its current 
structure is dominated by the perspectives of incumbent agricultural leaders who occupy the seats of the 
certification committee and where their views are often limited to maintaining the status quo (Hara et al. 
2017).  These incumbent leaders’ strict adherence to upholding uniformity often fuels the very problem 
associated with rural decline where many younger generations seek escape from pressures of conformity and 
mundanity. The tension that exists between new and beginning farmers seeking freedom to practice their 
desired style of agriculture and incumbent rural leaders who wish to maintain the status quo will continue to 
pose a threat for incoming prospective farmers. 
 Based on our case study, non-certified farmers and farmers who hold more unconventional growing 
styles such as sustainable or organic growing practices face difficulty in accessing financial capital because 
there is very little room for experimentation or approaches for innovation within a region’s master plan.  
Despite MAFF’s declaration of support of sustainable agriculture under their initiative to support 
environmentally friendly growing practices (MAFF 2018), there is a strong lack of direction in implementing 
the SDG goal 2.4 of sustainable agriculture in relation to new and beginning farmers who would be potential 
practitioners of this SDG target. As each region holds its own autonomy in carrying out its agricultural policies,  
support for sustainable food production does not translate across regional scale or impact new and beginning 
farmer support infrastructure.  Therefore, new and beginning farmers’ ability to realize their visions is 
confined to their own ability to self-finance or seek outside financial resources, despite the existing support 
infrastructure allocated for new farmers. As the number of certified new and beginning farmers continues to 
decline nationally, a different orientation for problem solving is becoming visibly necessary.  
 
Connecting with Urban Consumers and Benefits of Collaboration in face of COVID-19 

Regardless of certification status, all farmers in this study show strong dedication towards strengthening their 
rural areas and building with urban areas. They are actively engaged in their rural communities via 
community beautification projects, volunteering for community firefighting units, hosting educational events 
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on the farm to bring local children and families to learn about agriculture, visiting surrounding high schools 
to discuss farming as a potential career, and establishing farm stands that serve as symbols of pride for their 
community. As the next generation of farmers in their respective regions, there is a great sense of 
responsibility and call to action in ensuring that there is a sustainable future for their community. In addition, 
these farmers have greater capacity and ability to build connections between urban and rural areas due to 
access to technology, social networks obtained from their time living and working in urban areas, and 
willingness to engage in building horizontal connections with other farmers and people outside of their 
locality.  

These direct connections and relationships with urban and rural consumers  also provides the 
infrastructure for communication which proves useful in times of crisis, like the current COVID-19 pandemic 
where Japan faced a brief period of lockdown where many restaurants, schools, and offices were closed to 
curtail the spread of the novel corona virus. Farmer H who was growing 30a of cabbage destined for school 
lunch was forced to throw away his entire crop as he had no ability to pivot. Although Farmer H had crop 
insurance to cover the financial loss, there was very little time or capacity to redistribute the harvest. On the 
other hand, Farmer F and G who run a farm restaurant used the lockdown as an opportunity to pivot and 
practice flexibility and launched a direct vegetable box scheme and delivered a box of produce to interested 
consumers. Using social media and their own established network, they quickly distributed many boxes of 
lettuce greens and spring/summer vegetables.  

In addition, benefits that come from the relationships shared between producer and consumers can spur 
the potential for new social innovation. For new farmers, they are often able to leverage their prior 
connections in urban areas to develop their own social capital to build bridges between urban consumers and 
rural areas. With a strong community base, crises like the current pandemic do not have to create winners or 
losers because support systems can practice flexibility and resilience.  

 

CONCLUSION 

This paper assesses how new self-employed farmers navigate the start of their farming careers. Since 2012, 
MAFF has made significant efforts to attract new farmers by offering a generous living stipend upwards up 
to 7 years. However, financial support is not enough particularly for new farmers with farming plans that do 
not adhere to region’s agricultural plan and those who practice sustainable agriculture. In such instances, 
many new farmers must build their own systems of support and leverage their own social capital to secure 
stable income streams. The collaborations that occur among new and beginning farmers and their ability to 
connect with urban populations provides more flexibility and autonomy and build a better platform of 
support for sustainable agriculture. Crises like COVID-19 show that new farmers that have already established 
relationships with consumers are better able to withstand changes in the market and survive situations like 
lockdowns. In order to close the gap between the goal of sustainable agriculture and its current support 
mechanism for certification and financial subsidies, there needs to be more tailored support to ensure that 
new and beginning farmers who pursue sustainable agriculture have access to proper technical assistance 
and infrastructure to ensure that sustainable food production and distribution can be achieved. The current 
state of organic agriculture in Japan leans towards high end specialized markets and does not have the 
distribution infrastructure to enable greater access for the general public.   
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ABSTRACT 

Fossil fuels are the world's main sources of power production. Because of the huge population, the energy 
demand and supply gap have recently escalated, and fossil fuels will not satisfy the gigantic energy demands. 
Meanwhile, they have harmful environmental effects as well. Remote rural areas far from the national grid 
have no way of meeting their energy needs. These concerns summarize the situation facing the population 
living in Cape York, Australia. The solar photovoltaic (PV) off-grid system has emerged as the best energy 
solution for the electrification of these remote regions. However, the local electricity providers struggle with 
the lack of area-specific data on generation capacity and economic feasibility of solar energy. To address this 
problem, this study aims to deliver a comprehensive techno-economic feasibility analysis of a solar PV system 
for Cape York, Queensland, Australia. This study investigates the economic viability for solar PV systems by 
means of Hybrid Optimization Model for Electric Renewables (HOMER) software. HOMER results suggest that 
the total cost of electricity generation from the solar PV stands significantly cheaper than conventional 
electricity. Besides, the system can reduce carbon emissions and other pollutants considerably.  
 
Keywords: PV, Solar energy, Cape York, HOMER, Pollutants 

 
 
INTRODUCTION 

With the rise in population and technological and economic growth, people need more resources to create a 
better living environment. However, the current power systems have created a negative environmental 
impact and contributing to global warming through the emission of carbon dioxide (CO2) due to the utilisation 
of fossil fuel (Shafiullah et al., 2012). To date, fossil fuels have been the primary source of energy that offers 
a financial affordable choice; however, our globe's environment is paying an expensive price (greenhouse gas 
emissions) for the production and use of fossil fuels (Shafiullah et al., 2012; Commonwealth of Australia, 
2011). Renewable energy is beginning to be used as a panacea for addressing climate change and global 
warming issues, unlike fossil fuels. 
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Renewable energy is inferred from natural forms that are recharged continually. In its different forms, it 
determines directly from the sun, or the heat created deep inside the earth. Included within the definition 
are power and heat created from solar, wind, hydropower, geothermal resources, and biofuels inferred from 
renewable resources (Shafiullah et al., 2012; Commonwealth of Australia, 2011; Department of Commerce, 
2009). Renewable energy sources present the potential of energy production with a minimal impact on the 
environment, particularly concerning greenhouse gas emissions (Department of Commerce, 2009).  

It is only possible to use three renewable sources of energy (i.e. biomass, geothermal and solar) to 
produce adequate heat energy for power generation. Of all three, solar energy has the most significant global 
potential despite being decentralised, sporadic and is continuously fluctuating solar energy turns to be 
promising (Holm-Nielsen and Ehimen, 2016; Sampaio and González, 2017). It offers inexhaustible availability, 
universality, high capacity, and environmental friendliness. The solar energy can contribute to a significant 
reduction in the global carbon emissions, which has been a major environmental, social, and economic issue 
in recent years (Kabir et al., 2018). 

A range of variables is primarily responsible for determining the strength of the solar influx passing 
through the Earth's atmosphere (e.g. latitude, diurnal variation, temperature, and geographic variation) (Al-
Tameemi and Chukin, 2016). The total amount of solar energy obtained in Earth's atmosphere is 
approximately 342 W/m2, of which 30% is distributed or mirrored back into space, leaving approximately 
70% for harvesting and capture (239 W/m2) available. Figure 1 indicates the global horizonal irradiation on 
the surface of the earth.  

 

 

Figure 1: World map of global horizonal irradiation (Tiwari, 2016). 
 

In the field of renewable energy, the capture of solar energy by photovoltaic (PV) panels present a 
promising solution. Owing to its rapid growth trend and the high level of investment involved, the 
photovoltaic market is getting more attention. Currently, they supply the most common technology in 
harvesting solar energy around the world. 

Access to energy is a crucial enabler to survive and prosper in remote areas such as Cape York. The Cape 
York Peninsula is a remote and largely inaccessible part of Queensland, Australia. The largest town is Weipa, 
which runs local bauxite mining operations. This analysis focuses on the country north of Weipa (Figure 2). 
Energy is critical in Cape York, as in other countries, for economic and social growth and better quality of life. 
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This paper reports a case study conducted in Cape York area, aiming to deliver a comprehensive techno-
economic feasibility analysis of a solar PV system.  
 
MATERIALS AND METHODS 

In undertaking the study, Hybrid Optimization Model for Electric Renewables (HOMER) software is 
adopted to conduct cost analyses for different groups of solar PV to meet an electric load of 30 megawatts 
(MW) for a chosen site in Cape York, as shown in Figure 2. Established by the National Renewable Energy 
Laboratory (NREL), HOMER is one of the most broadly employed tools to examine renewable energy systems 
(Huang et al., 2011; Oulis Rousis et al., 2018; Abdul-Wahab et al., 2019; Khormali and Niknam, 2019; Hossain 
and Rahman, 2020). The software permits the end-user to explore the financial and technical options for on-
grid and off-grid energy systems and to analyse various aspects of energy projects (location, system sizing, 
etc.), allowing assessing the feasibility of renewable energy projects while they are under the study phase.  

 

 

 

Figure 2: The geographical location under investigation. 
 

In this assessment, the load profile was assumed to be 30 MW for all months of the year. Furthermore, 
ten distinct types of solar PVs, with a minimum capacity of 30 kW and a maximum capacity of 1164 kW, were 
decided from HOMER’s accessible library. Each on from the ten solar PVs was investigated independently. 
Progressing to the capital and operational and maintenance costs of solar PV. the study will be based on the 
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recent costs provided by Alarrouqi et al. (2020) (Capital cost = 1293 AUD$/kW, Operation and Maintenance 
(O&M) cost = 13 AUD$/kW). Additionally, solar energy requires pinpointing the appropriate resources (i.e. 
temperature, solar radiation, etc.) for the selected renewable energy component. The data for the monthly 
average solar radiation and clearness index (a measure of the atmosphere's clearness and defined as the 
fraction of the solar radiation that is transmitted through the atmosphere to strike the earth's surface) for 
every month and a duration of one year in Cape York were attained from the National Aeronautics and Space 
Administration (NASA) database (NASA, 2020), shown in Figure 3. As it can be seen that both the solar 
radiation and clearness index values vary throughout the whole year. The average daily radiation value was 
at its highest in October (7.45 kWh/m2/day) and at its minimum in December (5.12 kWh/m2/day). As for the 
clearness index values, the highest value was recorded in September (0.721), and October (0.709) and the 
lowest was recorded in February (0.466).  

 

 

Figure 3: Average monthly solar radiation and clearness index. 
 
The last stage was to set out the project configurations (i.e., constraints, economics, etc.). A 20-year 

proposed project lifetime was considered, and the solar power output was defined at 100% (to increase the 
yield from the solar energy). The maximum annual capacity shortage was assumed to be 100%, and the 
nominal discount rate was defined at 7%. After offering all the required data, HOMER simulated the system 
operation and computed the results based on the data provided. Considering the same load profile (30 MW), 
a diesel-powered generator replaced the PV systems to acquire the emissions that can be prevented by the 
utilization of PV. Table 1 summarizes the capital, replacement and operation and maintenance costs of the 
diesel generator.  
 

Cost type Value 

Capital cost (AUD$/kW) 1000 

Replacement cost (AUD$/kW) 900 

Operation and maintenance cost (AUD$/op. hr) 0.025 

Fuel price (AUD$/L) (GlobalPetrolPrices.com, 2020) 1.195 

Table 1: Capital, replacement, and operation and maintenance costs for diesel generator (Jamal et al., 2016). 
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RESULTS AND DISCUSSION  

HOMER simulation results for the ten dissimilar types of solar PVs with a range of capacities are 
summarized in Table 2. For all the PVs, the net present cost was determined to be around AUD$ 49.3 M. The 
results show that the highest cost of electricity was attained from type 9 (SMA Sunny Tripower 60-US with 
Generic PV) at AUD$ 0.05666/kWh. Type 5 (Studer VarioTrack VT-80 with Generic PV), on the other hand, 
demonstrated the lowest cost of electricity (approximately AUD$ 0.05606/kWh).  

 
 

No. Type Capacity 

 

(kW) 

Cost of 
Electricity 

(AUD$/kW) 

Net Present 
Cost 

(AUD$) 

Unmet 
electric load 

(%) 

No. of 
PV 

1 Ingeteam (1164kVA) with 
Generic PV 

1164 0.05636 43.9 M 77.4 26 

2 Schneider ConextCoreXC 
680kW with Generic PV 

680 0.05632 43.9 M 77.4 44 

3 Studer VarioString VS-120 
with Generic PV 

680 0.05659 43.9 M 77.5 44 

4 Studer VarioTrack VT-65 
with Generic PV 

680 0.0561 43.9 M 77.3 44 

5 Studer VarioTrack VT-80 
with Generic PV 

680 0.05606 43.9 M 77.3 44 

6 Schneider ConextCoreXC 
630kW with Generic PV 

630 0.05622 43.9 M 77.4 48 

7 Schneider ConextCoreXC 
540kW with Generic PV 

540 0.05643 43.9 M 77.5 56 

8 SolarMax 500RX A with 
Generic PV 

500 0.05659 43.9 M 77.5 60 

9 SMA Sunny Tripower 60-
US with Generic PV 

60 0.05666 43.9 M 77.5 500 

10 Huawei SUN2000 30kW 
with Generic PV 

30 0.05634 43.9 M 77.4 1000 

Table 2: HOMER results for different types of solar PVs. 
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The cost of electricity and the unmet electric load of the assessed 10 PV systems are illustrated in Figure 
4 and Figure 5, respectively. The results notably illustrate that the unmet electrical load results were 
approximately the same and fluctuated between 77.3% and 77.5%. On the other hand, the cost of electricity 
results was notably different across the examined PVs. From the results, and taking into account that the 
operation and maintenance costs are strongly reliant on the number of PVs necessary for electricity 
generation, and the reality that it has the lowest cost of electricity, the ideal PV type suitable for Cape York’s 
requirements and meets the targeted demand of 30 MW is type 5 (Studer VarioTrack VT-80 with Generic PV) 
(the properties of this type are listed in Table 3).  
 
 

 

Figure 4: Cost of the energy of the studied PVs. 1 Ingeteam (1164kVA) with Generic PV. 2 Schneider ConextCoreXC 680kW 
with Generic PV. 3 Studer VarioString VS-120 with Generic PV. 4 Studer VarioTrack VT-65 with Generic PV. 5 Studer 
VarioTrack VT-80 with Generic PV. 6 Schneider ConextCoreXC 630kW with Generic PV. 7 Schneider ConextCoreXC 540kW 
with Generic PV. 8 SolarMax 500RX A with Generic PV. 9 SMA Sunny Tripower 60-US with Generic PV. 10 Huawei SUN2000 
30kW with Generic PV. 
 

 

Figure 5: The unmet electrical load of the studied PVs. 1 Ingeteam (1164kVA) with Generic PV. 2 Schneider ConextCoreXC 
680kW with Generic PV. 3 Studer VarioString VS-120 with Generic PV. 4 Studer VarioTrack VT-65 with Generic PV. 5 Studer 
VarioTrack VT-80 with Generic PV. 6 Schneider ConextCoreXC 630kW with Generic PV. 7 Schneider ConextCoreXC 540kW 
with Generic PV. 8 SolarMax 500RX A with Generic PV. 9 SMA Sunny Tripower 60-US with Generic PV. 10 Huawei SUN2000 
30kW with Generic PV. 
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Name Studer VarioTrack VT-80 with Generic PV 

Dimensions [height (mm)/width (mm)/length (mm)] 120 / 220 / 310 

Rated capacity 680.08 kW 

Efficiency 17.3% 

Operating temperature 45 °C 

Derating factor 96% 

Temperature coefficient -0.41 

Table 3: Properties of the ideal PV. 

 
Figure 6 illustrates the monthly average electric production in the selected location of the study. The 

maximum solar electricity generation levels take place amongst the months August and October, with higher 
values occurring in October. This high electricity generation levels can be explained by the fact that the site 
experiences the highest amounts of solar radiation and clearness indices compared to the remaining months. 
On the other hand, the electric production is at its lowest during the period between January and March, 
attributed to the low clearness index.  

 

 

Figure 6: Monthly average electric production and clearness index profile. 
 

Furthermore, it is crucial to identify the economic performance of the recommended solar PV system over 
the conventional diesel-powered generator system and to highlight the emissions that can be prevented by 
the utilization of PV. Starting with the economic comparison, the costs of electricity for the two systems are 
as follows: AUD$ 0.5051/kWh for the diesel-powered generator system and AUD$ 0.05606/kWh for the solar 
PV system. This clearly shows that executing a solar PV system will provide a cost of electricity savings of 
around AUD$ 0.44904/kWh. Worth to mention that the comparison mentioned above was based on a fixed 
diesel fuel price (AUD$ 1.195/Litre). The Covid-19 pandemic and global economic recession strongly 
impacted the global energy demand and disintegrated fossil fuel prices (Yoshino et al., 2020). With such a 
decrease in prices, there might be a situation where PV systems lose against conventional diesel generators. 
Therefore, it is vital to understand the influence of diesel fuel price on the cost of electricity savings. As can 
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be notably observed in Figure 7, the endorsed solar PV system demonstrated superior economic performance 
over the conventional diesel-powered generator system, illuminating the opportunity for solar PV to act as a 
critical contributor to all sectors of the global energy system in a cost-effective manner, and reflects its 
sustainability to the instabilities of diesel fuel price.  

 

 

Figure 7: Impact of diesel fuel price on the cost. 

 
Moving to the emissions, and given that solar PV is a clean, environmentally friendly source of energy 

that has no emissions unlike fossil fuels, Table 4 lists the quantities of greenhouse gases expelled from a 
diesel generator with a met electric load percentage of 22.7% (similar to the met electrical load of the ideal 
PV). The employment of a PV system will prevent the generation of a total of approximately 42,220,653 kg 
of pollutants every year. However, having said that, end-of-life solar panels may become a source of 
hazardous waste although there are enormous benefits globally from the growth in solar power generation. 
Due to the presence of hazardous substances like cadmium and lead in PV technology, landfilling of end-of-
life panels is not advisable. The aforementioned harmful chemicals can leach into the ground causing drinking 
water contamination (Chowdhury et al., 2020). Given that the average panel lifetime is between 20-25 years, 
the worldwide solar PV waste is anticipated to reach between 4%-14% of total generation capacity by 2030 
and increase to over 80% (around 78 million tonnes) by 2050 (Chowdhury et al., 2020). In this sense, the 
disposal of PV panels will become a vital environmental issue in the upcoming years. 

The long-term sustainability of PVs will be mostly reliant on the effectiveness of the process solutions 
that will be embraced to recycle the unprecedented volume of end-of-life PV panels anticipated to be 
generated in the near future (Padoan et al., 2019). Therefore, and in order to certify the sustainability of PV 
in large scales of deployment, it is essential to establish low-cost recycling technologies for the developing 
PV industry in parallel with the rapid commercialization of these innovative technologies. 
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Pollutant Amount (kg/year) 

Carbon monoxide (CO) 262,206 

Carbon dioxide (CO2) 41,597,239 

Particulate matter (PM) 1,589 

Unburned hydrocarbons (UHC) 11,442 

Nitrogen oxides (NOx) 246,315 

Sulfur dioxide (SO2) 101,862 

Total 42,220,653 

Table 4: Pollutant emissions by a diesel generator with a met electric load percentage of 22.7%. 
 
CONCLUSION  

The objective of this study was to explore the solar PV systems available in the market and find a viable 
option that could meet an electric load of 30 megawatts (MW). Studer VarioTrack VT-80 with Generic PV 
because made to the top of the list with the lowest cost of electricity (AUD$ 0.05606/kWh) and a minimal 
number of PVs needed. Additionally, the results depicted that realizing a PV power plant rather than 
conventional diesel-based generators will contribute in cost of electricity savings of approximately AUD$ 
0.44904/kWh and will prevent the generation of a total of approximately 42,220,653 kg of pollutants every 
year. Despite the current instabilities in diesel fuel price due to the Covid-19 pandemic and global economic 
recession, the endorsed solar PV system showed superior economic performance over the conventional 
diesel-powered generator system, illuminating the opportunity for solar PV to act as a critical contributor to 
all sectors of the global energy system in a cost-effective manner, and reflects its sustainability.   
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ABSTRACT 

Climate change is causing massive environmental disasters, which increasingly damage human 
civilization. To cope with climate risk, the world is progressively converting its energy dependence from the 
fossil fuel base to renewable energy such as photovoltaic solar farms. Successful photovoltaic (PV) projects 
have demonstrated various benefits and positive effects in all environmental, economic, and social aspects. 
However, conventional photovoltaic projects tend to have a serious land-use conflict issue with agricultural 
farmlands in that solar farms require huge land areas to install PV panels. Responsively, the concept of 
Agrivoltaic (APV), a mixed system that deploys photovoltaic panels over farmlands, emerged and have been 
implemented. Although numerous studies demonstrate the multiple benefits of APV, there is a lack of studies 
analyzing the influential attributes that may lead to the success or failure of the APV project. Thus, this paper 
aims to review and analyze the influential attributes of APV that may be relevant to its success or failure, 
based on the triple bottom lines-economic-environmental-social aspects. This paper also aim to review the 
opportunities and challenges that may arise when implementing APV into the urban environment. 

 
Keywords: agrivoltaic, productive landscape, co-location, renewable energy, future energy landscape. 

 
 
 
INTRODUCTION 

Extreme weather events have been increasingly occurring in recent years across the world, which is leading 
to major and minor damages in human life and property. In 2016, The United Nations established seventeen 
Sustainable Development Goals (SDGs) to address poverty, health, and other social problems under climate 
change. The primary goal within the SDGs is to protect the environment while, simultaneously, promoting 
sustainable growth in a cooperative way by alleviating climate change. One of the main principles shared 
within the SDGs is to reduce carbon emissions. Throughout the world, countries have been striving to observe 
Certified Emission Reductions (CERs) designated from the Kyoto protocol. As a result, the world is now facing 
a new era of converting energy infrastructure from conventional fossil fuel systems to renewable energy 
practices. Many countries have increased their number of renewable energy infrastructures, such as 
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photovoltaic (PV) farms and wind farms, to fulfil the 2012 Paris Global Carbon Agreement that begins to take 
effect soon. 

Despite constructive efforts, several serious issues have occurred while implementing renewable energy 
technologies. The main conflict revolved around land-use, and it was mainly triggered by two conflicting land-
use demands between agriculture and the land-use needs of solar farms (González-García et al., 2020). In 
fact, major renewable energy technologies, such as solar and wind farms, require a huge land area to install 
photovoltaic panels or wind turbines, respectively. In particular, solar farm sites are preferred on flat land 
with appropriate access to sunlight. This standard used to conflict with farmland needs, where sunny plants, 
such as rice and wheat, are ideal for growth.  

The concept of Agrivoltaic (APV) emerged to mitigate this land-use conflict. APV is the dual land-use 
concept that enables agricultural lands to be situated under photovoltaic arrays. APV is expected to address 
the land-use conflict by establishing agricultural activities underneath solar energy production 
simultaneously upon the same land area (Schindele et al., 2020). Nowadays, interest in APVs is increasing 
with rising demands for renewable energy and adequate food production. 

The benefits and effects of APV have been addressed by numerous studies. Notably, APV’s dual land-use 
characteristics may promote land-use efficiency and increase land productivity (Lobaccaro et al., 2019; 
Scognamiglio, 2016). 

The APVs vertical structure can increase maintenance and operation efficiency by inducing synergies 
between PV panels and agricultural activities (Elamri et al., 2018; Scognamiglio, 2016). For example, its 
vertical deployment can increase water use efficiency for both solar energy production and crop cultivation 
by enabling PV cleaning water to be reused as irrigation for crops. Also, suspended PV arrays place shades 
on the crops, which can reduce direct sunlight. This help soil moisture on crops maintain longer. Alongside 
these studies, there have been numerous studies revealing the benefits of APV in regards to bio habitats, 
decreased environmental and soil degradation near PV panels (Ravi et al., 2016), and carbon sequestration 
(Lobaccaro et al., 2019). 

Even though numerous studies have examined multiple benefits of APVs by focusing on each APV 
attribute respectively, there has been few studies that comprehensively incorporate APV attributes into 
planning and design. In fact, previous studies have mentioned influential factors that could influence either 
the success or failure of APV projects. However, these influential attributes were discussed separately under 
different geographical contexts and scales, so it was difficult to comprehensively understand which APV 
attributes affect the success, in terms of the actual project implementation. In addition, most, if not all, APV 
projects were executed in rural or suburban areas of farmlands, which makes us question why APVs have 
been implemented in rural areas and what impacts APVs may have in urban areas. 

As a result, in this study, we aim to conduct a literature review on influential attributes for successful APVs 
in general. We also aim to explain the APV’s potential opportunities and challenges in terms of both planning 
and design. 
 
METHOD 

The success of APV projects usually have been discussed from an economic aspect, such as whether an APV 
site can make profits by selling enough amount of solar energy and crops. In order to find key attributes 
among several APVs characteristics, we firstly searched studies on APV with the following keywords through 
Google Scholar and Science Direct: Agrivoltaic, Agrovoltaic, Agriphotovoltaic, and Agrophotovoltaic. Next, we 
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selected twenty studies that empirically investigated the effect of certain attributes of APV on energy yields, 
crop quality, and crop quantity. Through reviewing these papers, we grouped key characteristics of APVs 
based on the triple bottom lines-Environmental-Economic-Social dimensions. We then reviewed the key 
attributes of how they could affect either success or failures of APV projects, and organized the finding in this 
paper. 

  

RESULTS AND DISCUSSIONS 

1) Environmental aspects 

The APV project’s success may be measured by whether the APV triggered detrimental environmental 
impacts on existing land. Simply put, the less environmental impacts may be evaluated as more successful 
APV design and implementation. However, negative environmental impacts, such as soil erosion and 
vegetation degradation, could occur throughout the construction process depending on land-use history and 
landscape characteristics. In the case of soil erosion, while some studies have argued that APV projects 
provide advantages in preventing soil erosion, others have suggested erosion may get worse if APVs are 
constructed on unstable ground with more than moderate slopes and sandy soils. In conclusion, the following 
questions may be evaluated to lead planners and designers to higher APV success earlier on; whether the 
site characteristics are proper to develop APV, and whether the appropriate site evaluations have been 
made. In fact, an elaborate site analysis is important to evaluate the project feasibility. The analysis should 
be conducted by considering various factors such as annual solar insolation, slope, environmental pollution, 
microclimate, seasonal change, and much more.  

 

2) Economical aspects 

The success of APVs can be discussed by whether APV projects have profitability through the sales of energy 
and crop yields. In particular, the success of APV can be defined by the time APVs start making net-income. 
It could be identified as APV’s increase in cumulative earnings from crop and energy sales over the sum of 
initial investment funds and operation costs. This economic estimation could be explained with the Levelized 
Cost of Electricity (LCOE). One study mentioned that APV has 38% higher LCOE, as much as €0.0226 kWh−1, 
than that of conventional PV solar farms because of the extra installation cost (Schindele et al., 2020). 
Additionally, it stated that the operating expenses of APV are lower than ground-mounted PV farms because 
of synergetic effects and benefits from co-location, such as significant decrease in land-cost, management 
cost and labor (Schindele et al., 2020). Therefore, the economic success of APVs would depend on how much 
energy and good quality of crops could be produced in APV while having low operational costs. To be more 
specific, producing energy and crops in APVs can be specifically explained by three associated factors: PV 
density ratio, crop characteristics, and the trade-off between PV systems and agricultural activities. 

First, the success of PV systems in APV could be defined as both the APV’s solar efficiency in relation to 
maintenance energy costs and the APV’s capacity to making a profit by selling solar energy to an energy 
company. The following questions would be helpful to evaluate APV in the energy sector; how long an APV 
project should be operated to make net-income, and how much energy APVs can produce annually or 
monthly. The selling price of solar energy keeps decreasing due to expanding solar farms and decreasing 
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prices for raw materials for PV panels. It makes the operation period longer, which may lead to an increased 
risk of failure. 

Second, the success of crop cultivation in APV depends on the quality of yields of the harvested crops. 
APVs have a distinct physical feature compared to conventional agricultural land in that crops grow under PV 
arrays. As a result, APV crops are getting less sunlight due to the shades of PV arrays over the field, which is 
likely to result in a failure of cultivation.  
 

Influential factor (1): PV density ratio 

PV density is the ratio of how many PV panels cover land area. It is closely related to the energy yield as well 
as the crop quality and yield in that the amount of shade on crops may vary depending on the PV density. 
The PV density could be decided depending on the context of which aspects, either energy or crop cultivation, 
are more concentrated in APV projects. In general, PV density may be decided as many panels as possible so 
that it may produce a large volume of potential solar energy. The higher the PV density, however, is directly 
correlated with the more increase of shades, which could end up negatively impacting crop quality. Although 
various studies have been investigating PV density to find an optimum proportion, the debate is still ongoing 
(Aroca-Delgado et al., 2018; Weselek et al., 2019). While the studies show different results on density, several 
studies reported that fifty percent of PV density was adequate in balancing both energy and crop production 
(Dinesh & Pearce, 2016; Dupraz et al., 2011; Weselek et al., 2019). They also mentioned that the optimum 
PV density may vary depending on conditions such as local climate, annual solar insolation by geographical 
location, and the type of PV panels. In the case of the PV panel type, one of the earlier studies empirically 
showed that using a long and narrow shaped PV panel (4*9 or 3*12 cell array) can allow slightly more sunlight 
to reach the ground, while slightly decreasing potential energy yields (Solarfarm Co., 2019). However, they 
also pointed out that using this configuration of PV panels will cause additional cost in APV installation 
(Solarfarm Co., 2019). 

 

Influential factor (2): crop characteristics 

Crop characteristics, such as shade tolerance and drought resistance, are also closely related to crop yield 
and quality. APV lands have a less irradiated solar environment due to PV arrays. Multiple studies have 
pointed to the importance of appropriately selecting a crop (Adeh et al., 2018; Dinesh & Pearce, 2016; 
Scognamiglio, 2016; Weselek et al., 2019). Some studies have proposed that planting shade-tolerant species 
in APVs may be conducive for both producing energy and crops together (Dupraz et al., 2011; Elamri et al., 
2018). Conversely, other studies have surprisingly revealed that plants preferring sunshine, such as lettuce, 
eggplants, and tomatoes, grow well even under limited light conditions (Wang et al., 2018; Weselek et al., 
2019). Also, APVs have the benefits of increasing water-use efficiency by dual water uses for PV cleaning and 
irrigation (Adeh et al., 2018; Barron-Gafford et al., 2016; Elamri et al., 2018). The water used to clean the PV 
panels fall on the ground, which could be used as irrigation but it might cause uneven water irrigation on 
crops without a small water distributor under the panels. In addition, shade from PV arrays can decrease 
evapotranspiration rates on crops, allowing the moisture on the crop leaves to potentially persist longer than 
typical farmlands. This benefit would contribute to increasing the APV's adaptability in arid and semi-arid 
climates (Adeh et al., 2018; Weselek et al., 2019).  
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Influential factor (3): inherent trade-offs in land-use 

APVs require a structure that can hold PV panels over a productive field. The columns supporting the 
structure causes some land-use losses, which will reduce the potential maximum crop yield. A report from a 
South Korean APV company revealed that APVs should aim to secure at least 80 percent of the entire site for 
arable lands. It is because the lands lost by the columns occurs up to 20 percent (Solarfarm Co., 2019). APVs 
have faced criticisms that their respective energy or crop yield is lower than the typical solar farm and 
farmland. However, this criticism has not been considered when regarding land-use efficiency and 
productivity. Even though APVs have slightly lower potential yields in producing energy and growing crops, 
it may expand the overall use of the land while establishing sustainable development. As a result, this dual 
utility of the land will contribute to increasing land productivity and land-use efficiency. Therefore, in 
planning APVs, estimating potential yields will be important to anticipate when APV projects start to produce 
net-profits.  

 

3) Social aspect 

The final challenge of APVs becoming successful are the social conflicts and the lack of relevant laws and 
regulations. Governments and agencies are increasingly interested in APVs for their potential of dual benefits 
from energy and agricultural production. However, unlike the typical ground-mounted solar farms that are 
widely accepted, APVs are still in an early stage of implementation. Due to the lack of regulations and 
standards regarding APVs, there is a rise in conflict between energy companies and local farmers, hindering 
wide spread implementation of APVs.  

 

Social conflicts 

The social conflicts originate from the disproportionate profit-sharing between energy companies and 
individual energy producers. This uneven distribution of profits discourages people from implementing APV. 
The revenue model of APV, which is directly related to the profit distribution, is linked to the following three 
subjects: (1) the government, as the top-end, provides subsidies and pressure to increase renewable energy; 
(2) major energy companies responding to the pressure from the government seek potential land areas 
(farmlands) to install PV panels. (3) As the bottom end, the farmers earn money through the land rental 
charges and energy sales to energy companies. 

The uneven profit distribution usually occurs in-between major energy agencies and individual energy 
producers. One of the major causes of the profit inequity is the decreasing price of the Renewable Energy 
Certificate (REC). The decreasing REC is reducing the energy unit price, which results in decreasing individual 
producers' potential profits that could have been obtained by selling their produced energy. Particularly, this 
would be much worse in the case of APVs, as APVs need a huge amount of initial investment costs than the 
typical ground PV farms (Kim et al., 2018) and it may take more than 10 years to generate a net profits from 
APVs. Also, farmers are concerned about the decreasing REC and variables, such as environmental disasters, 
that might lead APVs to failure (Kim et al., 2018). These widening risks and concerns discourage farmers from 
embracing APV implementation. In fact, a study showed that people living in rural areas tend to agree with 
the overall energy shift to renewable energy systems, but they tend to disagree with implementing it on their 
lands such as NIMBY (Kim et al., 2018). 
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Laws and regulations 

Relevant laws and regulations need to be enacted and updated. Weak regulations and poor laws caused 
multiple falsified and unverified APV projects. What’s even worse, some local farmers experienced fraud by 
unethical PV panel developers, spouting lies about earning more money via installing their PV panels onto 
the farmers’ lands. This fraud started to negatively influence people's perception of PV development in rural 
areas. Also, regarding the increase of the use of APVs, some other existing rules and regulations might impede 
its growth. For example, in South Korea, the timeline permitting farmlands to use APVs is only eight years, 
which is just less than half of the 15-year that net-profit may occur. While strict regulations settled on the 
ordinary farmlands were to preserve agricultural values and sustain their prosperity, it may be a bit of an 
obstacle in expanding APVs. Therefore, it would be important to urge the government to amend their existing 
regulations and laws beyond their current efforts of subsidization policy that have been commonly used for 
traditional PV fields. It would be important to question whether the laws and regulations support APV or not. 

 

Table. 1  

Field Type Stage APV requirements or conditions 

Environme
ntal aspect 

Environmental 
impacts 

Installation [Absent or less environmental impacts] 
Were there negative environmental impacts in the installation 
process? If yes, was it ecologically treated/recovered? 

Environmental 
consideration 

Installation [Use existing site conditions] 
Were there limited geomorphological or environmental 
transformations in APV installation? 

Environmental 
management 

Operation [Less resource consumption for managing APV] 
Were energy and resource inputs reduced compared to typical 
PVs? 

Economic 
aspect 

Solar energy 
production 

Installation [Link to grid infrastructure] 
Can APV be connected to the grid? Is it possible to selling 
produced energy? 

Installation & 
Operation 

[Energy production efficiency] 
Does APV use good quality PV panels that can produce energy 
well? Is there regular maintenance for the installed PV panels 
(water cleaning on PV panels)? 

Installation & 
Operation  

[Stability and durability of PV supporting 
structures] 
Can the support system withstand the weight of the 
photovoltaic panels and harsh exterior conditions? 

Installation [Geographically good solar insolation condition] 
Does the site is located in a good solar irradiated area? 

Installation [Appropriate crop species choice] 

Crop cultivation Operation [Sufficient irrigation] 
Can the PV cleaned water is reused as irrigation after the 
filtration process? Does irrigation happen regularly? 

Installation & 
Operation 

[Sufficient solar irradiation] 
What is the ratio of PV density, Can crops receive the least 
amount of solar irradiation? 
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Harvest [Crop quality and yield check] 

Social 
aspect 

Social conflicts Installation [Disagreement for APV installation by local 
residents] 
Is there any disagreement for APV by residents or farmers? If 
yes, what is the major cause? 

 Installation & 
Operation 

[Visible landscape degradation] 
Does local residents feel the degradation of visible landscape 
quality? 

 Laws and 
regulations 
 

Installation & 
Operation 

[Hindering laws and regulations] 
Is there any laws and regulations hindering APV 
implementation? 

 Installation & 
Operation 

[Favorable laws and regulations] 
Is there any policy and laws supporting APV? 

Table 1: APV evaluation checklist table; the success of actual APV cases can be inferred using this conceptual framework 
proposed in the table. Specific elements need to be further developed depending on the different local climate zones and 
ecotones. 
 

CONCLUSION 

We reviewed the attributes of APV that can impact an APV project’s success and introduced the opportunities 
and challenges of implementing APVs into urban areas. Although APV has some challenges and weaknesses 
in its cost and social aspect, it has strong potentials in jointly producing solar energy and crops. Most of all, 
APV is expected to increase the efficiency and productivity of land-use by enabling dual land-uses in a place 
where conflict may occur. This advantage from joint food and energy production would contribute to fulfilling 
SDG’s Goal 2: ending hunger, and Goal 11: affordable and clean energy. 

The current COVID19 pandemic situation has altered the way in which people live their lives, especially 
within the urban context. Social distancing is now mandatory. Going to markets to get food is not just 
shopping, it may be an action with risky consequences. This pandemic is more serious for people with lower 
incomes and socio-economic statuses. They are likely to lose jobs, and if government subsidization is 
politically grid-locked or cancelled, they will not be able to sustain basic lives with essential necessities. In 
this sense, APVs would help ease the financial burdens of lower-income people by providing them with 
energy and food. Even though this paper covers APV in rural context, it needs  
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ABSTRACT  

      The research found that the coffee value chain operates in a long linear path and has not adopted the 
local wisdom point of view. The real actors in the primary stage are community-based stakeholders. To employ 
the circular economy framework as the latest sustainable approach to the value chain, then the gap of the 
social value of the societal structure and the culture in a circular economy that mainly unexplored must be 
developed. Vernacular architecture represents the social and cultural value. This value has to be understood, 
translated, and employed in the framework. This research aims to create a framework for the community-
based coffee value chain by adapting a circular economy framework with added social value and culture. It is 
done by analyzing the vernacular architecture values and the coffee culture where both are in the same frame 
of the cultural landscape, with case study Toraja. Furthermore, this paper will focus on the value of the carving 
motifs of Toraja vernacular architecture, which are part of the vernacular architecture's material symbols and 
its meaning in the social value and its interweaving with the coffee culture. The research employs a qualitative 
research methodology with a case study approach.  

 
Keywords: Cultural landscape, Toraja vernacular architecture, Toraja coffee culture, circular economy, Toraja 
carving motif 

 
 
 
INTRODUCTION 

Indonesia is known as the fourth world's largest coffee producer (ICO, 2020). The research found that the 
current coffee value chain has not been adopted the local wisdom point of view and is operated on a long 
linear path. The model of the framework that currently practice, linear economic, based on take-make-and-
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dispose activities, has been widely recognized as unsustainable and unable to meet contemporary 
environmental, social, and economic needs (Lacy, 2015).  
      Meanwhile, the circular economy, the most promising sustainability approach (Korhonen et al., 2018), 
gained importance on the agendas of policymakers (G. Brennan, 2015) as an alternative to answering the 
problem of the unsustainable approach of the Linear Economy (Garcia, 2019). However,  there is a gap in 
social value, societal structure, and culture in the circular economy framework. The social and cultural values 
underlying world-views and the paradigmatic potential are mainly unexplored (Korhonen, 2018) even if it has 
been considered in some micro-level such as in the coffee shop. It has often been too narrowly focused on 
the structural elements of production, resulting in a lack of adaptive capacity (Kristen Lowitt, 2015).    
      With its deep-rooted origins, the circular economy concept cannot be claimed as one single date or author 
(MacArthur, 2017). The circular economy concept has been enhanced and elaborated by seven schools of 
thought: the Cradle to Cradle framework, the Performance Economy, Biomimicry, Industrial Ecology, Natural 
Capitalism, Blue Economy, Generative Design (Figure 1) (MacArthur, 2017).  Culture has not been part of the 
seven schools of thought's fundamental thought in which the circular economy is enhanced and elaborated.  
 

 
Figure 1: The circular economy model (MacArthur, 2017). 

 
Tana Toraja's cultural landscape reflects the traditional socio-political organization. It is a society with its 

own customs and its own adat in many respects  (H.M.Nooy-Palm, 1979), as seen in Figure 2. The classification 
system of Toraja may not be systematized, at least not in any way that complies with Western expectations, 
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but its accuracy is unsurpassed in essential respects: it places man in a world that is as much a synthesis of 
parallels and contradictions as he is himself (H.M.Nooy-Palm, 1979). 

 
 

Figure 2: The federation of Kesu' (H.M.Nooy-Palm, 1979). 
 

 
 

Figure 3:  the schematic representation of Sa'dan-Toraja cosmology (H.M.Nooy-Palm, 1979). 
 

      This schematic drawing (Figure 3) represents a cross-section of the three realms, upper, middle, and lower, 
which is presented (H.M.Nooy-Palm, 1979). 
       This research aims to create a framework for the community-based coffee value chain by adapting a 
circular economy framework with added social value and culture. It is done by analyzing the social value of 
societal structure and the culture of the vernacular architecture values and the coffee culture. This research 
uses Toraja vernacular architecture and coffee culture as its case study. Furthermore, this paper will focus on 
the value of the main carving motifs and its arrangement, which are part of the vernacular architecture's 
material symbols. 
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METHOD 
The qualitative analysis method was used to perform this research. It used a case study method, and it used 
a grounded theory ethnography approach within the case study approach. Grounded theory ethnography is 
an ethnography study that "focuses less on a setting's stable structures and more on phenomena or 
processes" (Charmaz, 2006) as the data collection and analysis method. 

The use of qualitative methods is due to social value analysis, social structure, and culture. The aim of 
using the case study method is to develop an in-depth overview and interpretation of the cases and providing 
an in-depth understanding of the cases to solve the research problems, and seeking an understanding of "the 
complex" world of life experiences from the point of view of those who live it (Groat & Wang, 2013). 

The reasons for using grounded theory ethnography study as a data collection and analysis method are 
to discover, discern and understand the in-depth meaning, belief, norm, world-view and etic of Toraja 
vernacular architecture and coffee culture (Creswell, 2018)  and to emphasizes an in-depth engagement with 
a site-specific setting, especially through active and detailed observation and aimed at developing a "natural 
science of society" that could provide an empirical definition of culture (Groat & Wang, 2013) with less 
emphasis on the stable structures of a setting and more on phenomena or processes (Charmaz, 2006). 

The use of grounded theory ethnography in a deep understanding of the chosen scenes is to obtain a 
more accurate image of the entire setting (Charmaz, 2006). By using the grounded theory analysis, the Toraja 
cultural landscape, each of the in-depth data of ethnography, vernacular architecture, and coffee culture can 
be related to the comparative method of comparing each data from the beginning of the study (not after all 
data is gathered), comparing data with emerging categories and showing the relationship between the 
definition and categories of the contemporary sustainability and the Toraja social value. The researcher is 
able to pick the scenes to be examined by using grounded theory ethnography and direct the study into a 
structured guideline for investigating under the surface and digging into the scene while concentrating, 
structuring, and arranging it to create a fresh look and developing new categories and concepts (Charmaz, 
2006). 
      The overall research design and flow process are illustrated in Figure 4. 

 
Figure 4: Research Design. 
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       It began with the preliminary observation, literature scope, and research gap assumption, followed by 
identifying the research gap and the first step in formulating the problem statement. The research questions 
were formulated in the second phase. The third step was to coordinate the purpose of the study and identify 
the research goals. The fourth step was to study the literature, formulate state of the art by finding the 
conceptual cause, confirm the void's identification, and design the necessary solutions for the conceptual 
context. The fifth step was to establish the methodology and flow of research design, decide the process and 
methods of data collection, and define the research limit for the research analysis schedule and procedure. 
This analysis uses the case study approach based on the research issue and research purpose. The sixth stage 
was an in-depth collection and arrangement of data, followed by a study review, where the information was 
interpreted, assembled, and reassembled as a back and forward process. In this step, the study constraints 
were also set based on data collection and analysis restriction. The results of the interrelated and interpreted 
themes indicate that the theoretical model has been improved. The results of the conceptual structure and 
possible recommendations have been highlighted. Finally, the synchronization of the conclusion with the aim 
and purpose of the study was rechecked. 
 
RESULTS AND DISCUSSION 
Toraja people did not know the characters (H.M.Nooy-Palm, 1979); Tongkonan was a visualization of life's 
value in the Toraja community, a manifestation of the intangible symbol of societal structure and culture 
(H.M.Nooy-Palm, 1975). Furthermore, the material symbols, the carving motifs represented the event, the 
way Toraja people thinking in the past, and the prays (H.M.Nooy-Palm, 1979). The two lines of Tongkonan 
development are the holder of power and the indigenous role, which becomes a social stabilizer and 
continuously develops. It is the center of family alliance and the base of the birth of unity and a very close-
knit family and a life of communal togetherness (Tangdilintin, 1978). 
 

The Tongkonans (ancestral houses) of Tana Toraja are living heritage in the true sense. They go beyond 
the sense of 'home,' which is regarded as living symbols of local families who insist on maintaining their 
religious, cultural, and environmental traditions. The landscape demonstrates a deep relationship with 
nature that has existed for generations. Preserving the genius loci of Tana Toraja villages goes beyond 
protecting the unique architecture of the dwellings (Adams, 2003, p. 92). 

 
      The symbols in Tongkonan and rice barn are the expressions of material culture (H.M.Nooy-Palm, 1979). 
Toraja's carving was born to the reason for the insanity of Toraja's ancient life in the form of a symbol called 
Passura'. It was readable because it was a symbol of an event or a process of life from the people. So the 
carving of Toraja is not only - the image he created just to decorate one shape or object, but the whole kind 
of carving was born from the understanding of one matter of life or the association of the life and the ideals 
of life. Hence all the carvings of Toraja have real meaning (Tangdilintin, 1978). 
       In Toraja history, carvings were initially known as only four forms of image symbols of human life's 
fundamental problems and then enshrined Tongkonan house intending to remain a concern and always 
remembered by society (Tangdilintin, 1978). This paper is focused on the symbolic meaning of the four main 
carving motifs that are the origin of the whole carving motifs development and arrangement. 
      The installation of four kinds of symbols or symbols is not an arbitrary place on the Tongkonan but installed 
in a place that, according to the philosophical view of Toraja life that has meaning with respect to the belief 
in the utilization of the Tongkonan (Tangdilintin, 1978). 
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      The four basic carvings of Garonto' Passura' (main Carvings) (Figure 5) are Passura' Pa' Barre Allo (sun-
shaped carving), Passura' Pa' Manuk Londong (rooster-shaped carving), Passura' Pa' Tedong or Pa' Tikke' 
(buffalo head-shaped carving), Passura' Pa' Sussuk (smooth and lined path-shaped carving) as explained 
below (Tangdilintin, 1978). 
       The first motif, Passura' Pa' Barre Allo, symbolizes the unity of Tondok Lepongan Bulan Tana Matarik Allo. 
It means the radiance of sunlight as a symbol of the unanimous unity of the Land of Tondok Lepongan Bulan 
with one rule or aluk emanating from the center of unity as a form of life and association. A unitary society 
that gets blessings and guidance from the Almighty as the Almighty like the Majesty of the Sun, which means 
the unity has the life's doctrine or belief as to the source of life (Figure 6A) (Tangdilintin, 1978). 

The second, Pa' Manuk Londong (Figure 6A), cock symbolizes the rule and norms of the law of the society 
of Kesatuan Negeri Tondok Lepongan Bulan (United Country of Tondok Lepongan Bulan) that marks the 
human race. It was stated by the existence of Peradilan Adat Toraja (Toraja Indigenous Judiciary) named 
Silondongan in Tarian Pitu ( Pitu Dance). The laying of Pamanuk Londong on the top of Pa' Barre Allo (Figure 
6A) means the rules and norms of Toraja's society rules, and the law is based on a Godly philosophy of life 
that forms the belief of Aluk Todolo. Furthermore, Pa' Barre Allo symbolizes the united faith and Pa' Manuk 
Londong as the symbol of society's rules and laws (Tangdilintin, 1978). 

Pa' Barre Allo and Pa' Manuk Londong is placed at the front and very top of the Tongkonan with respect 
to the meaning of the role as the main of all human life and their relationships.  
       The third, Passura' Pa' Tedong or Pa' Tikke (Figure 6B), according to Garante' Eanan, is a staple symbol of 
property symbolizing Toraja's prosperity and working life. There is also the opinion that Pa' Tikke engraving 
with a Pangngunuran or Dragonfly motif representing cotton spinning to become yarn and woven into 
clothing as the symbol of prosperity as well as property in human life. Furthermore means symbolizing 
working and working life, which is the backbone of wealth and livelihood. Toraja people can choose to use 
Pa' Tedong or Pa' Tikke (Tangdilintin, 1978). 

Moreover, according to L.T. Tangdilintin, the use of Pa'Tedong is more precise with evidence in the 
community of Toraja Tedong Garonto Eanan. It can be seen in the use of this carving on tongkonan on 
Sangkinan Rinding wood (Figure 6B), which is the wood meeting place of all walls of the house. Sangkinan 
Rinding is the backbone of the House building that protects humans. 

The fourth, Passura' Pa' Sussuk (Figure 7), is an engraving symbolizes the life and relationship of the 
human being with his God. It means that all humanity is the same before God, and thus, the nature of the 
cult in Aluk Todolo all men are the same before God (The Three Peoples of Aluk Todolo). Besides, Passura' Pa' 
Sussuk means that the community structure of Tondok Lepongan Bulan State is formerly Democratic, whose 
legacy is still visible today in the Tongkonan Life Institute as a feature of Lembang Ukiran Pa' Sussuk 
(Tangdilintin, 1978). 

The placement of Pa' Sussuk carving is always on the house's sidewalls (Figure 7), which means the wider 
community, especially for Tongkonan, who holds the customary function, should be engraved with carving 
Pa' Sussuk on the side.  
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Figure 5: Toraja main carving motifs: (Left) Passura' Pa' Barre Allo (bottom) & Pa' Manuk Londong (top), (Right) Passura' 
Pa' Tedong (bottom) & Pa'Sussuk (below). The figures are redrawn, and the proportions are interpreted by Octaviana 
Rombe using photos elicitation inspired by Tangdilintin's work in 1978. It is a balanced geometrical proportion, whether 
it is a symmetrical or asymmetrical form. 
 

 
 
Figure 6: Toraja material symbols.  North face details of the Tongkonan show the Pa'Barre Allo, the radiance of sunlight 
motif surmounted by the Pa'Manuk Londong, the cock (A), and the Pa'Tedong, the buffalo head (B) surrounded by the 
motifs' development. 
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Figure 7: Toraja material symbols. Details of the East sidewall of the Tongkonan show the Pa'Sussuk, the simple 
uncolored vertical or horizontal lines. 
 

 
 
Figure 8: The arrangement of the main carving and its development. The left figures are Tongkonan in Ke'te' Kesu' while 
the right figure is Tongkonan's photo from Roxana Waterson (Waterson, 1988). Both Tongkonan show (in yellow) where 
Pa' Barre Allo, Pa' Manuk Londong, and Pa' Tedong must be located surrounded by the rice grain motif (in blue). 
 
        The Toraja vernacular architecture, Tongkonan house, is a microcosm, with its carvings reproducing a 
picture of the universe, the natural world, and human society in miniature (Waterson, 1988). The Tongkonan,  
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a microcosm that has survived for decades (Kis-Jovak et al., 1988), is related to and associated with the 
cultural landscape (H.M.Nooy-Palm, 1979). Simultaneously, the Tongkonan villages separated and connected 
by the rice fields, smallholder coffee farms, and bamboo forest (Mukhlis & Anton, 1987). It is separated due 
to land ownership, and connected to the cultural landscape. The cultural landscape is the foundation of food 
production systems (UNESCO, 2002). From this angle, the smallholder coffee farm, the starting point of the 
coffee supply chain and coffee culture and food production system is seen as part of the cultural landscape. 
        The cultural landscape reflects the works of man and nature combined, a place for people's livelihoods, 
identities, and belief structures as the roots of food production systems and living gene banks for tomorrow's 
food crops. These areas are home to local peoples and indigenous communities and are rich in cultural 
diversity and intangible values that are meant to be preserved for a sustainable future as a whole (UNESCO, 
2002). 
        The arrangement (Figure 8) of the main carving motifs and the development motifs surrounded is 
correlated with the rice-growing period (as a constellation) may be regarded to dandanan sangka, the term 
in folk stories (Waterson, 1988) to tell the stories of three life shoots in Alluk Tallu Lolona. The theme of the 
Toraja house carvings can be interpreted in the broadest sense as one of hope for the continuous renewal of 
the earth's fertility, especially of rice (Waterson, 1988).        
       The arrangement,  which differs from one Tongkonan to another, represents the social and cultural rules 
of  Aluk Tallu Lolona that rule the relationship between human, plant, and animal as the local wisdom of 
agriculture in Toraja. Aluk Tallu Lolona means wise and meaningful natural resource management, 
sustainability in one complete ecosystem  (Salubongga, 2011). 
      Figure 9 shows the conceptual framework, which links the Toraja cultural landscape, Toraja vernacular 
architecture and its carving motifs, Toraja coffee culture, and the circular economy and coffee value chain. 
 

 
Figure 9: Conceptual framework. 
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CONCLUSION 
Tongkonan is the visualization of the intangible value of Toraja's social structure and culture and the symbol 
of Toraja's life philosophy. It is a house-society, attached to fluctuating kin relationship, the house that 
guarantees continuity (Schefold, 2008). The Tongkonan holds power and indigenous rules for Toraja society. 
It has an essential meaning of unity, godliness, rules, and governing the life and association of society, work 
and prosperity, and symbol of the form of a democratic society's social life (H.M.Nooy-Palm, 1975) (Schefold, 
2008). In this sense, architecture is not just wastu widya, technically practices, but also wastu citra, deeply 
spiritual (Managunwijaya, 2013).  

      Passura, the main carving motifs, an important Toraja material symbol, is installed on the Tongkonan. 
Each of the motifs has its meaning. More than that, the Passura and the motif development arrangement is 
storytelling passed on through generations about the life surroundings and the sustainable value of three life 
shoots of Alluk Tallu Lolona: human, plant, and animal. The existence of Alluk Tallu Lolona in the 
symbolization of Toraja vernacular architecture reinforces the position of Alluk Tallu Lolona in the highest 
order of society, Tongkonan. 

      This sustainable value of Alluk Tallu Lolona, which rules the Toraja cultural landscape and agriculture, thus 
the coffee culture, will be added as a school of thought to the circular economy framework for the 
community-based coffee value chain. As it rolls on the community level, the adapted framework with the 
indigenous value will speak in the same frequency.  

     It will be a challenge to complete the research on the cultural landscape's material symbols and connect 
them with the carving motifs found in the vernacular architecture. 
     Part of the data collection is conducted during the Covid-19 pandemic. The pandemic affects the 
enormous economic value of the coffee value chain. The domino effect starts with the coffee retailers around 
the globe and gets deeply into the farming level.  It affected how the coffee value chain should be and how 
the indigenous culture could play an essential role as an agent of change for facing the paradigm. 
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ABSTRACT  

This paper summarises legal and planning statutes as they relate to cultural heritage landscapes and 
indigenous heritage. Since the mid 1990’s government agencies and heritage groups have attempted to 
develop structures and drafted policies for better protection of Māori heritage and cultural heritage 
landscapes. They have covered a wide and complex range of needs and values but, to date, have failed to 
embed better protective laws and policies with more effective outcomes. Through a socio-political critique of 
heritage law, planning and policy development in Aotearoa over the last 40 years the power relationships 
between different heritage ontologies in Aotearoa is explored. 

Further, this paper offers insights into Te Tiriti o Waitangi obligations, particularly principles of 
kāwanatanga (governance) and kaitiakitanga (guardianship).  Expanding on the work of Huhana Smith (2013) 
shows how a cultural heritage landscape approach, if applied, would better address Te Tiriti obligations. 

Finally, the paper will highlight elements of the #protectihumātao campaign in Auckland that 
demonstrates the current weaknesses of heritage planning regimes and environmental regimes in Aotearoa.  
 
Keywords: heritage; landscapes, law, planning, social justice 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

70 

GLOSSARY 

Te Reo (Māori language) English 

ahi kā burning fires of occupation, continuous occupation  

Aotearoa New Zealand 

hapū kinship group, clan, tribe, subtribe 

iwi extended kinship group, tribe, nation, people, 
nationality, race 

kaitiaki trustee, minder, guard, custodian, guardian, 
caregiver, keeper, steward 

kaitiakitanga guardianship or management. 

kaupapa topic, policy, matter for discussion, plan, purpose, 
scheme, proposal, agenda, subject, programme, 
theme, issue, initiative. 

kāwanatanga governorship; the authority of a governor or 
government. 

mana motuhake separate identity, autonomy, self-government, self-
determination, independence, sovereignty, authority 
- mana through self-determination and control over 
one's own destiny. 

mana whenua territorial rights, power from the land, authority over 
land or territory, jurisdiction over land or territory 

Pākehā New Zealander of European descent  

Pouhere Taonga Heritage New Zealand 

rangatiratanga chieftainship, right to exercise authority, chiefly 
autonomy, chiefly authority, ownership, leadership 
of a social group 

Te Ao Māori Māori world view 

Te Mana o te Taiao prestige/ authority of the natural environment 

Te Mana o te Tai prestige/ authority of the sea 

tangata whenua local people, hosts, indigenous people - people born 
of the whenua 

Te Tiriti o Waitangi/ Te Tiriti The Treaty of Waitangi 

tikanga Māori Māori customary system of values and practices that 
have developed over time and are deeply embedded 
in the social context  
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wāhi tapu sacred place, sacred site 

wāhi tupuna a place important to Māori for its ancestral 
significance and associated cultural and traditional 
values (HNZPT Act 2014) 

whenua land 

*Definitions from https://maoridictionary.co.nz/ - accessed 15/11/20 

Acronym Full term 

UNESCO United Nations Educational, Scientific and Cultural 
Organization 

HNZPT Heritage New Zealand Pouhere Taonga 

ICOMOS International Council on Monuments and Sites - an 
international non-governmental organisation of 
heritage professionals 

RMA Resource Management Act 

HPT Historic Places Trust (Replaced by Heritage New 
Zealand in 2014) 
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Figure 1 – Cultural heritage landscape -Hiaroa to Stonefields 1959. Photo credit: Whites Aviation National Library 
collection 

 

  

INTRODUCTION 

The terminology 'cultural landscapes’, ‘heritage landscapes’ and their amalgam ‘cultural heritage landscapes’ 
have become codified in national and international heritage doctrines to address the entanglements of 
cultural, natural, western and indigenous values. They represent important shifts from conceptualising place-
based heritage as singular objects, historic buildings, monuments, 

and historic gardens as well as growing tensions between concepts of universality and diversity,  

vernacular heritage and authenticity. The term ‘cultural landscapes’ was defined and became part of global 
heritage practice in 1992, at the 20th anniversary of the organisation, with the inclusion of definitions into 
the 1972 United Nations Education, Scientific and Cultural Organisation (UNESCO) World Heritage 
Convention. In Article 1 the Convention defines cultural landscapes as "cultural properties [that] represent 
the combined works of nature and of man (sic)"(UNESCO 2019 (Annex 3) Operational Guidelines for the 
Implementation of the World Heritage Convention. Paris p14).  
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A framework of different cultural landscape typologies addressing both cultural and natural values 
(although the term was categorised by the World Heritage Committee as a sub-set of ‘cultural site’) were 
also included at this time. These being places which are: 

● A clearly defined landscape designed and created intentionally by people (Ibid) 
●  An organically evolved landscape which may be a relict (or fossil) landscape or a continuing or living 

landscape (Ibid) 
● An associative cultural landscape which is valued because of its religious, artistic or cultural 

associations of the natural element (Ibid) 
  

The shift from sites to landscape was in large part an acknowledgement that heritage places may not be 
‘precisely delineated”, as had previously been required. 

The first place to be inscribed on the UNESCO World Heritage list as a cultural landscape was 
Tongariro National Park in 1993, a year after the inclusion of the cultural landscape typology. This 
represented a recalibration of natural values and a greater emphasis on the cultural values, particularly of 
tangata whenua (Kawheru 2009, Brown 2015). 

  

OVERVIEW OF THE AOTEAROA CONTEXT 

The term ‘heritage landscapes’ grew out of the ‘protected landscapes’ concept with the intention of creating 
a platform to bring together natural and cultural heritage values in order to better identify 

and protect those “Unique places that are the prime expression of the richness of the world and the diversity 
of its culture” (Natchitoches Declaration on Heritage Landscapes, 27 March 2004). Within the context of 
Aotearoa's heritage landscapes conceptually evolved through the work of Janet Stephenson and Anne 
Salmond in the early 2000s culminating in a Think Tank led by the Historic Places Trust in 2003. 

An outcome from this Think Tank was a proposed definition for the term 'heritage landscape’, as distinct 
from ‘cultural landscape’  as a place that  “encompass(es) the physical structures and changes made to the 
environment by people, natural landforms modified by human action, the meanings given to places and the 
stories told about them” (HPT, Heritage Landscapes Think Tank, report on proceedings, 1 April 2003, p.1). 

For the purposes of this paper the term ‘cultural heritage landscapes’ will be used to encompass both 
the international codification of the typology through reference to the ICOMOS term and the more targeted 
heritage application embodied in the term ‘heritage landscape’. It should be noted that the use of ‘cultural 
heritage’ is not to emphasise the cultural over the natural, which for my purposes is implicit in the term, with 
the central element being ‘landscape’ and all the values associated with landscape. There is also alignment 
between the Eurocentric ‘cultural heritage terminology and a Te Ao Māori view of important places. “Value 
[for Māori] comes from the nature of that link and the way in which interaction continues over time. As part 
of a unique landscape that provides not only material resources but also sustenance, access, and 
distinctiveness, heritage is especially valued when it is in harmony with the natural environment….” (Durie., 
2010, p.245) 

Despite the early acknowledgement of cultural landscapes in the international arena, the 
identification and application of heritage status and associated protections in Aotearoa for land-based 
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heritage with respect to cultural landscapes has a number of challenges and is yet to have any specific formal 
or legal protections. Many of the challenges that exist in meaningfully applying the cultural heritage 
landscape approach to heritage identification and protection in Aotearoa exist across colonised states (where 
obligations to indigenous rights, including the right to self-determination and cultural access, sit 
uncomfortably with European legal and planning frameworks). Furthermore, cultural heritage landscapes 
provide challenges to a legal system which is based on concepts of “land as a physical reality with reasonably 
clear and identifiable boundaries of delimitation” (Fisher D. E., 2005, p.2). This system sits in contrast to a Te 
Ao Māori view of whenua/land and cultural heritage landscapes which places importance on the connections 
or links between valued sites and surrounding features. 

“There is no specific recognition of how whakapapa as a genealogical reference system relates 
people to lands, waterways, ecosystems and areas of spiritual importance. If a heritage landscape concept 
recognised and emphasised these intricacies, then laws might better reflect and respect the multiple 
narratives of iwi and hapū interaction with place, natural resources and other 

influential events or experiences that remain embedded within landscape" (Smith H., 2010, p 308) 

 Many of the challenges with cultural heritage landscape values have been primarily around the 
identification and assessment of cultural and social values. The application of a more holistic and spatial 
approach to protection inherent in a cultural heritage landscape approach, particularly in the establishment 
of boundaries, has proved challenging for planners and the Courts. Additionally, cultural and social 
dimensions, both tangible and intangible, have provided heritage law and planning with challenges that are 
centred in ontological issues and the ability of a Eurocentric process to take account of the significance of 
values emanating from other worldviews. The tensions arising from these differing world views and 
associated processes are what is meant in this paper by the term ‘heritage ontologies’.  

Shifting the focus from European heritage places, largely individual sites to one that adequately protects 
Māori heritage sites and acknowledges interrelated values has been a discussion in Aotearoa’s heritage 
profession since the 1990s. 

In Māori and the Environment: Kaitiaki (2010), Dr Huhana Smith critically examines environmental 
and heritage law in Aotearoa. In this text the author addresses both cultural and heritage landscapes 
identifying key policy moves towards accepting and applying these concepts to improve heritage 
identification and protection. The author provides context and overviews of relevant reviews and 
recommendations including: the 1996 Parliamentary Commission for the Environments Review of cultural 
and historic management and the ensuing Historic Heritage Management Review of 1998; the Taonga Maori 
Review 1999-2000; and the Historic Places Trust’s Heritage Think Tank in 2003 including recommendations 
for the establishment of a Maori Heritage Agency within the Ministry of Culture and Heritage. Smith notes 
that despite the weight of recommendations and scholarship in support of the inclusion of the concept and 
terminology of cultural landscapes, ancestral landscapes and heritage landscapes, the government has 
consistently avoided the inclusion or strengthening of the approach. This includes the deletion of the 
terminology from the definition of ‘historic heritage’ in Section 2 RMA matters of national importance in the 
2004 RMA Amendment Bill as the result of a Supplementary Order Paper. The effect of this withdrawal was 
justified on the basis that the amenity values and the maintenance and enhancement of the quality of the 
environment covered the same values. Likewise, the recommendation to establish an agency with 
overarching responsibility for advising and supporting the Ministers of Culture and Heritage and Māori Affairs 
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on Māori heritage needs and issues, including those that related to Māori heritage values within the 
landscape, was never implemented. 

In addition to the concerns above the findings from the Parliamentary Commission enquiry into 
historic and cultural resources in environmental management highlighted lack of coordination between 
agencies with heritage responsibilities, a lack of resourcing, and inadequacies in the protection of Māori 
heritage including cultural heritage landscapes. As a result, a specific review into Historic Heritage 
Management (1998) was undertaken by the New Zealand Department of Conservation Ministerial Advisory 
Committee who identified a lack of national direction and inadequate provision for Māori cultural landscapes. 

In 2011 the Minister for Culture and Heritage introduced the Heritage New Zealand Pouhere Taonga 
Act (HNZPT Act) to replace the New Zealand Historic Places Trust Pouhere Taonga Act (NZHPT Act) 1993. The 
HNZPT Act came into effect in 2014. The purpose of the repeal of the NZHPT Act was aligned to a suite of 
legislative changes targeted at ‘streamlining and simplifying’ environmental legislation in Aotearoa. The 
HNZPT Act changed the timing and requirements for applying and gaining an ‘archaeological authority’ 
(permit)to modify and/or destroy archaeological remains, aligning these with the shortened maximum 
amount of processing time for an authority with new provisions,  as well as removing interim protection for 
places that were being considered for listing as heritage places on the HNZPT list. Additionally, it added 
reference to provisions in the case of civil emergencies. It also strengthened private property rights and the 
rights of owners in respect to heritage listing. It added two new categories of heritage places, one being wāhi 
tapu areas and the other National Heritage Historic Landmarks. The HNZPT Act retained the Māori Heritage 
Council, heritage covenants and orders and the Heritage Register (but changed its name to the Heritage List). 
From a structural perspective the new Act dissolved the local branches of the HPT and strengthened the 
alignment between HNZPT and the Crown Entities Act 2004. The most salient features of the changes for the 
purposes of this paper is the weakening of the archaeological authorities, as the vast majority of 
archaeological material is Māori in nature, the inclusion of wāhi tapu areas as this has potential landscape 
applications, and the move away from the local to a more centralised approach,. The latter has significant 
ontological implications from a Te Ao Māori perspective which is iwi and hapū based and not centralised. 
Additionally, in the process of determining the protection provisions in the NZHPT Act submissions were 
made that focussed on concerns that archaeological material was too limited in its ability to sufficiently 
represent values associated with wāhi tapu and wāhi tupuna. The linkages and values associated with 
intangible heritage could not be taken into account by the proposed provisions and this in effect significantly 
diminishes the Act’s ability to take account of, identify, and protect important Māori heritage, including 
cultural heritage landscapes. Despite these concerns the HNZPT Act implemented the changes, in effect 
limiting the archaeological provisions to material evidence only. 

A number of targeted studies and symposiums have found significant inequalities in both listings and 
processes for protection of cultural heritage landscapes and Māori heritage sites. These inequalities have 
largely been reported through analysis of the quantum of European heritage sites compared to Māori 
heritage sites. For example, the HNZPT list currently has over 80% European heritage places (largely buildings) 
with less than 10% specifically identified as Māori heritage. It is arguable therefore that the current heritage 
law and planning policy in Aotearoa privileges Western ontological notions of heritage, as is evidenced in the 
HNZPT List, local government schedules, and related policy, and as a result is not consistent with the co-
governance envisioned in the Te Tiriti. 
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More recently the 2020 review of the RMA conducted by the Independent Resource Management 
Review Panel chaired by retired Court of Appeal Judge, Hon Tony Randerson, QC, New Directions for Resource 
Management in New Zealand (referred to as the Randerson Report), has found that there is a “need for a 
significantly greater role for Māori in the resource management system.” (Resource Management Review 
Panel., 2020, p4). It also supports a change from ‘taking account’ of the principles of Te Tiriti to ‘giving effect’ 
to those principles. Additionally, and of significance to this paper, the reports’ recommendations include in 
its first two key recommendations, (Section Three) Te Tiriti o Waitangi me te ao Māori that: 

1. The concept of ‘Te Mana o te Taiao’, should be introduced into the purpose of the Natural and Built 
Environments Act to recognise our shared environmental ethic. 

2. Specific outcomes should be provided for ‘tikanga Māori’, including for the relationships of mana 
whenua with cultural landscapes (Ibid p85). 

Additionally, in the Heritage recommendations (Chapter 10) it states: 

63. This work [Ministry of Culture and Heritage project Strengthening Heritage Protection] should also 
investigate the interface between the Natural and Built Environments Act and the Heritage New Zealand 
Pouhere Taonga Act 2014 to provide greater clarity about which agency has primary responsibility for which 
aspects of heritage protection (Ibid., p302). 

 The combination of the recognition in the report of the special place of cultural landscapes for Māori 
and the need to review existing heritage legislation is a positive step. Also, advocacy for tikanga Māori in 
respect of heritage has the ability to address some of the existing statutory gaps. From a structural 
perspective the Report advocates for reform to the legislative architecture and proposes a new framework 
in the introduction of a Natural and Built Environments Act. This framework would be based on the concept 
of Te Mana o te Tai providing a positive focus on better outcomes for “natural and built environments, rural 
areas, tikanaga Māori, historic heritage, natural hazard and climate change” (ibid., p23). 

 These recommendations and proposals, as they relate to cultural heritage landscapes, echo those made 
in the late 1990’s and 2000’s. What is different this time is that they are largely based on a tikanga Māori 
view. The alignment between the heritage and landscape concepts and Te Ao Māori is not new but has not, 
until this report, been so grounded in tikanga Māori or so ontologically specific. However how this conceptual 
framework would operate within a Westminster system of law is where the tensions and awkwardness lie. 
In the past this has proven too politically difficult and complex.  

The  decision making and planning processes regarding the identification and management of cultural 
heritage landscapes will be of critical importance in any changes to environmental law and will signal the 
level of commitment to Te Tiriti obligations, especially those of rangatiratanga (or mana motuhake for those 
iwi who were not Te Tiriti signatories) and kaitiakitanga. The treatment of cultural heritage landscapes in the 
revised framework provides an important test of RMA reform.  

 

CASE STUDY 

In the case of the #protectihumātao (figure 2), a campaign to protect land in South Auckland from building 
development that is currently live, the current weaknesses of the HNZPT Act and the RMA to address 
indigenous ontologies and cultural heritage landscapes are starkly illuminated. Systemic bias privileges 
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Pākehā values and supports discriminatory policies and processes that, arguably, breach Te Tiriti and human 
rights obligations. 

Ihumātao is a rare cultural heritage landscape. This area has national and international significance as 
one of the earliest Māori settlements, natural heritage as well as values associated with early Pākehā 
settlement, land acquisition and management.   

Within Ihumātao, there is 32 hectares of highly contested, privately-owned land which is known to ahi 
kā (local Māori) as Puketaapapa. It is also known as the "Wallace Block" after the Pākehā settler family that 
was granted the land following Crown confiscation in 1863 as well as SHA62 (Special Housing Area 62). The 
land has become a source of controversy because the current legal owner, Fletcher Building Limited, plans 
to build 480 dwellings there. Locally, the land is considered a sacred place and integral to the adjoining 
Ōtuataua Stonefields Historic Reserve. This landscape contains evidence of continuous Māori and settler 
occupation over the last 700+ years. 

In the current planning and policy regime, it is not possible to demonstrate that Ihumātao meets the 
threshold of national significance. The lack of a national strategy or framework, as noted in the 1998 report, 
in conjunction with the strongest planning and protection instrument being at the local or regional level, has 
created perverse outcomes. In particular this is so where nationally significant cultural heritage places can 
be more at risk than locally significant ones. This is the case at Ihumātao. 

 

 

Figure 2- #protectihumātao campaign August 2019.  Photo credit Assorted Collective 2019 

 

A comparative understanding of heritage sites on the basis of their national, regional or local significance 
can't be established by looking at Aotearoa's heritage lists and schedules. This makes determining the 
commensurate level of protection for these places difficult and at times flawed. The ability of HNZPT to 
prevent the destruction of Māori heritage was significantly weakened by the passing of the HNZPT Act. The 
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strengthening of private property rights and putting the emphasis on advocacy and mitigation over 
protection has resulted in a developer friendly regime that is reflected in poor heritage outcomes. This can 
also be seen in the development of events in the #protectihumātao campaign. Critical evidence of the effects 
of this regime is demonstrated in the success rate of developers to get archaeological authorities to modify 
or destroy archaeological (Māori) heritage sites. From 2014 to March 2017, HNZPT granted over 97% (877 of 
907) applications for the modification or destruction of archaeological sites (HNZPT 2017 Official Information 
Request, granting archaeological authorities 2014-2017). The impact on Māori heritage, the oldest and rarest 
heritage in Aotearoa, both in terms of the destruction of tangible material evidence of Maori culture and the 
erosion of the intangible linkages that provide cohesion to important landscapes, has been devastating.     
  

In 2017 HNZPT granted an archaeological authority to Fletcher Building to modify and destroy 
archaeology at Ihumātao to enable the housing development. The #protectihumātao campaign challenged 
the granting of the authority through the Environment Court (case #214). The Court found in favour of the 
development despite detailed archaeological arguments for its protection [Dave Vert and Ian Lawlor in 
evidence: Environment Court Appeal (2018) ENV-2017-AKL-000160].  The Environment Court appeal failed 
for two main reasons. First, at the RMA local level, Auckland Council's planning provisions offered no 
protections for Māori heritage on private land. Second, Heritage New Zealand’s policies for finding 
alternatives to modifying or destroying cultural heritage landscapes are not, according to the Environment 
Court, legally enforceable due to an exclusive focus on archaeological sites in the statutory provisions. This 
focus on material remains and site-specific values is ontologically and systematically biased in favour of a 
Eurocentric approach to heritage. 

As stated earlier the #protectihumātao campaign is live at the time of writing. The campaign to protect 
this rare cultural heritage landscape is continuing a legacy of resistance to Crown Tiriti breaches, such as the 
Bastion Point campaign in the 1970’s. The #protectihumātao campaign has carved its own path to Māori land 
rights and cultural heritage landscape protection, galvanising public support and spurring national 
conversations. One of these national conversations is around the role of heritage agencies and mechanisms 
and how ‘heritage’ is conceptualised by different communities. To date the campaign has successfully 
stopped the development, advocated for the upgrading of the heritage status through the inclusion of the at 
risk land on the Heritage New Zealand list as Category 1 (the highest category) and is supporting kaitiaki in 
their rangatiratanga exercised in the current land management practices which are based on the campaign 
kaupapa. 

“Only history will tell what this kaupapa, this campaign, has entailed. But for us, we just hope that it 
encourages other people to stand up against injustice, to stand up against environmental degradation and 
to stand up for cultural heritage landscapes, and our wāhi tapu and our history. And we hope to heal some 
of the heartache that lays across this whenua” (Newton. P., January 22nd, 2020). 

  

 

 

 

 



Indigenous Knowledge and Wisdom 

 

 
79

CONCLUSION 

The cultural heritage landscape of Ihumātao, and the campaign to protect it, has wide reaching consequences 
for how Aotearoa understands, identifies, and protects heritage and significant values in its landscapes. The 
failure to incorporate the concept and ontological diversity embedded in cultural heritage landscapes into 
the statutory and planning frameworks over the last 40+ years has given rise to systemic inequalities, which 
are now being challenged and rejected. 

The transformational opportunities that have resulted as we grapple with Covid-19 responses should 
include meaningful recalibrations to environmental and social statutes and planning frameworks. This might 
be the taking up of the Randerson Reports recommendations. However, there are challenges and difficulties, 
including Te Tiriti and governance implications, in applying ontologically different approaches within the one 
system.  

Our cultural heritage landscapes, with all the moving parts and values associated with them, sit at the 
heart of the country's history and identity. So too does the approach we take to understanding, planning for 
and protecting them. The choices that are made in this transformation will directly impact the futures that 
are possible post Covid 19. 
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ABSTRACT  

People release stress in urban environments by experiencing green areas, such as parks, grasslands, and 
areas with trees and hedges. For over 30 years, increasing studies have depicted the psychological and 
physiological health benefits of experiencing nature. However, recently, people have been staying in concrete 
environments without green spaces in their daily lives, especially during the COVID-19 pandemic, not only 
causing social isolation but also contributing to health problems. Biophilic attributes in built environments 
might improve people’s connection to nature and provide health benefits and influence landscape design 
applications. To confirm this, the present study took photos in urban green spaces and imported them into 
Google Vision AI to label their biophilic attributes and to predict the tradition environmental Qi in the space. 
The study found that natural labels, such as “tree, plant, grass, and park” significantly influenced people’s 
preference for a space, its tradition environmental qi, and people’s experiences of recovery and reflection. 
However, urban labels, such as “building, architecture, city, and house” were significantly negatively related 
to the same psychological outcomes. Using AI to define biophilic labels could optimize the psychological 
benefits of designed spaces and provide a new view for related landscape design work. 
 
Keywords: Biophilic Elements, Tradition Environmental Qi, Google Vision AI, Environmental Information 
Labels, Urban Green Space 

 
 
INTRODUCTION  

Human health is influenced by the environment in which people live, which is an important issue for work 
and living spaces, especially now, during the COVID-19 pandemic, when people are staying at home more 
than usual. Connecting to nature could have a great impact on such people. Many studies have shown that 
connecting with the natural environment is important for body-mind-spirit health benefits. Environmental 
psychology has shown that interventions involving direct and indirect connection to nature often support 
health outcomes by restoring attention, increasing positive emotions, reducing stress, and decreasing blood 
pressure, as well as having numerous physical benefits (Hartig, Mang, & Evans, 1991; Kaplan & Kaplan, 1989; 
Ulrich, 1981). Compared to urban environments, nature is more restorative on a physiological and 
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psychological level (Cox et al., 2017; Keniger, Gaston, Irvine, & Fuller, 2013). Nature can facilitate positive 
emotional experiences and increase voluntary sustained attention, especially for people who are fatigued 
(Berto, 2005; Korpela, Ylén, Tyrväinen, & Silvennoinen, 2010). Decades of study discuss the “nature and 
health” were related to Attention Restoration Theory and Stress Reduction Theory, however, the biophilic 
design and Qi field could influence our health. Therefore, in this article, we used the concept of 
Environmental Psychology and biophilic design from the Western and the Qi field in the Eastern—the vague 
substances in the environment that interact with one's mind, body, and spirit—to predict health benefits.  

Attention restoration theory asserts that people can release mental fatigue and concentrate better after 
spending time in nature or even after looking at scenes of nature (Kaplan & Kaplan, 1989; Kaplan, 1995). An 
environment that aids the recovery of one’s voluntary attention, called a restorative environment, has the 
following four characteristics: (1) being away, which allows people to escape from daily life physically or 
psychologically; (2) fascination, which effortlessly attracts people’s attention; (3) extent, which means that 
the environment is rich and coherent enough to constitute a whole other world; and (4) compatibility, which 
means that the environment supports people who belong in the space. Moreover, Kaplan & Kaplan (1989) 
proposed that restorative environmental features not only restore voluntary attention but also provide a 
deeper experience, including recovery and reflection. One study asked people to develop their ability to 
concentrate and think about their life goals while viewing urban landscapes, sports games, and natural 
landscapes. Results showed that natural landscapes provided recovery and reflection experiences (Herzog, 
Black, Fountaine, & Knotts, 1997). Staats et al. (2003) argued that compared with urban landscapes (cities, 
streets, urban parks, and so on), natural landscapes (forests, paths, a lack of other people, and so on) provide 
greater experiences of recovery and reflection, which were related to people’s preferences. In other words, 
people may prefer environments that help them recover their attention and to engage in reflection. 

Wilson (1984) stated that humans have a deep affiliation with nature called biophilia. The biophilia 
hypothesis aims to explain why people prefer to engage in natural rather than built environments, why 
people seek to connect to nature in interior environments, and why people like to perform outdoor activities 
in places with pleasant views. Tang, Sullivan, and Chang’s (2015) study showed that an individual’s deep 
connection with nature (for example, rural forest settings) may predict a sense of safety, legibility, mystery, 
and attentional restoration, and this may enhance one’s perceptual experiences of natural landscapes. 
Biophilic designs could emerge in everyday life, such as on campuses, in the community, or in individual 
working or living spaces, which may directly or indirectly influence human psychological and physiological 
health (Kellert, Heerwagen, & Mador, 2008). Kellert et al. (2008) mentioned that biophilic design is composed 
of two major aspects. First, there is an organic or naturalistic dimension, including direct or indirect contact 
with a natural environment in person or via photos. Second, there is a place-based or vernacular dimension 
defined as buildings and landscapes that connect to the culture and ecology of a locality or geographic area. 
In other words, it is said that people exist in a holistic environment and have a sense of place attachment.  

These two major aspects can be related to six biophilic design aspects. Environments may also be 
composed of various aspects, which are as follows. Environmental features include water, plants, views and 
vistas, façade greening, geology, landscape, and so on. Natural shapes and forms may refer to botanical 
motifs, shapes resisting straight lines and right angles, biomorphy, geomorphology, and so on. Natural 
patterns and processes may refer to sensory variability, information richness, patterned wholes, transitional 
spaces, and so on. Light and space refers to natural light, light and shadow, spatial variability, spatial 
harmony, and so on. Place-based relationship refers to a geographic connection to a place, landscape 
orientation, landscape ecology, spirit of place, and so on. Finally, the Evolved human-nature relationship 
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aspects refer to prospect and refuge, order and complexity, attraction and beauty, curiosity and enticement, 
and so on. Overall, there are more than 70 biophilic design attributes present in built environments. Through 
the description in biophilic design, it could lead a chance to approach landscape and urban design to link 
humans and nature, which are related to Goal 3: Good Health with Wellbeing, Goal 11: Sustainable Cities and 
Communities, and Goal 15: Life on the Land. 

Central holistic concepts in Chinese history, such as Daoism, Confucianism, and Feng Shui theories, 
believe that humanity and the environment are integrated and that the harmonious relationship between 
people and the environment is important and affects the health of our body, mind, and spirit. Tradition 
environmental qi (TEQ) is a vague substance present around geographical features, but it is difficult to 
measure. Water, grass, and trees are important biophilic elements that produce restorative experiences, 
which people prefer. The TEQ questionnaire uses people as a sensor to feel the Qi field in an environment 
and capture holistic environmental aspects during people-environment interactions, which include seven 
healthy landscape dimensions as follows: (1) landscape structure, (2) vegetation characteristics, (3) landscape 
visual quality, (4) brightness, (5) microclimate, (6) disturbances, and (7) healthy feelings (Chou, Hung, & 
Chang, 2020). Landscape structure is related to the composition and configuration of the coordination, 
integrity, and appropriateness of a space. Vegetation characteristics refer to the pattern of planting and the 
color, cleanliness, and tidiness of a landscape. Landscape visual quality is the view from a space. Brightness 
describes the level of light in a space. Air flow, air quality, wind, and temperature are related to the 
microclimate. Uncomfortable feelings, such as noise, could create disturbances, which affect a space’s TEQ. 
Healthy feelings include a sense of inner thought, refreshment of the body, a felt sense of physical comfort, 
an ability to breathing smoothly, and a sense of psychological relaxation. Mind-body exercises, such as 
qigong, can help people experience TEQ dimensions through experiencing Qi in an outdoor environment. 

A broad natural environment includes plenty of elements that might influence health. One study has 
shown that there are no significant differences between parkland, tended woodland, and wild woods in 
terms of the effect of greening and trees on mood and restorative experience, though this effect was 
significant compare to urban streets and those greenings. (Van den Berg et al., 2014). The Western view in 
environmental psychology suggests that a restorative environment restores attention and that people prefer 
natural environments to those that are urban. Most of the 72 biophilic design attributes that may influence 
people’s health include water, plants, color, air, landscape ecology, sunlight, natural materials, façade 
greening, geology and landscape, and so on. The layout of the environment, including the type, composition, 
and configuration of these attributes may affect attention restoration, emotions, preferences, cognition, 
stress, and so on (Gillis & Gatersleben, 2015). Moreover, Velarde, Fry, and Tveit (2007) suggested that it is 
important to identify the key elements in landscapes that provide the most health benefits.  

However, most research uses the main visual scope of a landscape to classify it into landscape type and 
to categorize elements. In this study, we asked whether various elements in an environment could be labeled 
by AI as the elements of biophilic design for predicting human perception of TEQ and psychological outcomes. 
While there could be a strong assumption of a link between landscape elements and psychological 
experience, little empirical evidence has been found that has established a direct relationship between these 
variables. Researchers have asked whether and to what extent the sense of connection with nature provided 
by the biophilic design and the healthy quality of the environment (Qi field) in urban green spaces could 
influence health benefits. The scope of this study is to answer the urban green space that could contribute 
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to human health through AI. By doing so, we used image recognition in Google Vision AI to understand 
selected elements in an urban green space (1) to determine the relationship between biophilic elements and 
TEQ and (2) to predict the health experiences, such as preference, recovery, and reflection provides in urban 
green space. In so doing it seeks to our growing understanding of how and to what extent the updated 
technology—AI machine learning—predicts the human perception of psychological outcomes in urban green 
space. Besides, the results of this study could have a considerable impact on relevant SDGs goals, especially 
the application of greenery the nearby nature for the human being. 

 

METHOD 
The study was designed to answer the following research question: “What biophilic attributes that arise from 
AI can predict psychological outcomes?” We investigated the question using Google Vision AI and 
questionnaires that measured the environment’s TEQ as well as people’s experiences related to health 
benefits—preference, recovery, and reflection. The dependent variable was the questionnaire score. 
Participants who volunteered to take part in the study were mind-body practitioners, such as those who 
practiced Qigong. Such participants were chosen because they were considered to be sensitive to the felt 
sense of Qi, as feeling environmental Qi is an element of practicing Qigong. We then asked those participants 
practicing Qigong on-site in the selected practicing sites in urban green spaces. After practicing, the 
participants answered the following questionnaires related to environmental psychology and TEQ. The 
independent variable is the photos taken at the selected practice site, and these photos are used as 
representative of the biophilic attributes, selected by Google Vision AI to predict these health benefits. 

Google Vision AI is a product that detects the information in an image, such as facial expression, 
landmarks, locations, logos, image colors, image content, objects, similar images on the web, and so on. The 
study used images of the National Taiwan University campus as the urban green space from which image 
content was detected. This generated different outcome labels, which represented biophilic attributes. 
Figures 1−3 have shown these outcome labels. 
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Figure 1 Using Google Vision AI, the study extracted labels from images of built environments in the urban green space 
that were used as independent variables. (Retrieved from https://cloud.google.com/vision). 

 

  

Figure 2 Using Google Vision AI, the study extracted labels from natural environments in the urban green space that were 
used as independent variables. (Retrieved from https://cloud.google.com/vision). 
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Figure 3 The most frequent labels extracted from Google Vision AI, illustrated by WordArt.com. 

 

The questionnaire measured seven healthy landscape dimensions (landscape structure, vegetation 
characteristics, landscape visual quality, brightness, microclimate, disturbances, and healthy feelings), 
including 35 TEQ items and one question each for preference, recovery, and reflection. For the perception of 
human health benefits, data collection took place on campus, which represented an urban green space in 
Taipei, Taiwan. Biophilic attributes that arose from AI were used to predict self-reported responses relating 
to psychological outcomes from the written questionnaires by using Statistical Package for the Social Sciences 
software version 20 to analyze. 

 
 
RESULTS AND DISCUSSION 
Over 200 labels were reported by Google Vision AI. More than 30 values in each label were selected to do 
factor analysis. The study used principal components analysis (PCA) to categorize labels into three groups: 
“Building” included the labels of “building, architecture, city, and house,” “Nature” included the labels of 
“tree, plant, grass, park,” and “Landscape” included the labels of “landscape and garden.” Results showed a 
negative relationship between “Building” and the outcomes of preference and recovery. The relationships 
between “Nature,” TEQ, preference, recovery, and reflection, while significant, were moderate in strength 
and in line with previous research. Additionally, “Nature” significantly predicted and had a positive 
relationship with TEQ, preference, recovery, and reflection, while “Building” significantly predicted and had 
a negative relationship with reflection, see Table 1. 
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 Health benefits 

Groups of 
Labels 

TEQ Preference Recovery 
Reflection 

Building  

 

 

- 

There is a negative 
relationship 
between Building 
and Preference. 

The Building 
negative influence 
Recovery. 

There is a negative 
relationship 
between Building 
and Reflection. 

Nature 

 

 

There is a positive 
relationship 
between Nature 
and TEQ. 

Nature positive 
influence TEQ 

There is a positive 
relationship 
between Nature 
and Preference. 

Nature positively 
influences 
Preference. 

There is a positive 
relationship 
between Nature 
and Recovery. 

Nature positively 
influences 
Recovery. 

There is a positive 
relationship 
between Nature 
and Reflection. 

Landscape 

 

 

- - - - 

Table1: The correlation diagram summarizes the results of labels and health benefits 

 

A possible explanation for the results could arise from the prospect and refuge theory, savannah 
hypothesis, attention restoration theory, and the concept of biophilic attributes, which all explain how 
landscape traits, such as trees, grass, openness, and restorative elements can fulfill people’s needs and 
recover from mental fatigue. Our results could be explained from an ecological perspective, which shows 
that large, continuous, open spaces, such as woodlands, grassland, and waterscapes could provide 
restoration and safety, generate preference, and decrease heart rate and that large areas of buildings limit 
healthy outcomes (Chou, Lee, & Chang, 2016). Our results were similar to previous research showing that 
natural landscape types, such as streams, trees, pathways in forests, mountains, and so on improve mood, 
reduce stress, provide a restorative effect, and generate higher levels of preference compared to cityscapes, 
such as buildings, streets, residential areas, urban parks, and so on (Hartig, Evans, Jamner, Davis, & Gärling, 
2003; Laumann, Gärling, & Stormark, 2003; Staats, Kieviet, & Hartig, 2003; Van den Berg, Jorgensen, & 
Wilson, 2014; Van den Berg, Koole, & Van der Wulp, 2003). In the book Breathing Spaces: Qigong, Psychiatry, 
and Healing in China, Chen (2003) mentioned that qigong practitioners preferred to practice breathing in 
grassland and treescapes. It is said that the more people perceive a landscape as natural, the more they 
prefer the environment, and the more they experience recovery and reflection (Staats et al., 2003).  
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CONCLUSION 
This research has taken advantage of advances in science and technology and the rapid development of AI 
machine learning to use an AI image recognition system to classify landscape-related label content and 
predict the impact of aspects of an outdoor environment on people’s psychological state.  What had done in 
this study is (1) use AI to analyze landscape elements that representing biophilic attributes in the selected 
on-site Qi practicing places, and (2) to predict TEQ and related health benefits through the AI biophilic labels. 
The percentage on each label in Google Vision AI is the reliability that represents each element; in other 
words, those could have labeled through human perception and then automatically trained the system. By 
using AI could be more powerful than asking participants "what are the biophilic elements" and "how much 
could you perceived" in urban green space. 

The urban green space was selected in this study represented a park-like setting with large amounts of 
grass, trees, plants, openness, lightness, buildings, and a few waterscapes from which labels that represented 
biophilic attributes were selected. Findings showed that an environment containing nature-related labels 
improved psychological outcomes more than those containing urban-related labels. Moreover, the groups of 
labels in “Nature” could positive predict human’s perception in TEQ, preference, and recovery. Nature labels, 
including trees, plants, grass, and park are likely to explain a significant amount of the variance in predicting 
psychological outcomes, while buildings were likely to create disturbance to the recovery and reflection 
experience. People prefer to experience or do exercise in nature than in a built environment, which may be 
explained by the felt sense of TEQ. Besides, nature and natural environments provide more elements that 
provide a sense of fascination, which benefit people’s health. These findings were in line with previous 
studies (Barton & Pretty, 2010; Hung et al., 2019; Korpela et al., 2010), although a few previous studies used 
an unknown type of machine learning to predict people’s psychological state, especially none of the studies 
predict the concept of TEQ in urban green space.  

In this era of COVID-19, the experimental model that explores close contact between humans and the 
environment has been greatly affected. Since the study relied on AI that detected the labels to represent the 
biophilic elements, the selected photos of the on-site practicing places could be important to generalize the 
results. It could be a limitation to the study. However, the results provide a new way to think about the 
relationship between people and the environment, which may have implications for landscape designers and 
policy implication. For example, the findings suggest that inputting designs into Google Vision AI could 
provide a percentage representing the amount of nature in an environment, which could be modulated to 
provide maximum benefits for users’ physical and psychological health. On the other hand, we could use this 
approach to analyze the landscape resource assessment and aesthetic for the actuality environment that 
replaces the Post-occupancy evaluation. By doing so, the method could be a useful tool to evaluate the 
amount of "nature-related labels" from the environment and give a perception of “what positive/ negative 
elements are in the environment that might influence on human health”, especially as the basis for 
environmental policy decisions. Future research is required, but this article has highlighted an exciting use of 
AI to predict people’s psychological outcomes in response to urban green space.  
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ABSTRACT 

Background: For most people, the natural environment is recommended as an affordable health 
promotion method. 

Goal: Develop an app to collect people's health information and return people's environmental health 
prediction scores. The data can also be used in landscape planning and design in the future to design healing 
fields for people to use. 

Discussion: Experiment with a preliminary developed application. The research results show that the 
altitude of Toucheng Farm is slightly higher than that of flat land; when the temperature is low, the heartbeat 
in the physiological response increases, and the weather and relative humidity of the day will affect the 
preferences of tourists. 

Conclusion: Climate and environmental factors affect personal physical and mental health and social 
distancing strategies caused by the global epidemic this year. The next step of the research is to consider the 
impact of climate and social distance factors on people's health and incorporate them into the health route 
system. 
 
Keywords: Mobile app, Health, Nature contact, Climate change, Landscape design 

 
 
INTRODUCTION 

The Sustainable Development Goals were adopted by all member states of the United Nations in 2015 as part 
of the 2030 Agenda for Sustainable Development, which set out a 15-year plan to achieve the goals. The 
agenda had 17 goals and 169 targets. Goal 3 (Good Health and Well-Being), Goal 11 (Sustainable Cities and 
Communities), and Goal 15 (Life on Land) are closely related to the issue of green space in the environment 
as well as to physical and mental health. 

According to the World Health Organization, depression is a common mental disorder. Globally, more 
than 264 million people of all ages suffer from depression. Meanwhile, there is mounting evidence confirming 
that contact with nature can help reduce negative states, such as stress and depression, restore attention, 
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boost positive emotions, and induce relaxation (Berto, 2005, 2014; Kaplan & Kaplan, 1989; Kaplan, 1995; 
Ulrich et al., 1991). Studies have found that watching window scenery and green environments results in the 
participants experiencing lower blood pressure, electromyographic and electrodermal values, and heart rate 
(Hartig et al., 2003; Ulrich et al., 1991). There are many theories and hypotheses related to this field of 
research, such as the preference matrix (Kaplan & Kaplan, 1989), the attention recovery theory (Kaplan & 
Kaplan, 1989), and the stress reduction theory (Ulrich, 1984). The use of a natural environment in commuting 
to and from work every day is related to better mental health, especially for active commuters (Zijlema et al., 
2018). The increase in commuting time to get off work may even lead to an uplift of mood by bicycle or 
walking (Lancee, Veenhoven, & Burger, 2017). Related research results indicate that exposure to natural 
environments is recommended as an affordable health promotion method for most people. 

The project plans to use wearable devices and apps to collect people's physical and mental health 
responses during activities in the environment. The purpose of the project is to help improve people's physical 
and mental health, and to use health information as a reference for landscape design. Therefore, the core 
question of the project is: How do people connect with nature and benefit from their physical and mental 
health, and what environmental factors will affect human health? 

 
 

METHOD 

This research hopes to build an application that collects people's physical and psychological responses in the 
environment to provide users with personal health information. Moreover, the big data of personal health 
can also provide landscape designer with health information about the interaction between people and the 
environment. The following is the description of the application system to the design process: 
I. HealthCloud app:  

We could collect psychological and physical data from individuals with iPhone and Apple Watch, and 
integrating environmental information to track locations, altitudes, and weather (e.g., temperature, 
humidity, crowds, etc.) to record environmental features and personal heart rates, and it creates short 
psychological surveys that could be answered on Apple Watch, such as perceived restorativeness and 
preferences. HealthCloud is still being developed by Chang (2018−-2020, Council of Agriculture, 
Executive Yuan). 

II. Cloud Computing:  
1. Predict Healthy Scores: Computes the Healthy Scores of uploaded scenes through landscape features 

and an Empirical Health Image Database (collect research journals related to environmental and 
health benefits, with environmental photos). 

2. Environmental and Health Effect Analysis: Analyze the correlation between psychological data and 
environmental characteristics to explore how the environment affects human health. 

III. Health Benefits: 
1. Personal Health Benefits: Collect personal heartbeat, feelings about the environment, and 

environmental information to understand the user's health status and track long-term data changes. 
Conversely, the application can predict the health benefits that the field can provide through the 
user's upload of environmental photos of the location. 

2. Public Health Benefits: Physiological and psychological big data can be tracked and analyzed for a long 
time according to landscapes, times, and seasons. Moreover, maps of environmental emotions and 
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preferences can be generated. Furthermore, the analysis also distinguishes the effect of the 
environment on various age groups. 

IV. Landscape Design Planning:  
Health benefits information can be used as a design guide for landscape planning and design, and it can be 
analyzed with other environmental ecology, weather, and terrain data to create a therapeutic environment 
that is more in line with people's mental health. 

 

 

Figure 1: HealthCloud application system 
 
HealthCloud application system Pre-test:  
In this study, we first collect physical and psychological field data to build the database. Subsequently, a cloud 
system will be established to predict healthy scores and environmental and health effect analysis. Finally, the 
design guidelines will be drawn up with health information. 

The pre-test method of data collection employed in this study was the HealthCloud app, which was 
developed by Dr. Chang's team in 2018. An Apple Watch Series 4 and iPhone 7 were used as experimental 
tools to collect the physiological and psychological data of the subjects’ activities and the environmental 
information of their locations. The physiological data of Apple Watch currently only cover heart rate data 
collection in Taiwan. In our experiment, we collected average heart rate per minute as a measurement. The 
psychological questionnaire items were composed of three categories and measured on a five-point Likert 
scale, with 1 meaning strongly disagree and 5 meaning strongly agree. The content included Perceived 
Restorative Scale (Berto, 2005), Preference (Herzog, 2004), and Satisfaction. Background information included 
personal information, such as gender, age, and daily exercise frequency. The analysis method compared the 
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physiological and psychological differences between different locations with data such as heart rate, GPS 
location, latitude, and longitude altitude, date and time recorded by Apple Watch. The complete procedure 
for the on-site experiment included the following: (1) explaining the research content and process to the 
subjects and obtaining their consent; (2) asking the subjects to participate in the experiment according to the 
instructions and simultaneously collecting response data; and (3) filling out the questionnaire. 
 
 
RESULTS AND DISCUSSION 

The pre-test experiment was conducted at Toucheng Farm in Yilan County, Taiwan. A preliminary analysis 
was performed on the collected data to understand the interaction between the environment and human 
health. Overall 40 people participated in the experiment, which took place from August to November 2018. 
The analysis results are as follows. 

Toucheng Farm has the characteristics of an attention restoration environment, which is positively 
correlated with satisfaction (r=0.554). The correlation between heart rate and altitude (r=0.03) shows that 
altitude affects the speed of the heart rate. In Toucheng Farm, there is a stream landscape, which can 
enhance tourists’ preference for it. Based on the physiological indicators, this study found that heart rate and 
preference are highly positively correlated (r=0.879), which means that tourists like the natural stream 
landscape, which may increase their heart rates. As for microclimate data, it was found that when 
temperature and heart rate are highly negatively correlated (r=-0.763), temperature and preference are 
highly negatively correlated (r=-0.950). The relative humidity is highly negatively correlated with preference 
(r=-0.980). In addition, the research results found that Toucheng Farm has a slightly higher altitude than flat 
land. When the temperature is low, the heartbeat in the physiological reaction increases. Simultaneously, 
the temperature and relative humidity of the day will affect the preference of tourists. 
 
 
CONCLUSION 
Nature (waterscape) is Beneficial to Health 
We found that tourists have a higher preference for stream landscapes and a higher degree of satisfaction 
with the environment with attention restoration characteristics. A number of studies have proven that there 
is a close relationship between the measure of preference or the beauty of the scenery and the perceived 
quality of restoration (Purcell, Peron, & Berto, 2001). In various comparisons of natural and urban 
environments, studies have found that people perceive natural environments as more restorative than urban 
environments. Moreover, individuals in need of restoration demonstrate more nature-oriented preferences 
(Van Den Berg, Hartig, & Staats, 2007). The HealthCloud application system will be able to recommend users 
based on personal preference for the environment and route selection of the closest distance. 
 
Weather and Health 
Extreme weather events can drastically affect not only physical health but also mental health. In recent years, 
some studies have focused on the impact of climate change on mental health. Heat stress that is directly 
caused by heat waves has been associated with mood disorders, anxiety, and physical and psychological 
fatigue (Padhy et al., 2015), and influence mental health in several ways (Cianconi & Janiri, 2020). From the 
analysis results of the pre-test data, we know that the environmental climate will affect our physical and 
psychological conditions. Although there is a dearth of research evaluating the impact of climate on mental 
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health, some studies have shown that rising temperatures may have a negative impact on mental health 
(Majeed & Lee, 2017). Humidity exacerbates the negative link between hot weather and mental health (Ding, 
Berry, & Bennett, 2016). A study in Québec indicated that emergency departments have seen an increase in 
psychological and psychosocial problems with higher average temperature and humidity (Vida, Durocher, 
Ouarda, and Gosselin, 2012). Thus, this may be a good time to understand the healing effects of nature. 
However, as reiterated in previous studies, worries about climate change are increasing. Ironically, one of the 
best health benefits is being in contact with green spaces. The HealthCloud application will be able to add 
climate factors to predict comfortable routes so that people can get better health benefits. 
 
Establishing a Healthy Environment Computing Model for Better Scenes and Routes Selection 

We used the HealthCloud application to collect large data about the participants' physical and 
psychological conditions to build a model that can provide feedback regarding each user's current state with 
a healthy scenes or route selection and possible activities. It is hoped that based on this cloud system, 
research can be extended to more fields, which will help in collecting and establish databases about various 
environments. The model will be capable of more accurately predicting the state of the subject in various 
environments and give suggestions in terms of routes and activities. How does the route suggestion feature 
affect health? As humans move about in the environment, such as while walking, passing through a natural 
environment may provide a respite. Although short, it will still interrupt the resource consumption process. 
In the long run, brief restorative experiences may bring cumulative benefits. A study showed that the 
participants’ moods did not improve when walking in an urban environment, but they exhibited positive 
moods when walking in a green environment (Stigsdotter, Corazon, Sidenius, Kristiansen, & Grahn, 2017). On 
a related note, how has the COVID-19 pandemic affected daily life? COVID-19 has rapidly affected our day-
to-day life, including our health, social practices, and the economy. In addition, social distancing measures 
have important effects on activity participation. Many people have to work from home, and most leisure 
activities are cancelled. As a result, the demand for travel has decreased, with the largest decline in the use 
of public transport. Meanwhile, walking and cycling are important ways to maintain satisfactory health 
benefits. Therefore, policymakers and planners can try to encourage active travel while public transportation 
operators should focus on creating safe ways to use public transportation (De Vos, 2020). Connecting this 
thinking to our HealthCloud application, we can map popular time information from Google to plan routes 
with locations that are not crowded.   
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ABSTRACT  

Machine learning (ML) is a subdivision of artificial intelligence (AI) technology that has been extensively 
researched and applied in the building and construction industry for the past few years, particularly in the 
building design process. It yields significant benefits to the sector through its learning method that not only 
offers automation for repetitive complex design tasks and evaluation for decision-making functions but also 
optimization of building performances. This study investigates the existing exploration of the machine 
learning techniques utilized in the building design process to improve both the performance and result of the 
building design in the early design stage. From the 27 publications discussed in this paper, the Genetic 
Algorithm was the most utilized technique in the building design research area, followed by Neural Network. 
However, the employment of machine learning in this area mostly focused on particular building aspects, 
creating an opportunity for further studies to develop comprehensive building design solutions through the 
machine learning approach. 
 
Keywords:  machine learning, building, design generation, algorithm 

 
 
 
 
INTRODUCTION 

Like many other industries, building and construction industry is experiencing a digital transformation that 
has emerged from the advancement of information and data technology, enhancing computers and 
automation, coupled with smart systems and powered by data and machine learning. This industrial 
revolution has been widely adopted in the industry through the employment of digital technologies, sensor 
systems, intelligent machines, and smart material in its process (Berawi, 2020).  

Machine learning (ML) is a subdivision of artificial intelligence (AI) that equips a system with the ability to 
learn and improve on its own through experiences without being programmed (Kubat, 2017). ML is a process 
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by which a machine is trained using historical data of input-output to adapt to new data independently from 
the human intervention to solve problems in a wide range of areas (Hong et al., 2020; Jordan & Mitchell, 
2015). 

ML employments have been extensively developed in the building sector, primarily on the aspect of energy 
and carbon efficiency, for it is responsible for over one-third of global primary energy consumption and about 
40% of the global direct and indirect CO2 emissions (W. Huang et al., 2017), as well as on the aspect of 
occupant well-being where people spend about 87% of their time inside the buildings (Klepeis et al., 2001). 
ML approach has been used as a tool to optimize building performance, thus promoting sustainable cities 
concerning the environment aspect by reducing energy consumption and greenhouse gas (GHG) emissions 
through the design of high-performance buildings.   

Previous review studies in these past five years have given valuable contributions that summarized 
relevant research regarding machine learning applications in buildings. However, each of those studies only 
focused on specific building aspects, such as daylight (Ayoub, 2020), energy consumption (Bourdeau et al., 
2019; Runge & Zmeureanu, 2019; Sun et al., 2020), occupancy (Dai et al., 2020; Saha et al., 2019), and safety 
management (Asadzadeh et al., 2020). This study attempts to identify the utilized ML approaches through a 
qualitative literature review to address this gap. This paper is expected to provide an up-to-date reference for 
both policymakers and practitioners to expand their knowledge in the utilization of ML techniques in 
designing sustainable high-performance buildings,  which can make a contribution towards the achievement 
of sustainable development goals (SDGs) by increasing energy efficiency in buildings (SDG 7) and reducing 
the impacts of GHG emissions on the climate (SDG 13) that play a significant role in making cities sustainable 
(SDG 11) through technological innovation (SDG 9). By fostering digital technology, the development of smart 
cities can be accelerated in Pacific Rim nations to tackle the issues caused by the inevitable global climate 
change. 

 

MATERIAL & METHODS 

This study adopted qualitative analysis as the research method, which uncovers the current research 
development using specific qualitative measures for systematically collecting, analyzing, and interpreting 
data. The data collection process was coupled with an inclusive approach, indicating the diversity of 
qualitative analysis based on the relevance to the topic studied, the level of methodology confidence, and 
the depth of information provided.  

The authors collected works published over these past ten years (2010-2020) regarding ML in the building 
design stage from Scopus, selected as the primary database for the articles reviewed due to its wider range 
of peer-reviewed scientific publication coverage and its faster indexing process escalating the retrieval for 
recent publications (Miraj et al., 2020). Only journal articles and conference proceedings were included; 
hence, bias from inadequate peer-review process can be reduced. The search teams used to collect papers 
from the Scopus database were ensured to cover three main fields of the customized advanced search, 
including title, abstract, and keywords (see Table 1). 

After the titles and abstracts were screened for relevance to the research objective using 
inclusion/exclusion criteria, the selected 51 publications were then retrieved and read to verify their 
relevance. After conducting the review process, there were 19 publications deemed irrelevant, and five 
papers were found to be similar to some particular topics and methods used in other papers; hence the most 
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recent ones with better data quality were preferred. The remaining 27 were qualitatively analyzed and 
classified based on the categorization of ML applications in the building design process adopted from Hong 
et al. (2020), including (1) parametric design that optimizes building performance; (2) generative design that 
automates design rule implementation; and (3) design evaluation that helps with the decision-making 
process. ML techniques used in each publication were also discussed. A meta-analysis table is presented to 
demonstrate the findings and to draw off the conclusion.  

 

Category Search terms 
Selection Criteria 

Inclusion Exclusion 

system "machine learning" Publications 
(journal 

articles and 
conference 

proceedings) 
on ML in the 

building 
design process  

Books, book 
chapters, 
editorial 
notes, 

conference 
review, 

Non-English 
papers 

algorithm artificial neural network", "clustering", "linear regression", 
"genetic algorithm", "support vector machine", "bayesian", 
"random forest", "generative adversarial networks” 

planning 
stage 

“project planning", "construction planning", "building plan", 
"building design", "conceptual design", "architectural design", 
"architectural space”, “parametric design”, “generative design", 
"design evaluation"   

building 
concept 

"green building", "sustainable building", smart building", 
"healthy building" 

Table 2: List of utilized search terms 
 
RESULTS & DISCUSSION 

The 27 publications selected were published from 2013 to 2020. More than a third were published in 2019 
alone (n=11) and followed by 2020 (n=5), indicating that interest in this research was significantly rising in the 
recent period. Furthermore, the examination of the origin of publications based on the affiliation of the first 
author shows that majority of the selected papers were contributed by United States (n=6) and China (n=6), 
followed by United Kingdom (n=2), Denmark (n=2), and Turkey (n=2), signifying that studies have been 
massively conducted in various countries for the last seven years. The outlets of these publications include 
Automation in Construction (n=6) and International Journal of Architectural Computing (n=4), followed by 
other renowned journals. 
 
ML techniques for parametric design  
The exploration in parametric design is conducted by inputting parameters to generate forms with optimal 
performance. Lin et al. (2013) proposed a model to calculate energy consumption and give suggestions on 
the energy-saving optimization using the combination of building parameterization and Genetic Algorithm 
(GA), while Ercan & Elias-Ozkan (2015) used the combination of parametric tools with an evolutionary 
algorithm as a method to generate design alternatives for shading devices that optimizes daylight and 
minimizes immoderate solar heat gains. Lin & Gerber (2014) utilized GA to support the design process by 
considering energy performance as feedback through the development of the Evolutionary Energy 
Performance Feedback for Design (EEPFD) design framework. Bianconi et al. (2019) also used GA to develop 
a model to inform the cross-laminated timber's customization process in the initial design stage. 
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Harding & Shepherd (2017) proposed a new approach that combines graph-based parametric modeling 
with genetic programming, called Meta-Parametric design. From the performance test to the daylight, 
internal flow area, spatial connectivity, building heat, and views to city landmarks, it was indicated that this 
method has the potential as an alternative approach to widen the design exploration while maintains the 
graph representation qualities in the early design stage. Furthermore, a study by Karaoğlan & Alaçam (2019) 
focused on designing mass customization of disaster-relief settlemee.nts that respond to diverse users and 
disaster circumstances by proposing a digital model defined by a growth algorithm altered with Multi-
Objective Genetic Algorithms (MOGA), while the evaluation for the various configurations through objective 
functions was conducted using Fuzzy Neural Tree (FNT) approach, and the combination of Neural Networks 
and Fuzzy Logic. 

However, the utilization of GA for the parametric design was challenged by Wortmann (2019), which 
recommended other techniques such as Opposum’s RBFOpt and Goat’s Direct as alternatives. 

Tamke et al. (2018) employed artificial neural networks (ANNs) to leverage a data-rich environment as a 
new practice for architectural design, while Lorenz et al. (2020) used it to discover the relationship between 
design parameters and the predicted daylight performance in order to explore the generation of geometrical 
design solutions. On the other hand, Liu et al. (2020) used the Clustering algorithm as the data mining method 
to find design patterns from the big data of existing architectural designs available on the internet, delivering 
an innovative building design approach. 
 
ML techniques for generative design  
Generative design method provides design solutions by meeting particular design parameters and goals. With 
the development of emerging technologies, computational generative design now uses AI algorithms in the 
design exploration process. Talbourdet et al. (2013) proposed an approach utilizing NSGA-II to design high-
performance buildings by taking into account the energy characteristics and building regulations regarding 
accessibility, fire safety, earthquake risk, and user demand aspects.  

GA was combined with an optimization tool to create a simulation to build a massing system to obtain 
optimal design solutions regarding building location and building floor area in the study by Huang et al. 
(2015). Meanwhile, Song et al. (2016) proposed an alternative design method based using the Implicit 
Redundant Representation Genetic Algorithm (IRRGA) claimed to be suitable for unstructured problem 
formulation in the design exploration with symmetry, structure, circulation, and façade selected as the design 
objectives. Furthermore, Tafraout et al. (2019) proposed a GA-based innovative approach in deriving potential 
structural configurations that can meet the preset measures and structural design requirements. On the other 
hand, Jalali et al. (2020) used GA to optimize the form and façade of office building designs. 

As et al. (2018) presented the utilization of deep learning approaches in generating conceptual building 
design, where it was trained and used for evaluating existing designs merging them into new compositions, 
and generating new design using Generative adversarial networks (GAN) algorithm. Moreover, Newton (2019) 
explored the potential of GAN as a design tool capable of generating building plans, façade, and 3D massing 
models, while Thomsen et al. (2020) employed neutral network and GAN to generate fabrication data from 
interpreted design information and to predict the bent shape of knitted structural material. 

Bei et al. (2019) used Graph Convolutional Neural Network (GCNN) combined with deep neural network 
(DNN) to develop an algorithm framework that performs building group and pattern recognition tasks, aimed 
to describe the spatial correlation between buildings and its nodes. In comparison, Xia et al. (2020) proposed 
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a technique to generalize new residential building design styles using the radial basis function neural network 
(RBF-NN) model to explore the classification and prediction of the complex features and style categories.  

Support Vector Machines (SVMs) can be used to develop a design solution addressing measurement 
predictions of building performance capable of learning architectural style from a style dataset to generate 
new designs (Strobbe et al., 2016). Chang et al. (2019) applied a reinforcement learning (RL) algorithm to 
propose a methodology combining generative design approach with parametric performance modeling to 
identify the relationships between design parameters of urban geometric forms with urban’s energy 
performance and environmental quality. Furthermore, the Bayesian Network technique was applied to select 
the most energy-efficient HVAC systems by taking into account the energy consumption factors classified from 
the data of energy-efficient buildings (Tian et al., 2019). 

Through a combination of the Markov decision process (MDP) and a mathematical framework, Karan & 
Asadi (2019) proposed an “intelligent designer” system assisting the decision-making process to improve 
building design. Meanwhile, Rezaee et al. (2019) developed a systematic framework for the design decision-
making process related to energy efficiency without needing simulation by developing an inverse procedure 
that calculates thermal energy performance parameters. 
 

Authors Year Focus 

Category 

ML Approach gene-
rative 

para-
metric 

evalu-
ation 

Lin et al. 2013 energy consumption  √  GA 

Strug 2013 
spatial relationship and design 

component arrangements 
  √ 

classification: 
kernels 

Talbourdet et al. 2013 energy, cost √   NSGA-II 

Lin & Gerber 2014 energy  √  GA 

Ercan & Elias-
Ozkan 

2015 daylight  √  GA 

Huang et al. 2015 building mass √   GA 

Song et al. 2016 structure, façade √   IRRGA 

Strobbe et al. 2016 style √   SVMs 

Harding & 
Shepherd 

2017 
daylight, spatial connectivity, 
heat, and views to landmarks 

 √  
Genetic 

Programming 

As et al. 2018 architectural function √   DNN 

Tamke et al. 2018 design fabrication  √  ANN 

Newton 2019 plan, style, façade √   DL - GAN 

Feng et al. 2019 environmental performance   √ fuzzy C-means  

Bei et al. 2019 building pattern  √   DNN 

Chang et al. 2019 energy √   RL 
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Wortmann 2019 structure, energy, daylight  √  RBFOpt 

Bianconi et al. 2019 timber structure  √  GA 

Karan & Asadi 2019 windows √   MDP 

Karaoğlan & 
Alaçam 

2019 shelter design  √  
Fuzzy Neural 

Tree 

Rezaee et al. 2019 energy √   
Linear 

Regression 

Tian et al. 2019 HVAC √   
Bayesian 
Network  

Liu et al. 2020 architectural design patterns  √  Clustering 

Thomsen et al. 2020 architectural design fabrication √   GAN 

Tafraout et al. 2020 structure √   GA 

Xia et al. 2020 style √   RBF-NN 

Jalali et al. 2020 form and façade √   GA 

Lorenz et al. 2020 daylight  √  ANN 

Table 3: Meta-analysis of machine learning techniques in the building design process 
 
ML techniques for design evaluation 
Strug (2013) used kernel functions of GA classification to solve designers’ problem that deals with the 
evaluation of the floor layout design quality. In contrast, Feng et al. (2019) developed a quantitative method 
utilizing ML and parametric design approach to assess building environmental performance, which used the 
fuzzy C-means clustering method to extract case-based design knowledge based on the design scenarios and 
environmental performance assessment database. The summary of the discussed papers can be seen in Table 
2. 
 
ML techniques for high-performance building design 

From the discussed papers above, ML algorithms were mainly employed in the design stage to optimize 
the design and physical form of a building to achieve optimal energy and sustainability performances. Such 
as some studies conducted by Lin et al. (2013), Talbourdet et al. (2013), Lin & Gerber (2014), Tian et al. (2019), 
and Rezaee et al. (2019) aimed to optimize building energy consumption in buildings, while Chang et al. (2019) 
attempted to optimize energy performance in the urban scale. Furthermore, ML was explored in studies by 
Ercan & Elias-Ozkan (2015), Harding & Shepherd (2017), and Lorenz et al. (2020) to optimize daylight 
performance. Only a small number of papers found optimizing more than one building performance, for 
instance, Song et al. (2016) with their study exploring structure and façade designs, and Wortmann (2019) 
that covered not only energy and daylight but also structural design.  

As one of the critical elements of future sustainable cities, buildings need to be designed with a 
consideration to energy use and natural resource efficiency that are environmentally responsible while keep 
maintaining high-quality indoor environment for its occupants (Beetge et al., 2018). Therefore, ML techniques 
in the building sector must be utilized to achieve these design objectives. 
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CONCLUSION 

The emerging technologies through the advancement of AI and ML have brought new approaches capable of 
automatically generating and evaluating building designs that help designers improve he design processes 
and solutions' performances. From the review done to the selected publications, GA can be considered the 
most popular technique used, which is in accordance with the situations faced in building research where the 
available information is usually in the form of performance measurement. It is then followed by a neural 
network where the learning route is done by processing inputs to form weighted results.  

ML has been used to create tools to automate design and to model prediction, in which most of them 
were focused only on one or several aspects of sustainable building design, starting from parameters of 
energy and environmental performance to physical building forms comprising space, building components, 
structure, mass, and styles. Therefore, we argue that the employment of ML in building design aimed to 
optimize building performance should comprehensively take into account all sustainable building attributes 
as an effort to build future’s smart and sustainable cities through the delivery of high-performance buildings.  

Developing building design that integrates major building performances such as energy, environment, 
productivity, cost-benefit, and other sustainable aspects can be a long and complicated process. Fortunately, 
AI technology provides digital solutions through automation that allows planners to solve design challenges 
and to optimize the process and the performance of the designs. Moreover, during this Covid-19 pandemic, 
the utilization of technology-driven innovation, such as machine learning, is essential in helping companies 
maintain their business, particularly in the built environment and construction industry that has a significant 
contribution to sustainable economic development. 
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ABSTRACT 

The current worldwide COVID-19 pandemic has challenged urban mobilities of all kinds. Micro-mobility 
had been long recognised as an alternative transport mode for short-distance trips, but has been largely 
ignored in New Zealand cities in response to safe and alternative urban mobilities during the pandemic. Using 
Auckland in New Zealand as a case study, this paper explores micro-mobility devices used during the 
pandemic. It shows that in Auckland, the reactive way of comprehending micro-mobility in the city created 
confusion about the current and future use of such devices and services, impeded infrastructure 
management, especially the pedestrian environment, and challenged the right to the public realm. Apart 
from future research projects, this paper suggests that, with clear policies and regulations, not only can micro-
mobility be an additional option for frontline workers and citizens during a time of uncertainty, but they can 
also be part of the integrated transport system and an alternative for personal and short-distance trips that 
are mostly undertaken by cars. This paper will further contribute to UN’s Sustainable development goal 9, 
which advocates the resilient infrastructure, and promote sustainable industrialisation and technological 
innovation. 
 
Keywords: Micro-mobility, E-scooters, post-pandemic, personal transport, pedestrian environment. 

 
 
 
INTRODUCTION 

The COVID-19 pandemic in 2020 has severely impacted on urban mobilities, and made cities to envisage 
urban movement towards more sustainable approaches, in parallel with maintaining physical distancing. 
COVID-19 has pushed cities worldwide with the commitment to an investment of widened footpaths, 
extended cycle lanes and freeing more public space from automobiles, New Zealand is no exception (Auckland 
Council, 2020a; Wellington City Council, 2020). Micro-mobility, which is acknowledged as an alternative for 
urban short-distance trips, has also been included in future urban mobility discussions (Auckland Council, 
2019). However, the decision-making process for micro-mobility, as well as the adoption of such devices and 
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services, have been reactive ever since the rollout of the first e-scooter trial. Consequently, micro-mobility as 
a response to the pandemic and post-pandemic urban mobilities have been largely ignored.  

Using existing literature, and discussing Auckland’s e-scooter trials as a case study, this paper analyses the 
possibility of adopting micro-mobility devices in times of uncertainty. Aligning with UN’s sustainable 
development goal (SDG) 9, which advocates the resilient infrastructure, and promote  sustainable 
industrialisation and innovation, the purpose of this paper is to discuss the potential contributions of micro-
mobility devices being part of both personal transport alternatives and integrated urban transport systems in 
the long term, while throwing light on the broader issues of the impact of novel mobility technologies on 
personal transport, and on the use of the public realm, especially a safe environment for pedestrians. 

 
CONTEXT 

Definition of micro-mobility devices 

Micro-mobility as a service type and as a mode of transport was largely halted during the standstill of urban 
mobility worldwide due to COVID-19, but short trips in cities were still needed. Though not universally 
defined, micro-mobility devices generally share the following characteristics: they are personal transport 
devices; can be human- or electric-powered; can be shared or privately owned; are small and light-weight; 
and are low in maximum speed (ITDP, 2020; ITF, 2020). It is believed that the mass adoption of rental e-
scooters worldwide put micro-mobility at the centre of new urban mobility (Populus, 2018). The term micro-
mobility itself has not been fully adopted by New Zealand city governments and transport agencies, but it has 
emerged in government briefings (Christchurch City Council, 2019; Wellington City Council, 2019). Though 
micro-mobility devices cover a broad range, city councils in New Zealand put shared e-scooters as their 
primary focus.  

 

The status quo of micro-mobility policies and uses 

Presently in New Zealand, most micro-mobility devices fit in the parameter of ‘wheeled recreational devices’ 
or ‘low powered vehicles’ (Waka Kotahi NZ Transport Agency [NZTA], n.d.). Novel devices will need to be 
assessed by NZTA on a case-to-case basis to be declared not to be a motor vehicle. For example, e-scooters 
that fit specific parameters have been declared not motor vehicles and do not require vehicle registration 
(NZTA, 2018). Based on the current road user rules, these devices can be used on the footpath, shared paths 
and roads other than a designated cycle lane that is part of the road, and helmet wearing is optional. The use 
of such devices on designated cycle lanes can be often observed, however, even though not legally allowed. 

Since the maximum speed of most devices that fit the parameters of ‘wheeled recreational devices’ is 
approximately 25 km/h, there is no restriction on the devices’ operating speed other than requiring riders to 
perform in a “careful and considerate manner” when using the devices and “not at a speed that constitutes 
a hazard to other persons using the path” (Land Transport [Road User] Rule 2004, Clause 11.1, 11.1A). The 
New Zealand Ministry of Transport (MoT, 2020) proposed an update of current road user rules, with possible 
regulatory modifications, including a new category of micro-mobility devices, speed limits when using on the 
street, and where these devices can be used in the roading system. Currently, the proposals are in the 
reviewing stage. 
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Auckland, the largest city in New Zealand, has a population of 1.5 million. Accompanied by the launch of 
the first shared e-scooter trial in the city, the use of micro-mobility devices in Auckland emerged as a craze in 
late 2018, but it is still in its infancy as a transport mode regarding decision-making and policy-making locally 
and nationally. Figure 1 outlines the timeline of rental e-scooter introduction and usage in Auckland from 
October 2018 to August 2020. There have been three segments of time when operating companies halted 
services, due to safety concerns (suspension of operation required by Auckland Council) and COVID-19 
restrictions announced by the New Zealand Government. The scheduled new e-scooter trial in Auckland is 
anticipated to commence in early September 2020.  

 

 

Figure 1: Timeline of Rental E-scooter Trials in Auckland, New Zealand (Data: Auckland Council Website; Mapping: author) 

 

Auckland Council (2020c) has modified requirements for application, conditions of operation, and e-
scooter Code of Practice (CoP) within each trial. It is also noticeable that the expectations of operators are 
stricter each time. For instance, with geofencing technology, more low-speed and non-parking zones were 
introduced each time the Council updated CoP, in the CBD and other major activity centres across Auckland, 
and licensed operation time per day was reduced from 20 to 18 hours. In the major entertainment zones, a 
curfew was layered on top of the permitted hours, after 9 pm on Friday and Saturday. The number of 
permitted rental e-scooters fluctuates as well: the cap was 1,875 during Trial 2, then 3,125 in Trial 3, and will 
be decreased to 2,490 in the new September trial (Auckland Council, 2020b). 

However, the conditions and requirements in Auckland are only applied to rental e-scooters. Privately-
owned micro-mobility devices were not affected by the restrictions of low-speed and non-parking zones. It 
can also be observed in the Auckland CBD that the use of those consumer devices was up to the riders’ 
discretion of comfort and perceived safety, regardless of the shared scheme requirements. Rental e-scooter 
trials have also been operated in other New Zealand cities, but the required maximum speed varies. 
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Benefits and concerns of micro-mobility during the pandemic 

Micro-mobility corporations were considered a niche operation and a craze at the beginning, but some have 
been growing as multi-billion-dollar businesses. It was estimated that this new market could be the next 
disrupted technology to impact future mobility, but the businesses themselves have been disrupted in the 
global pandemic. Not only were few allowed to operate, but people were also reluctant to use these services 
due to concerns of infection (Heineke, Kloss & Scurtu, 2020). Accordingly, many micro-mobility businesses 
were reported to have laid off employees and removed services worldwide (Hawkins, 2020).  

However, the recent analysis pointed out that, once prepared for the ‘new normal’, the micro-mobility 
market could expect full recovery from the pandemic crisis and thrive in the long term (Heineke et al., 2020).  

It has also been widely acknowledged that the overall air quality worldwide is improving due to the 
massive reduction of human activities and transportation induced by the COVID-19 lockdown policies (Chen 
et al., 2020; Mahato, Pal & Ghosh, 2020; Menut et al., 2020). Though the devices were claimed by many 
shared e-scooter companies to be advantageous of being less carbon-emitting and more sustainable, it is not 
certain whether they are indeed environmentally friendly. Though micro-mobility devices are electric-
powered, for those devices to be deployed on the city streets each day would require delivery vehicles, the 
majority of which are gasoline-powered, to drive from site to site. Hollingsworth, Copeland and Johnson’s 
study (2019) examined the environmental impacts, particularly the life-cycle CO2 emissions, of shared e-
scooters from the materials to the manufacturing, collection, distribution, charging, and disposal processes. 
They concluded that only if the system upgraded all the examined criteria could these devices reduce the 
environmental impacts from the transport system.  

Replacing car trips, especially short-distance trips in the city centre, represents a strong indicator of how 
micro-mobility devices benefit from the public health perspective (Christchurch City Council, 2019), but other 
research suggested that approximately 55% of walking trips, a more active transport mode, may also be 
replaced (Fitt & Curl, 2019). This will inevitably offset some public health benefits.  

Safety has been the major concern since the rollout of micro-mobility devices. New Zealand’s Accident 
Compensation Corporation (ACC) received 2,432 injury claims during the first eight months from the launch 
of rental e-scooters in New Zealand (ACC, 2019). However, ACC (2019) also noted that e-scooter injuries 
claims remain low, both in numbers and monetary cost, compared with other recreational and active 
transport modes such as skateboards, kick scooters and bicycles.  

One critical safety concern during COVID-19 was the hygiene of the devices. It was assumed the virus 
might stay on the surface of the devices, then transmit to a person when touching the surface. Virology 
studies reported that the time that the virus could stay on the surface varies depending on the surface 
materials, temperature and humidity (Chin et al., 2020; WHO, 2020). However it was also argued the chance 
of virus transmission by touching the surface remains low, and the virus can be easily killed by performing 
general personal hygiene (Goldman, 2020; New Zealand Ministry of Health, 2020; WHO, 2020). 

Maintaining safe and accessible infrastructure for all is one of the main objectives of Auckland Transport 
(Auckland Transport, 2019). However, the parking for rental micro-mobility devices remains a major 
challenge. Though some space was allocated for scooter parking on the streets, many devices are still parked 
randomly by the riders, blocked the footpaths, shared paths and potentially creating an obstacle for others, 
especially those with disabilities. Managing street space for using and parking the devices will be critical to 
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the existing and future walking and cycling infrastructure, as well as the sense of the public realm. More 
importantly, it will create a safer environment for people with disabilities.  

During the pandemic, New Zealand cities introduced multiple approaches to maintaining public space as 
a safe environment. For example, in Queen Street - the main street in Auckland CBD - extra space was 
allocated for queueing around bus loading areas, footpaths have been widened in populous areas, and some 
space once used for street parking was transformed for non-driving activities while maintaining physical 
distancing. These approaches were made temporarily (the vehicular lane and the transformed lane were 
separated by plastic bollards) or permanently (the transformed lane was re-paved and elevated to the height 
of the existing curb). 

 

Personal mobility in a time of uncertainty  

To combat COVID-19, the New Zealand Government announced one of the world’s most stringent ‘four-level’ 
lockdown alert systems (New Zealand Government, 2020). Except for frontline workers and essential 
businesses, all other activities during Alert levels 3 and 4 were allowed only on a restricted scale (shopping 
and exercise within the neighbourhood, for example). 

Shared micro-mobility schemes were not allowed to operate in cities, and all the devices were retrieved 
from the street and made inactive. Meanwhile, with long-distance travel was suspended and public transport 
services reduced, the level of mobility and accessibility for locals dropped significantly (Apple, 2020; Google, 
2020; NZTA, 2020). Currently, the government only allows shared mobility schemes to provide services within 
the cities under Alert levels 1 and 2, with compliance for maintaining the cleanliness of the devices and safe 
physical distancing (NZTA, 2020). 

Though all the shared micro-mobility services were halted during Alert levels 3 and 4, micro-mobility did 
not vanish completely in the city, as the use of consumer devices was not affected. They were still often 
observed by the author during this period (Figure 2), and people used consumer micro-mobility devices in 
their neighbourhoods and in the parks for recreational purpose. 

 

 
Figure 2: Using a micro-mobility device to ‘walk’ the dog during the level 3 lockdown in the park (Photo: Author, 

August 15, 2020) 
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Walking and cycling movements were also affected by the lockdowns. To record the daily cycling 

movements, Auckland Transport had set automated counting equipment across major commuting routes in 
the inner city. Though there had been a yearly decreasing trend of cycling from March to July (Figure 3), the 
cycle movements still dropped 8%, 4% and 24% respectively during the lockdown (March, April and May 
2020), as compared with the same period in 2019 (Auckland Transport, 2020). Similarly, the recorded 
pedestrian movements presented in figure 4 shows a near 20-time drop in April 2020 compared with April 
2019 (Heart of the City, 2020). It must be noted that both cycling and walking movement data were only 
collected within inner Auckland, where many jobs were required to be working from home during the 
lockdown. Data within residential suburbs regarding both categories were not picked up by authorities.  

 

 

Figure 3: Recorded Total Cycle Movements at Auckland’s 27 Sites14 (Data: Auckland Transport, 2020; Calculation and Map
ping: Author) 

 
14 The 27 sites used in this paper are: Beach Road, Carlton Gore Road, Curran Street, East Coast Road, Grafton Bridge, Grafton Gully, Grafton Road, 

Great South Road, Highbrook shared path, Hopetoun Street, Karangahape Road, Lagoon Drive, Lake Road, Mangere Bridge, Nelson Street Lightpath, 
Nelson Street cycleway, Northwestern cycleway (Kingsland), Northwestern cycleway (Te Atatu), Orewa shared path, Quay St (Vector Arena), SH20 
shared path (near Dominion Road), Symonds Street, Tamaki Drive (both sides of the road), Te Wero Bridge (Wynyard Quarter), Twin Streams shared 
path, Upper Harbour Drive, Upper Queen Street 
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Figure 4: Recorded Pedestrian Movement at Auckland’s 4 Sites (Data: Heart of the City, 2020; Calculation and Mapping: 
Author) 
 

Current Challenges  

Both figures 3 and 4 represented the continuous challenges of learning micro-mobility: the limitations of data. 
In Auckland, there has been no separate movement data of micro-mobility devices, regardless of the 
lockdown impact. Those movements might be inaccurately calculated into the existing pedestrian and/or 
cycling count data. For example, the pedestrian count only “records movements, not images” (Heart of the 
City, 2017, p. 1), it is hard to distinguish walkers from micro-mobility devices riders with the speed of walking. 
Similarly, riders at the speed of cycling might also be counted as a valid piece of cycling data. Though small in 
proportion, the impact would be diluted when considering micro-mobility as a feasible transport option. 
Meanwhile, there is no data collection on privately-owned devices’ movement. The unavailability of data 
inevitably creates uncertainties for future analysis. 

There are multiple challenges when analysing the movement trends of micro-mobility devices during the 
‘fighting-the-virus’ period in Auckland. All the rental e-scooters were inactive during Alert levels 3 and 4 
lockdowns in New Zealand, thus, shared e-scooters’ movement could be expected to be zero. Public transport 
also adjusted to provide safe services. For example, Auckland Transport adapted some services, such as 
cancelling school buses and some late-night services, changing schedule frequencies, and limiting onboard 
capacities. For frontline workers and people who needed to travel during the lockdowns, the travel choices 
were further restrained with the nil shared micro-mobility network and limited public transport services, 
leaving the only feasible option for some as private cars or hired transport (for example taxis, or Uber). 

Additionally, micro-mobility as transport is still in its infancy in New Zealand. When investigated for the 
perception of considering different transport modes during the pandemic, current NZTA (2020) research did 
not consider the use of micro-mobility as an option. Shared mobility was considered, but limited to private 



 

 

 

114 

hire vehicles. Bikes and e-bikes were surveyed, but the policies and road use rules cannot be fully applied to 
a range of micro-mobility devices in New Zealand. The possibility for treating micro-mobility devices the same 
way as bicycles is beyond the scope of this paper, but an investigation would facilitate the utility of those 
devices.  

NZTA has surveyed the general public of their perceptions of street use amid the pandemic response 
(NZTA, 2020). Due to less traffic and increased perceived safety, 58 percent and 60 percent of the participants, 
respectively, perceived the streets at Alert levels 3 and 4 as more enjoyable. However, this result does not 
mean the fewer-vehicle environment is by default better for other modes of transport, nor does it suggest 
that micro-mobility devices or other modes will replace private cars eventually. This information shows how 
important the street space is to daily users and highlights the possibilities to develop strategies of allocating 
street space for more non-vehicular mobilities that include micro-mobility. Reclaiming the street space for a 
lower speed will also echo the government’s ‘Road to Zero’ actions (MoT, 2019). 

Though the New Zealand Government took a cautious approach regarding the use of shared transport 
services during the lockdowns, micro-mobility devices were welcomed by city governments in other countries 
as feasible alternatives for trips initially made by public transport or private cars. RideKC, a non-profit 
organisation in Kansas City, United States, offered free services of shared bikes and e-scooters for healthcare 
workers and small businesses for delivering purposes (RideKC, 2020). Similar free-of-charge use was also 
made available in cities in Australia (Neuron, 2020),  

Additionally, public educational programmes about the proper use of those devices is of great necessity, 
to make trips safer for all, and to ease some hygiene-related concerns arose during the pandemic. There has 
already been some adoption of technologies such as self-disinfecting handlebar (Dickey, 2020). As technology 
improves, the devices will also be safer and more sustainable.  

 
 

CONCLUSION 

The vigilance required for controlling the pandemic, and the resolution of providing safer and more 
sustainable urban mobility will not change. The future of micro-mobility is still uncertain in the New Zealand 
context, but consideration of adopting them as feasible a transport mode, in author’s view, should be on the 
agenda. Micro-mobility provides a new milieu for short-distance travel that previously involved private 
vehicles, and more effort should be made to avoid a modal shift to private cars in the post-pandemic era.  

From the national level, the primary step requires the understanding of micro-mobility devices’ role in the 
New Zealand transport system, including the spaces where these devices and services can be operated. This 
will pave the way for the integration of future mobility-as-a-service, and anticipate the long-term benefits for 
the urban mobilities. However, the lack of policies and regulations will challenge the future policy-setting 
process; the ambiguous data collection and analysis of privately owned micro-mobility devices will further 
widen this gap. There remain questions for corporations and city planners, and government needs to respond 
to a robust travel plan, particularly in a time of uncertainty. Micro-mobility can add to increased personal 
mobility, only before their safety, fast-paced industrial innovations and accommodations in the public realm 
can be understood. 
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ABSTRACT  

At the beginning of the 21st century, as rapid urbanization becomes a global phenomenon, smart city 
becoming more and more a future-proof solution for cities with rising unprecedented challenges of congested 
infrastructure, population density, energy inefficiency and global public health. In this context, digital twin 
was initially introduced by Dr Michael Grieves in 2002 as a key enabler technology to improve product 
manufacture and complex systems, and later bloomed as a new concept to promote better design, system 
integration and troubleshooting of the physical city through simulation, automation and visualisation. This 
paper, in aiming to understand how digital twin was rapidly adopted by a number of pioneer entrepreneurs, 
cities and nations, provides a narrative and categorical perspective of digital twin appearance in literature 
and explores the extents where a real-time cyber presentation of the city can support mediating urban issues 
within the context of global pandemic. In result, a longitudinal section of digital twin and smart city 
development has been introduced, including the evolvement of digital model, digital shadows to digital twin, 
as well as the rising interest of academia and private sector to the technology. 
 
Keywords: Smart city, Digital twin, Smart infrastructure, Global epidemic 

 

 
INTRODUCTION 
Since the first industrial revolution in Britain 250 years ago, there have been three industrial revolutions in 
the history of mankind. Each revolution brings breaking waves of technology by placing innovation as the 
catalyst for the revolution. From the first appearance of steam-powered engines that replaced animal power 
in the first revolution, the mass production thanks to  electronic power in the second, and the appearance of 
information technologies in the third, our agrarian and handicraft economy has continuously transformed to 
embrace industrial and machine manufacturing technologies (Allen, 2009; De Vries, 2013; Kelley & 
Williamson, 1984).  

By the early 20th century, under the umbrella of smart city and the fourth industrial revolution, powerful 
technologies are introduced such as the internet of things, artificial intelligence and digital twin, allowing 
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urban objects to communicate and connect while imitating the cognitive functioning of humans in perceiving 
the surrounding environment (Nilsson, 2014; Russell & Norvig, 2016) for better decision making without 
human interaction. These technologies enable key accessibility to seamless data flow, machine intelligence 
through data training and cyber representation of the physical world. According to M. Grieves (2019); Xu et 
al. (2019), the idea of digital twin was first introduced by Dr Michael Grieves in 2002 as a concept for product 
lifecycle management. In principal, digital twin represents a real-time digital replica of a process, product, or 
service (Grieves & Vickers, 2017). However, one does not simply perceive descriptive three-dimensional 
model, but a cyber representation capable of dynamically synchronizing physical entities in actual time. 
Digital twin can be empowered using IoT to populate and collect real-time data, and use AI to learn, interpret, 
and simulate the decision-making process of the physical model. The significance of the technology therefore 
lies in its capacity for continuously learning and updating itself from the original physical model and the data 
sources accumulated in the past and present, and has the capacity to simulate and predict possible faults 
and issues before they arise (Mohammadi & Taylor, 2017).  

Under emerging challenges of urban density, infrastructure congestion and especially the unprecedented 
occasion of global pandemic in 2020, digital twin becomes more and more a rational and pragmatic approach 
in providing a comprehensive action plan through simulation, automation and visualisation. The technology 
can be utilized as an effective tool for city governance in any of the design, building, and operation stages of 
a city, including dealing with unprecedented occasions such as terrorist threats or national epidemic. From 
urban surveillance, infrastructure optimisation to land-use management, digital twin enables the ultra-
realistic and real-time simulation of city from the micro dwelling level to the macro metropolitan level. 
Ultimately, digital twin is entitled for a broader and more comprehensive solution when saturate with data 
automation technology such as Internet of Things (van der Heide et al., 2017) and data analysation and 
simulation technology similar with artificial intelligence and machine learning. The birth of digital twin marks 
a generation of combining and symbiotic smart technologies which opens the door to a more sophisticated, 
reliable, and data-driven city governance decision-making process that significantly encourages the 
construction of a new generation of smart and sustainable cities (Petrova-Antonova & Ilieva, 2019; Wakil et 
al., 2019).  

This paper, in introducing a new technology for smart cities development, is an effort aligned with the 
Sustainable Development Goal (SDG) 11 which been announced by the United Nations in 2015. The insights 
of this paper can contribute positively to the achievement of target 11.a – Strong national and regional 
development and target 11.6 – Reduce the environmental impacts of cities. 
 
METHODOLOGY 
The chosen research approach to investigate the development of digital twin is a qualitative approach 
adopted from narrative literature review. This approach involves a systematic way of collecting and 
synthesizing previous research to generate a firm foundation to advance knowledge and facilitate theory 
development for further studies. To such an infant technology like digital twin, narrative literature review can 
address the research question by integrating findings and perspectives from many empirical studies with a 
power that no single study has. A literature review can also help to provide an overview of areas in which the 
research area is novel, disparate and interdisciplinary (Snyder, 2019; Tranfield et al., 2003; Webster & Watson, 
2002).  

Compare with the other types of literature reviews, in specific qualitative systematic reviews and 
quantitative systematic reviews (meta-analyses), narrative literature review is more helpful in presenting a 
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broader perspective. In many of the cases, narrative literature review is mostly used to describe a history or 
development of a problem, phenomenon or subject. Because of its simplicity approach, narrative literature 
review is often easily to update and accessible for both novices and experts. To this extent, narrative literature 
review is an excellent method to report the development of a young technology like digital twin in 
empowering smart cities.   

Nevertheless, narrative literature review also possesses a number of weaknesses. In this unsystematic 
approach, the selection of collective data and primary literatures is usually subjective and lack of explicit 
criteria for inclusion. Thus, the methodology depends on author’s interpretation and synthesis of analyses 
rather than following rigid and disciplined research protocols. To mitigate possible bias and fault conclusion, 
this paper will take into account the methodologies, research design and sample sizes of each literatures in 
the collective databse. Alternatively, it will focus on reporting the development of digital twin technology, 
rather than a prompt conclusion of digital twin contribution to smart cities. 
 
RESULT AND DISCUSSION 
The birth of digital twin 
As reflected in literature, the most remarkable predecessors of digital twin who can work as an insight-
provider for the other physical counterpart in history can be named NASA’s Apollo program and aircraft 
industries’ Iron bird simulation. According to Rosen et al. (2015), the twining experiment from NASA’s Apollo 
program was to construct two identical space vehicles to allow the operational monitoring of one space 
vehicle during its space mission while the other twin remaining on earth with mirrored artificial conditions. 
At the same time, Iron Bird was a ground-based engineering tool to construct a replicated, on-land 
installation of the actual configuration of an airplane using integrated computing, electrical and hydraulic 
systems to simulate the flight session under the most realistic conditions for training purposes. Using this 
tool, the computer was responsible to create a digital world by calculating aerodynamic model, weather 
conditions and airplane situations for future pilots and additional simulation to allow engineers to discover 
potential malfunctions of the aircraft in development stages. As both integrated systems became so 
successful, they were used extensively and introduced in different disciplines and purposes, simulating 
different scenarios, testing not-yet-available physical models and providing a decision-making supporting 
process to all level of users (Boschert & Rosen, 2016). 

In 2002, digital twin concept was first coined by Dr Michael Grieves as a model for product lifecycle 
management without being named. In 2005, the concept was first named Mirror Spaces Model and later 
renamed to Information Mirroring Model in 2006. Only until 2011, under John Vickers of NASA’s 
recommendation, Dr Michael Grieves had finally named the concept as Digital Twin like what we know today. 
Originally, the first aim of the model is to extend the product lifecycle by providing insights to the design, test 
and manufacture (Rosen et al., 2015). Later, Grieves and Vickers (2017) have observed a broader potential 
of the technology in different industries and application, hence extended the scope of digital twin to a larger 
scale of ‘digital twin for complex system’ where different networks of components and communication 
channels were co-existing (Glaessgen & Stargel, 2012; Tuegel et al., 2011; Zhuang et al., 2018).  

Under the hyper advancement of simulation and computing technologies which provide a more and more 
precise simulations, the cost to build up a physical model of complex system such as aircraft, spaceship, 
infrastructures, building and even city has become a remarkable disadvantage comparing with building a 
virtual model, not to include intransigence, time-consumption and resources-consumption. Thus, the 
diffusion of digital twin into different industries and business, including smart city development, soaring. 
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Figure 2 below illustrates the model of digital twin or the synchronized co-existence between digital and 
physical twin by stressed two continuous data flows: from physical to digital twin to develop digital capacity 
and from digital to physical twin to provide well-informed answers as a platform for better intervention-
making process.  

 

 
Figure 1 – The digital twin model (Grieves, 2019; Mott Macdonald, 2018) 

   
Defining digital twin 
Despite the potentials, digital twin is a developing technology and still very much at an infant stage. Besides  
Grieves and Vickers (2017), different definitions and conceptualizations have been composed by different 
scholars, such as Grieves (2014), Dietz et al. (2019), Boschert and Rosen (2016). Therefore, the 
interdisciplinary nature of digital twin has reflected vague in the rapidly growing literature due to the lack of 
a sound and common conceptual comprehension. Scholars, practitioners and nations have defined different 
frameworks that suit their own particular practical perspectives and goals, rather than drawing a common 
outline to eliminate the complexities, buzzwords and links of various applications to digital twin. Outlined in 
Table 1 are a number of digital twins terminologies, from the NASA’s concept of a simulation of a vehicle 
(Boschert, 2016) and a physical-entity based system (Glaessgen, 2012) to a more modern concept of 
intelligent manufacturing in different scale and complexity by Xu (2019).  

Although each concept can be interpreted differently in alternative contexts, there are remarkable 
milestones in the evolvement of digital twin in academic literature. The first generations of concepts 
introduced by NASA and Glaessgen have acknowledged the significance of digital twin in a complex system 
such as flying vehicle. However, the technology is perceived towards a simulation tool rather than a 
comprehensive and automate parallel process. In this sense, digital twin is a technique to imitate the 
behaviours of some situations or processes by means of a suitably analogous situation, especially under the 
purpose of study or personnel training. Thus, the first digital twin terminologies were presented more under 
a supplemented technology to enhance the performance of complexed system rather than a system itself. 
Recent studies from Dietz et al. (2019); Xu et al. (2019) have interpreted differently.  
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 Digital Twin terminologies Author 
1 The digital twin is the information constructing of the physical twin. 

The intent of the digital twin is that it can provide the same or better 
information than could be obtained by being in physical possession 
of the physical twin.  

 
The incorporation of digital twin is intended to mitigate system 
complexity by providing more and better information about the 
Physical twin. 

 
Digital twin is a model, which asserts that all systems are dual in 
nature. There is the physical version of the system and a 
digital/virtual version or the information version of the system. 

(M. W. Grieves, 
2019) (Grieves, 
2014) 

2 Digital twin is no longer a descriptive three-dimensional object, it 
represents physical entities with their functions, behaviours and 
rules dynamically. Nowadays, Digital twin is a new paradigm for 
promoting the development of intelligent manufacturing. It 
stimulates and maps the entire product life cycle through ultra-
realistic and dynamically optimized simulation models, thus reducing 
the cost of design and maintenance, while enhancing the efficiency 
and quality of manufacturing.  

 
The properties of digital twin are hyper realism, computability, 
controllability, and predictability. 

(Xu et al., 2019) 

3 Digital twin is the technology of choice for virtualizing the physical 
world. The original purpose of digital twin is to enable people to 
study problems more easily, get to the point, understand, and 
proceed pragmatically and rapidly.  

 
The three main weak points of digital twin are: 
 Model semantics of digital twin is mostly geometry driven. 
 Analytics are aligned but not embedded into the model 
 Simulation and user-interaction are offline. 

(Dietz et al., 2019) 

4 Digital twin is realistic digital representation of physical things. It 
unlocks value by enabling improved insights that support better 
decisions, leading to better outcomes in physical world. What 
distinguishes a digital twin from any other digital model is its 
connection to the physical twin. Based on data from the physical 
asset or system, a digital twin unlocks value by supporting improved 
decision making, which creates the opportunity for positive feedback 
to the physical twin. 

(Mott Macdonald, 
2019) 
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5 Digital twin is an endeavour to create intelligent adaptive machines 
by generating a parallel virtual version of the system along with the 
connectivity and analytical capabilities enabled by IoT.  

(Mohammadi & 
Taylor, 2017) 

6 A digital twin is an integrated Multiphysics, multiscale simulation of 
a vehicle or system that uses the best available physical models, 
sensor updates, fleet history, etc., to mirror the life of its 
corresponding flying twin. The digital twin is ultra-realistic and may 
consider one or more important and interdependent vehicle 
systems, including propulsion/energy storage, avionics, life support, 
vehicle structure, thermal management, etc. Manufacturing 
anomalies that may affect the vehicle may also be explicitly 
considered. 

NASA’s 
interpretation 
(Boschert & Rosen, 
2016) 

7 The digital twin is an integrated multi-physics, multi-scale, 
probabilistic simulation of a complex product and uses the best 
available physical models, sensor updates, etc., to mirror the life of 
its corresponding twin 

(Glaessgen & Stargel, 
2012) 

Table 4 : Definitions of Digital twins 
 
First, it is the continuous connection between the physical entity and digital twin that leverages the 

concept beyond a simulation tool. Digital twin, by Grieves (2017) and Mott Macdonald (2018), can exchange 
data and information seamlessly with physical twin, to become a real time copy of the blueprint entity and 
parallelly exist in the digital world. The transmission of data also will be used to the greater purpose of 
machine learning which enables the copy to automatically learn and improve from experience without being 
explicitly programmed. When the amount of data is sufficient, and the model is considered mature, digital 
twin will be able to provide ‘same or better’ feedbacks of the system operation and predict development 
scenarios without compromising any potential of the physical entity. This way, the physical entity itself will 
be benefited by simulated experience of potential risk, hazards, failures or success of the process as a result 
of million simulations of the digital twin in the virtual world, without any prominent hazard from the physical 
test. The process of decision making from possible manual operator, therefore, will also be significantly 
improved and become more efficient.  

Second, with the increasing hyper development speed of technology, digital twin enables the vast 
integration of disruptive technologies as a primary link from virtual to the physical world. Technologies such 
as Internet of Things, Deep Learning, Artificial Intelligence are supplemented technologies to ensure the 
gradual exchange of information between two worlds and new data analysis methodologies that automates 
the learning process from data and make decisions with minimal human intervention. According to 
Mohammadi’s (2017) and Glaessgen (2018) researches, digital twin has the incredible potential of virtualizing 
the physical world through mirroring the life of each and every physical entity. 

 
Conceptual relatives or the three generations of digital twin 
In comparison with the previous developed technologies in digital modelling such as CAD (computer-aided 
design) or BIM (building information modelling), digital twin has proved its flexibility and accessibility, based 
on the variety of spatial and temporal scales provided (M. Grieves, 2019; Mohammadi & Taylor, 2017). 
Additionally, the continuous connection between digital twin and physical entities (including the original 
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model and its relative peers) also differentiates digital twin from traditional digital modelling tools. While in 
BIM and CAD, the digital model is a ‘one-time’ copy, which is disconnected from and can only illustrate the 
physical entity in one specific point of time, similar to a painting or a photo which captured the model at one 
specific period of life. Digital twin, on the other hand, is not only able to provide recommendations within 
the concept and design phase of the product, but it also can reflect the host model in any point of its life 
where information and experiences can be utilized to eliminate any potential risks of damage to the physical 
system. Digital model, therefore, distinguishes itself with digital twin by the lack of an automatic data 
exchange between physical and digital subjects. Any possible data links between the two entities are manually 
built and represent for the independent model itself with no impact to the physical object and vice versa.  

Digital shadow, on the other hand, is the next version of digital model where the data flow from the 
physical entity to the digital copy is not entirely a manual process, or can be described as an automated one-
way data flow from the existing object to the digital object. As a result, ‘a change in state of the physical 
object leads to a change of state in the digital object, but not vice versa’ (Fuller et al., 2019) as represented 
in Figure 5 below.  According to Gassmann et al. (2019), digital shadow has the potential to become an 
essential constituent of every service in modern cities as well as a prerequisite for smart city development in 
providing the six major smart domains under Giffinger’s definition (Giffinger & Pichler-Milanović, 2007).  

 

 

Figure 2 - Digital model 

 

Figure 3 - Digital shadow (shadow twin) 

 

Figure 4 - Digital twin 

In case data flows between physical and digital entities autonomously as the information is exchanged 
and fully integrated to both directions, scientist considers it as Digital Twin (Kritzinger, 2018; Fuller, 2019). 
This feature is the key to differentiate digital twin with other technologies, as the digital model of the object 
will continuously develop as a replica to provide platform for simulation, training, management and strategic 
planning to serve better decision-making. In comparison with former twin versions, digital twin excels in term 
of cost-effectiveness and flexibility. The technology can be implemented using different modelling 
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approaches, such as binary, geospatial, aerodynamic air modelling, etc. It can be applicable in multi scale 
projects from building, community, city to national level. More impressive, digital twin extends the human 
research capacity by providing experiment in any point of time in product lifecycle from beginning to end, 
from design blueprint to operation, as long as the data flows are provided.  The bigger and more complex 
the physical object is, the more digital twin excels in providing information for better decision making from 
lessons of the past, scenarios of the future and optimization of the present day.  

 
Figure 5 – BIM technology versus Digital twin technology 

 
CONCLUSION 
Under the context of the global pandemic in 2020, digital twin is being related as a powerful technology to 
construct an emergency management and response system for cities. Researchers such as Zhihong et al. 
(2020), Saracco et al. (2020) have brought up evidence-based discussion of how  information can be utilized 
in a timely manner despite different administrative levels to control, prevent and mitigate the impacts of the 
epidemic. In a context where information is insufficient with limited public health resources, the importance 
of a well-informed decision-making process between local and state government is the key to improve a 
nation’s survivability. Therefore, the contribution of this paper is a recommendation of a cutting-edge 
technology for the planning of a smart city which allows better response to contingencies as well as optimally 
managing available resources in a unprecedented context. Although digital twin is still at the very infant stage 
of development, the paper underlines the importance of exploiting digital technologies in building future-
proof cities and ‘make cities and human settlements inclusive, safe, resilient and sustainable’. 
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ABSTRACT  

Over the past century, population growth and climate change have affected most cities in developing 
countries, being damaged extensively at different scales. For instance, in Iran, the historical sustainable blue-
green infrastructure (BGI) is under pressing pressure. However, sustainable BGI could support the 
environmental, social, and economic sustainability and mitigate as well as adapt to climate change. Qazvin, 
the historical Persian garden city in the middle of Iran, is a valuable sample of sustainable adaptation to 
drought and water shortage. Due to the urban development process, population growth, and climate change 
during the last century, Qazvin has lost a significant part of its historical blue-green infrastructure. This paper 
aims to assess the effects of population growth and climate change on sustainable BGI in Qazvin and offer 
appropriate solutions for conserving and rehabilitating sustainable BGI. The research methodology is the case 
study method. Hence, the principles of environmental, social, and economic sustainability dimensions in the 
blue-green infrastructure are identified. Data related to population growth, climate change, and urban 
development in Qazvin are collected, and the effects of these factors on sustainable BGI are analyzed. Finally, 
the proposed mechanism implementing the sustainable BGI adapted to climate change and urban 
development has been introduced. 
 
Keywords: blue-green infrastructure, sustainability, Population growth, climate change, urban development 

 
 
 
INTRODUCTION 

Nowadays, the world faces three main problems, including increasing food demand, population growth, 
and climate change (Beatly 2000). The world's population is reaching unsustainable levels (UN, 2017), 
resulting in cities' considerable growth and creating sustainability challenges. FAO and Matuschke 
independently mentioned that a high rate of urbanization in developing countries could increase the number 
of underprivileged inhabitants and food security threats (FAO 2010 & Matuschke 2009). Urbanization can be 
considered the most extreme form of land use, decreasing the environment’s capacity for providing 
ecosystem services and biodiversity (Wu, 2010). Growing demands for energy, water, education, healthcare, 
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housing, transport, and public service are testing urban infrastructure limits (Estevez et al. 2016). Dutt et al. 
(2003), Yuen and Kumssa (2011) noted that cities in Asia have the most significant challenge with three issues 
mentioned above, in comparison to other cities in developed countries (Yuen and Kumssa 2011).  For 
example, as a developing country in Asia, Iran has faced a wide range of environmental issues resulting from 
climate change and population growth. The increase in the average temperature, the urban heat island 
effect, the decrease in precipitation, drought, and dust particles are some of the environmental problems. 
Hence, due to the urban development process, population growth, reduction in respiration, and increasing 
global warming, Persian garden cities such as Qazvin have seen damages. In particular, the loss of urban blue-
green infrastructure (BGI) due to urbanization processes decreases the physical and mental health of urban 
residents, for example, due to intensification of the urban heat island effect (Lafortezza et al. 2009), noise 
pollution (Gidlöf-Gunnarsson and Öhrström 2007), and loss of spaces promoting public mental health (Grahn 
and Stigsdotter 2010). Many studies have argued that the urbanization process affects not only the spatial 
pattern of urban blue-green infrastructure (Zhou et al., 2014) but also the urban green space (Li et al. 2013; 
Wu et al. 2011), which, in turn, influences its ecosystem services such as mitigating urban heat island (Kong 
et al. 2014; Li et al. 2011).  

Persian garden cities such as Qazvin, with a history of seven thousand years in Iran, could ensure 
environmental, economic, and social sustainability. However, sustainability in Qazvin relies on sustainable 
blue-green infrastructure shaped for thousands of years. 

Blue-green infrastructure is a strategic, multi-functional network of public green spaces and routes, rivers, 
water canals, lakes, landscapes, biodiversity, and heritage (LDA Design Consultant, 2011). Sustainable blue-
green infrastructure includes techniques and technologies that use natural systems or engineered systems 
that mimic natural processes to enhance the built and natural environment, particularly within stormwater 
management (center for neighborhood technology & American rivers, 2010). It ensures efficient and 
sustainable land use by integrating and interacting functions or activities on the same land piece.  

Blue-green infrastructure in Persian garden cities is a combination of gardens, farms, urban agriculture, 
seasonal rivers, and water canals. The relationship between urban agriculture with maintaining urban runoff, 
food security, urban heat island effect, climate change, low quality of life, social isolation, and crime 
prevention has been identified (Mazereeuw 2005). Urban agriculture can ensure environmental, economic, 
and social sustainability. It also provides local employment and income (World tourism organization, 2002). 
Agriculture in urban areas creates the opportunity that the food chain associated with the production-
consumption becomes limited. Organic household waste can be used and turned into fertilizer and used in 
farms and gardens. This process brings ecological and economic savings (Dehqan 2002). In societies where 
obesity is a health issue, urban gardens allow residents to increase their physical activity through gardening. 
Hence, as a part of the blue-green infrastructure, urban agriculture can play a crucial role in taking steps 
toward future sustainable cities. 

Finally, sustainable blue-green infrastructure has a key role in making cities inclusive, safe, resilient, and 
sustainable, taking urgent action to combat climate change and its impacts, sustainably managing forests, 
combating desertification, halting, reversing land degradation, and halting biodiversity loss. Consequently, 
we can take steps toward the United Nations' sustainable development goals (SDGs). 
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METHOD 

In this paper, the research method is a case study. The main aim is to analyze the impacts of urban 
development, population growth, and climate change on Qazvin's sustainable blue-green infrastructure. 
Qazvin's historical blue-green infrastructure is chosen as the case study, and then data related to urban 
development, population growth, and climate change in Qazvin were collected. After analyzing the data, the 
effects of population growth and climate change on Qazvin's sustainable blue-green infrastructure were 
assessed. The results can lead to the proposed mechanism, which should pave the way toward three of 
seventeen sustainable development goals (SDGs), including sustainable cities, climate action, and life on land. 

 
Case Study 

 Qazvin is one of Iran's historical cities, and its history returns to the second and third millennium BC. Five 
thousand years ago, Qazvin was an inhabited region, and the discoveries obtained from archaeological 
excavations have proved the existence of a rich civilization in the city (Varjavand, 1970). The blue-green 
infrastructure in Qazvin is the network of natural and semi-natural features, including gardens, farms, 
seasonal rivers, and water canals that intersperse and connect different parts of the city (Figure 1). 

 

Figure 1: Map of Qazvin city in the 14th century (Qazvini, 1994). 
 

This network has the potential to deliver a wide range of benefits, from providing a sustainable 
environment, economy, and society to mitigating and adapting the effects of climate change. The green 
infrastructure includes three scales of urban gardens and farms in the Persian garden city (Qazvin), including 
the suburban, urban, and private gardens.  

1. The suburban gardens 
The suburban gardens refer to gardens and farms that are in the suburban areas and outside the city. 

These gardens have a self-organizing form and fractal pattern. The domain of the function embraces areas 
outside of the town. The suburban gardens can mitigate the harsh climate's effects and create a moderate 
microclimate within extreme climatic conditions. In other words, by reducing the temperature, increasing 
humidity, saving water, and mitigating unfavorable winds, the suburban gardens have made urban life 
possible within the city for thousands of years. 

2. The urban gardens 
Urban gardens have existed for many years ago in this city. The urban gardens are divided into two 

categories. The first category is only for food production. The second group is the governmental promenades 
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and public gardens. Furthermore, the urban gardens act as green infrastructure in the city, merged with rivers 
and water canals. As a result, the network of gardens, farms, rivers, and water canals manages the flash 
floods by distributing floodwater in urban gardens and farms, uses waterflood to irrigate gardens and farms, 
and reduces the urban heat effect island effect and temperature in the city. 

Moreover, urban gardens have played the role of the aquifer to supply groundwater resources. The 
network of blue-green infrastructure in the urban scale has adapted and mitigated the extreme weather 
condition, applying “green engineering” techniques to increase stormwater infiltration in urban areas for 
runoff reduction and flood mitigation. In other words, the blue-green infrastructure works similar to veins in 
the human body, and distributing flood water to each scale of gardens and farm, allow water to penetrate 
the soil, enriching underground water resources. They have circulated water and green spaces in the city. 

3. The private gardens 
Private gardens include gardens with a micro-scale and personal property ranging from a single tree to 

small private gardens. The domain of its function embraces households and residential areas in the city.  
The mentioned three scales address some of the environmental, social, and economic issues, and then 

the network of the blue-green infrastructure provides the following ecological, social, and economic 
sustainability:  

- Environmental sustainability 
The blue-green infrastructure is a tool to protect the advantages and services that the environment provides. 
The urban gardens and farms producing different products have a substantial role in food security. Thus, 
Qazvin gets most of the citizens’ food from the green infrastructure. The urban gardens create a microclimate 
by increasing moisture, reducing the temperature, providing a pleasant smell in the city, breaking wind 
speed, buffering solar radiation, and creating shade. They also improve air quality by removing pollutants in 
the air, such as chemicals and allergens like pollen. Noise pollution in urban areas is usually prevalent due to 
increased density, heavy traffic, and many hard surfaces. The urban gardens are efficient in reducing noise 
pollution. The blue infrastructure helps collect floodwater, recharge water tables, and reduce erosion by 
slowing down runoff. The rivers transport the water across the BGI, allowing gardens and farms to deplete 
this water. Restoration of biodiversity is another significant environmental benefit of the BGI. Besides, they 
help to protect endangered species, including animals and plants.  

- Economic sustainability 
The BGI has several economic benefits to society, promoting economic development and tourism. The 

BGI attracts businesses and residents, and as a result, it is a catalyst for business development and promotion 
of urban life quality. By studying the BGI in Qazvin, it is found that it improves residential and commercial 
spaces' quality and increases properties' value. The urban gardens and farms also create local employment 
and income, and they are economic potential to develop local economic activities. Food production in the 
urban spaces creates an opportunity that the food chain associated with the production-consumption 
process becomes limited. Organic household waste is turned into fertilizer and used in gardens and fields. 
This process brings environmental and economic savings. Besides, due to three factors, including experience 
(rural migrants have experience in agriculture), requirements (a large number of unemployed workers), and 
opportunities (marginal agricultural areas and vacant urban lands), the BGI in Qazvin provides acceptable 
reasons for the development of urban agriculture and preservation of the sustainable blue-green 
infrastructure. 

- Social sustainability 
The social aspect of the BGI in Qazvin has several factors mentioned in the following: 
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1. Increasing physical activity: In Qazvin, where obesity is a problem, the BGI provides an opportunity 
for residents to improve their physical activities through gardening, walking, doing exercise, and so 
on.  

2. Health (garden therapy): Looking at nature scenes has positive effects, relieving pressure, and stress. 
A variety of sounds, smells, and colors significantly impact people's health and welfare. Access to 
organic and fresh food is also one of the essential issues; urban agriculture emphasizes the existence 
and availability of food. Also, they reduce air pollution and reduce the urban heat island effect. Both 
factors have significant impacts on physical health. The studies show the relationship between 
psychological stress and the urban landscape characteristics. 

3. Increasing security: Crime rate reduction has been observed in the area covered by the BGI in Qazvin. 
The citizens spending their time in urban gardens are reluctant to commit the crime. The urban 
gardens also provide a safe environment for the residents, especially children and women. 

4. Greenspace and aesthetic values: The network of gardens and rivers promotes aesthetic values and 
provides more green spaces for residents. 
 

Data analysis 
In this section,  three factors of population growth (Figure 2), mean temperature (Figure 3), and annual 

precipitation (Figure 4) in Qazvin city are analyzed. The effects of these factors are assessed in the sustainable 
blue-green infrastructure (Figure 6). 

 

 

Figure 2: The population growth of Qazvin from 1880 to 2016 (https://fava.qazvin.ir/en/58) 

 
According to the above line graph, Qazvin's population increased steadily by 1956. After that, considerable 

growth can be seen. It can also be anticipated that the upward trend continues.  
In the next step, climate change factors, including mean temperature and annual precipitation, should be 

considered in Qazvin. 
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Figure 3: Mean temperature from 1958 to 2016 in Qazvin (https://data.irimo.ir) 

 

Figure 4: Annual precipitation from 1958 to 2016 in Qazvin (https://data.irimo.ir) 

 

Regarding the upward trend in mean temperature and the downward trend in annual participation, it is evident 
that the city is under climatic pressure, especially for the last 50 years. In the following map, the impacts of 
population growth and climate change on the three scales can be seen. 
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Figure 5: The urban development process from 1910 to 2010 in Qazvin 
 
The urban development process in Qazvin shows that the rapid growth of urbanization reduces suburban 

gardens' area dramatically. By analyzing the reduced green infrastructure, the following diagram is obtained 
(Figure 6).  

 

 

Figure 6: The analysis of the areas of three scales of green infrastructure from 1910 to 2010 in Qazvin 
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The graph illustrates that despite the reduction in all categories of gardens, urban agriculture in the 
countryside has less reduction. The following maps show the remaining parts of the blue-green infrastructure 
(Figure 7)(Figure 8). 

 

 

Figure 7: The remaining parts of the blue-green infrastructure 
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Figure 8: The strategic blue-green infrastructure network in Qazvin 
 

 

RESULTS AND DISCUSSION 

The analysis shows that both population growth and climate change damaged the blue-green 
infrastructure in Qazvin. The combined blue and green infrastructure areas in 1910 were 3000 hectares, and 
now it covers only 2300 hectares. Inhabitants can get services from the blue-green infrastructure if the BGI 
works appropriately, and there is capable of the infrastructure's working. The reduction in the area of the 
BGI affects the correct functioning of the target BGI, having adverse effects that are relevant to the general 
function of the BGI in sustainability and three dimensions of sustainability in Qazvin. Thus, the current BGI 
faces some strengths, opportunities, and threats, as shown in the following table (Table 1). 

 
Urban 

Sustainability 
Strength Opportunity Threat 

Environmental 
Sustainability  

-Irrigation by floodwater  
-Irrigation in the cold seasons 
to eliminate parasites (with 
freezing soil) 
-Defense against the hot wind 
blowing from the desert 
-Moderating dry and hot 
climate by increasing 
humidity and decreasing 
temperature 
-Control the wind speed 
-Absorb solar radiation 
- Implementing a variety of 
species which don’t need so 
much water 
-The Seasonal rivers are 
employed in the irrigation of 
gardens 

-Conservation of biodiversity 
- Improving climate condition 
- Decreasing the urban heat island 
effect 
-Protection of endangered or 
scarce species (including plants 
and animals) 
- Protection of soil against erosion 
- Absorb dust particles and 
emissions from air pollution 
- Reduce noise pollution in urban 
areas 
- Promotion of biodiversity 
- Reducing garbage through 
organic fertilizers 

- Water shortage in recent years 
- Damage gardens while developing the city 

Urban Area Boundary 

 

Strategic BGI Network 
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Economic 
Sustainability 

 -Flood management 
-Producing food 

-Developing ecotourism 
-Providing related jobs 
-Organic household waste can be 
used in gardens 
- Creating farming markets 
-Reducing the transportation of 
agricultural products 

- Increasing the cost of labors, manures, pesticides, 
etc. 
-The lower rate of agricultural productivity in 
traditional agriculture in comparison to industrial 
agriculture 
- Rising cost of houses, which persuades farmers to 
transform their gardens into houses 
-Decreasing income derived from conventional 
agriculture 

Social 
Sustainability 

-Creating public spaces 
-Providing pleasant scenes to 
attract people 
- Traditional festivals 
- Traditional management  

-Providing a safe urban space with 
private management 
-Increasing the quality of life in the 
residential area 
- Preventing crime 
-Increasing physical activity 
- Providing garden therapy 
- Increasing security 
-Creating the green space 
-Providing aesthetic values 

- decrease social safety in damaged parts of the BGI 

Table 1: The strengths, opportunities, and threats of the blue-green infrastructure in the current situation 
 
The blue-green infrastructure needs to be correctly managed to maintain the sustainable network's 

strengths, respect the requirements, give an adequate response to opportunities, and find solutions for 
threats. Hence, the sustainable blue-green infrastructure should be correctly protected because the essential 
functions of the BGI as it is an appropriate level of connectivity among natural elements should be maintained 
and taken into account. Finally, in the case where properties and functions of the BGI have been lost, due to 
population growth and climate change, they should be restored and rehabilitated. 
 
PROPOSED MECHANISM 

For meeting environmental, social, and economic objectives while delivering sustainable development 
goals of the UN, we should take a holistic approach to preserve and restore the sustainable blue-green 
infrastructure. Three mechanisms can be proposed as a feasible strategy (Table 2).  

 
 Guidelines  Proposed Mechanism 

 Environmental  Absorb Carbon dioxide 
Improve air quality 
Add more recreational space 
Improve the efficiency of land use 
Improve physical and mental health 
Flood management 
Water and soil source protection 
Save groundwater resources 
Improve watershed health 
Preserve and restore wildlife habitat 

 Economic  Maintain historical blue-green infrastructure 
Increase land values 
Improve economic development 
Reduce energy consumption and costs 
Increase life-cycle cost savings 

 Social  Establish green spaces for fun and enjoy 
Provide a safe environment for all social groups 
Educate the public about the importance of maintaining the BGI 

Table 2: The proposed environmental, economic, and social mechanism 
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The proposed strategy requires initial planning and policymaking, requiring investment, partnership, and 
cooperation. It needs to draw the attention and assistance of various groups, such as: 

•    Eco-friendly groups 
•    Landowners and agricultural, municipal managers 
•    Municipality 
•    Active Companies in this field 
•    Volunteer organizations 
•    The relevant government planning system and grant funds 
 

 

CONCLUSION 

This research argued that both population growth and climate change caused significant damage to 
Qazvin's sustainable blue-green infrastructure, which has a wide range of environmental, social, and 
economic sustainability functions. Considering the destruction of the blue-green infrastructure in Qazvin in 
three categories including suburban, urban and private gardens, shows that along with the increasing trend 
of the population growth and climate change, private urban gardens have been faced a reduction of 90% and 
only about half of the suburban gardens have remained. Identifying strengths, opportunities, and threats 
faced with the blue-green infrastructure's current situation show the necessity of introducing a proposed 
mechanism for protecting and restoring the blue-green infrastructure. Aaccording to data analysis, urban 
development, population growth, and climate change will continue. Thus, the proposed mechanism plays a 
vital role in taking steps toward the future sustainable city. Consequently, the sustainable blue-green 
infrastructure should be rehabilitated and ensure three sustainable development goals, including sustainable 
cities, climate action, and life on land. Besides, Qazvin will be adapted to population growth and climate 
change effects, including water shortage, increasing temperature, and natural hazards.  

Finally, as the research data process occurred before the start of the pandemic of COVID-19, the 
pandemic did not affect the research. 
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ABSTRACT  

Residential neighbourhoods in urban China have witnessed great change over the last forty years due to 
rapid urbanisation. This has placed great pressure on landscape urban design to provide quality outdoor 
environments that support community interaction, recreation, wellbeing and place attachment for residents. 
Currently, there are two typical residential models: one, mid-rise apartment blocks with unrestricted street 
patterns built in the 1980s and 1990s; the other, high-rise towers in gated superblocks built in the past 20 
years. Using a comparative case study of these two residential models, this study investigates the attributes 
shared outdoor environments to identify those that may contribute to place attachment. Theories of place 
attachment, urban spatial design and environment-behaviour studies provide the conceptual framework for 
this study. Three methods were used: (a) semi-structured interviews with adult residents; (b) a questionnaire 
with adult residents; (c) and participant observation of the outdoor areas. Data analysis will be used to 
identify the convergence and divergence of residents’ experiences of shared outdoor environments in each 
of the two residential models. This study is timely in relation to the COVID-19 pandemic and its implications 
for evidence-based design practice in landscape architecture in relation to the design of outdoor settings in 
residential neighbourhoods in China. 
 
Keywords: place attachment, shared outdoor environment, high-density residential neighbourhoods, China. 

 
 
 
INTRODUCTION 

This study aims to investigate how residents develop place attachment in outdoor environments of high-
density residential neighbourhoods by comparing the two typical, high-density residential models in urban 
China. The need for this research is driven by rapidly increasing urbanisation which China has experienced 
since the 1970s. This has led to the demand for new residential models and mass construction of new high- 
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density residential settings which now house millions of people. Place attachment encompasses relationships 
between people and their environment, and it also plays a role in human well-being as it delivers 
psychological benefits and a sense of stability which are needed in a rapidly changing society (Hay, 1998). Two 
sites, each distinct and commonly used residential models, were selected in Qingdao, a major coastal city 
located in eastern China, occupying 11 square kilometres with a population of over 10 million. The study uses 
a mixed method methodology to address two research questions: 1) What kind of shared neighbourhood 
spaces do people feel attached to in the two cases and what are their experiences in these settings? 2) What 
are the physical attributes contributing to the convergence and divergence between two cases? Ultimately 
the aim of this research is to inform contemporary landscape urban design practice in its capacity to design 
quality outdoor environments as part of residential settings that support the development of place 
attachment among residents. 

This paper consists of four parts. The first part provides background to the context for this study; the 
second part reviews relevant environment-behaviour and urban design theories and concepts  used to 
construct the conceptual framework for this research; the third part describes the research settings, 
methodology, and methods for data collection and analysis; and the fourth part discusses the potential 
contribution and significance of the study.  

 

 

BACKGROUND 

In 1978, China started economic reform and opened up to the outside world with the goal of developing the 
national economy. The rapid urbanisation in China during the post-1978 period brought a profound change 

to social and economic institutions. The urban population was 16.7 million in 1950, constituting only 11.18% 

of the total population in China; in 1980, urban population reached  around 190 million, constituting 19.39% 
of the China’s total population; and the urban population as a percentage of total population, or the so-called 
urbanisation rate, reached 56.1% in 2015. Figure 1 illustrates the trend in China’s urbanisation from 1950 to 
2015 and the rapid growth in urbanisation rates can be seen since the 1980s. 
 

Figure 1: Urbanisation in China from 1950 to 2015. Source: based on National Bureau of Statistics of China (2018).  
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Urban housing transformation is one of the great changes driven by rapid urbanisation. Since the 1980s, 
the significant increase in urban housing construction as the standout outcome of the reform policy has been 
refiguring urban space and social life (Bray, 2005, pp. 166-167). The work-unit (danwei), as a typical model 
integrating work and residence in the socialist period has declined due to the transition from a planned 
economy to a market economy. In the 1980s and 1990s, the subsidized housing settlements developed by 
the public sector were constructed to encourage housing purchasing with the aim to provide low-cost housing 
for medium- to low-income households (Wang & Murie, 2000). Then, commodity housing (shangpin fang), 
which is developed by real estate developers with the aim to privatise the property market, pushed urban 
housing development and profitable real estate industry further forward. Commodity housing was defined 
as the national main industry in the housing policy issued in 1998 and the following two decades have 
witnessed its dominance in China’s booming property market (Fu, Zhu, & Ren, 2015).  

Currently, there are two typical residential models in urban China. One residential model consists of mid-
rise parallel blocks with an unrestricted street pattern built in the 1980s and 1990s. They were developed by 
the public sector with the aim of providing a large amount of affordable housing. When it comes to outdoor 
environments, the design solution was simple. Adding greenery was used as the most effective way to 
beautify the environment. A large greenspace with services and amenities was usually placed at centre of the 
complex for social gathering and general recreation for the whole neighbourhood, and a small greenspace 
was also planned for each cluster of four to six buildings. These open neighbourhoods are called ‘old 
residential neighbourhoods’ (Beijing News, 2019). The old neighbourhoods lag behind in housing quality and 
outdoor environmental quality due to the nature of these not-for-profit housing projects15 as well as the 
limitation of the construction techniques and available finance at that time (Rosen & Ross, 2010). An 
innovative plan was proposed for updating the old residential areas in 2015. The aim of the plan was to 
improve the quality of housing and outdoor environments for neighbourhoods constructed before the year 
2000. About 160 thousand old neighbourhoods and over 42 million families are involved, and these 
neighbourhoods are scheduled to be updated by 2025 (Beijing News, 2019). 

The other model consists of high-rise towers in gated communities mainly built in the last 20 years. 
Commodity housing developed by the private sector tends to adopt this residential model. Unlike subsidized 
housing, property developers of commodity housing have the incentive to provide beautiful surroundings to 
attract potential buyers. The overall physical character of outdoor settings in gated communities can be 
summarised as ‘towers in the park.’  Moreover, a huge premium is placed on aesthetically appealing outdoor 
environments with the aim of selling the estate (Pow, 2009). Gating is commonly employed in these estates 
as a tool to ensure that only the homeowners have the privilege of using their facilities whilst ‘free riders’ are 
kept out (Glasze, Webster, & Frantz, 2004). Table 1 depicts the differences between the two residential models 
across multiple aspects.  

 

 

 

 

 
15 Due to the nature of subsidized housing, the sales price was set administratively at a minimum level needed to recover basic costs. 

The housing development projects relied on subsidises from central and local governments.  
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Items Open neighbourhood Gated community 

Main construction period 1980s-1990s After 1998 

Main housing property & developer Subsidized housing developed by the 
public sector 

Commodity housing developed by 
the private sector 

Accessibility in general  Open to all Homeowners only 

Situation Defined as older settlements, have 
been updated since 2015 

Dominating residential 
development 

Physical forms 

 

Mid-rise blocks in a parallel pattern High-rise towers in the park 

  

 

Density (Floor area ratio) 0.7-1.5 1.5-5 

Neighbourhood 
outdoor 
environments 

Features Simple landscape architectural design, 

Adding greenery as the main design 
solution 

Professional landscape 
architectural design, 

A park-like outdoor setting 

Underlying 

reasons 

Provision of a large amount of 
affordable housing 

The aim of attracting buyers 

Table 1: Comparison of the two residential models 

Note: The density data for each residential model are derived from Yang and Chen (2005).  

 
 
THEORETICAL AND CONCEPTUAL FRAMEWORK 
Theories of place attachment, urban spatial design and environment-behaviour studies provide the 
conceptual framework for this study. Rapid urbanisation as well as the consequent housing transformation 
have placed great pressure on landscape urban design to provide quality neighbourhood outdoor 
environments. Central to quality environments is how residents perceive and respond to the settings. 
Neighbourhood environments provide opportunities for social interaction, recreation and activities, playing 
a role in people’s physical and psychological health. Meanwhile, people ascribe meanings and develop 
attachment to environments through their experiences (Tuan, 1977). The understanding of how people 
experience the setting, and how meaning and place attachment evolve is essential for planning and design 
decision making for a quality outdoor environment.  

The concept of place attachment is the foundation of the conceptual framework for this research. Places 
are not simply locations, but rather “fusions of human and natural order and are the significant centres of 
our immediate experiences of the world” (Relph, 1976, p.141). Place attachment is “a set of feelings about a 
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geographic location that emotionally binds a person to that place as a function of its role as a setting for 
experience” (Rubinstein & Parmelee, 1992, p.139), depicting “the bonding of people to places” (Altman & 
Low, 1992, p.2). Place attachment, as a concept describing people-place relations, encompasses a cognitive-
emotional bond that connects individuals and their meaningful environments (Scannell & Gifford, 2014). 
Place attachment involves both the place features and attachment attributes. Place features explain how 
physical settings support residents’ desired activities, positive perceptions and consequently meaningful 
experiences (Williams & Patterson, 2008). Attachment features illustrate the development of emotional or 
symbolic bonds because of the functional and/or symbolic meanings of place attributes (Najafi & Kamal, 
2012).  

Both the social and physical qualities of a setting contribute to place attachment. On the one hand, place 
attachment is socially constructed for humans ascribe meanings to spaces through experiences (Tuan, 1977). 
On the other hand, people can also be attached to tangible features in physical environments for their 
symbolic meanings without the social mediation (Stedman, 2003). Place attachment, for instance, is 
sometimes formed because of the aesthetic value of places (Hwang, Lee, & Chen, 2005), which is shaped by 
local culture. As a result, in the processes of place attachment, “people confer meaning on the environment 
in ways that reflect their social and cultural experiences” (Eisenhauer, Krannich, & Blahna, 2000, p.422).  

As discussed by Scannell and Gifford (2010), place attachment can be analysed using a tripartite model, 
consisting of person, place and process. This model considers who is attached, what one is attached to, and 
how one develops attachment. Lewicka (2011) identifies a problem of disproportion in what we know of 
these three components in place attachment research. She states that “we know relatively much about who 
are the attached people, how and how much they are attached, but relatively little about which places have 
the highest ’attachment potential’ and through which processes the attachment is achieved” (pp.222-223).  

The figure-ground theory provides a way of analysing the role of the physical environment in place 
attachment from a perspective of spatial design. The figure-ground theory deals with the pattern of solid 
mass (‘figure’) and open voids (‘ground’) of the urban environment and clarifies the structure and order of 
defined urban outdoor space (Trancik, 1986).  At the scale of an urban district, ‘solids’ refer to object buildings 
and urban blocks while ‘voids’ refer to unbuilt open spaces including streets, squares, parks and other forms 
of openings. At the site scale of a site, the definitions will be modified. ‘Solids’ refer to massed plants and 
water features in addition to object buildings while ‘voids’ include accessible spaces, such as paths and 
squares. This modification is consistent with the nature of solids and voids. If solid mass is greater than voids 
in the setting, the spatial continuity is achieved so that the texture fosters pedestrian activity. If voids 
dominate, the space serves as “a medium of the urban experience” or “a vessel of human gathering” (Trancik, 
1986, p.100). Within each category, Lynch (1960)’s theory regarding spatial legibility and place imageability is 
used to identify key physical features which play a role in people’s love of the place. In addition to the figure-
ground theory, the other two theories of urban spatial design- linkage theory and place theory (Trancik, 1986, 
p.97)- are also considered to add contextual and social components when analysing the physical settings.  

Environment-behaviour studies (EBS), develop from the confluence of architecture, landscape 
architecture and urban design and the social and behavioural sciences and focus on the interdependence of 

physical and socio-cultural environmental factors (Moore, 2004). This study draws upon the theories of 

affordances (Gibson, 1979), behaviour-settings (Barker, 1968) and culture-environment relations (Rapoport, 
1980). Affordances are the physical characteristics of the environment that are perceived as functionally 
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significant for supporting actions based on the perceiver’s needs. This theory explains how the affordances 
of physical features with perceptual qualities support certain behaviours (Gibson, 1979). The theory of 
behaviour-settings explains the relationship between people and the social qualities of environment. 
According to the theory of behaviour settings, an individual’s behaviour in a setting is not only influenced by 
physical features, but also other occupants’ collective behaviours (Barker, 1968). Rapoport’s cultural-
environment relations theory (1980) is used to explain the role of culture in human perception, cognition and 
behaviour in an environment. The cultural-environment relations may underly the symbolic meanings and 
aesthetic preference which is related to psychological processes of place attachment. The environment-
behaviour theories offer empirically based models for conceptualising the complex relationships between 
individuals, societies, cultures and their environments. 

Figure 2 presents a summary for the conceptual framework for this study. This framework will be used to 
underpin the methodology, method, and data analysis frameworks of this study.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

Figure 2 conceptual framework of this study. 
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METHODOLOGY AND METHODS 
Two neighbourhoods in Qingdao were selected for a comparative case study research design. These cases 
represent the two typical residential models, respectively. One case is an open neighbourhood built as a 
demonstration model for nationwide housing reform projects in the early 1990s; it is a typical example of this 
residential model.  It consists of seven clusters of mid-rise (5-7 storeys) buildings with three high-rise (18 
storeys) buildings (constructed later after 2000) at the heart. The other case consists of a gated enclave 
nearby built in 2012, consisting of eighteen high-rise (12- 18 storeys) towers. Figure 3 illustrates the different 
features of buildings and outdoor settings in the two cases.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3:  An open void surrounded by mid-rise buildings in the open neighbourhood (left) and the central landscaped area 
surrounded by high-rise towers in the gated community (right). 

 
 

In terms of the data collection within the case studies, mixed methods including semi-structured interview, 
questionnaires and participant observation were used. The procedure of the fieldwork in the two cases 
consisted of two phases, encompassing the use of three methods. The first phase involved a semi-structured 
interview and a short questionnaire with the same sample group. With a snowball technique, 40 adult 
participants were selected in total, 20 for each case. Senior residents and women were given more attention 
for, in addition to children, they tend to be the main group using neighbourhood environments (Marcus & 
Francis, 1997). The semi-structured interviews were the main method used in this research to explore 
residents’ experiences of neighbourhood environments, offering insight into meanings in place attachment 
(Van Patten & Williams, 2008). The first part of the semi-structured interview involved the questions relating 
to their general perception and behaviour in neighbourhood outdoor environments and the second part 
aimed to explore the physical and social attributes of the place to which participants are attached. After the 
semi-structured interview, a short questionnaire was used to learn of participants’ general usage of the 
favourite places (Amaratunga, Baldry, Sarshar, & Newton, 2002) and quickly obtain basic information, such as 
age and occupation (Richards, 2014). Their evaluation of the favourite places, and the degree of attachment 

        

 



 

 

 

148 

to the favourite place as well as the neighbourhood were also measured using a Likert scale in the 
questionnaire (Mesch & Manor, 1998). 

The second phase was participant observation of the outdoor settings surrounding or embedded in each 
of these residential models. For research on outdoor spaces, participant observation has been used 
frequently to add subjective responses to the objective observations (Marcus and Francis 1997). The selection 
of the sites for participant observation was driven by the information provided by participants in the 
interview. Participant observation was conducted at different times both on weekdays and weekends. A site 
plan was created, subjective sensory elements and objective activity observations were recorded, and the 
areas were photographed.  

At this stage, interview analysis has been partially completed. All interviews were transcribed by the 
researcher and the interview transcriptions were analysed using NVivo software. Thematic analysis will be 
used to analyse the interviews (Braun & Clarke, 2006) using the conceptual framework to provide the major 
and minor themes. The questionnaire data will be processed in SPSS software. The data derived from 
participant observation will be analysed in terms of both physical and behavioural aspects using a framework 
from the post-occupancy evaluation guide suggested by Marcus and Francis (1997). For the former, a 
contextual map will be drawn to show the physical and social features of the surrounding areas and a site 
plan will also be used to illustrate the built form, design features, functional sub-areas and sensory elements. 
For the latter, an activity mapping will be used to show the usage pattern of the site. Then, the data will be 
triangulated across the three research methods for each case. Finally, findings will be compared between the 
two cases for discussion and conclusion.  

 

 
PRELIMINARY RESULTS AND THE POTENTIAL CONTRIBUTION OF THE STUDY 

Early stage analysis of the interview data reveals that physical attributes influence people’s place attachment 
in neighbourhood outdoor environments. In the case of the open neighbourhood, some participants 
expressed their attachment to a natural setting featuring diverse trees and water, expressing their 
appreciation of nature. These residents tend to walk around the setting on their own, enjoying a beautiful 
and peaceful atmosphere. By contrast, some other participants from the same community ascribed 
attachment to an open void where they participate group activities, such as Tai-chi and square dancing. They 
expressed their social connectedness with the group and some significant group members.  

The differences mentioned above implied that the impact of physical attributes on place attachment may 
be associated with the affordances of the physical settings. The setting dominated by natural elements (solid 
mass) is more likely to afford spatial continuity and pedestrian activities (Trancik, 1986). The experiences in 
the setting are based on the person-environment interactions and place attachment also develops from these 
experiences. By contrast, the setting dominated by open voids is more likely to afford human gathering and 
social interactions (Trancik, 1986). Place attachment in this type of settings is more about interpersonal 
interactions and social constructions. As a result, it can be hypothesised that there may be associations 
between physical attributes and processes of place attachment.  
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CONCLUSION 
This study investigates how people develop place attachment to shared outdoor environments in two high-
density residential models in urban China. A comparative case study was selected as a research design and 
three methods were used for data collection. The early stage of interview analysis reveals that there may be 
associations between spatial design and processes of place attachment for affordances of solid-void patterns 
influence residents’ experiences in the setting. Then, the complete interview analysis is expected to further 
involve the impact of specific environmental attributes on place attachment. The findings from the other two 
methods will be triangulated with the interview analysis results to obtain the final findings. The final 
outcomes will have the potential capacity of understanding the role of neighbourhood outdoor spaces in 
place attachment across the physical, social and cultural aspects within the Chinese context.  

The new points for future studies might be derived from a reflection on the implications of the COVID-19 
pandemic. The pandemic has affected residents’ uses of outdoor environments, well-being and their place 
attachment, especially for those living in high-density residential neighbourhoods. Currently, billions of 
people around the world have been ordered to stay home to help reduce the spread of coronavirus disease. 
People have limited opportunities to go outdoors for recreation and the pandemic might pose negative 
impacts on community interactions in shared neighbourhood spaces as use of these settings may be 
associated with fears of contracting the virus from others. These challenges might threaten residents’ place 
attachment in neighbourhood environment.  

On the other hand, place attachment as a positive person-place bond might help reduce the negative 
impact of pandemic on residents’ well-being. Since COVID-19 spread earlier this year in Qingdao, many senior 
residents have been organising virtual square dances on TikTok and communicated with other group 
members through Wechat. They have attempted hard to preserve their daily activity as well as the bond with 
significant others. Moreover, the pandemic may introduce residents to a new pattern of localised outdoor 
use and be the motivation for an enhanced relationship with their outdoor settings as the pandemic has 
driven up the value of natural environments in dense urban areas.  
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ABSTRACT  

Community-led housing was initiated in Myanmar in the late 2010s to counter the housing shortage faced 
by the urban poor. It has been helping the urban poor to secure the tenancy and ownership of affordable 
houses. However, the lack of design guidelines with the limited technical knowledge and finance resulted in 
sub-standard housings which led to the residents implementing modifications in their own houses to fulfil 
their needs. This study, thus, identifies the self-modifications patterns and the responsible reasons in the 
community-led housings in Yangon. Using case-study method, the study found that the residents made spatial 
extension, material changes and added supplementary building elements. The changes are done mainly due 
to the low performance of house caused by problems such as material wear-off, space limitation and poor 
indoor environmental conditions. Unlike the initial design, the modified dwellings had become more urban-
oriented, durable and aesthetically pleasing. This study reveals the residents’ changing needs and preferences 
while also raise the awareness of the housing flexibility and the indoor environmental quality as the design 
considerations. It contributes to the development of design guidelines for community-led housing that is both 
liveable and affordable for low-income families. 

 
Keywords: Community-led housing; housing conditions; low-income people; self-modification; Myanmar  

 
 
 
INTRODUCTION 

Rapid urbanization has resulted in many urban poor living in informal settlements, vulnerable to disaster risks 
and forced evictions (Nassar, & Elsayed, 2018). To address these issues, different measures are introduced by 
the authorities, but these state-led approaches often lack the community’s participation and cannot address 
the housing shortage of urban poor effectively.  The failure resulted in the emergence of community-led 
housing (CLH) which considers stakeholder interests and facilitates the opportunity of self-help initiatives 
(Rahman, Hossain, & Kabir, 2016). CLH is usually led by the communities themselves, with the support from 
the humanitarian organization, to secure the tenancy and ownership. It works in network from individual 
community group level to city-wide community organization to develop and manage the housing through the 
exchange of information and experiences (Boonyabancha, 2008; World Habitat, 2017).  
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CLH approach could help countries in achieving Sustainable Development Goal (11) by an increased access 
to adequate, safe and affordable housing for poor and vulnerable groups through their active participation in 
the process (Wang, 2020; United Nations, 2018).  With proper planning and management, CLH units can 
deliver significant environmental, social and economic benefits to the residents and to the society as a whole. 
It provides the residents the pathway out of poverty as access to the housing including housing affordability 
while enhances cohesion and builds positive social capital within the network  (Rahman, Hossain, & Kabir, 
2016; Astuti & Prasetyo, 2014). Moreover, it enhances the sustainability of communities by adding to local 
housing supply for urban poor, offering amenities and facilities for the local community and acting as a 
learning platform and testbed for new approaches (Hudson, Scanlon, Arrigoitia & Saeed, 2019).  

Yangon, the largest city of Myanmar, has the estimated informal dwellers ranging from 500,000 to 1 million 
(Forbes, 2019). Aiming to improve their livelihoods, the local civil society organization (CSO) introduced 
community-based saving groups and then developed into CLH with the saving groups members.  The practice 
has demonstrated ways to support informal dwellers to secure the tenancy and ownership of affordable 
houses. Moreover, the completed housing projects act as learning medium by serving as case study areas for 
groups interested in developing future CLH projects (Lall, Mitra, & Sakuma, 2018). However, lack of design 
guidelines, along with limited budget, experiences and the technical capacity of community resulted in the 
sub-standard original housings with inadequate living conditions. Thus, to address the needs and discomfort 
in housings, the residents made modifications to their houses with available resources. 

Housing modification includes any changes made to the original house, ranging from the furniture 
rearrangement and material changes, to structural alterations such as addition or demolition of parts of 
housing units (Ilesanmi, Jiboye, & Morakinyo, 2015). Modification represents the preferences, lifestyle and 
social status of the residents while it can enhance the residents’ sense of pride and make them attached to 
their houses through gradual improvement to the houses (Manalang et al., 2002; Ibem, Opoko, Adeboye, & 
Amole, 2013). It is, therefore, important to acknowledge and understand the modification patterns and the 
reasons behind. Such changes can provide useful information for future housing guidelines and policies (Ward 
& Peters, 2007). Thus, this study attempts to investigate the self-modification patterns and their related 
reasons in existing CLHs to understand the design issues and the occupants’ changing needs and preferences 
for the design guidelines development. This aims to enhance the urban poor access to the liveable and 
affordable housing and reduce housing inequality in urban areas, towards sustainable development in the 
cities. 

 
 
RESEARCH METHOD 

Basic information on case study area 

As community-led housing in Myanmar is still in the initial phase, there are currently 11 projects (Figure 1) 
organized by the local CSO, Women for the World (WfW). As shown in Table 1, site-1 and site-2 were 
implemented in 2009 but following project activities were discontinued due to the difficulties in 
implementation from the political instabilities. WfW could restart the activities in 2017 as there was a shift in 
the governance system of Myanmar and also to accommodate the rapidly increasing number of informal 
dwellers in the city.  From the preliminary field visit in 2019, it is found that site-1 and site-2 have undergone 
major transformations in both interior and exterior of houses and even the site upgrading. On the other hand, 
the recent project sites, site-3 to site-10 had only minor interior modifications in some houses while site-11 
was rarely found with the modifications. Thus, out of all completed projects, the site-1 and site-2 were 
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selected as case study areas as they show different patterns and have more cases and obvious manifestations 
of self-modifications compared to other sites. Site-1 consists of 30 housing units with 131 residents and site-
2 has 65 housing units with 271 residents. As shown in Figure 2, the housing units were laid back-to-back in 
clustered form along the shape of the site. In addition, each site has infrastructures such as tube well, public 
toilet and community centre where the residents usually have weekly meeting and other community 
activities for both residents and nearby neighbourhood. While both sites have similar original housing 
designs, houses in site-2 have a larger floor area due to cheaper land from being located in a less developed 
area. The majority of the residents of both sites are daily workers working in industries, such as highway bus 
station, factories, etc. located near their houses. 
 

 

Source: modified from Lall, Mitra, & Sakuma, 2018 

Figure 1: Location map of CLHs in Yangon 
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Site no. Site name Location Year Units 

Site-1 Pan Thazin  North Okkalar 2009 30 

Site-2 Pyit Tine Taung  Hlaing Thar Yar 2009 65 

Site-3 See Sein Shin  Hlaing Thar Yar Mar-2017 140 

Site-4 Bawa Pan Tine  Dagon Seikkan Apr-2017 83 

Site-5 Moe San Pan  Dagon Seikkan Apr-2017 59 

Site-6 Taw Win  Shwe Pauk Kan Jul-2017 120 

Site-7 Khit Thit May  Shwe Pyi Thar Aug-2017 88 

Site-8 San Thit Sa  Hlaing Thar Yar Jan-2018 96 

Site-9 Hnin San Pan-I Hlaing Thar Yar Apr-2018 69 

Site-10 Hnin San Pan-II Hlaing Thar Yar Apr-2018 29 

Site-11 La Min Eain Shwe Pauk Kan Dec-2018 58 

Table 1: Basic information of completed CLHs in Yangon 

 

 
Figure 2: Site plan of study areas (a) site-1 and (b) site-2 
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Data collection method 

The objective of the study is to identify the self-modification patterns in CLHs in Yangon, along with the 
reasons behind modifications. It adopted a case study method and data were gathered through methods 
stated below: 
(a) Architectural measurement for documenting the housing characteristics, the spatial composition and the 

forms and patterns of modification in the houses 
(b) Household questionnaire survey for collecting the households’ profiles, and clarifying the before and after 

conditions of houses after the modifications and the reasons behind modifications;  
(c) Observation and photography to support the architectural measurement survey and the examinations of 

the site and interior conditions of the houses. 
As mentioned in above section, site-1 and site-2 were selected for case study areas and the field survey 

intended to include all the housing units in both sites. However, some houses could not be involved since the 
families were away during the field survey, thus a total of 91 houses (site-1 = 28 out of 30 houses; site-2 = 63 
out of 65 houses) were included in this study. For the architectural measurement survey, the drawing of 
original floor plan was prepared beforehand, and the modified parts were recorded on the same drawing 
during the survey. The household questionnaire was in the form of mixed open- and close-ended questions 
which the residents were asked to indicate the households’ profiles, modification patterns and the reasons. 
 

 

RESULTS AND DISCUSSIONS 

Features of original community-led housing 

Implemented in 2009, site-1 has 30 housing units with plot size of 39 sq.m and floor area of 23.23 sq.m while 
site-2 has 65 units with plot and floor area of 50.17 sq.m and 28 sq.m respectively. The housing location, 
layout, design and materials were decided mainly by the residents according to their available budget, 
traditions and their lifestyle during the workshops organized by the CSO.  

The residents financed the land purchase and housing construction mainly via an instalment loan, with 
meeting the additional expenses through the personal savings. Each household in site-1 had a loan of 1.2 
million MMK16, with the monthly payback of 20,000 MMK for five years. For site-2, each household took 0.9 
million MMK and the monthly payback amount was 15,000 MMK for five years. These amounts were 
determined by the microfinance banks together with the communities based on their household incomes 
and savings to ensure that there was no heavy cost burden on the residents.  With payback period of five 
years, the monthly instalment rates for both sites can be considered affordable as the range of instalment 
amount was approximately 7-14% of their average monthly household income (0.1-0.2 million MMK) during 
the time of implementation (Lall, Mitra, & Sakuma, 2018). 

 

 
16 1 US Dollar (USD) = 1,318 Myanmar Kyats (MMK) 
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Figure 3: Initial design of CLH in site-1 (a) floor plan; (b) building form of areas B and C 

 
Being initiated by the same CSO, most of the physical features of the houses in both site-1 and site-2 

remained the same, except the floor area due to land availability. As shown in Figure 3a, the areas B, C and E 
were constructed with the loan granted by the bank thus having the same design, materials and structural 
components. In contrast, as areas A and D were constructed with the personal savings, these sections have 
more design freedom and a variety of materials were utilized in their construction. All the original units were 
single storeyed, built on stilts and had the traditional housing type called “Eain Pasit Tote17” (Figure 3b). When 
the houses are initially constructed, interior partitions were not added to the structure. For spatial 
composition, semi-private space like multi-functional living space was placed in front of private spaces such 
as sleeping area, kitchen and toilet. Initial building materials included bamboo weaving sheet for external 
walls, timber for structural system, corrugated galvanised iron (CGI) sheets for roofing and bamboo or timber 
for flooring.   

 
 
Modification patterns and their related reasons  

Although the residents lived in the originally constructed houses for around 10 years, modifications were 
mainly carried out in the later 2018 after they have fully paid back the bank loans. Modifications in both sites 
were done by the residents, with the help of the community members. The residents financed the 

 
17 “Eain Pasit Tote” is the term in Myanmar, which is a type of traditional house commonly in central Myanmar. Its characteristic is that an additional 

structure is attached to the main structure at front, with different floor level and roofing of the main house. 
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modifications either from their savings or applied loans from the community saving group and the 
microfinance bank. Currently, 96% (27 out of 28 units) of houses in site-1 have been modified while in site-
2, all houses have been modified, mostly in interiors. In this study, three types of modification patterns were 
observed - (i) horizontal and/or vertical extension, (ii) changes of building materials, and (iii) changes in 
building elements. The varied reasons behind such changes are explained below in detail. 

(i) Horizontal and/or vertical expansion 

Housing extensions in this study can be classified into (i) horizontal extension, i.e., front or side expansion of 
the existing structure and (ii) vertical extension, i.e., addition of a second floor. No cases of back extension 
are found as the houses have already occupied to the maximum allowable space since the initial construction. 

One of the main reasons behind the housing extension is the overcrowding inside the initial houses and 
the necessity of additional sleeping space for growing children and extended families. Other reasons include 
business purposes and the residents’ own willingness to improve their houses through space expansion, 
which was also related to an increased household income or the  intention to stay in the community for long 
term. As presented in Table 2, site-1 has more tendency to extend the houses among households having 
large families. However, in site-2, housing extension does not appear to be significantly related to household 
size as the purposes for extension varied not only for living and sleeping space but also commercial use and 
storage.  

 

Site-1 Site-2 

No. of 
person 

No. of house 
Modified(%)-
extension 

No. of person No. of house 
Modified(%)-
extension 

1-3 4 25% 1-3 21 38% 

4-6 23 57% 4-6 38 39% 

7-9 1 100% 7-9 2 0% 

10-11 Nil Nil 10-11 2 50% 

Table 2: Housing extension with household size 
 

 
Figure 4: Housing extension in site-1 and site-2 
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From Figure 4, 12 houses in site-1 implemented horizontal extension in which nine units extended both 

the front and side parts of the existing structures and the other three units for front only extension (Figure 
5; Figure 6a & 6c). Usually, the extension took place at the multi-functional living space, which was extended 
over the original front porch for bigger living space which as well served as the sleeping area at night. 
However, side extension did not have much impact on the space as it could expand only 0.31 m from each 
side. For vertical extension, only three cases were found (Figure 7) and it required the significant structural 
modification as the initial structural system could not carry the load of the additional floor. In site-2, 
horizontal extension was implemented in 23 out of 63 houses (Figure 4) and no vertical extension was carried 
out. Among horizontal extension cases, 83% (19 cases) had front-only extension, followed by both front and 
side extensions (4 units) (Figure 8) and side extension (1 unit). In site-2, all the side extension cases are those 
only of which the existing roof were extended to the side up to 1.22 m. Unlike site-1, the functions of 
extension varied from the residential uses such as living, sleeping space or storage to the commercial 
purpose, home-based grocery stores. For the case of commercial use, the extension was usually constructed 
in the form of semi-open space and was separated from main living area with different floor level (Figure 6b).  

 

 

Figure 5: Front expansion in house no.4 at site-1 
 

 
Figure 6: Front extension (a & b) exterior, (c) interior including shading net 
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Figure 7: Addition of 2nd floor in house no.18 at site-
1 

Figure 8: Front and side extension in house no.62 
and 63 at site-2 

 

 
(ii) Changes of building materials 

It is found that the previous indigenous building materials were replaced with more durable and modern 
materials to signify the change in preferences. At the same time, these changes show that the residents 
learned the importance of using durable materials for long-lasting houses. Overall, 19 houses from site-1 and 
24 houses from site-2 were changed the building materials and the building elements that have done the 
most changes are external wall, floor, window, entrance door and the structural system (Figure 9).   

Due to material wear, 19 houses in site-1 and 11 houses in site-2 replaced their initial bamboo external 
walls with more durable and rainwater resistance materials. As shown in Figure 9, cement board was the 
most popular material in both sites (18 units), followed by masonry (8 units), a combination of cement board 
and masonry (7 units) and timber (1 unit). In this context, cement board was commonly used for side external 
walls (Figure 10) while masonry was mostly utilized in front façade (Figure 6a), kitchen and toilet. For flooring, 
original bamboo floor was replaced in 12 houses in site-1 and 14 houses in site-2 due to its damaged 
condition. Different floor materials were found in both sites including masonry (11 units), timber (9 units), 
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plywood (3 units), a combination of masonry and timber (2 units) and cement board (1 unit). Such selections 
of building materials were influenced not only by their durability and affordability but also the users’ 
preferences to suit the urban setting and the fellow community members’ recommendations. Other changes 
include the use of timber/PVC slide windows in place of metal net fixed windows and timber doors for 
previous CGI doors. The reason behind these changes of windows and doors is largely related to social factors 
such as security, aesthetics and change of preference to modern materials. Only three houses in site-1 
transformed their structural system from timber to steel structure to withstand the additional load exerted 
on the structure due to the addition of a second floor. 

 

 
Figure 9: Changes of materials in site-1 and site-2 
 

 
Figure 10: Interior of modified two-storeyed house (house no.18 at site-1) 
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(iii) Changes in building elements 

Figure 11 shows the changes in building elements in both sites and these changes are as follows: the 
renovation of existing building elements such as septic tank, front porch and ceiling height, and the addition 
of elements such as mezzanine, bathtub, window, interior partition, tarpaulin sheet at external wall and 
shading net inside. 

The renovation of septic tank was one of the first modification activities in both sites and 27 houses in 
site-1 and 45 units in site-2 have done the renovation due to the damaged structure and the unpleasant smell 
inside their houses. The tanks were renovated and modified from shared to individual system.  Following is 
the modification of front porch to improve the aesthetics of the houses where the original timber entrance 
stair was rebuilt using masonry material and the floor of front porch was filled in either concrete or stones 
(Figure 12a). Another renovation pattern is the increase in ceiling height for better ventilation inside. 
However, only one household in site-1 had done it.  

Even though two units in site-1 added a mezzanine, 26 houses in site-2 added to their houses (Figure 12b). 
Mezzanine was added to create additional space for growing children or for storage and additionally to 
reduce the heat transmission from CGI roof. It is a custom of people from rural areas to bathe outside the 
house. However, due to the influence of the urban setting and better privacy, a total of 13 houses in both 
sites renovated their bathrooms and added bathtub inside the houses (Figure 12c). Another change observed 
is the installation of interior partition to divide the private (sleeping space) and semi-private space (living 
space) for better privacy, with the materials such as plywood or objects such as furniture or curtain (Figure 
10).  

 In addition, different environmental measures were observed in both sites. To counter high indoor 
temperature, especially in summer, shading net was placed under the roof to reduce the heat transmission 
from roof (Figure 6c), which was commonly found in site-1 (7 units). In site-2, mezzanine was used for 
countering indoor high temperature. Windows were also added at the sides of houses (12 houses in site-1 
and 22 houses in site-2) for better indoor ventilation.  Another was the addition of tarpaulin sheets to the 
external walls (Figure 12d) to prevent direct rainwater to the bamboo walls but it had blocked airflow from 
outside and affected air quality and ventilation inside the houses. 
 

 
Figure 11: Changes in building elements in site-1 and site-2 
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Figure 12: Changes in building elements (a) front porch, (b) mezzanine, (c) bathtub, (d) tarpaulin sheet  
 
 
CONCLUSIONS AND RECOMMENDATIONS 

Based on the original housing design features, this study examines the self-modification patterns and their 
responsible reasons in CLHs in Yangon, Myanmar. Firstly, spatial expansion was observed as a response to 
the limited interior space, economic reasons or as the housing improvement from increased income. The 
extensions were mostly done at the front by taking over the initial front porch, which could flexibly turn into 
the extended living and sleeping space,  storage or even commercial space. Side extension had little impact 
due to the land availability while the vertical expansion was limited by the initial structural capacities which 
need to be upgraded that is costly. Materials wear was  the major factor behind the material changes, 
following the preference changes and security issue. Instead of initial indigenous materials, durable and 
modern materials were more preferred in which the cement board and masonry were the most preferred 
materials for wall, the timber for living and bedroom, the masonry for kitchen and bathroom and the PVC 
window for front window. In addition, there were changes in building elements which included various 
measures from the renovation of existing structures to the addition of new elements in order to suit the 
needs, preferences and also adapt to the environment.  

The fact that the houses were modified gradually to the available resources indicates the residents’ 
changes in housing needs and preferences over the time as well as their willingness to invest in their houses. 
Moreover, by the look of different modification patterns in each house, it can be said that the families have 
different needs and preferences depending on their livelihood, culture and background structures. It, 
therefore, brings an awareness that the low-income mass housing like CLH needs an element of flexibility 
that could allow one to personalize his/her space and provide opportunity to make housing changes over 
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time.  From the study, it is also learnt that the residents’ housing preferences have become more urban-
oriented and the need of consideration of local climate impacts to the structures and the residents for 
liveable housing provision. This study contributes to the body of knowledge on CLHs from the design aspect 
in terms of modification patterns and reasons. It, thus, provides information about the occupants’ housing 
needs, preferences and design issues in the existing housing system while also raises the awareness of the 
need of the flexibility and the indoor environmental quality in low-income housing design. Such information 
will be used in developing design guidelines for CLH to support the community, NGOs and developers in 
planning, construction and management of CLHs. It is pursuant to the SDG 11 through ensuring safe, 
adequate and affordable housing for low-income residents. Even though the study is primarily aimed for CLH 
development in Myanmar, the findings could also be applicable in similar developing countries in Asia.   

It is therefore suggested that the initial design should consider the future modifications and the flexibility 
of housing design should be increased accordingly with adequate land lot, structural capacity and spatial 
planning. Consideration of such needs and future changes might increase the development cost, thus it could 
be planned by phasing the cost over an extended period. The initial phase would provide the basic needs or 
priorities, with the opportunities to expand and upgrade the standards of their dwellings in later phases 
according to needs and affordability. This states the consideration of incremental development approach in 
design guidelines, with this study providing the priority of the needs and preferences required in spatial 
development process and a list of materials with their uses. In addition to that, passive design strategies 
should be considered by reflecting the local climate for better indoor comfort and environmental quality. 
Poor indoor conditions can affect the occupants’ health and under COVID-19 situation, this pre-health 
condition could determine the person’s vulnerability level to get infected. Moreover, ‘stay home’ makes 
those living in inadequate housing have high risk of infection from poor indoor air circulation while living in 
close proximity to others and share already crowded spaces, including water and sanitation facilities.  The 
present study might be complemented by further analysis of the cost and financial mechanism in relation 
with the housing modifications process for better financial planning and management of community-led 
housing. 
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ABSTRACT  

Climate change is producing a radical mutation in the world of design, inviting designers to change their 
attitude from designers of the present to facilitators of the future, placing them before the challenge of 
planning the unexpected of a territorial structure that we know will change drastically, but in ways not 
actually foreseeable. The following research focuses on this change of attitude, probing the attention on the 
issue of sea level rise through a compositional and design exploration. If technical solutions such as dams and 
resistant waterfront are activated on one side, on the other it is necessary to identify coexistence strategies 
with the variation of the sea, especially for those peripheral areas where it is not possible to foresee heavy 
infrastructure investments. The challenge is to imagine new aquatic landscapes of the future, to create both 
the basis for dialogue and a reference tool for change.   

For this purpose, the research started by wondering what the constitution of the current landscape is, 
how it can be defined and what the bases are for an imaginary of future water landscapes. The proposed 
solution is that of exploration through the representation of a compositional catalog of the water space, 
which allows to sample the current elements of which the territory is composed, and then, through the 
instruments of drawing and composition, probing its evolution according to the scenario of sea level rise. The 
result is therefore that of a large table of elements that speaks of the territory and its transformation, of the 
current relationship between architecture and water and of what could come, an orientation abacus for the 
composition of the future water landscape. 
 
Keywords: sea level rise, spontaneous heritage, adaptation, peripheral areas, waterfronts 

 
 
 
WATER AND ARCHITECTURE: CHANGE OF DESIGN ATTITUDE 

Climate change places us in front of a new adaptation challenge, an emergency that takes place in different 
areas and ways of human life and that in architecture pushes us to change the design methods and the 
relationship that this establishes with the territory, of which there is no longer an image of finite 
completeness, but which now contains within itself the knowledge of its mutability. Forecasts on the future 
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of global geomorphology are indeed numerous, but always uncertain as many of the changes will depend on 
how governments and communities will act with respect to the need to change their behavior to slow down 
the climate crisis. Will we manage not to exceed the 1.5 ° increase? No one can predict this, and many of the 
current predictions currently prove to be mostly pejorative.  Here then we have to face the unexpected that 
falls within ecological design, posing challenges, including those made by Winy Maas "We need an agenda 
for change to be implemented. Now! This will form the future city. (…) How can we accommodate the future? 
How to facilitate the unexpected? "(Maas, 2019). The role of designers must therefore change from designers 
of the present to facilitators of the future, working for the narration of new landscapes where water plays a 
fundamental role. Again quoting Mass, “water has become a symbol of a pressing alarm, a clear symptom of 
the climate changes that dominate the news, in often unexpected forms. (…) New and fascinating places, new 
landscapes. Let's create them! It's a real agenda for the project! ". 
      The same reference also comes from Henk Ovink (Ovink, 2019), Dutch special envoy to the United Nations 
and expert on floods, who argues that at the moment the challenges we face are threefold: the rise in sea 
level, the subsidence of the ground and the increase in the intensity of hurricanes. “Since the demand for 
water exceeds our reserves, we are depleting the aquifers in a rapid and totally unsustainable way. This 
behavior is sinking the ground in our cities more and more, and faster than ever. Cities are sinking 100 times 
faster than sea levels rise and this mix of events is becoming more and more lethal. (...) Sea level rise is 
accelerating, so we need to adapt differently, move faster, be more flexible. (…) And design is political: its 
aspirations and inspiring abilities make it a catalyst for change". 

      The role of the designer is therefore fundamental to catalyze new narratives, imaginaries and reflections 
on the future development of water landscapes. 

 

SEA LEVEL RISE AND ARCHITECTURAL COMPOSITION. STATE OF THE ART 

The architectural composition now has the role of helping in the challenges of the future, trying to create 
new visions of the landscape, where the relationship with water is an emerging relationship, to be renewed 
with respect to the dynamics that have existed so far. The imagery linked to the landscapes of the future is 
already strongly present, especially linked to those areas for which the investment-population link is 
predominant. In fact, we can see the great urban conurbations, from New York to the Great Bay Area passing 
through the Netherlands, where the technical and design proposals are numerous precisely because large 
investments are foreseen to safeguard the housing and economic production poles. In fact, by analyzing the 
major publications and projects presented to date, it can be seen how the narrative and imagery linked to 
the challenge of sea level rise is producing for these areas a series of visions that will guide the 
transformations of the coastal landscape. To date, there are three main trends identified that arise from this 
condition: large technological infrastructures, urban defense waterfronts, floating architecture.  

      The construction of large technological infrastructures is now a well-known process, both as regards the works 
carried out or planned and for the utopian visions. The history of the protection of Netherland is certainly a notable 
example, which since the dawn of its existence has been fighting against the sea. The Oosterscheldekering represents 
only the last step of many of the works carried out to safeguard the territories, as well as other huge works are 
foreseen to deal with the future elevation, such as the construction of two dams of unprecedented size that would 
close the access of the oceans in the North Sea. The smallest would be about 160 kilometers long, and would protect 
the entire western end of the Channel, between Brittany in France and Cornwall in England. The second dam would 
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be nearly 500 kilometers long going from Scotland to Norway. A project almost comparable to that of Atlantropa, a 
dam that at the beginning of the 1900s was theorized as a proposal to the Nazi regime by the engineer Herman 
Sorgel and which planned to close the Strait of Gibraltar to create new arable land in the Mediterranean and make 
Europe and Africa one great continent. 
      Among the urban waterfront projects, the most published project is the Dryline designed by BIG studio for New 
York, the metropolis most exposed to the risk of flooding in the Western world. The project is configured as a green 
barrier aimed at protecting Manhattan from hurricanes and floods, combining technological elements with a strong 
compositional drive that aims to implement the quality of the urban space. 

      BIG also participates in the design of floating architecture, proposing both his vision for a floating city, Oceanix, 
and creating housing prototypes for students in Copenhagen, the Urban Rigger. If, on the one hand, we try to protect 
ourselves from flood forecasting, water is also seen as the new housing frontier. A great supporter of this thesis is 
Koen Olthuis, who in addition to exclusively designing floating architecture with his Waterstudio, has coined the 
notion of city app, floating architectures that can fill the temporary need for infrastructure in large coastal cities, such 
as the project for a mobile Olympic park. 

 

NEW NECESSARY VISIONS OF WATER LANDSCAPE,  PERIPHERAL AREAS AND THE UNEXPECTED.      

If, as seen for large metropolitan areas, visions relating to future changes abound, there is a whole other slice of 
population and territories that are left aside. In fact, we are talking about those peripheral areas for which no 
investments are planned, but whose mass exodus would still lead to large housing imbalances and the loss of a great 
cultural heritage. Take for example the area of the Po Delta, an area that has always been populated in conjunction 
with major changes in the coast, for which no action is planned other than abandoning the area in the event of 
flooding. The history of this area, however, like many others of its kind, speaks of adaptation and coexistence with 
the element of water. In an era in which preserving and reusing the existing is fundamental in ecological, cultural and 
housing distribution terms, can we hypothesize to continue the process of adaptation that the settlement 
morphology has already perpetuated in these areas? Quoting Rudofsky (Rudofsky, 1964), the spontaneous 
architecture of these areas is the current state of a centennial process of adaptation that a community has carried 
out within a territory. Can the resulting characteristics be exploited to elaborate future visions of coexistence with 
change? The study of water heritage, or historical instances of adaptation and coexistence with water, can in 
fact help us today to identify stories and best practices for future development. As Henk Ovink states, we 
must look to the past, to territorial history, through developments by non-linear parts, it is necessary to 
develop theories that can help the metamorphosis of the existing towards future scenarios. The heritage of 
the marginal territories must therefore be hybridized. Heritage in itself is a hybrid concept, which in its 
conservation and in its passing on is always subject to more or less evident political choices. The need is to 
continue this dialogue to create hybrid forms of adaptation to morphological variation. In architecture, 
therefore, it is necessary to identify those forms of grafting (Zucchi, 2014) that can work lightly on the 
existing. 

 

       If we project the forecasts of rising water levels on the Po Delta, for example, we can see how the historical 
centers are built in the emerging points with respect to the flood levels. One can cite the case of Codigoro, whose 
inhabited area was moved after the only documented case of internal tsunami in the history of the Adriatic Sea, 
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finding it located in a place protected from floods. An area like this will also be located between two large commercial 
poles, Venice and Ravenna, that will affect and will be the terminus of the global shipping line of the New Maritim 
Silk Road, as well as other comparable areas between Europe and Asia. These territories therefore risk becoming 
territorial debris, comparable to the urban ones on which urban development is currently working. 

 

Figure 1. Scenario of the Po delta to 2050 
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We see then that from an experimental design perspective the peripheral territories such as that of the Po 
Delta acquire a strong interest, reflecting the needs and the starting conformation in which to probe new 
design visions. We need to work on the metamorphosis of the forms of living to create evocative landscapes 
and visions where territorial issues become an aesthetic design force, and marginal territories such as that 
of the Po Delta are today the best field of action and testing in this regard. 

 

 Returning also to analyzing the project of the unexpected previously mentioned and evoked precisely on the 
occasion of the future design, there are several theories relating to Ecological Urbanism that hypothesize open design 
systems, which move from a vision of a schematized area to the development of punctual systems adaptive: starting 
with the idea of the planetary garden by Gilles Clémènt that states the passage from the figure of the landscape 
architect to that of the gardener and sees time as a fundamental part of the project , passing through Andrea 
Branzi's weak metropolis, a hybrid territory that adapts to the seasons and time, allowing continuous 
solutions of flexibility in an integrated territory without specializations, or more the structured ecologies of 
Chris Reed and Nina Marie Lister, which imitate nature in order to insert the project in its dynamics. But most 
of all, a new relation with water must be integrated in the design process.  

 

During the Thinking days of the second Pisa Architecture Biennale, Ico Migliore and Didier Faustino introduce 
the theme of metamorphosis as the need to design new living sequences, to build scenarios that we will then 
inhabit. Everything must transform and metamorphose itself, starting from the existing to make it evolve, 
transforming the very role of urban planning from a control tool to a vision of the future. From their dialogue 
emerges the theme of the imagination, of the scenario as a necessary design technique. 

Citing what was described by Marteen van der Vorde, director of the Dutch West8 studio, it is important to 
create time for the water, to allow it to swell and then return to the sea. Time and cyclicality are therefore 
the constants of these projects, probing the speed and adaptation of the element, in the variations of the 
geomorphological behavior. 

According to Vincent Perreira, of the AAVP studio, one no longer builds a city, a building, but an architectural 
landscape with respect to which human emotion and sentiment must be at the fore. Designing with water 
refers to dimension of architecture as an element within the landscape, which it forms and with which it 
communicates. Precisely this characteristic makes this action closely linked to the processes of morphological 
change to which the news bears witness through floods, floods or tsunamis. A dialogue with the catastrophic 
event which, however, must become poetic in order to define new landscapes. 

Returning to a closer analysis of the centers of the Po Delta in the scenario of 2050, we can see how the 
morphological structure defined by centuries of cohabitation with water is a resistant structure on which 
these theories can be perfectly tested. This area was in fact defined in Roman times as the Padusa area, a 
large marshy area, submerged for tens of kilometers from the current state, which the change in water level 
and the reclamation carried out by man have subtracted from the water in the time. In a flooded future, the 
structure that guided the human settlement resists and is emerging. Certainly the centers will not be able to 
continue to be lived without adaptation strategies, but the possible evolutions must already be defined 
today. The project must therefore deal with this scenario, taking up the history of this area and continuing 
its development linked to water. 
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 Figure 2. Migliarino, Codigoro, Fiscaglia e Massa Fiscaglia  2050 scenario  
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Figure 3. Design intervention scheme on Codigoro 2050: resilient waterfronts, green protection belt, new 
infrastructures, new blue landscape. 
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VARIATION ELEMENTS OF WATER LANDSCAPE: ABACUS AND SCENARIO PROJECTIONS. 

In order to intervene in the definition of this new landscape, an attempt was made to understand what the 
compositional elements of these water landscapes were, in order to be able to probe their evolutionary, 
resilience and adaptation developments relating to the scenario of sea level rise. The research therefore 
focuses on identifying which grafts, which mutations and which landscapes can be deployed for the future 
of marginal territories. Everything resides in the relationship between water and design, between history and 
evolution. 

Analyzing the production related to the relationship projects between architecture and water, it can be seen 
how difficult it is to find a systematic analysis. In fact, there are numerous publications that talk about sectoral 
aspects, such as water houses, floating architecture or urban waterfronts. However, there is no overall 
analysis that can support the development of a system architecture for a water territory. A notable text to 
highlight is that of Giuseppe Anzani "Water Places. Notes for an archeotypology of space”(Anzani, 1999), 
where the author provides an analysis of the space of water from different points of view by combining a 
study of the subject between myth, culture, technique, necessity of life and developments of the imaginary 
in architecture Contemporary. Starting from this and from the cataloging and research of the major projects 
published to date, it was considered necessary to identify and outline the different areas and categories in 
which the water project identifies itself, defining an abacus of design cases that can help define a common 
syntax at the basis of planning, dialogue and communication and the study of possible future evolutions. 

 

The result of this first investigation is identified in a subdivision of the relationships between water and 
design by thematic and compositional areas: territorial systems, compositional elements, perceptive 
elements and terrestrial textures of gardens. For each of these areas, the main elements have been 
identified and shown in graphical schemes to analyze their intrinsic characteristics. In the following table 
they are listed as follows: 

 

 Thematic area  Elements of belonging 

 Territorial systems   Ridge, valley floor, headland, perpendicular plain, 
parallel plain, coast, isthmus, sea. 

 Compositional elements  Float, stilt house, dock, overhang, edge, hangar, 
spaced, underwater, lighthouse, pier, canal, 
reservoir, bridge, moat, dam, dock, waterfront 

 Perceptual relationships  Reflection, evaporation, underwater 
estrangement, estrangement under water, noise, 
color, temperature, ice, variation 

 Terrestrial textures  Meten, kepos, impluvium, Islamic, English, Italian, 
Versailles, Barragan, Niemeyer, Scarpa, Ishigami 

Table 1. Compositional relations between architecture and water 
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The articulation of the relationship between architecture and water is complex. Of these four areas, those 
affected by the changes due to sea level rise are the territorial systems of the coast and their compositional 
elements contained therein. Below is the overall scheme that illustrates all the different components from 
which to start for an analysis of the design linked to the sea level rise. Each element can be associated with 
different articulations according to the formal outcomes they can assume, but attributable to a given spatial 
relationship. For each element, the research produced a specific analysis sheet through which to find those 
fundamental relationships. 

 

 

Figure 4. Compositional elements of the water landscape 

 

Starting from the analysis of the individual elements, the scenario of the sea level rise was then projected 
onto them. Scenario practice is an exploratory methodology for probing future developments. Thanks to the 
cataloging undertaken, each single element can then be broken down and projected through the identifiable 
variables. In this research, we focused above all on compositional and relational developments, producing 
schematic bases through which to define and produce projects of visions and narratives for the future 
landscape. The scenario table will be tested for the production of design schemes in the Po Delta, which will 
be taken as a case study for the second phase of the research and on which design visions will be produced 
to test the results of the first research phase. 
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Figure 5. Projection of the sea level rise scenario on the compositional elements 

 

The result is therefore that of a large table of elements that speaks of the territory and its transformation, of 
the current relationship between architecture and water and of what could come, an orientation abacus for 
the composition of the future water landscape. The research also wants to highlight how the cultural 
evolution towards the theme of the unexpected and the peripheral territories can be defined through the 
architectural composition, which from cultural and design margins find through what has previously been 
described a new dimension of interest for compositional, aesthetic and adaptation. 

 

REFLECTION ON COVID-19 

The indefinite nature of the project refers to the current socio-political structure, of which Covid-19 only 
amplifies the aspects of a crisis that is now well foreseen. Today we are faced with emergency challenges, 
posed in that global society of risk that pushes us to change our point of view with respect to our relationship 
with the planet. As Ulrich Beck argues, the challenge is that of the radical change that society is facing, always 
producing new and unexpected forms of the social and political, to adapt to the processes of globalization, 
individualization, gender revolution, underemployment and global risks. Above all thanks to this last aspect, 
risk becomes the control tool to predict human action, the basis for a cognitive map for the colonization of 
the future and its reflection on the territory, entering the context of a new land policy. which we all must 
adhere to. The climate crisis, the concept of anthropocene, the economic crisis as well as the pandemic we 
are experiencing make us confront in a more or less evident way with a future different from current living 
standards, to which we will have to adapt. It is increasingly necessary to place ourselves in a glocal 
perspective, in which we are aware that the risks generated on a global level know no boundaries and are 
reflected in a diversified, but traceable way, at a local level, requiring answers that refer to the planetary and 
circumstantial level simultaneously. The lockdown due to the spread of the pandemic did not particularly 
hinder the process of developing the thesis, but rather it strengthened its basic principles. The conviction 
that the global can now be anywhere thanks to new technologies has been confirmed, while at the same 
time the need for a high local environment standard has been rediscovered, far from urban life that often 
borders on enclosed spaces, different from those of the peripheral areas. 
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ABSTRACT 

The rapid expansion of COVID-19 is incurring the rethinking of human society's capacity for coping with 
major public health events. While "big data" have been widely used to analyze the impact of COVID-19, very 
limited study was found in rural areas where such kinds of "data" are lacking. This situation will inevitably 
lead to an incomplete understanding of the pandemic impacts and biased decisions due to the fragmentary 
information. In this study, I focused on the agrarian communities in rural areas of Chengdu city where linpan 
system (wooded lots) characterizes as a cultural landscape. Considering COVID-19 as a threat, this study 
hopes to understand the socio-ecological resilience of linpan system under the external pressures both 
qualitatively and quantitatively, combining ethnographic interviews with geospatial analysis, landscape 
ecology and graph theory. It was found that the spatial pattern of linpan system managed by local 
communities shows a dispersed distribution pattern, which naturally maintaining a "social distance" while 
keeping socio-economic connections tightly through periodical rural-market systems. This indigenous 
knowledge and traditional practices have not been well understood and integrated into development 
planning, which led to a decrease of socio-ecological resilience against external shocks such as the pandemic 
or climate change.  
 
Keywords: Socio-ecological resilience, dispersed settlements, connectivity, rural markets, Covid-19 

 
 
 
INTRODUCTION 

The prevention and control due to the spread of the novel Coronavirus (COVID-19) have posed challenges 
for the medical and healthcare systems in the world and triggered the rethinking of various fields including 
urban and rural planning, on mitigating strategies under major public health events. Until now, the situation 
in China has almost stabilized, which provides opportunities for scholars to review this unprecedented event 
from a historical perspective and learn lessons for preparation in the future. Simultaneously, "resilience" has 
again become a buzzword when people realize the importance of "plan ahead" after witnessing a severe 
shortage of medical resources and daily supplies, including paper towels and foods worldwide.  
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Figure 1: Drone imagery of one linpan unit in Chengdu Plain, Southwest China. Photograph by Jun Xiang, 2018. 

 

Although many cities in China such as Wuhan has been dramatically impacted during this pandemic, it is 
lucky to see that the disease has not penetrated rural China this time (only a few cases found in peri-urban 
areas). One of the reasons is the strict policy of maintaining social distance conducted in China and the 
relatively sparse settlements and limiting population flowing in rural areas. However, we should also be aware 
that rural areas, with somewhat less developed economies, are often more vulnerable to external threats. 
Although "big data" such as migration and transportation data in given cities were used to analyze spatial-
temporal patterns of epidemic spread and supporting decision-making, minimal attention has been paid to 
rural areas where such data are still missing.  

Rural resilience is the cornerstone of almost all nations in the world. For instance, according to the  US 
Census Bureau report, rural counties are far more likely to have greater proportions of high-risk populations, 
i.e. 30% of all rural counties are high-risk compared to 14% of all urban counties (US Census Bureau, 2020). 
In China, under the pressure of rapid urbanization in the last few decades, many dispersed farmhouses have 
been replaced by intensified settlements, similar to those compacted apartments in cities. Most of the 
traditional household-based farming in China has been transformed into a monoculture in a large scale. It is 
surprising to find that agriculture's intensification is almost parallel to farmers' settlements' intensification 
during this modernization process. However, the compacted modern living mode has posed several 
challenges during this pandemic – the difficulty of keeping social distance and lack of smooth supply of living 
necessities during the lockdown. In this study, I use the long-surveyed Chengdu Plain in China as an example 
to explore the traditional knowledge and practices of local farmers in maintaining the spatial pattern of linpan 
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landscape and analyze the advantages of traditional marketplaces in keeping the connectivity of agrarian 
society as a whole.  

The linpan landscape of rural Chengdu has been studied by various scholars over the past years, all of 
which have proved its socio-ecological resilience (Abramson, 2019) and the sustainability in supplying 
sufficient food to locals in the long term. Due to the ancient Dujiangyan irrigation system, this region is far 
from natural hazards such as floods and drought. This article analyzes the spatial characteristics of traditional 
dwelling form on this plain and the resilience under the new threat – COVID-19, trying to understand whether 
this spatial pattern could also be beneficial to prevent social shocks such as major public health events and 
the adaptation strategies that local people take. Meanwhile, another hypothesis of this study is that the 
connectivity of dispersed linpan units (farmhouses) is maintained socio-economically through hierarchical 
rural markets in referring to the nodes and edges model of grapy theory.  

 

THEORY 

The first theory adopted in this study is socio-ecological resilience. The concept of resilience originated from 
natural sciences, which means the system's ability to recover from external disturbances and shocks (Holling, 
1973). At present, it is recognized that human survival and well-being often depend on the resilience of 
society and ecosystem, and resilience is a type of "insurance" for human society when it is exposed to 
external pressures or shocks. When external pressures or shocks come, this "insurance" mechanism can 
provide the socio-ecological system with enough space and time to respond, allowing the system to activate 
its adaptation mechanism and reduce the losses caused by external shocks. Socio-ecological resilience 
especially emphasizes the complex nature of our built environment, where the physical aspect and social-
cultural aspect of resilience are both crucial. Until today, the economic indicator such as GDP per capita is 
still the main measure of a country's or region's resilience (Bergamini et al., 2013), however, researchers are 
trying to find more comprehensive measurements, involving social, cultural and natural factors together 
(UNU-IAS, 2013). The COVID-19 triggered us to think human society's ability to cope with major public health 
events should also be assessed with an integrated measurement toolbox. 

The second theory used in this study is graph theory. Graph theory appears widely in math and computer 
science and has been introduced into landscape ecology in the 2000s (Urban and Keitt, 2001). Graph theory 
analyses connectivity through links and nodes (graphs) and can inform us about how different habitats are 
connected and the degree of connectivity in this landscape. It can also illustrate which node is more 
important in connection and finds strong or weak ties in this system. Meanwhile, it has profound implications 
in disease control - as Bunn, Urban & Keitt (2000) mentioned in their article, a certain distance is kept in the 
natural world to prevent disease spread among species, but species are not so far from each other, so genes 
can also flow within the system. This idea has a broad impact on human society as humans share many things 
in common with nature. I use graph theory to understand rural markets' nexus function in connecting 
dispersed linpan settlements and maintaining the integrity of the socio-ecological system (e.g., agrarian 
society) in both natural and socio-cultural ways. 
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METHOD 

The dispersed settlement form on Chengdu Plain is called "linpan", translated as "wooded lot" in English, 
while some other scholars translated it as "home gardens" or "forest plate". To understand the spatial pattern 
of linpan landscape quantitatively, I use Arcgis 10.6 combined with software Fragstats to calculate landscape 
metrics such as the number and density of linpan patches. I calculated these metrics in two villages, Paotong 
and Qinggangshu, both located in the same township – one remains as a traditional village with linpan 
reasonably intact. Still, another has been transformed into the concentrated mode with condensed 
apartments. The landscape metrics together with carrying capacity of these two villages were calculated and 
compared. 

 

  

Figure 2: Traditional farmhouse settlements (left) were transformed into newly built villages with condensed apartments 
(right), a common practice under recent modernization in rural Chengdu. Photograph by Shuang Wu, 2019.  

 

Apart from geospatial analysis, I conducted interviews with 30 villagers using a snowball sampling strategy 
in the third village called Dantu, where the traditional rural market is still functioning periodically. This village 
preserves the traditional linpan landscape surrounding the village center, i.e. a traditional market street. The 
purpose of this step is to understand the functions of a village-based rural market in networking dispersedly 
distributed farmers' households as a society, especially its role of social connection played during the external 
shock coming, such as a pandemic. 

  

Figure 3: Dantu village during regular market days (left) and during COVID-19 lockdown (right). Photograph by Shuang Wu, 
2019 and Min Tian, 2020. 
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RESULT AND DISCUSSION 

Spatial pattern of linpan landscape 

Linpan is a dwelling type and integrated with productive functions, which means local farmers always cultivate 
crops and vegetables in the farm fields nearby and raise livestock or poultry in their gardens. They also built 
their own houses using the bamboo collected from their home gardens or community woodlands. Geospatial 
analysis results show that the density of linpan patches on the Chengdu Plain varies in different locations. 
Generally speaking, linpan units (patches) present a small and dense pattern in the core irrigated flat areas 
to large and sparse pattern in the gently hilly regions on the fringe of Dujiangyan watershed. It is mainly due 
to the allocation of natural resources (e.g. water, soil condition) related to agricultural production and then 
the carrying capacity of land. For the core of irrigated areas, water is sufficient and the soil is fertile enough 
to support a dense mode where local people choose to live near. In contrast, people need a larger space for 
living and production for the gently hilly areas since the carrying capacity of land declines.  

Compared with other high-density rural areas of China, the Chengdu Plain shows a high carrying capacity 
due to its high agricultural productivity. Whiting et al. (2019) stated that this region has long been a leading 
food exporter, only until recently started to import food from outside due to both farmlands' shrinkage and 
loss of laborers (migrating to urban areas). Compared to other agricultural regions in China, such as the 
"Yangtze River Delta" and "Pearl River Delta" or even the rural areas of northern China, Chengdu Plain has no 
big villages (Skinner, 1954; Abramson, 2019). Instead of forming a big village, farmers prefer to live in a 
dispersal mode and maintain a certain spatial interval from each other. Typically, 2-3 households live in one 
linpan unit, which forms a relatively independent settlement cluster surrounding by woodlands and farm 
fields. The average spatial distance between linpan units is around 200-300 m (Liu, 2017). For some large 
(over ten households) and medium-sized (five to ten households) linpan, the distance between them could 
be about 1 km or even more (Fang, 2013). This dispersed pattern of linpan landscape indicates a naturally 
'social distance' maintained by traditional agrarian society. Sufficiently interval space between these 
settlement clusters guaranteed the 'niches' not to overlap, and residents would not encounter 'rigid' 
confrontation with the acquisition of natural resources. 

 

Recent change of farmers' living space 

With the rapid urbanization in Chengdu Plain, many farmers' households were moved to newly constructed 
villages or townships where the centralized apartments or townhouses replaced the rural landscape's 
previous farmer houses. The intensification of "farmer villages" reduced the ecological heterogeneity or 
agricultural diversity of landscapes and resulted in further inconveniences for farming activities, energy 
consumption, and high living cost. Because the living places of farmers are far away from their farming fields, 
most of them (the majority are elderly farmers) have to give up traditional livelihood (e.g. grain crop 
cultivation). Viewing from public safety, the centralized residence model brings many new risks for fire 
protection, epidemic control, "social distance" maintenance, and psychological well-being. The easy and quick 
infection of COVID-19 in urban areas reminds us that human dwellings' intensification should be carefully 
considered in urban and rural planning in the future. On the other hand, according to the geospatial 
calculation, we can find that the traditional mode does not sacrifice the carrying capacity of land compared 
to the new concentrated settlement. 
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Figure 4: Map showing traditional dispersed linpan patches in Paotong village (left) and the concentrated settlements after 
modernization in Qinggangshu village (right). Map by Shuang Wu.  

 

 

 Paotong village 
(dispersed form) 

Qinggangshu village 
(concentrated form) 

Area 2.17 km2 2.4 km2 

Population 2332 2251 

Population Density 1074/ km2 936/ km2 

Linpan Density 15.2 unit/ km2 5.4 unit / km2 

Table 1: Comparison of traditional linpan dwelling form (dispersed) with modern living mode (concentrated) in two villages 
in Sandaoyan township, Chengdu, China. Results show that dispersed dwelling form can carry the same population density 
compared to concentrated living form but keep enough distance between dwellings. 

 

Rural market's role in linpan landscape 

Due to the rapid social and economic development in the past 30 years, especially the economic globalization 
and infrastructure development, the traditional functions of rural markets are gradually weakening. Following 
the "concentration of living space" policy, urbanized townships have replaced many traditional marketplaces 
in rural areas. Many traditional townships with periodic markets have been transferred to higher-level 
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administrative centers, which integrated many small markets or administrative villages into a large one. 
Although natural villages have maintained some social service facilities, the centralized governance system 
could not provide enough and timely services for local communities who live in a much wide area, particularly 
for vulnerable groups such as elders and the poor.  

Through reviewing historical records and conducting field surveys in Dantu village, we found that rural 
markets in the Chengdu plain are periodic, the marketing day being 2-3 times per week. During those 
marketing days, people not only trade products or buy daily necessities but also visit hospitals, temples, and 
friends, i.e. the functions of a rural market, including economic and socio-cultural (Fang, 2013). GW Skinner, 
an anthologist from the USA and surveyed rural Sichuan at the end of the 1940s, found out that the rural 
market system formed a hexagon shape with the service range (radius) of about 3 km (Skinner, 1964). Within 
this service range, most farmers could go to the marketplace once a few days on foot. By conducting field 
survey in Dantu village and its neighboring six markets in townships, it is found that the mean distance in 
between Dantu and other markets is about 5-6 km. The shape is not a perfect hexagon but resonates with 
Skinner's theory (see Figure 6).  

Speaking from a graph theory perspective, markets function as "nodes" in the graph, and the information, 
energy, and trade flow between those markets are "edges". If one node (marketplace) is missing or close 
during the lockdown, there are other "redundant" nodes (markets) in this network that can sustain the 
function of the whole system. But a node like Dantu village is essential in this case. Once it is removed, the 
entire system's connectivity will be disrupted, which can be explained in an easier way that Jiancha township 
and Sanxing township (see Figure 6) would be too far away. Villagers live in between those two nodes would 
need to travel a long distance to get daily supplies, or the information could not pass timely from one node 
to the other. The diversity of nodes (various small or big markets) can compensate for their functions and 
enhance a network's connectivity, therefore decreasing the potentially catastrophic failure when external 
shock happens.  
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Figure 6: Diagram showing Dantu market in the center and the neighboring market townships 

 

The importance of a lower level rural market is also proved to be essential with our interviews. We 
interviewed 30 local farmers in Dantu village using a snowball sampling strategy. It is found out that while 
major public health incidents were occurring, the clinics, prevention stations and village committees based 
in the traditional marketplace could be responsible for medicine or vaccine dissemination, knowledge 
sharing, capacity building and "social distance" monitoring. During the spread of COVID-19 in February 2020, 
all of the village committees of rural Chengdu including Dantu village were assigned as the basic units for 
monitoring "social distance" maintaining and checking the body temperature of all villagers under the 
guidance of local clinics and supports of volunteers (local young farmers). This kind of working group was also 
responsible for distributing face mask and disinfectant to local people, regular patrolling on non-native 
visitors, and providing support to vulnerable groups such as single elders or low-income families.  

Without the functioning nexus such as the rural marketplaces or village committees, the local farmers 
living dispersedly in linpan units were difficult to be organized for coping with a significant external shock 
such as pandemic efficiently and effectively. Farmers living not too far away from a certain marketplace could 
quickly obtain services, information, knowledge, materials, and skills related to medical care, epidemic 
prevention, and even economic support for vulnerable groups, thereby sustaining the resilience of the socio-
ecological system under the threats of the pandemic. Combing with the experiences accumulated in 
controlling "pig flu" in 2018, a decentralized epidemic prevention system and health care system is crucial for 
rural areas.   
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CONCLUSION 

The Chengdu Plain is one of the most important agricultural areas in China's history. The developed water 
network and fertilized soil have supported agricultural landscape sustainability, maintaining a prosperous 
human society for hundreds or even thousands of years. This study illustrates that the traditional living mode 
of local farmers in the linpan landscape is important for maintaining the socio-ecological system's resilience 
in coping with external pressures or shocks such as the pandemic. The newly centralized 'villages' reduce the 
convenience of agricultural production and make the original social prevention and control system more 
vulnerable, thereby increasing the possibility of the spread of infectious diseases. Furthermore, more 
attention should be paid to the socio-cultural functions of traditional rural markets. Although modern 
supermarkets and e-business could partly replace rural markets' economic function, the social, cultural and 
political services provided by the rural marketplace will be very important for networking dispersed 
households living in linpan units as an integrated society. Thus, traditional knowledge and practice related to 
resilience enhancement should be analyzed in detail and integrated into rural planning in the future.  
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ABSTRACT  

Japan is one of the first countries to enter a post-growth era characterized by demographic and economic 
decline. The pressing issues of a decreasing and aging population call for an evaluation of current planning 
and governance. This paper examines existing urban-rural linkages in Japan under the framework of a post-
growth society to learn how both top-down government-initiated strategies in conjunction with creative 
approaches at the grassroots level can work together to address the urban-rural divide. The research draws 
on ethnographic data collected over a two-year period that includes interviews with rural migrants, local 
community residents and staff of non-profit organizations to shed light on current experiences of people 
living and working in these remote but active communities. The results reveal the increasingly important role 
of rural migrants and repeat visitors who are playing a key role in the shaping of a new rural in the physical 
remaking of rural landscapes. The study may be useful to policy makers and those engaged in revitalization 
activities in rural communities to understand local perspectives on the challenges and opportunities 
associated with rural living in the 21st century.  

 
Keywords: Japan, rural revitalization, urban-rural linkages, community design, post-growth society 

 
 
 
INTRODUCTION 

One of Japan’s most pressing challenges today is a decreasing and rapidly aging population. The impacts are 
most severe and visible in the Japanese countryside. Many of Japan’s regional cities, towns and village have 
been disappearing due to amalgamations and mergers aimed to save administrative costs. The most recent 
consolidation from the early 2000s, known as the heisei dai gappei (The Great Heisei Era Municipal Merger), 
resulted in a 40% reduction in Japan’s cities, towns and villages with the majority of these from rural areas. 
Common sights in these rural areas include large areas of unclaimed land, empty schools, and as recorded by 
the latest 2018 Housing and land survey, over 8 million vacant houses which accounts for 13.6% of Japan’s 
total housing stock.  
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Although there are some potential benefits, Japan’s shrinking population brings a range of economic 
and social challenges which lead to an ultimate decrease in quality of life (Mantale and Rausch 2011). This 
serious issue has prompted various rural revitalization movements which have gained attention with growing 
English scholarship on the topic (see Kitano 2009; Mantale and Rausch 2011; Assmann 2016; Klien 2020). This 
study aims to contribute to the current discourse on rural revitalization by studying the social and physical 
transformations initiated by key actors who are shaping the image of a new rural. The study contributes 
original data in the form of interviews and on-site participation in various revitalization activities to provide 
updated insights into urban-rural linkages in contemporary Japan.  
 
 
THE POST-GROWTH AND POST-URBAN PHONOMENON  

According to 2018 United Nations data 92% of Japan’s population resides in cities compared to a world 
average of 55%. Mass rural-urban migration occurred in the post-war era as Japan transformed itself into a 
developed and wealthy nation. Japan is still a highly centralized country with most of the top universities and 
companies concentrated in major cities which directly contribute to out-migration as rural youths relocate 
to pursue education and careers in city centres. Economic growth lasted until the burst of the so-called 
bubble economy in the late 1980s and early 1990s which saw a paradigm shift towards a post-growth society. 
Hard work and dedication to one’s company no longer guarantees lifetime employment and house ownership 
as it did in the past. Japan’s urban residents today face pressing challenges including increasing living costs 
and long working hours leading many to rethink their values and lifestyle choices. One of the key urban-rural 
linkages relate to the mobility of people themselves, specifically those that reverse the trend and move from 
urban to rural areas as either I-turners (those that have no connection to the place they move to) and U-
turners (those that move back to their hometown after time away). Referred to as lifestyle migrants, a small 
but growing number of individuals are choosing alternative career paths by relocating to rural areas as a 
response to the realities of a post-growth, post-urban, post-consumer society (Klien 2020, 20). These 
migrants are usually well educated and aware of pressing environmental and ecological concerns as they 
seek work life balance, self-sufficiency, and a sense of personal fulfilment.  

 
 
METHOD  

This paper is based on an ongoing research project as part of the author’s PhD research at Keio 
University. The research draws on the author’s background as an architect and examines creative forms of 
revitalization with an emphasis on socially engaged practices that physically transform the environment. A 
mixed methods approach based on ethnographic research was adopted in the form of participant 
observation, informal and formal interviews, and on-site participation in various revitalization activities in 
rural Japan over a two-year period from 2018 – 2020. During visits and short stays in rural communities the 
author engaged in workshops and design build projects as part of Hiroto Kobayashi Lab, Keio University. 
Interviewees include rural migrants, long-term residents, and staff of NPOs involved in revitalization efforts 
across nine prefectures in Japan. Interactions during these visits were broad and inductive to understand the 
variety of revitalization efforts across different geographical contexts and the personal background of key 
actors involved. In order to focus the wealth of data collected the author draws on grounded theory to 
simultaneously collect, analyse, and compare the data between different sites to identify different emerging 
trends in rural revitalization (Glaser and Strauss 1967; Charmaz and Mitchell 2001).  
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The research transitioned to online methods at the onset of the COVID-19 pandemic. Additional 
virtual fieldwork was conducted by considering the internet as both a place and research tool (Markham 
2004) by analysing blogs and social media where rural residents post updates on their activities and daily life. 
Semi-structured interviews were conducted via online platforms such as Facebook Messenger, Instagram 
Video Call and Zoom between April and November 2020 with over 40 respondents to understand the ongoing 
impacts of COVID-19. These included contacts the author interviewed in previous on-site fieldwork as well as 
new contacts the author had not met before. Thus, the field of study is not a clearly defined group of people 
bounded to one place but vast and multi-sited (Marcus 1995). Such “fuzzy fields” without clear boundaries 
are constructed by piecing together several sites to form the ethnographic field (Nadai and Maeder 2005). 
Limitations of this approach include a lack of depth due to shorter stays in the field but allows the potential 
for generalization to identity emerging trends across sites. 
 
 
THE NEED FOR ALTERNATIVES TO TOP DOWN GOVERNANCE  

Japan’s high economic development in the post-war era is seen as a successful example of top-down state-
initiated policies that guided industrialization leading to Japan’s ‘economic miracle.’ The state has introduced 
a range of policies in a similar top-down approach to address rural depopulation as early as the 1950s with 
the first comprehensive plan named kaso chiiki taisaku kinkyu sochiho (Emergency Act for the Improvement 
of Depopulated Areas) introduced in 1970. However, growth-oriented policies had little success in rural areas 
while the population of Tokyo and the widening of the urban-rural wealth and population gap continued to 
grow. Public funds poured in from the 1980s attempting to address the gap including initiatives such as the 
furusato sousei jigyou (Home-town Creation Project) which awarded more than 3300 cities, towns and 
villages 100 million yen (more than US$750,000) to fund projects of their choice resulting in a surge in public 
building projects such as museums and other large scale facilities. Many were bland concrete boxes known 
as hakomono (translated as ‘box object’) but some rural areas sought out well-known architects and 
commissioned flagship buildings in an effort to create a unique brand identity that would entice visitors and 
boost local pride (Locher 2014).  

Former Prime Minister Shinzo Abe’s recent resignation in August 2020 called for an evaluation of Abe’s 
2012-2020 term which was seen to have mainly focused on economic and foreign policy achievements 
(known as Abenomics) but little progress in terms of rural revitalization to address Japan’s depopulation 
issues (Hijino 2020). Abe’s emphasis on decentralization shifted responsibilities to local governments to 
implement their own plans though the launch of the chiho soseiho (Regional Revitalization Act) in 2014. Local 
municipalities were left to come up with self-motivated place-making strategies at the grassroots level 
sustained by residents themselves. Though such practices have potential they are problematic in celebrating 
rural sustainability as a solely civic responsibility (Love 2013). When left to their own devices, only a handful 
of well-known cases have emerged in recent years prompting the need for top-down support from central 
government to work together with local municipalities for successful revitalization.  

One policy that has been promising is the chiiki okoshi kyoryokutai program (roughly translates to Regional 
Revitalization Co-operators or Supporters of Regional Revitalization) program established by the Ministry of 
Internal Affairs and Communication in 2009. The program recruits urbanites by offering financial support and 
advice for individuals for up to three years to move to targeted declining rural areas to work on diverse 
regional revitalization activities. These include mission-based roles such as surveying vacant houses, or self-
proposed roles defined by the individual such as engaging in agricultural activities, hand craft, developing 
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and branding local products and so on. According to the Ministry of Internal Affairs and Communications, the 
number of people taking part in the first year of 2009 was 89, which rose to over 5000 people in 2018. 
Amongst the 40% that are women participants, 70% of these are young women in their 20s and 30s with over 
half deciding to stay in their chosen rural home once the program and financial support ended. 
 
 
FIELDWORK RESULTS AND DISCUSSION 

A female participant in her mid-thirties originally from a prefecture near Tokyo moved to a remote island of 
3000 people in Ehime Prefecture, some 850km south of Tokyo. Together with her husband she applied to the 
chiiki okoshi kyoryokutai program in 2011 soon after the Great East Japan Earthquake, which was one of the 
triggers for the move, “When you live in the city you actually depend on so many things outside of your 
control such as electricity, gas, food…the earthquake made me realize that.” Before the move she had a 
stable job in marketing in Tokyo but was often working overtime. Though demanding, she did not dislike the 
work as it brought fulfilment, however life was centred on ‘working’ rather than ‘living’, “I had no time to eat 
slowly and enjoy life outside of work. I had reached the end of my twenties and thought it was time to make 
a decision to change my future.” Once she had finished the program she decided to settle on the island with 
her husband as they enjoyed the island lifestyle and found the community welcoming. The pair found a 100-
year old house through the local online vacant house bank and renovated it into their own residence with a 
guest house and café on site. Empty farmland nearby was rented to start an organic vegetable production 
business with emphasis on sustainability rather than growth, “we deliver seasonal vegetable boxes directly 
to customer’s homes using postal services. It is enough to have 50 families subscribe as we cannot cater for 
more than that with our current resources. We would rather develop a deeper relationship with customers 
rather than expanding the business” (Interview November 18 2019). 

 

 

Figure 1: Café renovated from traditional vacant house that opened in 2015 on a small island in the Seto Inland Sea. Photo 
by the author. 

 
 
 



Urban-Rural Linkages 

 

 
191

Another migrant in his early forties with three children currently works from home as a freelance writer 
and photographer while his wife operates a small cafe selling handmade bread and cakes. The house and 
café are renovated from a traditional folk-house with a stylish rustic aesthetic similar (see Figure 1). Quaint 
cafes like these with simple but tasteful designs breathe new life into old vacant buildings, a stark contrast 
to the large concrete boxes from the 1980s many of which had become dilapidated once public funding 
ceased. The café’s customers are a mix of locals and visitors as the island is close to the popular shimanami 
kaido cycling route though it is not directly connected by bridge meaning visitors must consciously make the 
decision to visit. One of the customers saw the bakery on social media and made the trip to the island to try 
it out. The increased visibility of the rural in the virtual realm directly contributes to a rebranding and 
remaking beyond physical buildings and products attracting tourists and potential migrants. 

Indeed, tourism has been one of the main sources of income for many rural areas. Curator and writer 
Kayoko Ota described tourism as a ‘magic bullet’ that can reverse the fates of rural areas including remote 
islands (Ota 2018). Many prestigious Japanese architects have turned their attention to rural areas in recent 
years including Kazuyo Sejima on the small island of Inujima, Tadao Ando on Naoshima Island, and Toyo Ito 
on Omishima Island. Sejima and Ando’s intervention are part of a large-scale art festival called the Setouchi 
Art Triennale which started in 2000 and has since attracted over one million visitors in the latest 2019 edition 
(Art Setouchi 2019). Though often cited as a successful case of rural revitalization that has led the way for 
numerous art festivals popping up throughout rural Japan, the art island model has also been criticized as a 
largely top-down privatized affair with mixed feelings from the residents themselves who do not always 
benefit directly from tourism (Qu 2019). Tourism alone is not sufficient as a means to revitalization as 
demonstrated in the well-known case Yubari, a former mining town near Sapporo, which underwent an 
expensive transformation into a tourist destination that eventually resulted in the town’s bankruptcy 
(Mantale and Rausch 2011). 

Another city that has been experiencing revival at the community grassroots level is the port city of 
Onomichi in Hiroshima Prefecture. It is one end of the popular shimanami kaido cycling route which links 
Onomichi to the town of Imabari via a dedicated cycling track that passes through six islands. Migrants 
moving to Onomichi in recent years have gained attention for their involvement with a citizen-led movement 
that renovates vacant houses into guest houses, artist in residences, boutique shops and bookstores (Figure 
2). One of the key instigators of the movement is a non-profit organization called Onomichi Akiya Saisei 
(Vacant House Renewal Project) initiated by a U-turn female migrant. This group maintains a database of 
available vacant houses that helps match new incoming migrants with suitable sites as well as a support 
network of DIY enthusiasts that help connect renovators to trades and crafts people. A young male in his 
twenties who works part time in a guest house renovated and owned by the NPO shared his plans of opening 
a curry shop in a vacant house after he completes renovations. He pays 10,000JPY a month on rent (approx. 
US$90) which is easy to cover with his various part-time jobs. While working few days a week as a guest 
house staff member, he commutes to Tokyo every month to work as a DJ and spends other times on 
renovationing his curry restaurant project. The idea of DIY and self-reliance is strengthened by strong local 
social networks as he comments, “everyone does their own thing here in Onomichi, they open their own café 
or shop based on their interests. It is exciting to live here without too much stress as the costs are low and 
the people make life interesting” (Interview November 15 2019).  
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Figure 2: Guest house in Onomichi, owned and operated by the local NPO akiya saisei (Onomichi Vacant House Renewal 
Project) that opened in 2012. Photo by the author. 
 
 

The great East Japan Earthquake in March 2011 triggered the rise of social design in the form of soc ally 
engaged and participatory placemaking practices (Dimmer 2016). Dimmer (2016) points out the crucial role 
architects, artists, activists, community designers and social innovators plan in reconstructing not only post-
disaster areas but Japan’s declining communities as well. An example of social design is the series of Veneer 
House projects initiated by Hiroto Kobayashi Lab at Keio University in a series of design build projects called 
‘Veneer House’ constructed in various locations in Japan and some overseas (see Figure 3). The project was 
a direct response to the Great East Japan Earthquake in 2011 to provide temporary communal facilities to 
affected areas. The self-build construction system can be easily assembled by non-skilled labour including 
student and local volunteers without the need for specialized tools. While government responses have 
usually focused on infrastructure development projects, NPOs, social enterprises and Universities are 
forming a new kind of community governance through grassroot efforts. Teraoka (2020) has described the 
increased mobility of this group of mainly young people as kankei jinko (relationship population) as opposed 
to koryu jinko (temporary visitors, mainly tourists). This emerging relational population that sits between 
tourists and settlers are becoming a key group in the study of urban-rural linkages and their contribution to 
the image of a new rural deserves to be further studied. 
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Figure 3: A design build veneer house project near completion in Fukushima by Hiroto Kobayashi Lab, Keio University, 2018. 
Photo by the author. 

 
 
CONCLUSION 

During times of crisis such as the COVID-19 pandemic, the strengths of these urban-rural linkages are being 
tested. Japan declared a state of emergency on April 7 2020 in seven prefectures of Tokyo, Saitama, Chiba, 
Kanagawa, Osaka, Hyogo and Fukuoka. International travel was suspended from April 2 2020 which 
drastically reduced tourism numbers and highlighted the dangers of an overreliance on tourism. City dwellers 
have expressed increased interest in relocating to rural Japan since the COVID-19 pandemic as alternatives 
to the stress and congestion of city life with article titles such as ‘Rural migration driven by coronavirus’ (Japan 
Today 2020). With advancements in technology and telework, many companies are considering moving into 
regional areas. A prominent staffing agency, Pasona Group Inc., recently announced plans to relocate around 
1200 staff from Tokyo to the Awaji Island in Hyogo Prefecture (The Japan Times 2020).  

The paper has elaborated on the challenges and opportunities relating to rural life in post-growth Japan 
and identified three key urban-rural linkages 1) urban to rural migrants who seek alternative forms of living 
not attainable in urban centres who are directly shaping the rural into hybrid places that offer the best of 
both urban (e.g. stylish coffee shops) and rural (e.g. nature) elements, 2) a ‘relational population’ comprised 
of people who do not live in rural areas but conduct various activities there including students and 
professionals such as architects who engage in various forms of social exchange, and 3) tourist who mainly 
contribute their money into supporting the efforts of the former two. Newcomers whether temporary, 
relational, or long-term contribute their own social, cultural, and economic capital which is much needed for 
revitalization. These urban-rural linkages are made possible by a combination of top-down structural changes 
such as support programs by the government, local NPOs and a changing view on the state and image of rural 
areas. 
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A slow rural renaissance in Japan has been largely shaped by the mobility of both people and goods which 
have become more fluid and frequent. Advancements in technology including high speed internet services 
that enable online shopping and remote working no longer bind people to a physical place allowing double 
lives that involve commuting between urban and rural areas. This is also true for researchers who can now 
study the internet as a digital field remotely through online interviews and examining social media data. Time 
will tell whether the pandemic will trigger significant numbers of urban to rural migration, but what is certain 
is that the gradual increase in cases of urban-rural mobility that enable creative revitalization on the local 
level are promising in redefining the future of post-growth Japan.  
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ABSTRACT  

Kiribati is representative of a Pacific Island nation, which is both a Small Island Developing State and Least 
Developing Country with very real climate change challenges and weaknesses in asset management. Climate 
change adaptation and infrastructure development in this nation are already intricately linked. Despite this, 
Kiribati is still heavily hampered with the build neglect paradigm which impacts on both development and 
adaptation efforts. Furthermore, the parallels between climate change adaptation programmes or projects 
and infrastructure development has become increasingly hazy and given rise to a growing dependency on 
external funding. This paper aims to understand the role of asset management in this ongoing paradigm. 
Consideration is given on how asset management practices could be strengthened for effective adaptation to 
climate change in Kiribati, with specific examples from the water sector. Further understanding of how asset 
management works in this context is important including more support for its ongoing implementation and 
sustainable funding. The methodology employed for this research include, literature review, document 
analysis and interview with the Government of Kiribati Ministry staff. 
 
Keywords: climate change adaptation, asset management in small islands, infrastructure development, 
sustainability of funding, dependency on external funding.  
 
 
 
INTRODUCTION  
As a low-lying atoll nation, Kiribati is also confronted with the build neglect rebuild paradigm (BNR) which 
constrains progress on core development, aid effectiveness and climate change adaptation (CCA). Climate 
change compounds and complicates the BNR challenge, in view of “assessment, response, disaggregated 
knowledge and the uncertain and dynamic nature of responsibility” (Schenk et al. 2016). Since the perils of 
climate change are unavoidable, adaptation to these impacts has become the focus of infrastructure planning 
strategies, including infrastructure asset management with emphasis on infrastructure availability during an 
extreme climate event and on effects from prolonged exposure to long-term climate changes (Bhamidipati, 
Van der Lei, and Herder 2016). Integration of infrastructure management with CCA requires sophisticated 
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decision-making, given the uncertainty of future climate effects at the regional and national levels.  

CCA interventions are already intricately linked with infrastructure development projects, in 
Kiribati. However, there is still a need to strengthen asset management (AM) practices to support CCA. 
Current discourse on the implementation of AM alongside CCA in the context of Small Island Developing 
States (SIDS) and Least Developing Countries (LDC) is limited. There is also a shortage of literature on AM 
and a lack of clarity on how AM can be applied in atoll nations like Kiribati.  

To meet the goal of this paper the following objectives are established: 

1) Overview of climate change adaptation in Kiribati,  
2) Understanding the linkages between infrastructure development and climate change 

adaptation, and 
3) Considerations for strengthening AM practices to support CCA in Kiribati. 

  
 The outline of the paper includes introduction, methodology, results & discussion and conclusion.  
 

METHODS 
Qualitative methods (literature review, document analysis and coding Nvivo software) were used for this 
paper. The policy documents were analysed in accordance with the objectives established and then coded 
using NVivo software. A qualitative survey was also conducted on 30 interviewees across 10 Ministries 
pertaining to their view on the importance of AM for CCA.  
 
Literature Review 
Climate change adaptation (infrastructure) programmes in Kiribati 

Adaptation includes both preventive measures, i.e. investment in infrastructure, and remedial measures, 
i.e. post-disaster relief and reconstruction (Catalano, Forni, and Pezzolla 2020). In Kiribati, CCA is referred to as 
“making changes to reduce the vulnerability of a community, society or system to the adverse effects of climate 
change or make the most of potential positive effects” (Taloiburi et al. 2019). Regarding CCA strategies, the 
previous administration of the Government of Kiribati (2004-2015) had focused on ‘migration with dignity’. 
Under this policy, adaptation programmes include, inter alia, seasonal worker programmes, upgrading of local 
institutions like the Kiribati Institute of Technology to deliver Australian recognized qualifications in trades such 
as plumbing, purchasing land in Fiji and, international advocacy on the plight of the Kiribati people due to 
climate change (Office of Te Beretitenti 2018). In contrast, the current administration is focused on achieving 
sustainable development alongside CCA as evidenced by the “wealthier, healthier and peaceful country” slogan 
of the Kiribati Vision 20 (Government of Kiribati 2018). Part of this programme include improving connectivity 
and accessibility to infrastructure through development projects that are funded or co-funded through 
adaptation funds. These include: 

 Reconstruction of South Tarawa’s main road and some feeder and urban roads, funded by the World 
Bank, Australia and the Asian Development Bank (ADB), with an estimated cost of A$68 million.  

 The Kiribati Aviation Investment Project provide upgrades to the runways and airport facilities on 
Tarawa and Kiritimati islands and reform airport management, funded by the World Bank, New Zealand 
and Taiwan.  
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 The South Tarawa Water Project for the installation of desalination plants to complement the existing 
water supply network, with an approximate total funding of A$68 million, around 37% of funds sourced 
from the Green Climate Funds (GHD 2017). 

 Documents analysed Acronym Year(s) Type of document 

Kiribati Vision for 20 years KV20 
2016-
2036 

National Policy 

Kiribati Joint Implementation Plan for Climate 
Change and Disaster Risk Management 

KJIP 
2014-
2034 

National Policy 

Climate Change Policy 

National Disaster Risk Management Plan 

CCP 

NDRMP 

2018 

2012 

National Policy 

National Policy 

Kiribati Development Cooperation Policy KDCP 2015 Sector Policy 

National Water Resources Policy and 
Implementation Plan 

NWRP 2008 Sector Policy 

Kiribati Climate Change and Disaster Risk 
Finance Assessment Draft Report 

 2019 National report 

Kiribati Development Plan KDP 
2016-
2019 

National Development 
Plan 

Kiribati Voluntary National Review and Kiribati 
Development Plan Mid-Term Review 

 2018 National Report 

Ministry Strategic Plan for the Ministry of 
Infrastructure and Sustainable Energy [MISE] 

MSP 
2016-
2019 

Ministry Strategy 

Kiribati Government Budget – Investing in 
Inclusive Development 

 2019 National Budget 

Table 1: List of documents analysed  
 
Developing infrastructure has been part of early and ongoing adaptation efforts in Kiribati as evidenced 

from the examples above. Most of the above projects have already commenced under the previous 
administration, some of them as continuity or expansion from earlier projects. Another observation from these 
examples is that Kiribati, is heavily reliant on its development partners’ support in order to adapt to climate 
change, particularly in relation to the development of critical infrastructures such as transport, water, power, 
and coastal protection (Taloiburi et al. 2019; Government of Kiribati 2018b). This means that adaptation efforts 
have fit within the mainstreamed development that it is not easy to distinguish between adaptation-specific 
activities and “normal” development (Wuebbles 2013). For example, during the period 2011-2018, Kiribati 
accessed about US$54.9 million from multi-lateral climate finds for Climate Change Disaster Risk Management 
Activities. The top beneficiary sectors are water and sanitation (40%), energy (19%) and transport infrastructure 
(12%) (Taloiburi et al. 2019). Thus, it can be argued that the advent of climate change not only compounded on 
the ongoing BNR problem (Alejandrino-Yap et al. 2013) but also create aid dependency at the same time. This 



 

 

 

200 

‘AIDdiction’ disguised as ‘climate adaptation’ produced a powerful climate-development-finance nexus (Mallin 
2018), where, in Kiribati, most of the climate donor financed adaptation projects are focused on the critical 
infrastructures.  

 
Document analysis 
Understanding the relationship between infrastructure development and climate change adaptation in 
Kiribati 

Document analysis was conducted as outlined in Table 1. CCA, disaster risk management (DRM) and 
resilient infrastructure are recurring themes throughout the documents reviewed (Government of Kiribati, 
2018a; 2018b; 2014; 2012; 2004).  Most of the proposed activities considered as CCA and DRM listed are related 
to infrastructure development, particularly the critical infrastructures. For example, the Kiribati Vision for 20 
years (KV20), emphasises robust coastal seawall and cost savings from photovoltaic systems as a strategy to 
decrease reliance on imported fuel, whereas the Kiribati Climate Change Policy and National Disaster Risk 
Management Plan both mention innovative energy technologies, protection of coastal areas and efficient 
rainwater harvesting systems as contributing to overall climate change and DRM for resilient infrastructure. 
(Government of Kiribati 2018b; 2012). In addition, coastal protection and/or improvement of coastal 
infrastructure construction and maintenance, implementation of Energy Roadmaps and expansion of 
renewable energy including the promotion of groundwater and rainwater harvesting systems, generally fall 
under CCA activities in any climate change-related policies (Ministry of Infrastructure and Sustainable Energy 
2017; Government of Kiribati 2016). These observations suggest that Kiribati recognizes the disruptive effect of 
climate change on economic development, and similarly understood that resilient infrastructure is an essential 
fabric of CCA and DRM. 

Moreover, it is emphasised that the Government of Kiribati (GoK) consider it prudent that CCA and DRM 
are addressed in a systematic and integrated manner (Taloiburi et al. 2019: Government of Kiribati 2004, 2012, 
2014, 2018a, 2018b; Ministry of Finance and Economic Development 2019). This is done through ensuring the 
inclusion into such plans, CC and DRM elements vital for the survival of the Kiribati people. Activities outlined 
in all the three policy documents above,  (KJIP, NDRMP, and KCCP) are integrated into the annual strategic, 
business and budget planning processes at organisational and individual-officer level (Government of Kiribati 
2012), including strategies that govern the management of infrastructure. Figure 1 shows the linkages of 
policies for CCA and DRM to national frameworks.  
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Figure 1: Linkages of the KJIP & NDRMP to national frameworks (Adapted from Government of Kiribati:2016; 2015; 

2014) 
 
Funding and implementation of activities outlined in the policies are ensured if these are linked to the 

Kiribati Development Plans (KDP), down to Ministry Strategic Plans (MSP) and Ministry Operational Plans 
(MOP). However, due to obvious financial limitations, not all the activities in the policies can be implemented, 
and some require longer term financial commitments. The KDP, MSP and MOP are typically four-year plans, so 
funding is only assured for that period. Unfunded activities are carried out for the next four-year funding cycle 
or promoted for aid funding. There is limited progress in connecting policy and planning to resource distribution 
because budgets are structured along administrative lines and not programmatic lines (Taloiburi et al. 2019). 

 
Interviews for considerations for more support for AM practices 
Can asset management become an effective adaptation strategy? 

Various authors stressed the importance of mainstreaming adaptation into existing infrastructure policy 
domains and associated institutions, to facilitate interactions across institutional divides, as opposed to 
infrastructure and climate policies existing in silos (Schenk et al. 2016; Gibbs 2015). However, the uncertainties 
of climate change make it more challenging for asset managers to make investment plans, to determine optimal 
adaptation strategies on civil infrastructures (Mondoro, Frangopol, and Liu 2018; Bhamidipati 2015) and to 
incorporate climate change into infrastructure planning and decision-making (Schenk et al. 2016). The 
limitations in effectively integrating climate change into infrastructure planning and decision-making results 
from uncertainty in climate models, and a lack of technical understanding around best adaptation strategies 
(Schenk et al. 2016). This creates potentially costly inconsistencies, sends mixed signals to investors, and 
heightens the risk of short-sighted infrastructure decisions (Gallego-Lopez and Essex 2016). 

On the other hand, adopting preventive maintenance would better enhance CCA efforts.  According to 
Gibbs (2015), early preventive actions will be the most effective adaptation strategy in the long run and asset 
managers should be at the forefront of business continuity planning and disaster management process to 
ensure climate-related disasters on public assets are minimised (Warren 2010). 

Furthermore, as part of another research, 30 participants across different Ministries in Kiribati were asked 
on the importance of asset management to CCA. Most of the participants agree that asset management plays 
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an important role in CCA or is an important CCA strategy. The examples below are taken from 4 participants 
which can be named participant 1,2,3 & 4). One of the important messages from this collective response is that 
the sustainability of ongoing operations of critical assets particularly during an emergency or climate change-
related scenarios e.g. flooding or droughts is a significant factor in ensuring the success of adaptation efforts. 
For example, according to Participant 1, “prioritization of critical galleries on the main water reserve…and better 
efficient maintenance strategies to counter the impact of climate change…” are the way in which asset 
management could improve climate adaptation responses. In fact, according to Gibbs (2015), the assessment 
of assets and infrastructure in light of climate change should include prioritisation of adaptation actions 
according to the risk of service levels of appropriate scale, as opposed to vulnerability or consequence of climate 
change to individual assets in isolation. 

Other notable statements from the interviews include: 
• Asset management should be a critical part of managing the water infrastructure so that the integrity 

of the system is continuous, even during an emergency. Asset management plays an important role – 
it makes our infrastructure withstand the effect of climate change. 

• Climate Change component is an integral part of major infrastructure projects. And vice versa, 
maintenance that is done in a timely manner contributes to better CCA. 

• Extreme weather events are becoming frequent e.g. in the period of 2018 -2019 especially during the 
months of Jan-March, we experience a lot of climate change-related requests to repair public, 
community and private infrastructure. Asset management is extremely important to adaptation. For 
example, the road will need to be climate resilient given that climate outlook is more rainfall so the 
design should consider good drainage, which is not really what we see now. 

 
Sustainable financing 

The policy documents analysed show that the principal donors for CCA and DRM in Kiribati include ADB, 
World Bank, EU, New Zealand, Australia, UNDP, Japan, United States and Germany. Other donors include the 
Taiwan Government which allocated AUS$1 million of its bilateral assistance for disaster response on an annual 
basis; most of it is used for coastal protection (Office of Te Beretitenti 2018). Development partners including 
Australia, New Zealand, Japan, ADB, World Bank contributed significant funds for infrastructure since Kiribati 
could not possibly fund all its development needs from domestic revenue sources (Government of Kiribati 
2018b).  In 2017, Government allocated over AUD$4m to the Ministry of Infrastructure and Sustainable Energy, 
which manages infrastructure in Kiribati while development partners contributed more than AUD$138m to 
support infrastructure (Ministry of Finance and Economic Development, 2017a;  2017b). This trend is similar 
for subsequent years highlighting that commitment from Government for infrastructure development often fall 
short of what is required/committed by development partners. These observations also emphasise that it is 
politically easy to depend on donor funds for new infrastructure, where compared to the construction of new 
assets, maintenance has weak political support (Giglio, Friar, and Crittenden 2018). 

Furthermore, the discussion with interviewees, regarding the sustainability of funding for infrastructure 
programmes give some of the following notable issues: 

• Funding or financing is a critical factor. During normal times, maintenance funds are enough but during 
emergency, they are depleted quickly. 

• Scheduled maintenance is a must, but it is always constrained with a limited budget.  
• Maintenance fund is not based on studied criteria creating a very reactive situation. Longer-term 

financial Planning for infrastructure is problematic. 
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• More understanding and clarity of the financial system and its impacts on how infrastructure 
programmes operate; there is an observation that these two operate in silos. 

• Budget allocations are transferrable – Leadership can determine that budgets originally intended for 
maintenance and operations for infrastructure programmes can be used elsewhere. 

The above observations mostly agree with issues outlined in the policy documents analysed. For example, 
severe infrastructure deficits for utilities, transport and communications remain and the high cost of service 
delivery (especially in the outer islands), creates additional challenges that are not easily addressed (Taloiburi 
et al. 2019). There are also sizeable financing gaps in social infrastructure (water and sanitation), especially as 
the existing infrastructure comes under increasing pressure from the impacts of climate change. In addition, 
most of the aspirations outlined in the KV20 are yet to have a funding source identified. This is particularly true 
for major infrastructure needs which even if provided at only basic levels would exceed national GDP many 
times over (Government of Kiribati 2018b). These issues are also related to the lack of sustainability of funding 
for infrastructure programmes and high dependence on development partners for new infrastructure projects. 
 
RESULTS AND DISCUSSION 

Measures and efforts to address climate change and disaster risks seem to be well integrated into critical 
sectors, but they need maintaining and upscaling to improve the resilience of the Kiribati people (Government 
of Kiribati 2014). Further thematic coding of the policy documents using NVivo show the top coding five nodes 
as: CCA and DRM, Funding, Resilience and Water Infrastructure. The prominent emphasis on these thematic 
areas as broad themes of the policies analysed highlights and implies their intricate relationship.  

Conversely, while there are significant overlaps in the climate change-related goals of the planning 
documents at the higher level, there is also significant fragmentation at the indicator level (Government of 
Kiribati 2018b), when it comes to CCA and implementation. This disparity supports the notion that CCA and 
DRM are yet to be fully integrated into national, sectoral or thematic strategies and associated government 
systems and processes (Taloiburi et al. 2019; Government of Kiribati 2018b).  Better alignment and linkage are 
required between policy objectives and funding required to deliver services in support of objectives across all 
the national policies, strategies and objectives. 

Moreover, the absence of an infrastructure policy has constrained infrastructure management in various 
ways. It is stressed that “any future strategy for the sustainability of Kiribati must involve the mainstreaming of 
climate change agendas into meeting economic development needs” (Storey and Hunter 2010). At the same 
time, CC makes it imperative that infrastructure policy formulation be coordinated with CC mitigation and 
adaptation strategies in support of water infrastructure resilience and sustainability (Gay and Sinha 2015).  

Finally, progressive AM implementation should be adopted. In this context, acquisitions or capital works 
involving constructing new systems and upgrading existing assets to increase the level of service (Public Utilities 
Board 2017). Accordingly, donors are relied upon for the creation of any major asset; these normally follow on 
from the Road Maps, National policies and strategic plans, which are in turn integrated within the KDP. Only 
smaller projects can be possible without funding from donors. This existing ‘modus operandi’ implies two 
things. First, the reliance on donors for the creation or upgrading of new assets highlights the importance of 
the external environment that may influence the current way asset management is done. Second, the 
integration of AM requires strategic support and more coordination (in this case from those who control 
decision-making) i.e. Ministers, Secretaries, Chief Executive Officers and Heads of Divisions, apart from 
Development partners. 
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CONCLUSIONS 
Asset management has an important role in climate change adaptation. The paper discussed the parallels 
between infrastructure development and climate change adaptation in Kiribati, and the necessity of sustaining 
funding for infrastructure programmes. Better alignment between climate change adaptation policies with 
Ministerial Operational plans is needed, particularly in terms of indicators which could be useful for better 
incorporation of asset management, nationally. Further, the Covid-19 pandemic highlighted the importance of 
maintaining sustainable infrastructure that can assist with responding to the wider health impacts of pandemics 
at the local level e.g. water infrastructure for handwashing facilities. While the consensus is that asset 
management is important for climate change adaptation, its practise is currently ad-hoc, further understanding 
on how it works in this context and Government financial support towards its sustainable implementation, is 
required. 
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ABSTRACT  

This paper examines the roles of communities’ response to Tropical Cyclone (TC) Winston in 2016. 
The paper will aim to understand how communities responded to TC Winston and to analyze social capital in 
their response activities. The study investigates three community case studies in Fiji where community 
prioritization of activities and community responses used both bonding and bridging social capital. The data 
was collected by using household interviews, focus group discussions and key informant interview. This study 
highlights that communities in Fiji have potential to coordinate response activities internally before external 
sources of assistance or aid is given. Strong family networks, community cooperation (solesolevaki), existing 
governance structure for good leadership and the interactions with religious organizations in the 
communities are several factors that contribute to effective community response. Strengthening social 
capital in communities in Fiji has the potential to form a safety net for all communities whilst waiting for 
government assistance and other relief organization to arrive. Findings from this research highlights the 
community’s capacity in relation to social capital and contributions towards strengthening linkage between 
government and community in Fiji.  

Keywords: Cyclone Winston, Fiji, community response, traditional villages, social capital  

 
 
INTRODUCTION 
Fiji is an island state in the South Pacific consisting of 300 islands with a population of approximately 884,887 
of which 44% resides in rural areas, and are agriculture dependent (GOF, 2016). The country has suffered 
from recurrent cyclones and rural communities have been greatly affected. On the 19-20th of February (2016), 
TC Winston, a Category 5 cyclone with wind gusts of 200 mph and average wind speeds of 143 mph tore its 
way through Fiji. Post-cyclone damages were estimated to be 1.4 billion USD, killing 44 people and impacted 
housing and agriculture sectors (GOF, 2016). 30,369 houses were estimated to be damaged or destroyed 
(22% of the total households) (ADB, 2016; Gard and Veitayaki, 2017).  
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Communities are usually the first to respond after a disaster (Wood et al, 2013), therefore it is 
important that there is a link between the local communities and the local government. The National Disaster 
Management Act (NDMA, 1998), is the only legislated act in Fiji focused on disaster response and it however 
does not reflect the link between government to the community. However, the need to strengthen 
community-government link is stipulated in the National Disaster Reduction Policy for Fiji, stating that the 
unclear approach in the NDMA led to confusion of roles between local government in leading response and 
recovery in the communities (GOF, 2018). Communities capacities are significant elements in preparing a 
community for a disaster, this study is to provide case study evidence demonstrating the role of communities 
in self- organized response actions which hopes to fill the gap in Fiji’s disaster legislation and policy. 
Strengthening the countries policy’s is also a direct contribution to the 11th Sustainable Development Goal, 
targeted towards making human settlements inclusive, safe, resilient and sustainable through the 
development of holistic disaster management in all levels. This is specifically for taget 11. B.1 for countries 
to adopt and implement the Sendai Framework in its disaster management strategies.  Additionally, the study 
will address SDG goal 13, target 13.1 towards strengthening resilience and adaptative capacity to climate 
related disasters.  

Community response for the purposes of this study is defined as the community driven response 
to the cyclone impacts, particularly in a traditional Fijian village setting. This study focusses on both the 
household level and the community level. Social capital, amongst other factors plays a key role in in disaster 
response and recovery in communities. Local level social capital has been highlighted as essential for disaster 
response and recovery as was observed in Gujarat, India and in Kobe, Japan (Nakagawa and Shaw, 2004). 
Recent research in the Pacific and Fiji have also highlighted the importance of social capital in disaster relief 
and response (Campbell, 2006; Takasaki, 2011; Yila, 2014; Warrick et. al, 2017; and Nakamura and Kanemasu, 
2020).  

This study aims to understand how communities responded to TC Winston and to analyze social 
capital in their response activities. Findings from this study highlights community capacity in relation to social 
capital and contribute towards the creation of a policy that bridges the gap between local government and 
community.  

 
 
RESEARCH METHOD 

Research framework 

Social capital has been studied extensively in the past and can be defined as the collective asset in the form 
of shared norms, trust, networks, social relations, and institution that facilitate cooperation and collective 
action for mutual benefits (Chamlee-Wright and Storr 2011; Zahnow et al. 2019). Aldrich (2012) mentions 
that beyond these different forms of shared norms and factors by researchers, scholarship traces social 
capital in three dimensions bonding, bridging and linkage (Figure 1).  

Bonding social capital refers to bonds within and between community members (Putnam 2000) and 
Woolcock (2002) who are alike and may live within walking distance from each other. Bridging social capital 
connects the individuals and family group to form a “link to external assets” (Putman 2000,23).  

Bonding and bridging social capital are said to be horizontal ties whereas linkage is a vertical 
relationship with those in formal or institutional gradient in society or those in the position of power (Szreter 
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and Woolcock 2004). Bonding and bridging social capital are relevant to this study. Bonding social capital in 
this research refers to; family bonding, community bonding, and within the village network. Bridging social 
capital, is related to the family network outside the village, church in the village, and other groups outside of 
the village network. This research will analyze community led responses based on bonding and bringing social 
capital.  

 

Figure 1: Social capital framework used in the research adapted from Aldrich (2012) 

 

Research sites 

Three rural traditional villages in Fiji were selected for this study; (1) Nabuna village on Koro island; (2) Navala 
village in the highlands of Ba in the western side of Viti Levu and (3) Navuavua in Rakiraki on the northern 
side of Viti Levu (Figure 1). All three of the study sites were selected based on the extent of the damage by 
the cyclone and were all in the ‘red’ zone. This red zone are the areas that were directly hit by the cyclone 
path. Other factors included geographical features; (1) a community on an island- isolated from the main 
island (Nabuna), (2) a village in the highland (Navala) and (3) a village that is near a town (Navuavua). These 
three provinces were badly affected by the devastating TC Winston and 12 of the 44 causalities in Fiji, were 
from the island of Koro  
 

Figure 2: Map of Fiji showing the case study areas  

Bridging social capital 
(networks with groups 
outside of a village)  

Bonding social capital 
(within in a village) 

Formal institutions  

Focus for this paper 
Linking social capital  
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Figure 3: Case study community sites; (left) Nabuna village, (middle) Navala village and (right) Navuavua village  

 

Data collection  

 Research was carried out in the three communities from March 2017- March 2019. For each village 
visited, a traditional sevusevu18 was presented to seek permission from the elders and the Turaga ni koro 
(village headman that is the key person and administrator in any traditional village) to carry out research in 
the villages. The interviewees (semi-structured interviews) were selected purposively based on their 
experiences regarding TC Winston and the roles they played during the disaster response process. Data was 
collected through household interviews to understand household damages and individual family’s responses 
to the disaster (Table 1). Five focus group discussions were carried out in total, Nabuna village (1), Navuavua 
village (2) and in Navala village (3). The gender distributions in the focus group discussions in Navala were 
mostly (80%) female whereas in Nabuna and Navuavua, men were mostly present, as shown in Table 1. All 
the interviews were translated in the Fijian language for ease of understanding.  

 

Community  
Estimated 
Population  

Gender Age group 
Total  

Male Female 20s 30s 40s 50s 60s 70s 80s Unknown 

Nabuna 200 20 9 4 7 6 6 3 2 0 1 29 

Navala 800 35 86 10 27 29 26 16 12 1 0 121 

Navuavua  500 13 8 1 0 3 7 6 0 1 3 21 

Table 1: Interviewees by gender and age 

 

RESULTS AND DISCUSSION  

Community needs immediate after TC Winston  

This section describes the needs identified by the villagers after an assessment by the village headman. The 
needs will help in the coordination of activities immediately after the cyclone. Assessing the damages, the 
day after the cyclone was the first activity done, this also included taking an inventory of injuries and 
fatalities. This was followed by the village clean-up which was mostly carried out by men and youths whereas 

 
18 Sevusevu is the presentation of yaqona root (Pipers methysticum) in a ceremony to introduce and seek permission to visit the 

village by any visitor  
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the women focused on cleaning their individual homes. Apart from the initial disaster assessment and the 
clean-up (village and individual homes), other village immediate priorities included; house repairs and 
construction, food for evacuation centers, drinking water, sanitation and the care of the elderly, disabled and 
children. All activities are illustrated in the timeline in Table 2. 

 

Table 2: Timeline of identified needs and relevant activities in the villages  

 

Cleaning was continuously carried out for about three months with the fixing of water pipes and 
toilets carried out simultaneously. Despite the complete destruction of farms (100%) and households gardens 
in the villages, root crops and vegetables could still be salvaged through a quick harvest during the first two 
months post-cyclone. These were used for consumption in evacuation centers and individual homes. The 
destruction of farms included food and fruit trees that the villagers also relied on for their livelihood. Shelter 
and the need to move back to stranded family homes were a need observed in all three villages. Home repairs 
and reconstruction allowed for the repurposing of materials collected from the cyclone debris collected from 
the village clean ups. Materials included corrugated iron sheets, timber, and fallen trees for poles and beams.  

In addition, there were specific needs in some villages. In Nabuna village, the priority also included 
the transfer of elderlies, disables and the children to Suva (capital city of Fiji), to be in the care of their families 
(the week after the cyclone). This was because of the extent of the damage in the village was about 92% of 
the houses were destroyed (28 of the 29 households interviewed). In Navala village, there are 94 of the 119 
households living in traditional houses and 60% of which were minimally damaged (where only the thatch 
was blown away by the strong wind). Grasses and reeds collected from the cyclone debris were used to 
thatch and patch the areas of the houses damaged. Beams and poles collected from the river were also used 
to either ‘straighten’ the houses or to build temporary shelters for the families. In Navuavua village, most of 
the houses were made of concrete and 85% of the interviewed houses were destroyed, either completely or 
partially.  The community’s ability to priorities immediate needs and to work together to address them is 
crucial in community response after a disaster is vital. Despite the difference in communities’ characteristics, 
the activities they prioritized were the same.  

F M A M J J

Cleaning Village youth and men clean the village and women at home  

Water and 
sanitation Temporary fix water pipes and toilets from debries materials

Food Salvage food from the gardens to share with families 

Shelter
repair and construct temporrary houses from materials saved from the 
cyclone (eg, corrugated iron sheets, tember, beams and poles)

Protection of the 
elderlies Villagers transferred sick and injured by boat to hospital 

Food Village canteen/shop were distributing food to those that needed 

Shelter Patching roofs of traditional houses from collected grass and reeds

Shelter Collection of timber from the river (floated downstream)

Cleaning Villagers clean up individual homes 

Food Village canteen/shop were distributing food to those that needed 

Activities 
YEAR 1 (months)

Al
l t

he
 v

illa
ge

s 

Name of the villages 
and Need

Nabuna 

Navala

Navuavua
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Community response bonding social capital 

a. Family bonding  

Families are an important unit of a traditional Fijian village and are usually the first unit of 
interaction within the village, before the clan and village level. The extended families (same family unit in 
different houses) in the three villages were the first point of assistance within the village. They evacuated at 
neighboring family’ houses particularly in Nabuna and Navuavua as the family commonly live close to each 
other in traditional villages.   

 Food acquired from quick harvest and from those with small village shops, was shared with families 
in the village and those in the evacuation center. The sharing of food is reflective of the traditional practice 
of takitaki whereby food is given to another family because of mutual care (veilomani) or kinship/relationship 
(veiwekani) or as a thank you for a task one has assisted with. The act of takitaki is also done to families with 
elderlies and those in need as they would not be able to go to their own farms to salvage their farm crops. 
All three communities shared experiences of sharing food and eating communally during the first weeks after 
the cyclone.  
 The Fijian culture is centered around family and communal living, these inbuilt bonds form a safety 
net for any family that may need help during or after disasters. The concept of veilomani (love, kindness or 
mutual care) and veiwekani (kinship) are seen to be amplified in community response amongst families.  
 
b. Community bonding  

Fijian traditional communities share human resources. Many interviews referred to the traditional 
practice of solesolevaki as the primary means of labor sharing. Solesolevaki mainly refers to the collective 
efforts which “manifests in the communal nature of Fijian society, where everyone is related and is obligated 
to work together” (Movono and Becken, 2018). This traditional practice mirrors social capital in the Fijian 
context. Communal work was evident in the cleaning and the fixing of necessities after the cyclone. Navala 
with traditional houses, particularly heavily relied on bonding social capital for the maintenances of these 
house (Figure 3). Repairs of temporary houses immediately after the disaster was possible through 
solesolevaki in the three villages, the trust and mutual understanding within the villagers encouraged this 
bond.   

Figure 4. Men of Navala participating in solesolevaki for the constructing a bure in the village 
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The existing governance structure within traditional villages in Fiji allow for an organized coordination 
of activities and the distribution of relief supplies. There is a strong trust and mutual understanding placed 
on the leaders within the village and coupled with the traditional practice of solesolevaki, there are strong 
bonds with families and clans that is in existence in daily life and is utilized well during and after disasters.  

The chief and the clan leaders are the leaders in any traditional Fijian village and are often the 
decision-making body together with chairman of any village committee (Figure 5). This structure is important 
in the implementation and the maintenance of the practice of solesolevaki. The traditional leaders choose 
the village headman who plays an important role in managing the village administration. The village head 
man (Turaga ni Koro) takes on the leadership and coordination role in the community bonding process. Chiefs 
and traditional leaders cooperate and follow the directives given by the village headman during the response 
period and this ensures the respect of the villagers.  

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Established village governance system 

 

Community response bridging social capital 

a. Family network  

Family networks are in those living beyond the boundaries of the villages and this mostly refers to 
family either extended unit or in the nuclear family unit. These networks are important in assisting families 
in the villages immediately after the cyclone. In Nabuna village an emergency committee was formed by 
family members on the main island of Viti Levu. The goal of this committee was to collect relief supplies from 
donations and gifts and its immediate transport to the village. The early intervention of this family link 
enabled the distribution of water pipes, construction materials to fix drinking water systems, toilets and 
supply beddings and food to the village. The committee also organized the transfer of elderly, disabled and 
children to families on Viti Levu. In Navala and Navuavua, families’ outside of the village assisted in the supply 
of relief items and building materials. This was carried out more at the individual family level and not at the 
communal level.  
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Family networks outside of the village are formed due to marriages, urbanization and the search for 
employment and better education in the cities and towns. These family members residing outside the village 
often contribute to ceremonies and obligations such as deaths, birthdays, weddings and catering for 
solesolevaki activities within the villages.  

 

b. Church network  

Religion is important in traditional villages in Fiji, where the Christian faith is dominant. Christian 
rituals are imbedded into Fijian traditional culture, prayers before every meal, daily devotions and several 
church services within a week is considered a norm and can be observed in all villages in Fiji. All villages have 
a church building and Sundays are considered tabu (forbidden or holy) where attending church and resting 
is mandatory.   

The churches in the three villages also played an important role in community response activities 
in the three villages. In Navala, because of its location the Catholic catechist from Ba town was the first to 
reach the village, having to walk 20km to deliver toiletries and food items the day after the cyclone. In 
Navuavua village, a family who is a member of the Salvation Army church was assisted by the church with 
food supplies and the reconstruction of their damaged homes. The church was also able to assist the family 
in setting up a small shop in their house to help with their livelihood. The Indian division of the Methodist 
church in Navuavua also assisted families who were members of their congregation with clothes and food 
relief supplies, which was shared with families within the village. The Methodist church provided psychosocial 
support to the affected in Nabuna village, via the provision of counselling and spiritual support for families.  

The church network in the villagers are forged by the community. It is built by those that attend 
the same church within the village and extends to the church network of congregations and divisions outside 
of the village. The church is also utilized by the government and NGO’s in Fiji to share about climate change, 
and disaster management.  
 

d. Other groups of people   

In Navuavua village people from all walks of life were delivering food and relief items to the village. 
Businesses from the western side of Fiji supplied and delivered cook food within the first week after the 
cyclone. This also included supplies of clothes, toiletries from people that wanted to help those affected. 
These businesses and donors were mostly from towns unaffected by TC Winston. The proximity of Navuavua 
village to the main highway allowed for the ease of dropping off relief supplies by different groups of people. 
These groups were connected to the village through businesses that employed the villagers. These businesses 
have a network in the village as seen in Navuavua and are bringing social capital in that sense that these 
existing networks assist with the communities’ response activities.  

The family outside the village, the churches, and other pre-existing networks were the bridge to 
the community in providing food supplies, providing the much-needed evacuation shelter spaces, 
transportation of the elderlies and providing materials for rebuilding houses and temporarily fixing water 
pipes and toilets. The networks formed through the bonding and the bridging social capital in the three 
villages shows an insight into the community capacities in Fiji. They highlighted the preexisting non- 
governmental networks available that are in play in villages. To bridge the gap highlighted in the National 
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Disaster Risk Reduction policy, it is important for government to recognize these networks and to utilize and 
enhance them to build community resilience and to manage relief and response in future disasters.  
 

CONCLUSION 

To conclude, communities from the rural areas in Fiji will draw upon social capital when responding and 
recovering from any disasters when relief supplies and distribution are delayed. As stated in the paper, 
communities were able to meet their immediate needs such as food, temporary shelter, cleaning and basic 
sanitation within the villages whilst waiting for the relevant authorities to reach them. This was possible 
through their family, community and existing networks. Communities ability to prioritize needs and utilize 
both bonding and bridging social capital is important in creating resilient communities with a bottom-up 
approach in linking the existing gap in Fiji’s disaster management act and policy. Whilst governance in Fijian 
traditional communities are observed and trusted upon, they can also become a factor to influence social 
capital is maintained in the villages. The current leadership should maintain the organization of the village to 
allow for traditional bonding and bridging social capital to be encouraged.  

Disaster management in Fiji should be focused on risk reduction in its management approach to 
strengthen the links between local government and local communities which are not realized in the current 
policy yet. Community leaders should be provided capacity building trainings to allow for an effective 
participatory approach in the community. such as the initial damage assessments.  

Although this research did not directly focus on the COVID-19 pandemic, however, the pandemic 
is seen as a disaster to employment especially for countries that rely on tourism such as Fiji. The multiple 
disasters of cyclone and pandemic will damage more seriously to ordinary people. Networks that are included 
in community social capital can also be utilized for those affected by the pandemic. This research can be 
applied to broader issues within any community, looking at the importance of social capital in post disaster 
context. 
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ABSTRACT 

Resilience has received increased attention in urban-related research, policies and practice in recent 
years. Many urban development-related international initiatives have been established, such as the Making 
Cities Resilient Campaign and 100 Resilient Cities Programme, aiming to assist governments in enhancing 
urban resilience. Although the building stock is a significant component of the built environment, little work 
has been done on the scale of buildings compared to the work developed for the city scale. Resilient buildings 
can deliver their functions in the face of stresses and shocks, which are the converse of buildings that are 
vulnerable to the city's weaknesses and hazards. Enhancing the resilience of buildings boosts the urban 
fabric's resilience at a larger scale. This paper discusses what defines resilient buildings, focusing on existing 
building retrofits as it offers great opportunity to enhance the resilience of the built environment on a larger 
scale. It establishes a comprehensive understanding of resilience in buildings that consider both stresses and 
shocks threatening the built environment. Since resilience is a context-specific approach, the study also takes 
Jordan as an example and identifies the resilience challenges of its buildings according to 200 local 
professionals' perception who responded to an online questionnaire. 
 
Keywords: Multi-hazard; resilience; resilient buildings; resilient architecture; retrofitting for resilience. 

 
 
INTRODUCTION 

The resilience concept has been receiving increased attention in the urban-related research, policies and 
practice. At the policy level, for example, many highlighted that the interest of policymakers in the last decade 
is shifting from sustainability to resilience as a driver for policy change in urban-related policy (Shamout et 
al., 2021; Stumpp, 2013). In practice, cities around the globe are articulating goals and developing plans to 
enhance urban resilience. Many international initiatives were established to help those cities build resilience 
such as the Making Cities Resilient Campaign, the City Resilience Profiling Programme and 100 Resilient Cities 
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Programme. According to the 100 Resilience Cities Programme, urban resilience "describes the capacity of 
cities to function, so that the people living and working in cities – particularly the poor and vulnerable – 
survive and thrive no matter what stresses or shocks they encounter" (Da Silva & Morera, 2014, p. 3). This 
definition has been adopted by the participated cities in the 100 Resilient Cities Network, including the city 
of Amman in Jordan that released its first resilience strategy in 2017 (Greater Amman Municipality, 2017). 
What makes resilience a key goal is that the global built environment is facing more emerging challenges that 
require resilience thinking. Those challenges may include natural hazards, climate change-related events 
(Beilin & Wilkinson, 2015), infrastructure Failure; and man-made hazards, such as conflicts (Scambary, 2013). 
Those challenges affect the built environment as a whole from the broader city-systems level, including its 
infrastructure down to the building level. The building stock is a significant component of the built 
environment, and it provides great opportunities for building resilience at a larger scale (U.S. Green Building 
Council, 2018). Despite this, little work has been done on the building scale regarding building resilience 
compared to the work developed for the city scale. This paper first discusses what defines resilience for 
buildings, with a particular focus on existing building retrofits as it offers great opportunity to enhance the 
resilience of the built environment on a larger scale. Then, the paper identifies the main resilience challenges 
of Jordan's buildings, taking Jordan as a relevant example of a built environment exposed to a wide range of 
both sudden shocks and chronic challenges. This case also provides a potential contribution of knowledge as 
very little work has been done on the building scale compared to the work developed for the cities' scale such 
as the Amman Resilience Strategy. 
 
METHOD 

This paper mainly uses a literature review to provide a clear understanding of resilience in the context of 
buildings, resilience buildings tools, resilience challenges and retrofitting for resilience. A second method is 
an online questionnaire that was offered to around 200 local professionals in Jordan to identify and rank the 
resilience challenges for buildings in Jordan in terms of priority. To ensure the relevance and accuracy of data, 
only the participants familiar with Jordan’s built environment and its related issues are included. 
 
DEFINING RESILIENCE FOR BUILDINGS 

In the context of buildings, sustainability in the design, construction and operational phases may include 
reductions in the use of energy, water and materials through efficient means (Amini et al., 2018). It minimises 
the building's influences on the surrounding environment and provides the building's occupants with a 
healthier environment and satisfactory service. These aims could also be reflected in buildings when dealing 
with them from a resilience point of view but, philosophically, resilience may have a broader perspective as 
it also has an opposite purpose – that is, minimising the impact of the surrounding environment on the built 
environment. 

Resilience is not only about external disturbances. The International Organization for Standardization 
(ISO) (2016, p. 2) defines resilience as “the capability of a system to maintain its functions and structure in 
the face of internal and external change and to degrade gracefully when this is necessary”. When applying 
this to the context of buildings, it may include problems of the building itself as well as the stresses and shocks 
of the built environment. This paper adopts a multi-hazard perspective on defining resilient buildings. 
Resilient buildings are the converse of buildings that are vulnerable to internal and external changing 
conditions, and this may include a wide range of challenges from nature to man-made challenges. A resilient 
building should be able to function at its normal condition in the face of both stresses and shocks: stresses 
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such as lack of energy or water supply (Younis et al., 2017); and shocks such as more extreme events such as 
lower or higher temperatures, flood risks (Golz, 2016), and earthquakes (Samadian et al., 2019). A resilient 
building should also be able to adapt to the modern way of life and renew its function based on what people 
needs nowadays. The resilient design can apply to both new and existing buildings to provide a more liveable, 
safer, and better place for people during, before and after a disruption and/or stress. 
 

RESILIENCE CHALLENGES FOR BUILDINGS 

To incorporate resilience thinking when retrofitting existing buildings, there is a need to assess the 
resilience of a building. To achieve this, it is crucial to identify any hazards that may pose a risk to the building 
as well as challenges that may prevent the building from functioning at its normal condition. Table 1 
summarises several common resilience challenges for buildings, derived from the literature, spanning from 
nature-related challenges to man-made problems. Nature-related challenges include climate change events, 
natural hazards and natural resources shortage while human-made challenges include a broader perspective 
of issues from the city scale, such as infrastructure failure, conflicts, urbanisation, growing demand for 
housing, and economic crisis, to the building scale such as maintenance (structural). 

 

Resilience challenges 
Shocks/ 

Stresses 

Nature-related 

/man-made 
Examples 

climate change-
related challenges 

both nature-related 

temperature changes (e.g. extreme heat 
event), precipitation changes causing 
floods or drought, and more frequent 
extreme weather events such as storms. 

natural hazards shocks nature-related 

high-winds, hurricanes, tornado, 
flooding, tsunami, earthquake, wildfire, 
unstable soil, drought, landslides, and 
winter storms. 

infrastructure failure both man-made 
power outages, loss of access to potable 
water, and wastewater systems failure 

natural resources 
shortage 

stresses nature-related energy resources and water. 

man-made hazards shocks man-made conflicts 

building-related 
problems 

both man-made maintenance (structural); 

others (building scale) stresses man-made 
adapting existing buildings into modern 
standard 

others (city scale) both man-made 
urbanisation, growing demand for 
housing, and economic crisis. 

Table 1: Resilience challenges for buildings. Source: Elaboration of the Author 
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Resilience challenges can also include problems that prevent buildings from operating in line with the 
modern era and its requirements. Examples of this can vary in terms of the level of hazard or stress; from 
high levels such as changing existing materials that are recognised as harmful to humans nowadays; to low 
levels such as adding elevators and escalators to high-rise existing buildings. 

Several aspects should be considered to understand better the types of shock and stresses in the built 
environment including cause (natural or intentional), frequency and magnitude, level of anticipation (can be 
predicted accurately or not), time scale (instantaneous or chronic), and source (internal or external) 
(Yamagata & Maruyama, 2016). A good example is an increasing frequency and level of intensity of climate 
change-related events. 

One can argue how some challenges listed in the table, such as conflicts, are related to resilience in 
buildings. Conflicts may affect the built environment both directly and indirectly: (1) directly by destroying its 
infrastructure like the ongoing Syrian civil war (Berti, 2018); (2) indirectly by the rapid influx of refugee into 
safer urban areas, resulting in sudden urban population growth in those areas which can be called the conflict 
indirectly affected areas (Scambary, 2013; Shamout et al., 2021). 

 
RESILIENCE CHALLENGES FOR BUILDINGS: THE CASE OF JORDAN 

Figure 1 shows the complexity of the resilience challenges for buildings in the case of Jordan, making the 
Jordan example worth investigating. The participants identified the resilience shocks and stresses for 
buildings in Jordan and ranked them in order of priority. 
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Figure 1: The participants' ranking of the resilience shocks and stresses for buildings in terms of priority. 
 
Man-made hazards were given similar percentages in both categories, where it was ranked first as shocks 

by 77% and second for stresses by 70%, while climate change-related hazards were ranked second as shocks 
by 66% followed by the sudden population increase 63%,  infrastructure failure 52%, and natural hazards 
45%. In Jordan, the frequency of some shocks has made them become like stresses such as the urban 
population growth that was caused by the influx of refugees from neighbouring countries, which has resulted 
in a growing demand for housing. Lack of energy and water resources were given first and second priority as 
stresses, 73% and 70%, respectively with very close percentages. 
 
RESILIENT BUILDINGS TOOLS 

Table 2 shows some examples of resilience standards applicable to buildings that follows the multi-hazard 
approach. Although the first one, FORTIFIED, focuses on a number of related natural hazards, the rest adopts 
a holistic approach that includes a wider range of stresses and shocks. Resilience standards were commonly 
targeting specific types of challenges (hazards), but more recently few standards have been established with 
a holistic approach that does not focus on specific hazards but take into account a variety of chronic and 
sudden resilience challenges. 

Sudden Shocks Chronic Stresses

High energy costs 23.00% 73.00%

Water scarcity 24.00% 70.00%

Man-made hazards (conflicts) 77.00% 70.00%

Climate change-related challenges
(heatwaves, droughts, flash flooding) 66.00% 19.00%

Natural hazards (flooding, earthquake,
wildfire, unstable soil, drought,
landslides, and winter storms)

45.00% 10.00%

Infrastructure failure (power outages,
loss of access to potable water, and

wastewater systems failure
52.00% 33.00%

sudden population increase (growing
demand for housing) 63.00% 35.00%

Building-related problems (structural
maintenance) 35.00% 62.00%

Adapting existing buildings into
modern standard 20.00% 60.00%

Urbanization 22.00% 68.00%

Architecture technological challenges 27.00% 50.00%

0.00%
10.00%
20.00%
30.00%
40.00%
50.00%
60.00%
70.00%
80.00%
90.00%



 

 

 

222 

On the one hand, there are many resilience standards that target specific hazards. One example is the 
Resilience-based Earthquake Design Initiative (REDi™) Rating System (Arup, 2013). It provides a framework 
for architects, engineers, and buildings' owners to implement resilience-based earthquake design strategies. 
The framework helps to provide liveable conditions quickly following an earthquake disaster and enable 
people to resume their business operations. Another example could be the FORTIFIED Home standard. It was 
designed to make new and existing homes more resilient to hurricanes, high winds, and hail. a set of 
performance-based engineering and building standards designed to help strengthen new and existing homes 
through the installation of specific building upgrades that reduce damage from hurricanes, hailstorms, low-
level tornados, and severe thunderstorms (Insurance Institute for Business &Home Safety, n.d.; Malik et al., 
2013). 
 

Resilience 
standard 

year launched by 

Applicable to 
The included challenges and/or 
hazards New 

builds 
Existing 

buildings 

FORTIFIED 2010  IBHS19 √ √ 
Wind, hurricanes, low-level 
tornados, hailstorms, and severe 
thunderstorms. 

BRLA 2015 USGBC20  √ Holistic 

LEED Pilot 
Credits 

2015 USGBC √  Holistic 

RELi 2.0 2018 USGBC √  Holistic 

 
Table 2: Multi-hazards resilience standards applicable to buildings. Source: Elaboration of the Author.  

 
On the other hand, there are very little holistic standards and guidelines for resilience. Holistic standards 

address a variety of hazards (resilience-related challenges) and offer guidance for assessing vulnerabilities 
and provide resources to improve preparedness. The assessments of vulnerabilities are the foundation of 
many of resilience standards, such as LEED pilot credits and the Resiliency Action List (RELi). The holistic 
assessment often includes criteria to identify hazards, such as time frames and geographic location. 

The Building Resilience in La Framework (BRLA) is a planning and operational framework that focuses on 
existing facilities to help them survive and thrive in the face of shocks and stressors. It was developed to 
better prepare for Los Angeles's risks including climate change, earthquakes, drought, and power outages 
(U.S. Green Building Council, n.d.). 

LEED Pilot credits on resilient design were developed upon the existing LEED programme. The credits' 
system has three main types. The first type requires emergency planning or a climate change assessment, it 
can be used for both new builds and existing buildings for strengthening their preparedness. The second 
requires design strategies for the top three main hazards (risks) linked to the building site (area) such as 
earthquakes, flooding, heatwaves, and high winds. The third type requires passive design strategies for 

 
19 IBHS: Florida–based Insurance Institute for Business & Home Safety 
20 USGBC: The U.S. Green Building Council 
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survivability such as ensuring the access to energy (through backup power) and potable water. The LEED Pilot 
credits on resilient design are available beside the other LEED Building Design and Construction credits. 

RELi 2.0, for example, is one of the most recent comprehensive resilient buildings assessment tools 
worldwide. It is an in-depth, comprehensive rating system that provides valuable strategies and tools for 
resilient buildings and design (U.S. Green Building Council, 2018). It helps in identifying and reducing the risk 
of damage to a building in the event of a natural disaster or other crisis, although no rating system can 
eliminate risk entirely. The rating tool has 15 requirements as mandatory and they do not carry a point value. 
The RELi 2.0 Rating System is not intended to provide design guidelines for indefinite building and community 
operation following a catastrophe. RELi 2.0 synthesises the LEED Resilient Design pilot credits with RELi Hazard 
Mitigation and Adaptation credits. 

 
RETROFITTING ENHANCES RESILIENCE 

The existing building stock is a significant component of the built environment. It is 80 times larger than 
the new building sector, so the focus should be on retrofitting existing buildings as this provides great 
potentials for resilience (Shamout et al., 2019). Regarding resilience, the performance of the existing building 
stock can be strengthened in the face of the main stresses and shocks the built environment is or will be 
facing, through implementing retrofitting resilience-based measures. There are many examples of retrofitting 
measures or standards that can help enhance resilience in buildings, whether against a specific shock or 
stress. For shocks, one example is a FORTIFIED Home, a performance-based standard designed to help 
strengthen existing and new homes to reduce damage from hailstorms, hurricanes, severe thunderstorms, 
and low-level tornados, through implementing specific building upgrades (Insurance Institute for Business 
&Home Safety, n.d.). For stresses, one example is EnerPHit, the Passive House certificate for energy retrofits, 
designed to help achieve significant energy savings for refurbishments of existing buildings that can reach 
from 75 up to 90 % (Passipedia, n.d.), and therefore enhance the resilience of buildings against the high 
energy cost and the lack of energy resources. Energy efficiency measures for existing buildings along with the 
other solutions aim to reduce the energy demand of buildings. Although energy efficiency measures might 
get underrated when discussing resilience (Carmichael & Jungclaus, 2018), it enhances resilience through 
several perspectives. It can decrease backup generation needs at the urban level and up-front capital costs,  
reduce dependence on outside fuel sources (Sharifi & Yamagata, 2014), and decrease life-cycle costs and 
increasing value (Liu & Mi, 2017). 

Retrofitting provides great opportunities to enhance resilience in the built environment at a larger scale 
considering all challenges cities are or will be facing. Therefore, it is important to incorporate resilience 
thinking when retrofitting existing buildings, focusing on both stresses and shocks. 
 
CONCLUSION 

The need for incorporating resilient design strategies at the scale of buildings is urgent, mainly as more 
global challenges facing cities have emerged such as economic disruption, weather extremes and resource 
depletion (Da Silva & Morera, 2014). A resilient building should not be sensitive to any challenges the built 
environment is facing, but rather having the ability to adapt to them. The design of resilience measures for 
buildings requires identifying specific hazards and challenges of the specific context of the building site, as 
those challenges should become drivers for the design whether it is a retrofitting case or the case of a new 
building. Resilient design can be associated with adaptation to changing conditions, which are resulting from 
a wide range of stresses and shocks. For example, it can be related to adaptation measures to earthquakes 
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(Samadian et al., 2019) and the changing climate where climate adaptation aims to reduce  climate risk and 
vulnerability in the built environment (Curtis, 2017; Grynning et al., 2017; Lisø et al., 2017; Song & Ye, 2017). 
It can further include challenges that are man-made, which is reflected in the case of Jordan, whether: at the 
city scale such as the growing demand for housing that results in the need for retrofitting to enhance the 
existing buildings' capacity in terms of the number of people a building can accommodate; or at the building 
scale itself such as retrofitting to improve the building structure. This article aimed to contextualise a multi-
hazard perspective of resilience at the scale of buildings, focusing on existing building retrofits. Since 
resilience is a context-specific approach, the study takes Jordan as an example and identifies it’s the resilience 
challenges of its buildings and rank them according to 200 local professionals' perception who responded to 
an online questionnaire. 

Retrofitting of the existing building stock to resilience standards through resilience-based measures is of 
the utmost significance. However, the resilience state of the building would depend on the approach adopted 
to enhance resilience, where resilience optimisation measures are strongly linked with all the level of 
adaptation and preparedness with challenges that the building is or will be facing, including stresses and 
shocks, aligned with the building's functional, safety, economic, and construction demands. Therefore, there 
cannot be a unified framework to enhance resilience in buildings; it depends on the context where the 
building lies ecologically, geographically, socially, politically and economically. However, adopting a holistic 
approach that consider all challenges when retrofitting for resilience with multi objective methods would give 
a valid support to the integral retrofitting that results in safer, more functional and sustainable, and more 
robust buildings. The learning from this paper will inform the development of a comprehensive resilience-
based design framework for buildings in Jordan as more resilience challenges facing its built environment 
have emerged. 
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ABSTRACT 

Given the rise of natural disasters, post-disaster reconstruction plays an essential role in forming resilient 
communities. However, among the multiple post-disaster reconstruction processes, temporary housing had 
been ignored by most post-disaster reconstruction practitioners. The 2009 Typhoon Morakot post-disaster 
management process was no exception. Therefore, this study uses literature research, interviews, and a time-
series questionnaire to understand the temporary housing policy, stakeholders' opinions associated with the 
post-disaster management process, and the temporary shelter and housing living satisfaction trends. Two 
typhoon-affected indigenous communities located in southern Taiwan were selected as case studies owing 
to similarities in their social structure and conditions. Findings from this research shows that past experience 
and collaborating NGO might be the principal factors that influence the decision making on temporary 
housing policy. Moreover, an ideal environment and location for temporary housing are essential for living 
satisfaction. Finally, this research suggests an ideal pre-established policy, community-centered 
considerations, and spatial design are crucial for the future of temporary shelter and housing programs. 
 
Keywords: Temporary housing, Temporary shelter, Post-disaster reconstruction, Typhoon Morakot, 
Indigenous population 

 
 
 
INTRODUCTION 

Under climate change and excessive human development, the frequency and magnitude of the natural 
disaster have intensified (Petz, 2013). Taiwan is no exception. In 1999, the Ji-ji earthquake struck the central 
part of Taiwan and brought 2,489 casualties and 490 million USD loss (Li et al., 2010). A decade later, Typhoon 
Morakot struck Taiwan on August 8, 2009, a disaster recorded as the strongest and deadliest typhoon in the 
country's history. The disaster left 677 dead and 22 missing where 1,766 households were damaged. The 
most affected area was Southern Taiwan, where 73% of the population were indigenous people. They were 
mostly affected by the associated heavy rains brought about by the typhoon. (Chen, 2009). Compare to the 
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Ji-ji earthquake, more indigenous populations suffered from severe physical and social impact, due to their 
high vulnerability even in the pre-disaster situation.  

Because of the increasing incidents of natural disasters, the post-disaster reconstruction (PDR) had been 
treated with immense importance by most countries. By analyzing the past PDR projects, Quarantelli (1982) 
stated that the PDR process includes four stages, namely emergency shelter, temporary shelter, temporary 
housing, and permanent housing. The ideal post-disaster recovery scenario should be implemented in these 
four stages to secure the living right of those who lose their housing. However, even though the government 
and NGOs may have pre-established recovery and rehabilitation plans, their temporary housing policy seems 
to lack strategic planning (Johnson et al., 2006). Due to shortage of funds and human resources, the 
practitioner might even give up constructing temporary housing and jump straight away to the permanent 
housing stage. However, the skipping of temporary housing might contradict with the resident’s willingness, 
as the comfortable living environment is crucial for the recovery and metal health (Johnson, 2007). Therefore, 
it is fair to say that the temporary shelter and housing stage constitutes one of the chief problem areas in the 
PDR process. Recently, the United Nations announced that "Sustainable cities and communities" had been 
incorporated into one of the Sustainable Development Goals (UN General assembly, 2015). Therefore, it is 
worth improving the PDR process, especially the temporary shelter and housing stage.  

To focus on the post-disaster temporary dwelling issues, the aims of this research contains three elements: 
(1) Analysis the history of temporary post-disaster dwelling development in Taiwan, as well as the decision-
making procedure of temporary dwelling during Typhoon Morakot post-disaster project. (2) Examine the 
satisfaction divergence between different post-disaster communities, which provided a different type of 
temporary dwelling. By focusing on these two elements, the decisive influencing external factor (policy) and 
internal factor (residents’ living satisfaction) can be clarified via this study. Ultimately, this research is also 
trying to (3) Addresses critical post-disaster temporary dwelling related suggestions.  

 
THEORY 

According to Johnson (2007), after the earthquake in the eastern region of central Colombia in 1999, due to 
severe lack of funds and time, the government failed to provide temporary housing countermeasures at the 
first stage. The decision resulted in a proliferation of spontaneous illegal settlements which were built as 
temporary housing by self-help groups. Therefore, a policy was later announced to resolve the illegal 
settlement issue by providing newly built temporary housing to the disaster victims. On the contrary, to solve 
the displacement problem of the victims of the Great Hanshin Earthquake in Kobe, 1995, the government 
implemented the "Disaster Relief Law" to provide 48,300 temporary housing units to house 100,000 people. 
The government's prompt decision prevented further chaos and control the unrest after the disaster swiftly 
(Comerio, 1998). Therefore, it is evident that government attitude and decision-making are deeply 
interrelated to the disaster victims' living conditions.  

Apart from the external factor, living satisfaction and the environmental psychology perspective also 
contribute to the precise understanding of the temporary dwelling issues. For instance, the temporary 
housing built by the Japanese government after Hanshin great earthquake had been criticized by the 
residents that the location was built far from the city center, which hampered the reformulation of the pre-
existed community relationship and living satisfaction (Comerio, 1998). Moreover, the limited space and 
without carefully planned configuration of the settlement consequence in the depression and suicides among 
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the victims who fell into loneliness due to the feeling of isolation (Maki et al., 1995). Therefore, the designer 
learned the feedback, during the East Japan earthquake in 2011, the daycare center and essential facilities 
had been considered during the temporary housing planning stage. The new planning concept thrived on 
allowing more social engagement for the residents. Moreover, the configuration allowed enough sunlight 
and living space to improve the victims' psychological condition, especially the elderly (Abe et al., 2011). 

According to the previous literature mentioned above, it is fair to say that the policy decision-making of 
the temporary housing (external factor) and residents' evaluation of the temporary housing living condition 
(Internal factor) can profoundly contribute to a more vulnerable resilience community after the disaster. 
Therefore, the conceptual framework can be drawn in Figure 1.  

 
 

 
Figure 1. The conceptual research framework 

 
METHOD 
Two indigenous communities in the southern part of Taiwan were selected for the case studies; (1) Hao-Cha 
community and (2) Jia-Lan community. Both study sites were selected based on the extent of the damage by 
the Typhoon Morakot, which made government designated both pre-disaster settlement as "Danger Zone" 
and the communities were subjected to be relocated. The temporary housing policy applied to the sites, 
however, were different. Given the special kinship, the two communities shared similar socio-economic 
circumstances. The different temporary housing policies as well as the living environment with a relatively 
similar socio-economic background makes the comparison viable to differentiate the temporary housing 
related issues in each community. 

 

Data collection 

    This study uses both the qualitative approach and the quantitative approach, which include (1) The 
literature research to understand the history of temporary housing policy before the Typhoon Morakot (2) 
Key informant interviews were conducted from 2017 to 2019, to government officers and the NGO 
representatives involved in the temporary housing project to understand the process of the policy making 
(semi-structured interviews). Additionally, residents' interviews were conducted to seek their opinion on 
various temporary dwelling environments (Table 1). The interviewees were based on their experiences and 
the roles they played in the communities after the disaster. Thus, the interviewee's opinion was diverse and 
fair to be contained more objectively. (3) A time-series questionnaire based on the living satisfaction of the 
residents (1)one month after the disaster, (2) the first (2010) and (3)the second year (2011) after the disaster 
was used to understand the change of their satisfaction rate in different types of temporary dwelling (Hao-
Cha=56 sample, Jia-Lan=46 sample). The data was collected by the co-author’s research center, National 
Science and Technology Center for Disaster Reduction, and analyzed by the author.  
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Category Quantities Profile 
Government officer 1 The county government officials in charge of the temporary 

housing policy 
NGO representative 3 The executive position managers who in charge of the temporary 

housing construction and negotiation with the government 
Resident in Hao-Cha 11 three community leaders, two religious’ leaders, one village 

representative, and five villagers with different social-economic 
background 

Resident in Jia-Lan 9 One community leader, one formal community leader, one 
community organization leader, and six villagers with different 
social-economic background 

Table 1: Interviewees' quantities and profile by category 
 
RESULTS AND DISCUSSION 
The history of the temporary housing policy in Taiwan 

On September 21, 1999, an earthquake of a magnitude of 7.3 struck the central part of Taiwan, destroying 
38,935 housings (Lai, 2019). The government adopted a temporary housing policy after most of the victims 
spent three weeks in makeshift shelters in tents, gyms, schools, and parks due to the extent of the typhoon 
damage. This was the first time for the government to operate a large-scale post-disaster relocation project, 
the project was based on cost sharing. The government offered several categories of assistance; (1) 30% 
discount on rental cost for government-owned social housing units. (2) Housing subsidies for renting 
apartments in the private market and (3) Constructed new temporary housing structures. The disaster victims 
chose according to their preferences according to the three categories (Peng, 2019).  

The project was implemented with collaborations from NGOs, and 5,854 units of temporary housing were 
constructed. These houses were layout in a linear configuration according to the shape of the piece of land 
provided. However, the layout was criticized for providing limited living space to residents. Hsu and Lin (2004) 
also stated that the housing layout varied according to the involved NGOs' design strategy and budget, which 
led to complaints of unfairness. Additionally, the temporary housing sites were located in remote regions far 
from the victims' original settlements and were scattered across multiple temporary settlements due to the 
government's hasty implementation (Peng, 2019). 

The implementation of the PDR projects after Typhoon Morakot was different in that the government took 
the lessons learnt from the 1999 earthquake into consideration where the government decided to have more 
discussions with the collaborating NGOs. Given that big international NOGs had been conducting several PDR 
projects overseas before and collected tremendous amounts of donation from the public (Hsieh, 2012), the 
NGOs play a decisive role in the decision-making process. An NGO official stated the following statement in 
a policy discussion meeting 

 

"We think that the temporary house is ideal, but this time we expect to prioritize the permanent house 
construction, because we have a huge construction team that can guarantee quick construction. Therefore, 
our ultimate goal is that the victims can move to permanent houses as soon as possible" (Feng, 2009). 

 

After the discussion, the government more clearly ratified the regulation that prioritized the permanent 
houses' construction. Meanwhile, the government also kept the new temporary housing option open upon 
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the request from the communities. Therefore, instead of constructing large-scale temporary housing units, 
the permanent housing policy had been prioritized in the Typhoon Morakot PDR project. The meeting's 
results encouraged the local government to utilize the pre-existed public facilities (such as the military base 
and the school building) as temporary shelters to avoid unnecessary costs and time in temporary housing 
reconstruction. 

The result clearly shows that during the discussion of temporary housing policy, the previous PDR 
experience, the limitation of government resource and time, and the opinion of the cooperated NGOs were 
some of the critical factors that determined the PDR temporary housing policy. The results indicate that the 
decision-making process was ad-hoc, lacking careful strategic planning. 

 

The living satisfaction of residents with temporary housing 

As mentioned before, the Hao-Cha community and Jia-Lan community are chosen for case studies given that 
Hao-Cha residents lived only in temporary shelters (refer to pre-existed public facilities in this research). In 
contrast, Jia-Lan residents experienced a stay at the temporary shelter as well as at temporary housing units 
(refer to newly built temporary dwelling in this research).  

The Hao-Cha tribe belongs to the indigenous ethnic group of "Rukai." Their pre-disaster settlement was in 
the Wutai Township, Pingtung County. On August 8, 2009, Typhoon Morakot caused rainstorms and a 
landslide in the New Hao-Cha settlement. Eventually, the whole New Hao-Cha settlement was buried under 
the earth. Therefore, the government immediately demarcated the residential area for victims. Because of 
the government's relocation policy, the Hao-Cha people were asked to evacuate to the Ai-Liao military camp 
as the temporary shelter. The Ai-Liao was an abandoned military camp and served as their temporary shelter 
before the residents moved to the Rinari settlement on December 25, 2010, which was the permanent 
housing settlement for the Hao-Cha people (Figure 2). Since the whole residential area was destroyed in the 
disaster, the Ai-Liao military camp was chosen to ensure the residents' safety. 

The Jia-Lan community belongs to the "Paiwan" and "Rukai" ethnic groups. Their pre-disaster settlement 
was in the Jinfong Township, Taitung County. Typhoon Morakot caused floods in the Taimali River in the 
southern part of the settlement, as a result of which 91 houses were washed away to the riverbeds. The 
residents quickly formed a community organization and set up tents in the local basketball court; they were 
later shifted to the government-owned temporary shelters (Malan Veterans Home). However, given the 
strong leadership and the well-functioning community organization, the community tirelessly negotiated 
with the Taitung country government to access the newly built temporary houses. The community's stand 
was that the residents needed to be together and live closer to the original settlement. Consequently, in the 
middle of December 2009, 50 temporary houses were completed (named as Jie-Da settlement), 
accommodating the affected Jia-Lan households. The temporary housing settlement was a five minutes' walk 
from the original settlement (Figure 2). Therefore, despite the short-term separation, the whole community 
got together after Jie-Da settlement was constructed. Since most of the original community facilities were 
not damaged, the residents could utilize those facilities during the stay in the newly built temporary housing 
unit. 
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Figure 2: The post-disaster moving trajectory of Hao-Cha and Jia-Lan community 

(The relocation order is numbered in the map) 

 

To understand the change in the living satisfaction of the two communities. The questionnaire survey was 
conducted which consists of five different perspectives: 1. Cooking, 2. Bathing, 3. Sleeping, 4. Privacy, and 5. 
Space Size. The satisfaction rate was measured through four parameters: 1 (very unsatisfied), 2 (unsatisfied), 
3 (satisfied), and 4 (very satisfied). The survey was conducted a month after the disaster (September 2009), 
a year after the disaster (August 2010), and two years after the disaster (August 2011). 

As shown in Figure 3, the post-disaster housing stages of the Hao-Cha and Jia-Lan communities are 
summarized along with the timings of the survey conducted phases. 

 

 

Figure 3: The post-disaster housing process with timeline 
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Survey One month after 
disaster (1st Survey) 

One year after disaster  

(2nd Survey) 

Two year after disaster 

(3rd Survey) 

Group Hao-Cha 
(N=56) 

Jia-Lan 
(N=46) 

Hao-Cha 
(N=56) 

Jia-Lan 
(N=46) 

Hao-Cha 
(N=56) 

Jia-Lan 
(N=46) 

Cooking 2.32 2.41 2.41 2.96 3.09 2.96 

t -0.5 -3.34** 1.65 

Bathing 2.3 2.48 2.34 2.91 3.09 2.87 

t -0.95 -3.3** 2.27* 

Sleep 2.09 2.17 2.13 2.89 3 2.93 

t -0.65 -8.9** 0.69 

Privacy 2.11 2.02 2.13 2.89 2.98 2.89 

t 0.63 -7.41** 0.87 

Space Size 2.09 2.02 2.13 2.89 2.98 2.91 

t 0.5 -7.2** 0.67 

Average 2.18 2.22 2.23 2.91 3.03 2.91 

 

*p≤.05;** p≤.01 

Table2: The Survey result  

 

To understand the divergence of the residents' satisfaction in each survey period, the Independent Sample 
t-Test is applied to analyze the survey result. The result is shown in Table 2. According to the survey result, 
one month after the disaster, when Hao-Cha residents lived in the Ali-Liao Military Camp while Jia-Lan 
residents lived in the Malan Veterans Home, the average satisfaction rate of the two communities did not 
indicate significant differences in the above-mentioned five perspectives. Moreover, the average satisfaction 
rate in both communities was relatively low.  

Regarding the survey result conducted one year after the disaster when Hao-Cha residents were still 
housed in the temporary shelter, Jia-Lan residents moved to the newly built temporary houses. The 
difference in the satisfaction rate between the two communities was significantly high in all five perspectives. 
As per the average satisfaction rate, Jia-Lan residents' satisfaction improved to 2.91, while the Hao-Cha 
residents' satisfaction remained low at 2.23. This result clearly indicates that the newly built temporary 
housing units were beneficial for the disaster victims. 

Two years after the disaster, Hao-Cha residents moved to the Rinari settlement, which was their 
permanent housing settlement, while Jia-Lan residents still resided in the temporary housing units. Typically, 
the living satisfaction of permanent housing is supposed to exceed the one in temporary housing. However, 
according to the result, apart from the bathing satisfaction rate, which showed a significant difference 
(t=2.27*), the remaining four perspectives did not show any change. Given that the Hao-Cha resident’s 
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evaluation of the permanent housing shows merely different from the Jia-Lan resident’s evaluation to the 
temporary housing, the “permanent” and “temporary” label is not the critical factor influence the 
satisfaction. However, the true factors need further investigation.  

Regarding the key-informant-interview results, the Hao-Cha residents stated that the abandoned military 
base did not have hot water, something which made bathing and cooking inconvenient. Because of the 
unsuitable spatial layout, residents did not have a private room or partitions to allowing them a semblance 
of privacy. The bed was double-layered and designed to accommodate the maximum number of people 
(Figure 4). Therefore, all residents complained that their privacy and sleep quality was affected. The other 
reason was the settlement location. The military temporary shelter site was remote and far from the original 
settlement, it makes difficult for the residents to adjust to the new lifestyle. These two reasons explain the 
low satisfaction rates during their stay in the Ali-Liao military camp. 

On the other hand, due to the active negotiation with the government, Jia-Lan residents successfully 
acquired access to the newly built temporary housing units (Figure 5). During the interview, most of the Jia-
Lan interviewees stated that they were satisfied with the living conditions in Jie-Da settlement. Each 
household was able to acquire one temporary housing unit. Therefore, the problem of household separation 
and privacy was avoided. Moreover, the temporary housing settlement was very close to the original 
dwellings. The residents stressed that they remained connected with their community even after the 
disaster. The community's unification helped residents consider a future in the relatively stable and satisfying 
temporary housing environment. 

 

  
Figure 4: Inferior living environment in Ai-Liao 

military camp (Taiban, 2016) 
Figure 5: Newly built temporary housing unit for Jia-

Lan community (Yang, 2012) 
 
 
 
CONCLUSION 
In conclusion, the post-disaster temporary housing policy, the decision-making had been greatly influenced 
by the previous experience and the cooperative stakeholder, especially the big international NGOs. As for 
the temporary living satisfaction of two communities, the quantitative data shows that the newly built 
temporary housing was superior to the pre-existed temporary shelter given the former had been evaluated 
much higher. Furthermore, the qualitative data shows that living convenience, privacy, and location selection 
might be critical to the divergence of satisfaction.  
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    This research suggests that the temporary housing policy decision-making process should consider the 
disaster victims' interests. A pre-established policy can prevent the ad-hoc policymaking consequence. The 
temporary dwelling planning should take account of the proximity between the original settlement and 
secure sufficient privacy and community facilities in the settlement. In COVID-19 scenario, same as this 
emergency response case, it is important to have well planned policy implementation, and at the same time, 
participation of community to improve the living environment safety and comfortability is essential.  

    Despite some critical limitations of this research, such as the limited interviewees and the unclear 
satisfaction-related factors highlighted in second year of the time-series survey. It clearly addresses some 
important implications regarding the post-disaster temporary housing issues. The research should 
consecutively focus on the cross-community comparison and research the core satisfaction determined 
factors to contain a more comprehensive result. 
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ABSTRACT  

Dujiangyan Irrigation District is located in the heart of the Chengdu Plain. Since ancient times, it has been 
the most economically developed area in the Sichuan Province and even the west of China. Historically, we 
created a sustainable and harmonious human settlement, especially in the rural areas, and it has shown great 
resilience and adaptability in dealing with natural disasters such as floods and droughts. However, with the 
acceleration of globalization and urbanization, the local communities in this rural area are increasingly facing 
different pressures of disturbance and change. This study analyses the environmental and socio-economic 
resilience of three communities in this area, by spatial data collection and analysis, as well as questionnaire 
interview. The results show that due to the centralized resettlement policy, the ecological pattern and 
landscape heterogeneity of some villages have been broken. Moreover, urbanization has also reduced social 
economic resilience of rural communities, such as household livelihood, age, structure and social network, 
etc. At last, a strategic framework for community resilience planning is proposed in this paper. During the 
COVID-19 crisis, community resilience to withstand and recover from the COVID-19 outbreak has become a 
topical issue for addressing the pandemic, and other disturbances in society. 

 

Keywords: community resilience, social-ecological system, environment, socio-economy, China. 

 

 
 
INTRODUCTION 

Resilience is the capacity of a system to absorb disturbance and still retain its basic function and structure. 
This sounds like a relatively straightforward statement but when applied to systems of humans and nature it 
has far-reaching consequences. 

As our society grows more complex and the environments become less certain, it is increasingly difficult 
to make our social, economic, and ecological systems sustainable. Especially, our living city and urban areas 
as a complex social-ecological system, they are vulnerable to disasters, climate changes and other 
disturbances. We have to admit that there are “shocks” that may cause systems to fail, and be prepared to 
recover from the failure. We call the ability to withstand these shocks and recover from the failure resilience. 
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As a result, it is the right time to discuss resilience within the context of planning practice.This paper focus 
on the community resilience in rural Chengdu Plain, which has sustained over 2,000 years of both flourishing 
urban culture as well as probably the highest per-hectare regional production of grain and one of the most 
densely populated agricultural landscapes in China, especially considering its spatially dispersed settlement 
pattern (linpan). 

In what follows, we first introduce the background of Sandaoyan town and sample villages where 
fieldworks were conducted. We then report the fieldwork results of how the situation of environmental and 
socio-economic resilience, followed by a discussion of the problems faced by the community in rural China. 
At last, a strategic framework for community resilience is proposed. 

 
 
METHOD 

Based on the social-ecological systems resilience theoretical framework, this survey mainly consists of two 
parts: spatial data collection and questionnaire interviews. In this way, research can be conducted from two 
dimensions of environmental and socio-economic resilience. Community-scale case studies of spatial 
morphological and household socio-economic variants on the regional trend help to articulate what is at 
stake. 

Study Areas 

Sandaoyan Town is located in the suburbs of Chengdu, 6 kilometers north of Pidu County center (Figure 1). 
At the same time, it is also the originally essential area in Dujiangyan Irrigation District, so it is a beneficial 
study case and area to reflect the current status of community resilience in rural Chengdu Plain. This town 
covers an area of 18.26 square kilometers, governs 8 villages (communities), and has a permanent population 
of 24,000. In this paper, three villages are selected from this town as the survey object, which named Paotong 
(A), Qingta (B) and Qinggangshu (C). 

 

 
Figure 1: Location of study areas in Chengdu, Sichuan, China. 
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Fieldwork Methods 

In landscape ecology, scale plays an important role in determining spatial patterns. Three scales were studied 
in each administrative village to evaluate measures of landscape structure that serve as indicators of 
community resilience. For the purposes of this paper, it was not possible to study community resilience at a 
broad landscape scale. Instead, scale was chosen as village scale, intermedieta scale and sample scale (Figure 
2). 

We conducted filed spatial data collection in July, 2017, which was guided by some indicators. This part 
was to survey the environmental resilience of the community from a spatial perspective.  At the same time, 
we also conducted semi-structured interviews, which aimed to understand the socio-economic resilience of 
the community. A total of 118 households (32 in Paotong, 38 in Qingta and 47 in Qinggangshu) were 
interviewed, with the male householder as the interviewee but in a few cases other family members were 
also involved. Each interview lasted for 0.5-1 h, with questions regarding the household livelihood, income 
and expenditure, education, etc. Additionally, we also interviewed the heads of the town and villages to 
understand the overall conditions of the rural communities. In a all, the entire field survey is guided by the 
indicators in the Table 1. 

 

 
Figure 2: Study communities in the different scales. 

 
 Scale Indicators Measures 

Spatial data 
collection 

Village Land use (%) Official arable land, Farmland, Forest land 

Intermediate 

(neighbor 
distance) 

Dwelling  

dispersion 

Total # dwellings, Total # Residential patches 

Mean area of Residential patches 

Average # dwellings per residential cluster 

Range of # dwellings per residential cluster 
(min. –max.) 

Sample Landscape 
heterogeneity  

Total # Fields,  Mean area of fields (m2) 

Total # Linpan, Mean area of Linpan (m2) 
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(400m x 
300m area) 

Crop diversity and 
food production 

Total # main crop types 

Average # crop types per field 

Questionnaire 
interviews 

Village Social economy Total # households 

Average annual income (RMB) 

Average past-12-month expenditure (RMB) 

Age structure, Family structure 

Education, Social network 

Table 1: Indicators and measures of community resilence in this study. 
 

RESULTS AND DISCUSSION 

Community Environmental Resilience 

Village scale 

The village scale is defined by the administrative boundaries of the village. This scale is used to observe 
broader scale land use composition and configuration. From Figure 3 and Table 2, it can be intuitively 
reflected that Paotong and Qingta have a higher proportion of farmland and forest land, while Qinggangshu 
is lowest.The reason is that the northern part of Qinggangshu is largely used for centralized construction, 
actually it is tourism. Although the development of rural tourism can help improve the rural building 
environment and infrastructure, the urbanization process of large-scale construction land and road 
hardening brought some damage to traditionally ecological space of the village, which will make it difficult 
for the village to have enough environment to buffer the disturbance caused by the disaster when responding 
to floods or extreme climate changes.  

 

 
Figure 3: Land use of three villages. 
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 Paotong Qingta Qinggangshu 

Official arable land 79% 64% 70% 

Farmland 52.02% 65.92% 22.55% 

Forest land 43.97% 24.43% 11.36% 

Table 2: Land use of three villages. 

 

Intermediate scale 

For indicators of settlement pattern and measures such as nearest neighbor distance between houses, a scale 
named intermediate area between the sample area and village scale was used.  

Patch size (area) is the average size of patches of a particular land use type. Patch area is perhaps the 
single most important and useful piece of information that can be obtained from a landscape analysis. Patch 
number is the total number of patches in a given land use, and this is a measure of landscape configuration. 
From an ecological perspective, more patches in a single land may assure redundancy within a landscape, 
thus reducing the risk of loss due to disturbances such as a pest outbreak, flood or drought. 

As can be seen from Table 3, the mean area of residential patches under the intermediate scale of 
Qinggangshu are significantly larger than those of Paotong and Qingta, while the number of residential 
patches in Qinggangshu was lower than that other two villages. Due to the policy of centralized resettlement, 
the dwelling dispersion of Qinggangshu show a concentration and homogenization trend. Although from the 
perspective of rural society, centralized resettlement is conducive to the efficient allocation of infrastructure 
and the sharing of public resources, but large-scale residential patches intensify the instability of regional 
ecosystems and weaken the environmental resilience of rural ecosystems. In contrast, the dwelling 
dispersion of Qingta shows the characteristics of moderate scale in number and size, which greatly supports 
the community resilience in the dimension of environmental ecology. 

 

 Paotong Qingta Qinggangshu 

Intermediate scale AI 1 AI 2 BI 1 BI2  CI 1 

Total # dwellings 140 104 352 367 293 

Total # Residential patches 54 65 109 126 20 

Mean area of Residential patches 466.32 625.04 322.05 315.69 3971.5 

Average # dwellings per 
residential cluster 

1.93 2.15 3.23 2.91 14.65 

Range of # dwellings per 
residential cluster (min. –max.) 

7-1 9-1 13-1 11-1 36-4 

Table 3: Dwelling dispersion of three villages in the intermediate scale. 
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Sample scale 

Sample areas were chosen to gain a better understanding and representation of land use, particularly the 
spatial relationship between agricultural fields and other land use types. This scale offers a proxy for the 
landscape heterogeneity and crop diversity. 

In western China, the landscape is distinguished by the irrigation system’s near absence of dams and 
levees, as well as a peculiar dispersed-but-densely populated pattern of settlement, consisting of small 
clusters of forest-and-bamboo-shaded dwellings called linpan. Locals value linpan for its cultural and 
ecological significance, a socio-ecological system that has persisted for thousands of years.  

From Table 4 and Figure 4, Qinggangshu residents incurred significant trend to outfit their new houses as 
rural tourism guesthouses and had less field and linpan now. In the mean time they had given up all individual 
control over farm production. Paotong and Qingta, on the other hand, left the basic landscape structure 
intact and continued to use their land primarily for agriculture, but they maintained a more diverse mix of 
crops, including significant grain and food produce as well as ornamentals. Their heterogeneity and diversity 
reveal further challenge to continuing resilience in the linpan landscape. 

 

 Paotong Qingta Qinggangshu 

Sample scale AS 1 AS 2 BS1 BS2 CS 1 CS 2 

Total # Fields 87 207 184 92 11 42 

Farmland (%) 29% 70% 69% 67% 15% 45% 

Forest land (%) 50% 25% 10% 17% 22% 19% 

Residential land (%) 16% 3% 20% 13% 1% 13% 

Total # Linpan 10 7 8 5 0 5 

Mean area of Linpan (m2) 37079 7014 14717 6892 0 1836 

Total # main crop types 7 7 7 9 3 3 

Average # crop types per field 2.46 2.53 2.78 3.81 1 1 

Table 4: Landscape heterogeneity of three villages in the sample scale. 

 



Vulnerable Resilient and Climate Justice Communities 

 

 
243

 
Figure 4: Land use of three villages in the sample scale. 

 

Community Socio-economic Resilience 

Income and expenditure 

For income, Qinggangshu and Qingta have higher income than Paotong, because of land transfer and more 
non-agriculture works. But for expenditure, Qinggangshu is also much higher than two others because of 
investment on tourism facility. And for Qingta, its household income profiles reveal further challenge to 
continuing resilience in the economic life (Table 5). 
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 Paotong Qingta Qinggangshu 

Total # households 32 38 47 

Average household annual income (RMB) 13,000 73,000 60,000 

Average household past-12-month 
expenditure (RMB) 

9000 23,000 68,000 

Table 5: Household  livelihood of three villages.  

 

Age structure 

The age structure can reflect the social resilience of the community in terms of human capital. More young 
age structure can support capacity to cope and adapt to various fluctuations and change. In general, the 
majority of three villages is middle age between 40-60, but Qinggangshu have more young adults than the 
other two (Figure 5). This age structure reflects that new village construction and industry development due 
to the land transfer, attracting more young people to return and work on tourism, commerce or service in 
the village without work outside. 

 

Family structure 

From the comparison of the size of the family in Figure 6, it can be drawn that there are a large proportion 
of nuclear family (small family) composed of 3 to 4 people in Qinggangshu and Paotong. Conversely, in 
Paotong, large family with 4 to 5 persons or more are the majority. Family size and structure can not only 
reflect the social and economic level of the village, but also affect the stability of the rural social ecosystem 
to a certain extent. Generally, the existence of extended families is associated with low productivity levels. 
Therefore, a family with reasonable structure is a basic social organization to support community resilience. 

 

Education 

The level of family education is also one of the important socio-economic indicators that supports community 
resilience. Education will not only play a vital role in the social development of the village, but also affect the 
villagers ’knowledge and abilities to adapt and respond to natural disasters. In general, the education level 
of three villages is relatively low, most of the villagers have primary or junior school education, proving that 
the villages are traditional and agricultural. Among them, Qinggangshu have more educated people (Figure 
7). 

 

Social network 

In terms of social network, we add a question on whom to ask for help when villagers meet troubles like 
borrowing money, looking after kids or the old, or being in sick. The answers range from the family and 
adjacent neighbor to friends in the village, in the town or farther. This question to some extent can indicate 
the adaptive and social self-organization ability of a community. The results show that three villages have 
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most network confined to family and neighbour. Comparing the other two, Paotong has the smallest scope 
while the other two can reach farther (Figure 8). 

 

 
          Figure 5: Age structure of three villages.                                                          Figure 6: Family structure of three villages. 

 

 
Figure 7: Education of three villages.                                    Figure 8: Social network of three villages. 

 

Summary of Results 

According to the analysis, among the three sample villages, Qingta has the best environmental resilience due 
to the moderate settlement size, pattern of linpan and high landscape heterogeneity and biodiversity. On 
the other hand, because of the centralized resettlement and the construction of rural tourism in 
Qinggangshu, centralization and homogenization has destroyed the original ecological spatial pattern of the 
village to a certain extent. 

In terms of socio-economic resilience, it is not easy to evaluate Qingta or Qinggangshu which is better, 
but it could be said that Paotong is the worst one. It showed some problems of traditional Chinese villages 
when them faced with urbanization, for example, The aging of villagers and the decreasing in youth. Many 
young people go out to work in cities and towns for higher income, leaving only old people in the village. 
Additionally, simplification of land use, livelihoods and social network also give some damage to the socio-
economic resilience of community in rural China.  

 

CONCLUSIONS 

Since the 21st century, with the acceleration of the wave of globalization and urbanization, China's cities and 
villages are facing many risks and challenges. The rapid evolution of the rural community in China is a spatial 
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representation of the agglomeration of economic factors, the flow of population resources, and the 
dualization of the urban-rural system during the rapid urbanization process. The spatial differences in the 
urban-rural regional relationship have led to different rural populations and land evolution. So, this is a good 
case to understand the real situation of community resilience in rural China. 

Firstly, ecological space structure, moderate settlement size, pattern of linpan, and high landscape 
heterogeneity and biodiversity promote the sustainability of rural ecosystems and support environmental 
resilience in this local area. Then, rural areas in China are vulnerable to modernization and urbanization, and 
local communities show poor adaptability in terms of age structure, livelihood and social network, etc. Now, 
institutional planning and policies are needed to rebuild the socio-economic resilience of rural communities. 
Finally, based on this case study, considering the characteristics of resilience, the strategic framework for 
community resilience is proposed (Figure 9) . 

 

 
Figure 9: A strategic framework for community resilience. 

 

Resilience has emerged as a system-based concept that explains how systems respond to shocks. During 
the COVID-19 crisis, community resilience to withstand and recover from the COVID-19 outbreak has become 
a topical issue for addressing the pandemic. Some cases show community self-help and mutual support have 
become critical to the survival of many individuals, lending a lifeline to some of the most vulnerable 
populations in our society.  Enhancing community resilience has to be adopted to decrease vulnerabilities in 
urban system and achieve sustainable development. So, It needs further explore the implications of building 
community resilience to address disturbances and crisis like the Covid-19 pandemic. 
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ABSTRACT  

This work aimed to explore a novel method for augmenting the fresh water production rate of solar stills (SSs) 
through utilizing nanoparticles of  reduced graphene oxide (rGO) and copper oxide (CuO) mixed black paint 
coating on absorber to  increase the solar absorption and evaporation rate. The three types of SS with 
absorber plate only coated with black paint (CSS), absorber coated with rGO doped in black paint and 
absorber coated with CuO doped in black paint (SS-CuO) were fabricated, and investigated under Indian 
climatic conditions. The obtained results showed that the daily water productivity was enhanced by 11.8 % 
and 6.3 % for SS-rGO and SS-CuO, respectively in comparison to that of CSS. Moreover, the efficiency of the 
SS reached about 39.9 % for SS-rGO; while, it reached about 38.1 % and 35.7 % for the SS-CuO and CSS. 
Moreover, it is perceived that the proposed SS with rGO coated absorber has reduced 13.19 tons of CO2 
emissions for 0.01 m water depth during its life cycle. In addition, quality of water samples achieved from 
experimental investigation is suitable for drinking purposes and also meets the requirements of the Indian 
Council of Medical Research. 
 
Keywords: Clean water, Solar Desalination, Energy storage material, Environment-economic, Water quality  

 
 
 
INTRODUCTION 

Globally, mankind is facing enormous challenges in meeting increasing demands of fresh water as the clean 
water resources are shrinking due to the growing population, industrialization and severe environmental 
changes. Increasing population and rapid industrial growth is creating severe concern on the objective of 
achieving SDG-6 (Sustainable Development Goal, Clean Water and Sanitation). Moreover, the water scarcity 
can be handled very proficiently if it is sensibly conserved, properly managed and very carefully distributed 
with the potential knowledge concerning the import of water. The polluted water contains injurious bacteria 
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and viruses; chemical and physical toxin suspended and undisclosed matters which are injurious to health. 
Therefore, it is compulsory to explore the process of converting brackish water, contaminated freshwater, 
industrial wastewater, and sea water into clean water. Different techniques such as reserve osmosis, cleaning 
by UV, flash distillation, membrane distillation, and ion exchange are widely used for converting the brackish 
water into clean water. However, most of these technique uses high end energy and expensive. Water 
purification through utilization of solar energy i.e. solar distillation is the most viable and economic option 
for producing clean water especially in the rural areas (Thakur et al. 2020 c; Thakur et al. 2018 b; Kumar 
Thakur and Kumar Pathak 2017). This method is widely adopted for achieving the objective of SDG-7 
(Affordable and Clean Energy) in most proficient way. In tropical countries like India, the average daily solar 
radiation varies between 4 – 7 kWh/m2 with an average 250 - 300 sunny days in a year and therefore, the 
country receives about 5000 trillion kilowatt-hours of solar energy a year. With the abundant availability of 
solar radiation, solar still (SS) is considered to be the most effective technique for solar desalination process 
due to its wide-ranging advantages such simple construction using local low-cost material, lower 
maintenance cost and ease of operations. However, the main limitation of SS is low productivity of distilled 
water as compared to other distillation methods. Different type of SS such as passive, active, concentrated 
type, flat plate type, multi-stage and the hybrid designed still are developed and invested for augmenting the 
water productivity of the device. Higher water yield of the SS can be achieved by enhancing the heat transfer 
process through suitable working fluid with enhanced thermal transport properties and it can be further 
improved by the dispersion of the nanoparticles with base fluid in the basin of the SS. Generally, 
nanoparticles possesses unique physical-chemical properties such as higher thermal conductivity and 
excellent solar intensity absorption characteristics. Kabeel et al. (2014) experimentally evaluated the 
performance of the solar still using CuO and Al2O3 nanoparticle and reported significant increment in fresh 
water production. Thakur et al. (2018 a) developed a novel Al2O3 nanoparticle coated SS and achieved the 
improved water yield of 17.5 % compared to the conventional SS. With the dispersion of Al2O3 nanoparticle 
in the coated basin, the yield further augmented by 24. 3 %. Sharshir et al. (2018)   fabricated a modified 
solar stills (MSSs) and studied its yield using graphite and copper oxide (CuO). Results showed that the daily 
water yield of MSSs was increased by increased by 32.3 % (CuO) and 41.2 % (graphite) compared to the 
conventional SS.  Thakur et al. (2020 b) explored the role of various energy storage material such as black 
granite, metal scrap and Al2O3 nanoparticle on performance of single basin SS. Authors reported that highest 
water yield was exhibited by Al2O3 (33.5 % compared to conventional SS) nanoparticle amongst all the storage 
medium. In addition, daily efficiency was found to be maximum of 33.6 % using Al2O3 in basin.  

It has been inferred from the above literature that nanoparticle dispersion improves the yield and 
efficiency of solar stills. However, the major issue is stability of the nanoparticle with the base fluid along 
with its high cost. In addition, majority of the literature examined the stability of nanofluid just for the period 
of their experimentation. In this view, an alternative cost effective methods should be developed to 
overcome the aforementioned limitation of SS. Hence, the present work aims to explore the role of 
carbonaceous and metallic nanoparticles coating on the absorber of SS and evaluate the water yield and 
energy efficiency of the SS under the climatic conditions of Jaipur, India (26.9124˚ N latitude, 75.7873˚E 
longitude). In addition, the carbon credit earn and the quality of distilled water will be evaluated. 
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METHOD 

Experimental setup and observations  
Three different solar still were fabricated: SS with only black paint coated absorber, SS with reduced graphene 
oxide (rGO) nanosheets (2 wt. %) mixed in black paint coated absorber and the SS with copper oxide 
nanoparticle (2 wt. %) mixed in black paint coated absorber. Figure 1 shows the photographic view of 
experimental scheme and Figure 2 shows the dimensions of solar still. The inside surface of solar still was 
made from 1.2 mm thick mild steel sheet and the basin area of the solar still was 1 m2. The vertical height of 
solar still was 0.65 m and 0.235 m and the length of the solar still was 1 m. The absorber plate of solar still 
was made by mild steel sheet of 1.2 mm thickness and all the side walls and the basin of the solar still are 
insulated by thermocol of thickness 3 cm and bounded by wooden box   2 cm thick plywood to shield the 
side’s heat loss to surrounding. Inclination angle of glass surface is the most important factor affecting the 
received solar intensity and thus, very important in determination of fresh water yield. Inclination angle of 
26° towards the south, which is the similar to the experimental site latitude has been given to the glass cover 
in order to make sure that solar still captures maximum average radiations during the year. The experimental 
analysis was performed in Jaipur, Rajasthan, India (26.9124˚ N latitude, 75.7873˚E longitude) from 8.00 am - 
5.00 pm. 
 

 
Figure 1: Photographic view of experimental setup 

 

 
Figure 2: Dimension of the solar still 
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To compare the yield production and thermal performance of conventional solar still and modified solar still 
with nanoparticles coating; ambient temperature, glass temperature and water temperature and distilled 
water productivity are measured for each one hour. The temperatures are measured by using K- type 
thermocouple and multi point data recorder (Thermocouples reader). A pyrometer is used to measure the 
solar radiation. The comparative performance of both the conventional solar stills and modified solar still is 
analysed at the water depths of 0.01 m for different nanoparticles-based absorber plate. 
 
UNCERTAINTY AND ERROR ANALYSIS  
In this study, based on the range, precision and inaccuracy of the devices have been illustrated in         Table 
1, and the uncertainty in the present study (uet) is calculated in Eq. (1) (Thakur et al. 2020 a) as follow: 

2 22 2

1 2 3
1 2 3

     .  .   .   .    . net
n

et et et et
u u u u u

x x x x

                                         (1) 

where, n is the numeral of variables, and u is the measuring apparatus standard uncertainty. 

 

Apparatus Precision Range Inaccuracy  

Digital thermometer ± 1 ℃ 0 - 100 ℃ 0.03 

Pyrometer ± 25 W/m2 0 - 1500 W/m2 0.01 

Thermocouple ± 0.1 ℃ −100℃ - 150 ℃ 0.003 

Measuring pot ± 1 ml  0 - 1000 ml 0.05 

Table 1: Description of measurement instruments 

 
 
THERMAL MODELLING OF SOLAR STILL 
 
Radiative heat transfer  
The rate of radiative heat transfer from water surface to glass cover can be given as  

 , ,r bw r bw bw gq h T T                                     (2) 

Rate of heat transfer coefficient through radiation is given by 

   22

,    . 273 273 546r bw eff bw g bw gh T T T T            
          (3) 

Where, Stefan-Boltzmann σ = 5.6 × 10−8 W/ m2 K4   and the water surface and glass cover are regard as to be 
parallel surfaces, so the effectual emissivity (eff) is considered to be 1.  
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Convective heat transfer 

Heat exchange inside the single basin still occurred due to free convection. This is a direct result of buoyancy 
force and thus convective current has been generated and it circulates from water basin to the glass surface. 
Subsequently, the convective heat transfer from basin water to glass cover is given by  
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    (4) 

 

Evaporative heat transfer  

The rate of heat transfer from the basin water to the glass cover can be given as 

 , ,
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         (5) 

The evaporative heat coefficient is given by  

3
, ,16.273 10  bw g

e bw c bw
bw g

P P
h h

T T


 
   

  
        (6) 

The total inner heat transfer coefficient from the water surface to the condensing cover is given by 

1 , , ,bw c bw r bw e bwh h h h    

Efficiency of solar still is given as 
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RESULTS AND DISCUSSIONS 

The SS receives solar energy, which is used to heat the water inside the basin, that inturns increases the 
evaporation rate. The evaporated vapor is condensed on the inner glass surface, drips down due to gravity 
and collected in a beaker. Figure 3 shows the recorded ambient temperature and solar radiation during the 
experimentation. The maximum solar radiation of 970 W/m2 was observed at 1.00 pm and the average solar 
radiation throughout the day was 672 W/m2. In addition, the peak ambient temperature of 37.1 °C was seen 
at 1.00 pm. 
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Figure 3: Solar radiation and ambient temperature 

 
Heat transfer analysis of SS 
The hourly evaporative, convective and radiative heat transfer coefficients for conventional solar still with 
only black paint coated absorber (CSS), solar still with rGO coated absorber (SS-rGO) and solar still with CuO 
coated absorber (SS-CuO) are shown in Figure 4 (a-c). As seen in Figure 4 (a), the evaporative heat transfer 
coefficient of a conventional SS ranged from 2.23 to 37.93 W/m2 K, whereas it was           4.42 - 39.37 W/m2 
K and 3.86 - 43.44 W/m2 K for SS-rGO and SS-CuO, respectively. The augmented heat transfer is achieved 
mainly due to the higher temperature of the coated absorber plate as compared to a conventional absorber 
plate.  
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(b) 



 

 

 

256 

 

Figure 4:  Heat transfer coefficients (a) evaporation, (b) convection, and (c) radiative 
 
Moreover, the radiative and conductive heat transfer coefficients values of nanoparticles coated absorber 
plate showed significantly improved values compared to the conventional SS, owing to significantly higher 
absorptivity of solar radiation by black paint mixed metallic particles coated on the absorber plate. Figure 4 
(b-c) showed the convective and radiative heat transfer coefficient for three SSs.  The higher absorbed solar 
radiation helps to increase the absorber plate temperature, which leads to a higher heat transfer rate from 
the basin to the glass surface. It was also seen from the results that higher thermal conductivity of rGO, 
compared to CuO leads to higher heat transfer and all the heat transfer coefficient values of rGO are higher 
as compared to the other cases. 
 
Temperature, freshwater production and energy analysis of SS 
The diurnal variations in the inner glass cover and basin water temperature of the SS with and without the 
coating of different nanoparticles are plotted in Figure 5 (a-b). As seen from the figure, the basin water 
temperature increases along with the inner glass cover temperature until maximum ambient temperature 
(usually occurred between 12 noon to 2 PM) and thereafter temperature starts reducing. The maximum glass 
and water temperature of CSS was found to be 54.9 ℃ and 62 ℃, respectively. Furthermore, the SS with rGO 
coated absorber showed higher temperatures compared to conventional SS, owing to the excellent solar 
absorption properties of rGO along with the higher thermal conductivity, which promotes the high 
temperature inside the basin. The highest glass and water temperature of 59.9 ℃ and 66.2 ℃ was noticed 
for SS-rGO, whereas it was found to be 55.4 ℃ and 64.2 ℃ for SS-CuO. This can be attributed to the fact that, 
CuO possesses lower than conductivity and solar absorption behaviour than that of rGO and the peak 
temperature across SS was shown by rGO. High absorption the rGO absorber leads to higher heat transfer 
rate from the absorber plate to the basin water, which helps to increase the evaporation rate of water and 
therefore, the higher temperature was noticed at the glass cover for SS-rGO. 
 

(c) 
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Figure 5:  Diurnal variations in the temperature of (a) water and (b) glass cover of SSs 
 

Figure 6 shows the fresh water yield of the SS with and without nanoparticles coating and the CSS 
yield was found to be 3.97 L/m2/day. With the coating of rGO and CuO on absorber, fresh water yield 
augmented by 11.8 % and 6.8 %, respectively. The nanoparticle coated absorber plate absorber higher solar 
radiation due to the lager area to volume ratio along with the inherent higher thermal conductivity of 
carbonaceous particles, which augment the rate of heat transfer of SS. This higher heat transfer leads to 
increase in evaporation rate and thus, augmented fresh water output was achieved. Figure 7 shows the full 
day efficiency of the SSs and it was found to 35.7 %, 39.9 %, and 38.1 % for CSS, SS-rGO and SS-CuO, 
respectively. It was concluded from above results that the rGO coating on the absorber plate plays a 
significant role in augmenting the temperature, which will leads to improved fresh water yield and full day 
efficiency.   
 

(a) 

(b) 
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Figure 6: Cumulative water yield of SSs 

 

Figure 7:   Full day efficiency of SSs 

 
Environmental and economic analysis  

CO2 mitigation and earned carbon credit have been calculated using environment-economic analysis. 1.58 
kg/KWh of CO2 was produced from fossil fuels in a typical coal power plant (Sharshir et al., 2020). The enviro-
economic analysis has been determined using following equations: 

Emission of CO2 emission throughout the lifespan of SS (kg) = ϵemb × 1.58   (8) 

here, ϵemb is the embodiment energy 

CO2 mitigation throughout the lifespan of SS (kg) = ϵout   × 1.58 × LS   (9) 
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here, LS is the lifespan of SS (10 years) and the yearly energy output (ϵout  ) is determined using following 
equation : 

3600
ss fg

out

m H
           (10) 

 

The net CO2 mitigation in tons throughout the lifespan of the SS is calculated using the following equation: 
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         (11) 

 

The carbon credit produced (CCP) by the entire system is determined using following eq: 

2 2,M CO COCCP N R           (12) 

The consequences of the environment-economic analysis for all SSs are tabulated in Table 2 and       Table 3. 
The total embodied energy of different SS components and various materials used in the present 
experimental studies is depicted in Table 2. The total embodied energy of conventional SS was estimated at 
about 241.4 kWh and in the case of all coated SSs, it was found to be 324. 7 kWh. The variations of mitigated 
CO2 and carbon credit produced for the entire lifespan of SSs i.e., 10 years is depicted in Table 3. It was seen 
from table that net mitigation of CO2 in the case of CSS, SS-rGO and SS-Cu were 10.96 tons, 13.19 tons, 12.08 
tons. It is interesting to note that the produced nanoparticles have significantly contributed towards the CO2 

mitigation and the lowest value was exhibited by conventional SS without any modification.  The maximum 
carbon credits produced were 134.86 USD for SS-rGO. It was reduced to 128.67 USD and 114.38 USD, 
respectively in the case of SS-CuO and CSS.  

 

SS components Materials 

 

Embodied energy (ϵemb)  (kWh) 

CSS                                Coated SSs 

Basin plate Iron 55.5 55.5 

Body frame Iron 138.8 138.8 

Glass surface Glass 25 25 

Insulation Thermocol 2.7 2.7 

Basin absorber plate 
coating 

Black paint 
(CSS) 

12.5 12.5 

Nanoparticles   - 83.3 

Seal and control valve Rubber 6.9 6.9 

Total embodied energy - 241.4 kWh 324.7 kWh 

Table 2: The embodied energy of several components of SSs  
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SS type CSS SS-rGO SS-CuO 

Annual yield, kg 1191 1329 1272 

ϵemb, kWh 241.4 324.7 324.7 

ϵout , kWh 654.55 867.68 797.03 

CO2 emissions, kg 381.41 513.02 513.0 

Net CO2 mitigation, tons 10.96 13.19 12.08 

CCP, USD 114.38 134.86 128.67 

Table 3: Environment - economic analysis of SSs 
 
 
Water quality analysis  

The quality of water samples before and after the distillation was compared as per the standard of Indian 
Council of Medical Research (ICMR) and presented in Table 4. All the parameters of the generated fresh 
water from the experiment was fairly suitable for drinking purpose by addition of some required minerals 
and also full-fills the ICMR standards. 

 

Parameters ICMR Standard Brackish water Distilled water 

Total dissolved Solids (mg/L) 500  610 50 

pH 7.0-8.5 7.31 7.2 

Total hardness (mg/L) 300 540 20 

Total alkalinity (mg/L) 200 140 10 
Calcium hardness (mg/L) 75 120 30 
Magnesium hardness (mg/L) 50 170 20 
Nitrate (mg/L) 20 44 2 
Fluoride (mg/L) 1 1.7 0.1 

 
Table 4: Water quality comparison with ICMR data 
 
 
APPLICATIONS OF DEVELOPED TECHNOLOGY DURING COVID-19 PANDEMIC  
During this COVID-19 pandemic, as there was complete lockdown in most parts of the world and it is advised 
to do regular and through hand wash for preventing the COVID-19. As a result, the access to clean water for 
different application including house hold and drinking has become very critical. The developed method can 
distilled the brackish water and it can full-fills the need of a small family with the utilization of complete 
renewable energy. As the majority of population in India still lives in village and with the abundant solar 
energy, this method of generating clean water will be very helpful for       in-house generation of fresh water. 
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In addition, with the extreme stress on water supplying agencies during this period, the developed 
technology will make the people self-reliable. 
 
 
CONCLUSIONS  
Single basin solar still with nanoparticle coated absorber plate was designed and investigated under the 
climatic conditions of Jaipur, India and the heat transfer coefficients, energy efficiency, environment-
economic analysis were evaluated. The following experimental outcomes can be concluded: 
 Nanoparticles coated absorber plate showed significant enhancement in all the three heat transfer 

coefficients, compared to the CSS and among the SSs, rGO coated showed the highest gain in heat 
transfer coefficients.  

 Maximum enhancement in glass and water temperature of 9.1 % and 6.7 % was showed by rGO coated 
SS, as compared to the CSS.  

 The full day yield/m2 of in the case of CSS, SS-rGO and SS-CuO were 3.96 L, 4.43 L, and 4.24 L, 
respectively, while the energy efficiencies were 35.7 %, 39.9 %, and 38.1 %. 

 The proposed SS with 0.01 m water depth in the basin has reduced 13.19 tons CO2 during its 10 years 
of lifetime. 

 The quality of water samples attained from experimental investigation is suitable for drinking purposes 
and also meets the requirements of the ICMR standards. 

 During the COVID-19 pandemic, there is extreme stress on water supplying agencies to full-fill the water 
need of large population under lockdown and the developed technology will make the population self-
reliable through purification and generation of fresh water in most sustainable and cost- effective 
manner.  
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ABSTRACT  

Urban stormwater problems are indisputable, many countries have suffered from such problems and will 
be exposed to greater threats due to urban sprawl and climate change. For controlling urban stormwater, 
conventional stormwater approaches rely on underground pipeline systems to drain stormwater away as 
soon as possible.  With people paying more attention to urban stormwater issues and environmental quality, 
multiple strategies which could be collectively called Sustainable Stormwater Management (SSM), have been 
proposed and implemented for solving different local stormwater problems, enhancing the natural water 
cycle and protecting receiving waters and aquatic habitats. This paper reviews the literature and describes 
how ecologically-based urban design (EBUD) interfaces and improves SSM during urban development. SSM 
covers planning and engineering aspects and EBUD plays an important role for keeping and mimicking nature 
and also sketching out the best plan for arranging SSM measures. EBUD provides stakeholders with a 
philosophy and guidelines from an urban design perspective for SSM development, spanning from 
stormwater mitigation and control to protection of the natural water ecosystem of the receiving water 
bodies. Subsequent research will use a case study approach to identify priority issues to address when 
formulating guidelines for EBUD in SSM.  

 
Keywords: Sustainable Stormwater Management, Urban Design, Ecological Wisdom, Resilience 

 
 
 
INTRODUCTION 

In many cities, urban stormwater management is commonly deemed to be an environmental problem and 
challenge for engineers rather than for urban planners and designers (Potter et al., 2011). The main reason 
for this is that the scarcity of urban surface area makes underground piped drainage systems become the first 
choice for draining stormwater (Cettner et al., 2013). Other social and environmental interests, such as urban 
landscaping, transportation systems and open space access, have to be compatible with any other ground 
surface system but not with underground drainage pipes (Cettner et al., 2013). Current measures of SSM are 
mostly at the ground surface, for instance, rain gardens, stormwater wetlands and grass swales. When urban 
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designers plan these measures into urban space, they must consider more environmental and social issues 
compared to planning for underground stormwater pipes. The main challenges of using EBUD to effectively 
implement non-structural and structural measures into urban areas, are shifting paradigms from strategic 
planning of stormwater control to multiple ecological objectives of stormwater design and adaptation (Wong 
& Brown, 2009). It means that urban stormwater planning and design should shoulder the responsibility for 
achievement of multiple objectives not just stormwater mitigation and adaptation, but also protection of the 
hydrological regime and dependent aquatic ecosystems of urban areas. The objective of this paper is to 
identify how EBUD plays an important role for keeping and mimicking nature and also for sketching out the 
best plan for arranging SSM measures. Subsequent research will use a case study approach to identify priority 
issues to address when formulating guidelines for EBUD in SSM. This study fits well with the focus of the 
conference - sustainable cities and landscape, because it aims to improve an urban design philosophy and 
guideline for sustainable development and delivers more ecological and sustainable outcomes, spanning 
from sustainable stormwater management to urban landscape conservation. 
 
ECOLOGICAL WISDOM OF FLOOD ADAPTATION FOR STORMWATER URBAN DESIGN 

There is a great example that shows how to use these urban design principles for stormwater and even 
flood resilience. Liao and Chan (2016) describe a flood adaptation paradigm which is called “amphibious 
ecology” from the Vietnamese Mekong Delta (VMD). Local people live with floods and have their own wisdom 
to face various troubles caused by floods, such as living in stilt houses and keeping transportation with boats 
and footbridges. The researchers advocate that modern cities should take lessons from the living-with-flood 
lifestyle from VMD. There is no scientific research for such ecological knowledge and wisdom, but all the 
flood resilience and adoption experience is passed down and concentrated by generations (Ehlert, 2012). 
Liao (2012) concludes that there are three key theories of urban stormwater resilience: response capacity of 
flood, timely adoption after each flood event and adequate preparation in subsystems. This experienced 
wisdom gives urban designers insight into how to improve local people's consciousness of flood risk for flood 
events is essential rather than blindly just using flood control infrastructure. Furthermore, flood control 
devices lead the public to produce a false illusion of security, and also maintaining and upgrading them always 
take years and money. 

From the aforementioned ecological wisdom from VMD, the three urban design principles for flood 
resilience which mentioned above could be further explained as: predicting, keeping watch and adopting 
urban stormwater approaches; urban designing with ecological procedures of urban stormwater; and raising 
public perception of stormwater dynamics (Liao, 2012). In urban areas, modern buildings are hard to simulate 
stilt houses, but Singaporean architects use “void deck” to achieve ventilation and flood adaptation. The 
ground floor of modern high-rise buildings may be designed as open space and only the main load-bearing 
structure stays there. This open space could be used for recreation and ventilation in dry-weather times and 
accommodate stormwater during flooding times. These types of buildings have great adaptation and 
resilience to urban stormwater events. However, compared to the simplicity of creating open space to detain 
stormwater, such construction is much more complex (Liao, 2012; Gill et al., 2007). Ground level open space 
creation may be impractical and expensive in some high density cities such as Singapore. From the earlier 
Emerald Necklace (Boston, USA, 1895) to the recent Qunli Stormwater Wetland Park (Harbin, China, 2009), 
these fantastic urban design works show how to use open space to mitigate, retard and purify stormwater 
based on urban ecological design principles; another extreme type is sinking square and an outstanding 
example is Water Square Benthemplein (Rotterdam, Netherland, 2014), the hard-paved sinking plaza could 
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become a big cistern for retarding and temporarily storing stormwater when urban floods happen (Silva & 
Costa, 2018). 

 
ENGINEERING RESILIENCE AND ECOLOGICAL RESILIENCE 

In the engineering aspect, resilience focuses on the ability to rapidly spring back from a damaged condition 
to the original condition when the pressure eases and the ability to swiftly recover becomes the central issue 
for engineering resilience (Wang & Blackmore, 2009). In ecological resilience, just the same as in engineering 
resilience, there is also a desire to have the ecology bounce back from the damaged condition. However, 
dynamic and multiple equilibria are the key characteristics of an urban ecosystem and it is hard to return to 
the previous condition (Scheffer et al., 2001). So, for ecological resilience, the ability to absorb disturbances, 
tolerant interfere and self-renewal, and holding a dynamic balance are the key issues, rather than recovery 
after damage like in engineering resilience (Holling, 1996; Scheffer et al., 2001). Holling (1996) accurately 
summarises the two types of resilience: these two resilience concepts are different and even contradictory; 
it is abnormal in engineering resilience if any change happens from optimal conditions while fluctuation 
within a reasonable range is an extremely conventional phenomenon for ecological resilience; low ecological 
resilience exists in elevated engineering resilience systems and vice versa. 

Engineering resilience for stormwater management means to help a city to be more resistant using 
stormwater control infrastructure (SCI) (including physical devices, construction and relative engineering 
technology) while considerable investment is made in engineering devices, and construction does not 
achieve favourable results and urban riverine ecosystems are degraded by artificial infrastructure (Liao, 
2012). Engineering resilience relies on SCI and the following limitations of SCI should be notable for policy-
makers, urban designers and engineers:  SCI always has a fixed capacity to take charge in a large area and 
centrally process stormwater, but the rigid construction is not enough to handle rapid urban sprawl and 
changing boundaries (Jones et al., 2012); SCI’s efficiency is not stable and reliable because of some unsteady 
factors such as erosion and damage to facility performance by uncertain natural factors and untimely manual 
maintenance (Smits et al., 2006); social injustice is caused by SCI because it is always concentrated in urban 
areas and costs a mass of funds, while rural areas also suffer from floods and these areas are always ignored 
(Smith & Ward, 1998); SCI has a significant impact on natural ecological systems and hinders and influences 
the natural water cycle (Tockner et al., 2008).  

In addressing urban stormwater problems, urban designers should help modern cities to transform 
conditions from engineering resistant cities to ecologically resilient cities. Also assisting urban areas to shift 
the stormwater paradigm from stormwater control to stormwater resilience and adaptation will create a 
gigantic social challenge for urban designers – the existing stormwater control and management structure is 
tough to shake up (Liao et al., 2016). “The associated technologies, management practices, legal frameworks, 
and social perceptions have coevolved to stabilize one another” (Pahl-Wostl 2006), all these structures need 
to be improved gradually. 

 
ECOLOGICALLY BASED URBAN DESIGN 

Applying EBUD for stormwater management, the core philosophy is “ecological wisdom”. An ancient Chinese 
philosopher Laozi (571 BC-471 BC) gave his point of view for ecological wisdom: “human follows the earth; 
earth follows the universe; the universe follows the nature; the nature follows only itself” (Wu, 1961, p.35). 
Naess (1973) defines ecosophy (the origin of ecological wisdom) as “a philosophy of ecological harmony or 
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equilibrium” and ecosophy is more correlated with individual philosophy; Xiang (2016) conceives 
ecophronesis as “the master skill par excellence of moral improvisation to make, and act well upon, right 
choices in any given circumstance of ecological practice”. After years of development, ecological wisdom has 
become an amalgamation of ecosophy and ecophronesis and covered individual and public values (Xiang, 
2016).  With regard to EBUD concept for stormwater issues, one of the fundamental research direction is 
developing sustainable and green drainage-related urban design concepts, such as LID, WSUD and LIUDD, to 
mitigate stormwater by using structural and non-structural measures (Mascarenhas & Miguez, 2002). 
Through constructing multifunctional urban landscapes and normalizing sustainable development standards 
(Barbedo et al., 2014), EBUD-SSM provides urban planners and designers with new concepts and guides to 
improve urban resilience and rehabilitate natural water cycle. EBUD principles to mitigate and adapt 
stormwater issues need to lead the whole stormwater management sector. Urban planners, urban designers 
and landscape architecture should take more responsibility for urban stormwater management, using urban 
design principles to give urban stormwater management a clear plan and blueprint and applying ecological 
wisdom in planning and design to mitigate and adapt stormwater rather than blindly utilizing engineering 
measures and concepts, constructing engineering devices and systems to control stormwater rigidly. 

There was an interesting and meaningful experiment within Copenhagen, where researchers recruited six 
teams of professional landscape architects and let them plan and design a school and neighbourhood area 
of approximately 30 ha, for stormwater management by using the Sustainable Urban Drainage Systems 
(SUDS) (Backhaus and Fryd, 2012). The researchers wanted to identify the challenges and difficulties that 
designers confront when planning and designing stormwater management by using one of the green 
stormwater approaches (Sustainable Urban Drainage Systems) from the perspective of landscape architects. 

Two-week workshops demonstrated that designers could provide urban stormwater management within 
a good framework to integrate various aspects of stormwater planning and design. Moreover, landscape 
architects identified the challenges they faced when making a plan and designing for the site, and these gave 
future research clear and targeted missions. The challenges were mainly from three categories: research 
deficits, collaboration, and practice. Knowledge and research deficits mainly lie in the aspect of dimensioning, 
water quality, biodiversity, and economy. For example, with respect to biodiversity aspects of green 
stormwater planning and design, the suitable vegetation selection and form need more in-depth research; 
to economic parts, the detailed data and information of established stormwater planning and design projects 
should be collected and this could provide precious experience and knowledge for future plan. In hydrological 
aspects, the stormwater data of short return periods and dimensioning outlines the need for revision and 
enhancement that makes it easier for designers to recognize. The challenges from the collaboration are 
mainly because there is estrangement between different research fields, especially between engineering and 
urban planning & design. During their research, they found that urban planners, urban designers and 
landscape architects should be the leaders in the urban stormwater management process instead of the 
engineers who are currently leading it. The chief reason why planners and designers should be at the leading 
position is that planners and designers could have a more general overview than other professionals and 
integrate different research departments and knowledge, such as engineering, botany, and hydrology. The 
results of six teams showed approval for the special role of planners and designers in urban stormwater 
management because urban planning and design approaches reflect powerful and unique abilities to solve 
many problems in urban stormwater management processes, and also in establishing and refining urban 
design guidance for stormwater management as a top priority. 



Water and Wastewater 

 

 
267

Some regional and central government agencies have woken up to the important role of urban planning 
and design in urban stormwater management. But shifting the paradigm from traditional stormwater 
drainage and current engineering dominated green stormwater management to ecologically-based 
stormwater planning and design as the leader of the whole urban stormwater planning, design and 
management, is still hindered by some factors. Too many factors are correlated to urban planning and design 
and usually stormwater planning and design is not considered as the most important specialisation for urban 
planners and designers (van Herk et al., 2011); other barriers include growing uncertainty of stormwater 
issues by climate change and human activity (Milly et al., 2008), the lack of awareness and understanding of 
the efficiency of urban design and planning in urban stormwater management, and unsound mechanisms 
and standards of urban stormwater planning and design (Adger et al., 2005). 

Another typical and successful example was conducted in the Netherlands. Van Herk et al. (2011) point 
out and reveal the key position of urban planning and design frameworks in urban stormwater management 
procedures. The researchers carried out the study from the perspective of a social learning framework of 
urban planning and design, the framework is called: Learning and Action Alliance (LAA). The framework is 
implemented and tested in The Netherlands and the LAA positively supports an integrated approach for 
stormwater planning and design in two case studies. Most of the interviewees reported that the LAA of 
stormwater planning and design made great improvements for three joint activities: stormwater analysis, 
cooperative stormwater design, and governance. The new framework confirms that an effective urban 
planning and design guide is very helpful for urban stormwater management. It could not only address the 
fundamental problems, optimize stormwater solutions and stimulate policy, but also create convergence of 
the scattered urban stormwater segments to form a system of overall planning and design. 

 
DISCUSSION 

Sustainable and green stormwater management in urban areas requires unified and coordinated 
approaches of engineering and ecologically-based urban planning and design. The intensive and deep-delving 
collaboration between urban designers and institutions is critical for sustainable and green stormwater 
planning, design and management. Currently, too much engineering focus leads urban stormwater 
management to the extremes and unbalanced development exists between structural measures and non-
structural measures. Physical devices have been technologically advanced (e.g., rain gardens, retention 
ponds, living roofs, vegetated trenches) and corresponding practical guidelines for these techniques also 
have been well established. Unfortunately, compared to rapid engineering improvement, urban design 
aspects of stormwater management have often been ignored in many engineering-led projects and research 
(Costa et al., 2015). Technological aspects are almost no problem, while the main obstacles for SSM in urban 
areas are organized planning and design, public awareness, and social performance (Hoyer et al., 2011). In 
urban planning and design circles, it is very common for urban designers and planners to neglect to use 
watersheds/catchments as the spatial basement for sustainable stormwater design (Krebs et al., 2013). Poor 
urban planning and design is also directly related to potential damage by urban stormwater, for example, 
uncontrollable urban sprawl with no or little sustainable stormwater planning, design and management for 
stormwater-sensitive areas, is often accompanied with high flood and erosion possibility (Costa et al., 2015). 
The above examples of sustainable stormwater planning and design have shown that urban planning and 
design is critical for holistic SSM.  

Sustainable stormwater planning and design should be considered at the earliest stages in the process of 
urban planning and design and regarding water sensitiveness as one of the key parts of urban design will 



 

 

 

268 

bring multiple benefits to the whole natural environment and human society. Several sustainable stormwater 
projects, such as WSUD as part of Green Infrastructure of local urban plans in Dublin, Ireland, SSM in the 
River Besos, Spain, and water quality mitigating wetland design in Vihti, Finland (Costa et al., 2015), have 
successfully demonstrated that SSM based on EBUD guidance could achieve multiple benefits for urban 
areas. The benefits include effectively mitigating urban stormwater quantity and improving stormwater 
quality, refining urban landscape value, enhancing landscape amenity and optimising water cycle control and 
biodiversity in urban areas.  

 
CONCLUSION 

This paper has demonstrated how EBUD works as a core part of SSM and delivers more ecological and 
sustainable outcomes. Shifting the paradigm and awareness of current stormwater “engineering” control to 
stormwater adaptation and resilience by using EBUD approaches is a challenge in old urbanized areas, where 
there is the strongest and densest artificial construction and human activity. SSM based on EBUD needs to 
extend objectives, not only to improve stormwater resilience and adaptation, but also to protect the 
hydrological cycle and aquatic ecosystems in urbanised areas. EBUD aims to provide urban planners, urban 
designers, engineers and government officials with philosophy and guidelines from an urban design 
perspective in SSM development, spanning from stormwater mitigation and control to protection of the 
natural water ecosystem of the receiving water bodies. Subsequent research will use a case study approach 
to identify priority issues to address when formulating guidelines for EBUD in SSM. 

This research may contribute to achieving Sustainable Development Goals (SDGs) 9, 11 and 13. Goals 9 
aimed to enhance urban areas ability to achieve stormwater resilience and sustainable development. This 
could be achieved through EBUD-SSM’s philosophy and green approaches. As EBUD-SSM seeks to attain 
improved environmental outcomes for urban ecosystems and communities, it may also contribute to 
sustainable cities and communities Goal 11. In relation to Goal 13, climate change is worsening the 
urbanisation caused water-related problems that EBUD-SSM proposes to solve. 

Under Covid-19 pandemic, EBUD and SSM should also pay more attention to the design and management 
of multifunctional urban open spaces which are indispensable social environments for the public confined to 
local neighbourhoods. Feasible design and management of these open spaces are vital both for social 
distancing for pandemic control and public physical and mental health. Future combined landscape and 
urban design and stormwater management should include such mechanisms of epidemic prevention, 
control, and social support. 
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