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1 Introduction

Climate change has become a predominant problem that the world is confronted with. As
IPCC sixth assessment report highlights, anthropogenic Green House Gas (GHGs) emission
becomes a key driver of climate change(Working Group| Contribution to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change, 2021). Coastal regions
are experiencing significant impacts due to climate change(Ngo-Duc, 2014; Y. Zhang et al.,
2019). In fact, past climate-related disasters such as cyclones, sea-level rise and coastal
flooding have elaborated the vulnerabilities of different coastal regions(UNDRR & CRED, 2020).
The built environment emits a significant amount of GHGs, so it significantly influences the
local climate(Anderson et al., 2015; Holz-Rau & Scheiner, 2019). Also, the built environment has
significant impacts on the coastal community's environment(Gibbs, 2020; Malalgoda et al.,
2014a). In addition, coastal areas are densely populated with urban centres near the coastal
belt contributing to the developing country's economy. This exacerbates the aforementioned
issues within the coastal built environment associated with climate change(B. Neumann et
al., 2015; Zanetti et al., 2016). With this context, Climate Change Adaptation (CCA) of the built
environment is a crucial aspect to cope with the present landscape of climate change and
associated impacts(Aguiar et al., 2018; Megahed & Ghoneim, 2020; Stagrum et al., 2020; Working
Group| Contribution to the Sixth Assessment Report of the Intergovernmental Panel on Climate

Change, 2021).

Moreover, three landmark global agendas (the Paris Agreement, the Sustainable
Development Goals (SDGs), and the Sendai Framework for Disaster Risk Reduction 2015-2030
(SFDRR) were adopted by global leaders aiming to address these issues(Lenzholzer et al.,
2020). The key thematic areas addressed by those global agendas (i.e., climate change,
sustainable development, and disaster risk reduction) are intrinsically interconnected(Ginige
et al., 2013; Malalgoda et al., 2013). At the moment, there is a lack of integration of the
climate change adaptation into the coastal built environment during planning, design,
construction, maintenance, and retrofitting(Malalgoda et al., 2014a). Improved integration of
the adaptation measures will assist in reducing damages and thereby increasing the economic
and environmental benefits(IPCC, 2015b; Oecd & Ocde, 2009). Unless these adaptation
measures acknowledge the three global agendas, they become inefficient(Cramer et al., 2018;

Sanchez Rodriguez et al., 2018; Smit & Pilifosova, n.d.). However, the three global agendas differ



from each other. For instance, the Paris Agreement mainly concerned greenhouse gas
emissions regarding the mitigation of climate change(Bauer & Menrad, 2019; Lenzholzer et al.,
2020; Pickering et al., 2017; Working Group| Contribution to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change, 2021). At the same time, SGDs and SFDRR are more
concerned with rights and quality of life and, more specific on DRR, respectively(COMMIT and
CD-LINKS, 2018; UNDRR, 2015, 2019b, 2019a). Hence, identifying tangible CCA measures for
the coastal built environment during planning, design, construction, maintenance, and
retrofitting aligning with three global agendas is vital for maintaining the functionality of the
built environment. This present study is conducted as a part of BEACON (Built Environment
leArning for Climate adaptation), a collaborative research project co-funded by the EU
Erasmus+ programme of the European Union. The present study developed a conceptual
framework for climate change adaptation measures for the coastal built environment aligning

with three global agendas.

The present study initially employed a systematic literature review to identify the climate
change adaptation measures for the coastal built environment. Then the identified CCA
measures were organized as a conceptual framework. As a final stage of the present study,
the developed conceptual framework was supposed to validate through the individual county
level case study. This developed conceptual framework could be used as a basis to integrate
the CCA measures to the coastal built environment to cope with climate change and its

impacts. This report includes the findings of the systematic literature review.
2 Background

2.1  Summary of Climate change and its impacts from output 01

Disaster and disaster risks are expected to be rising as climate change increases the frequency
and severity of extreme weather events. The BEACON project output 01 recognized sea-level
rise, changing weather conditions and precipitation changes as the primary change evidence
in the coastal built environment. The consequent hazards due to the climate change evidence

were identified as coastal erosion, inundation, extreme weather events, and flooding.

Climate change-related hazards are significantly affecting the built environment over the past

years. The project's output 01 identified four types of climate change impacts with respect to



the coastal built environment. These include, Physical, Economic, Social and Environmental.
As the output 01 report highlights, among four impacts categories, physical impacts are
directly connected to the built environment while other impacts categories are indirectly
connected. Damage to coastal infrastructure is one of the most visible physical impacts of
climate change and associated disaster risks in coastal communities. Seaports, residential and
commercial buildings, transportation networks, water distribution systems, stormwater
management infrastructure are vital infrastructures within the coastal built environment. The
other significant impact due to climate change includes mass movements. As per the output
01 report, mass movement destabilizes hillsides, sediment runs off, destabilizes
embankments in most countries. Also, interruptions to emergency facilities, essential
services, and critical infrastructure is another physical impact of climate change, specially
during climate change-related hazard events. Furthermore, saltwater intrusion and acid rains
also have a significant impact on construction material. Urban overheating caused by global
warming induces more energy consumption due to heating and cooling needs in residential
and commercial buildings. As a result of damages imposed by hazards, the requirement of
physical preventative structures rises. Accordingly, this leads to structural changes to the built
environment. These changes include physical actions and engineering-based solutions (i.e.,
Sea walls, breakwater arms, beach nourishment, sand pumping). Subsequently, these
alternations will lead to further physical implications such as governance and institutional
changes within the coastal buffer zone or revising land-use plans. Also, these physical
implications will demand more environmentally friendly and adaptive solutions to cope with

climate change, such as nature-based solutions, Eco-DRR initiatives.

The other climate change impact category identified through the output 01 study is economic
impacts. The losses attributed to the damages in the coastal infrastructure is captured as the
main economic impact due to climate change. The impact of climate change on marine-based
sectors such as tourism, fishing, and aquaculture is also a major concern in the coastal built
environment. As mentioned before, damages on coastal infrastructure like seaports and
transportation systems will indirectly be caused in significant impact on economy of the
nations as these coastal infrastructures are considered vital economic assets. Another major

economic attribute to climate change is the loss of coastal income and economic depression.



There will be associated costs concerning adaptation and reconstruction due to climate

change. This also can be considered as the economic impact.

Output 01 report identified social impacts as another climate change impact category. The
threat to human life in terms of casualties and fatalities is one of the most severe impacts of
climate change and the accompanying disaster risks. Temperature rise, exposure to UV
radiation due to global warming, air pollution and aeroallergens are some of the climate
change incidents that have a significant impact on human health. Furthermore, with regards
to human health, severe weather conditions have increased the risk of vector and water-
borne diseases like Dengue. Lower nutrition level and food security, decreased water quality
and availability, decreased availability and increased disruption of health services, and
complication in maintaining sanitation and practices during emergencies adds more
complications with regards to protecting human health. Furthermore, food insecurity will also
arise due to climate change as agriculture is more sensitive to temperature and precipitation
changes. Also, as a primary needs for a human, water insecurities can be considered as
another social impact due to climate change. As an ultimate result of the life dangers and loss
of livelihoods, voluntary and involuntary human migration will occur. This poses additional
stresses on urban infrastructure and the built environment's planning activities. Therefore,
the cost of relocation and reconstruction is another social impact due to climate change. In
addition, persons who are forced to leave their homes and communities will face

psychological and socioeconomic stresses.

The other climate change impact category identified through the output 01 study is
environmental impacts. Damage to coastal ecosystems, salt marshes, mangrove forests,
seagrass beds, soft sediments, coral reefs is identified as the leading environmental impact
due to climate change by output 01. Subsequently, damages to the coastal ecosystem will
affect the biodiversity as well. Another environmental impact associated with climate change
is the alteration of forests' composition, wildlife habitats. Furthermore, impacts on ecosystem
function affect the quality of the water resources. Specially, salinization, acid rains, saltwater
intrusion caused the reducing freshwater quality. In addition, environmental restoration after

a disaster is another environmental impact associated with climate change.



In summary, the BEACON project's output 01 outlines four major impacts categories

corresponding to climate change. These are physical, economic, social and environmental

impacts. The physical impacts include,

Damages to coastal infrastructure

Access interruption to emergency facilities and critical infrastructures

Degradation of building materials and structures

Changes in energy consumption

Demand more environmentally friendly and adaptive built environment architecture
Need of physical preventive structure

Governance and institutional changes coastal buffer zone or revising land use plans

The economic impacts include,

Losses due to damages in the coastal infrastructure

Loss of coastal income and economic depression

Loss of employment

Impact on marine-based industries such as tourism, fisheries, aquaculture
Impact on planning economic development

Depletion of resources

Cost of adaptation and reconstruction

Also, the social impacts include,

Decreased agriculture/livestock productivity

Displacement and loss of livelihoods

Voluntary and involuntary human migration

Food and freshwater insecurities

Risk of increased human conflicts resulting in human unrest
Increased human health risks

Need of social protection programs

Threat to human life, causalities, loss of human lives

The impacts on the environment include,

Damages to coastal ecosystems



e |Impact on biodiversity

e Decreased productivity, diversity, and resilience of nearshore marine ecosystem

e Environmental pollution

e Impact of surface, ground, and drinking water quality, aquatic, and terrestrial
ecosystem function

e Environmental restoration after a disaster

2.2 Overview of three global agendas

The Paris Agreement is considered as the main international legally binding agreement
corresponding to climate change. It was adopted by 196 parties at COP 21 in December 2015
and entered into force in November 2016(UNFCC, 2021b). The Paris Agreement aims to keep
global warming below 2 degrees Celsius, preferably 1.5 degrees Celsius, compared to pre-
industrial levels(UNFCC, 2021a). This agreement recognizes that it would significantly reduce
risks related to climate change, increase the ability to adapt to the adverse impacts of climate
change and foster climate resilience(United Nations, 2015). It is in place to reflect equity, the
notion of shared but varied duties, and distinct competencies in comprehending various
country situations(UNFCC, 2021b; United Nations, 2015). The Convention aims to strengthen
the global response to the threat of climate change in the context of sustainable development

and efforts to eradicate poverty(UNFCC, 2021a).

Built environments account for a significant amount of global greenhouse gas emissions,
contributing significantly to climate change (Sovacool et al., 2021). They house the majority
of the world's population and economic activity, yet they are increasingly vulnerable to the
effects of climate change(Ellena et al., 2020a). As a result, those involved in the creation and
management of built environments must be prepared for climate change(Hirlimann et al.,
2022). In addition, the IPCC report highlights that climate change is unprecedented. Also, it is
known that climate action cannot be reversed at the moment(Working Group| Contribution
to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, 2021).
Therefore, built environments should be capable of adapting to climate change as they are
extremely vulnerable to the effects of climate change(Hulrlimann et al., 2022; X. Wang et al.,

2020). Hence, as a legally mandated regulatory framework for climate change, Paris



Agreement has to play a significant role in adapting built environments to climate

change(Mele et al., 2021; Mumtaz, 2021).

The Sendai Framework for Disaster Risk Reduction (SFDRR) is a legally mandated international

framework that corresponds to disaster risk reduction(Djalante & Lassa, 2019; Maini et al., 2017;

UNDRR, 2015). It was adopted in 2015 by global leaders in disaster risk reduction. SFDRR sets

out four priorities for action and seven targets. The overall objective of the SFDRR is to

substantially reduce disaster risk and losses in lives, livelihoods and health and the economic,

physical, social, cultural and environmental assets of persons, businesses of nations and

communities(Djalante & Lassa, 2019; Saja et al., 2020a, 2020b). The four priorities for actions of

the SFDRR includes,

A W N

Understanding disaster risk

Strengthening disaster risk governance to manage disaster risk

Investing in disaster risk reduction for resilience

Enhancing disaster preparedness for effective response and to "Build Back Better" in

recovery, rehabilitation and reconstruction

Furthermore, SFDRR sets out seven global targets to reduce disaster risk substantially. The

seven global targets are,

Target A: Substantially reduce the global disaster mortality by 2030

Target B: Substantially reduce the number of affected people globally by 2030

Target C: Reduce the disaster economic loss in relation to global gross domestic
product

Target D: Substantially reduce disaster damage to critical infrastructure and disruption
of basic services, among them health and educational facilities, including through
developing their resilience

Target E: Substantially increase the number of countries with local and national
disaster risk reduction strategies

Target F: Substantially enhance international cooperation to developing countries
through adequate and sustainable support to complement their national actions for

implementation of SFDRR by 2030



e Target G: Substantially increase the availability of and access to multi-hazard early
warning systems and disaster risk reduction information and assessment to people by

2030

As climate change increases the frequencies and intensities of extreme weather events,
SFDRR has implications for reducing the disaster risk posed by climate change(Busayo &

Kalumba, 2020; Jetten et al., 2021; Mysiak et al., 2018; Seidler et al., 2018).

The other landmarks global agenda is the Sustainable Development Goals (SDGs). The United
Nations approved the SDGs in 2015 as a universal call to action to end poverty, safeguard the
environment, and ensure that by 2030, everyone lives in peace and prosperity(Gu et al., 2019;
Mio et al., 2020). It consists of 17 goals and 169 targets that sought to end poverty and the
environment. The 17 SDGs are interconnected, recognizing that actions in one area have an
impact on outcomes in others and that development must strike a balance between social,
economic, and environmental sustainability(Cernev & Fenner, 2020; Government of the

Democartic Socialist Republic of Sri Lanka, 2018; Gu et al., 2019; Odey et al., 2021).

At the moment, there is a lack of integration of the climate change adaptation into the built
environment during infrastructure planning, design, construction, maintenance, and
retrofitting(Busayo & Kalumba, 2020; Seidler et al., 2018). Improved integration of the adaptation
measures will assist in mitigating the aforementioned climate change impacts. Unless these
adaptation measures acknowledge the three global agendas, they become inefficient(Busayo
& Kalumba, 2020; Jetten et al., 2021; Seidler et al., 2018). However, the three global agendas differ
from each other. For instance, the Paris Agreement mainly concerned greenhouse gas
emissions regarding the mitigation of climate change. At the same time, SGDs and SFDRR are
more concerned with rights and quality of life and, more specific on DRR, respectively. Hence,

the alignment of the climate change adaptation measures with these agendas is much crucial.

2.3 Coastal built environment

The phrase "built environment" refers to man-made environments for human activity, such
as buildings, parks, and green spaces, as well as neighborhoods and cities, which may include
supporting infrastructures such as water supply and electricity networks(Joensuu et al., 2020;
Rojas-Rueda & Morales-Zamora, 2021; Y. Zhang et al., 2020). The built environment affects every

aspect of human life, including the buildings people live in, the water and power distribution



networks, and the roads, bridges, and transportation systems people use to get around. It can
be broadly defined as man-made or modified structures that offer people places to live, work,
and play(Rojas-Rueda & Morales-Zamora, 2021; Y. Zhang et al.,, 2020). Overall, the built
environment can be seen as the material, geographical, and cultural output of the human
labour force, which combines material factors and energy in the form of life, work, and
recreation(Coleman, 2017). The built environment can be divided into two components as
physical and non-physical infrastructures(Ellena et al., 2020b; Travert et al., 2019; Yildiz et al.,
2020). The physical infrastructure includes infrastructures, assets and natural ecosystems. At
the same time, the non-physical component includes the social, economic, and governance
services and systems that are essential to the wellbeing of the human being(Travert et al.,
2019; Yildiz et al., 2020). Figure 1 illustrates the built environment components. As Figure 1
depicts, all other components within the built environment have a connection to the
governance as these components require a regulatory body to facilitate their intended
services properly(Chinyere et al., 2020; da Cruz et al.,, 2018; Yildiz et al., 2020). The
dependency of the people on the built environment has greatly intensified with the recent
advancement of technology(Karakas & Yildiz, 2020; Mouratidis et al., 2021). The coastal built
environments which are situated along the coastline have become vital since they contribute
to the economic growth of the nations significantly(Ellena et al., 2020b; Mouratidis et al.,
2021; Yildiz et al., 2020)(Ellena et al., 2020b; Mouratidis et al., 2021; Yildiz et al., 2020). For
instance, In Sri Lanka, major transportation infrastructures lie alone the coastal built
environment serving the transportation of goods and people. A significant disruption of these

transportation systems affects the Sri Lankan economy significantly.
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Figure 1 Built environment's component

The built environments are significant victims of disasters. vulnerability and exposure of the
built environment to hazards greatly intensified due to many factors, specially technological
advancement, rapid expansion due to service demand(UNDRR, 2019b; UNDRR & CRED, 2020;
UNDRR; ISC, 2020). Among these hazards, climate change-related hazards caused greater
damage to the built environment(Andri¢ et al., 2019; Hunt & Watkiss, 2011; Zimmerman & Faris,
2010). As aforementioned, climate change impacts are evident at present. The green land
coverage is reduced as a result of urbanization. The reduction of urban green land coverage
pressures urban ecology, including surface temperature, stormwater-runoff, carbon
accumulation and biodiversity increases(Ciscar & Dowling, 2014; Salimi & Al-Ghamdi, 2020a;
Seddon et al., 2020; L. Wang et al., 2018). The threats on the built environment from the disasters
such as floods, droughts, severe weather events tend to increase due to climate action. In
addition, sea-level rise caused inundation of the low-lying areas within the coastal built
environment. As concluded from the previous sections, the built environment has become a
greater victim of climate change. On the other hand, the built environment has also become
the major driver of climate change(Collings & Collings, 2020; Dong et al., 2021; Lampropoulos et
al., 2020). Green House Gas(GHGs) emission has caused climate change. The built environment
produces a significant portion of the global GHGs. Hence, it contributes to climate change

through the production of greenhouse gases (Lenzholzer et al., 2020; Working Group|



Contribution to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change, 2021). As aforementioned, the majority of the world's population and economic
activity are concentrated in built settings, which are more vulnerable to climate change
impacts. As a result, those involved in the creation and management of built environments
must be prepared for climate change. Many nations have devoted significant attention to
climate change adaptation in the context of the built environment to cope with the challenges
posed by climate change(Busayo & Kalumba, 2020; Jetten et al., 2021; Lenzholzer et al., 2020;

Seidler et al., 2018).

2.4 Climate change adaptation

Even if considerable steps to reduce GHG emissions are implemented, some further degree
of climate change will be unavoidable, with severe economic, social, and environmental
consequences for communities(Cramer et al., 2018; Pickering et al., 2017; Sanchez Rodriguez
et al., 2018). Nations will need to adapt in order to mitigate the negative effects of climate
change and to take advantage of the tremendous opportunities that it presents(Seidler et al.,
2018; Working Group| Contribution to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change, 2021). The IPCC defines adaptation as an "adjustment in the natural
or human system to a novel or shifting environment or in response to actual or expected
stimuli or their effects, which moderates harm or utilizes beneficial opportunities" (IPCC,
2015a). It encompasses efforts to reduce vulnerability and augment capacity through
modifications and adjustments in systems(Hosseini et al., 2016; Owen, 2020; Singh et al.,
2021). It entails an understanding of how systems may respond appropriately to changes in
their environment by coping, adjusting, and altering(Becker et al., 2018; Fedele et al., 2019;
IPCC, 2015b; UNDRR, 2019b; UNDRR; ISC, 2020). Adaptation focuses on mitigating negative
effects while also building resilience and reaping any benefits that may arise. It is all about
preventing disasters, dealing with existing hazards or planning for a future threat that is not
(yet) recognized as imminent(Owen, 2020; Singh et al., 2021; UNDRR, 2019b). Adaptation can
be reactive, occurring in response to impacts, or proactive, occurring before impacts of
climate change become apparent. Most often, proactive adaptations will be less expensive in
the long run and more effective than reactionary adaptations(R. Gupta & Gregg, 2012; V. Gupta,
2021). Many nations have devoted significant attention to climate change adaptation and

mitigation. Mitigation (efforts to minimize emissions and future climatic changes) is more



important than adaptation in dealing with climate change causes. Mitigation aims to address
the underlying causes of climate change and provides long-term benefits by minimizing
damages and consequent adaptation costs(Bolan et al., 2021; B. V. Gupta, n.d.; R. Gupta & Gregg,
2012; Lenzholzer et al., 2020; Ross, 2017). Adaptation actions include large-scale infrastructure
changes, like building coastal defences, heat insulation, revised standards, improved drainage
or behavioural shifts like individuals using less water. Furthermore, in the context of the built
(R. Gupta & Gregg, 2012; V. Gupta, 2021)environment, climate change adaptation can take

several forms and can serve various functions, as presented in Table 1.

Table 1 Bases for characterizing and differentiating adaptation to climate change (Adopted

form: (Smit & Pilifosova, 2018))

General differentiating | Examples of terms used

concept or attribute

Purposefulness Autonomous- Planned
Spontaneous- Purposeful
Automatic- Intentional
Natural- Policy

Passive- Active

Timing Anticipatory- Responsive
Proactive- Reactive

Ex ante- Ex post

Temporal Scope Short term — Long term
Tactical — Strategic
Instantaneous- Cumulative

Contingency

Routine
Spatial Scope Localized- Widespread
Function/Effects Retreat, Accommodate, Protect

Prevent, Tolerate, Spread, Change, Restore

Form Structural, Legal, Institutional, Regulatory, Financial,

Technological




Performance Cost, Effectiveness, Efficiency, Implement ability, Equity

Last but not least, climate change adaptation is crucial for the contemporary world. Climate
change is generally acknowledged, and policymakers have considered mitigation and
adaptation options at both the national and international levels(Bolan et al., 2021; Lenzholzer
et al., 2020; Lin et al., 2021). On the other hand, climate change adaptation has emerged as a
crucial strategy for reducing the negative effects of climate change that can no longer be
prevented, as well as maximizing good socioeconomic prospects, given that no amount of
mitigation will be able to avert climate change impacts in future(Hussain et al., 2019; IPCC,
2015a; Salehi et al., 2019). Furthermore, it is crucial point to consider the alignment of the
adaptation measures with current global initiatives as aforementioned. As above mentioned,
the built environment is the greater victim and a driver of climate change. Thus, it is crucial
to integrate climate change adaptation measures that agree with global agendas into the
planning, design, construction, maintenance and retrofitting stage of the built environment.
Currently, there is a lack of a framework for climate change adaptation in the context of the

coastal built environment(Ghbn, 2016; Hussain et al., 2019; Salehi et al., 2019).
3 The overall methodology of the output 03

The present study was planned to be carried out under two-level. As an initial step, a
systematic literature review (SLR) was employed to identify the adaptation measures for
mitigating the climate change impacts. SLR has led to developing a conceptual framework for
climate change adaptation measures of the coastal built environment. Then the open-ended
interview questionnaire is supposed to be developed to collect the data for the validation
process of the developed framework. The data was planned to collect by country-level by
conducting the interviews. The target interviewees include urban planners and policymakers,
built environment construction professionals, decision-makers in disaster risk reduction and
management. As a final stage of the present study, the developed framework was supposed

to validate through qualitative analysis of the interviews.



3.1 Aims of the study

This study seeks to develop a conceptual framework for CCA measures for the coastal built
environment during planning, design, construction, maintenance and retrofitting phases that
align with the global three agendas (i.e., SFDRR, Paris Agreement, SDGs). As aforementioned,

the present study framed the research questions as follows,

1. What are possible CCA measures for critical Infrastructures?
2. What are possible CCA measures for residential and commercial buildings?
3. What are possible CCA measures for mitigating climate change impacts on
society?
4. What are possible CCA measures for mitigating climate change impacts on the
economy?
5. What are possible CCA measures for mitigating climate change impacts on the
governance of the infrastructure?
Consequently, the above research questions directed the research study to global level SLR.
Then the CCA measures for the built environment was identified through the analysis. The
identified CCA measures and developed conceptual framework are presented in the

subsequent sections of this report.

3.2 Systematic Literature Review

SLR is a form of research methodology that addresses specific research questions by
collecting, appraising, and summarising all empirical evidence that fits pre-specified eligibility
criteria(Baird, 2018). The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guideline was used in performing the SLR in this study. The PRISMA
guidelines contain four steps: identification, screening, eligibility, and inclusion(Vicente &

Soledad, 2018), as presented in Figure 2.

The literature was gathered from four scientific databases; Scopus, Web of Science, Science
Direct and Emerald Insight, to identify the CCA measures for the coastal built environment.

These databases were selected due to the availability of a broader range of peer-reviewed



journal articles from international publishers. The search query was developed to initiate the

searching process as follows,

1. ("Critical Infrastructures" OR "Electricity" OR "Energy" OR "Water" OR
"Transportation" OR "Coastal Built Environment" OR "Telecommunication" OR (("
Commercial" OR" Residential") AND" building*")) ) AND ("Climate Change" OR
"adaptation" OR "measures") AND ("Design" OR "Construction" OR "Retrofitting" OR
"Refurbishment", "Rehabilitation" OR "Renovation" OR "Restoration" OR
"Maintenance")

2. (”Soci*” OR "Goveranance” OR "Econom*”) AND ("Climate Change" OR "adaptation"

OR "measures") AND (" Coastal" AND" Built Environment")
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Figure 2 Screening process of the literature

The key terms in the title, keywords, and abstracts were used as inclusion criteria. Due to the
higher reliability of the results, the journal articles were chosen from the search criteria. The
articles that mostly incorporated a coastal perspective were then chosen at the initial
screening to comply with the scope of the study. Moreover, non-English articles and

duplicates in the databases were ruled out during the initial screening step.



4 Climate change adaptation measures for the built environment

This section discusses identified adaptation measures for the built environment. As presented
above, this study considered the built environment under two major components: Physical
and Non-physical. Section 3.1 discusses identified adaptation measures for the physical
component of the built environment, while section 3.2 focuses on the adaptation measures

for the non-physical component of the built environment.

4.1 Climate change adaptation measures for the physical component of the built

environment

As mentioned above, the built environment's physical components include infrastructures
and the ecosystem. Among these two components, infrastructures play a vital role in the day-
to-day activities of human being. The infrastructures refer to a man-made structure that
supports the daily routine of the people(Okoro et al., 2021; Stappers et al., 2018).
Infrastructures can be further divided into two primary components: Critical Infrastructures
and Residential and commercial buildings. Critical infrastructures are openly defined as the
assets, physical structures, technical facilities, or supply chains essential to the social and
economic wellbeing and effective functionality of the communities(Abeysinghe et al., 2022;
Jayasekara et al., 2022; Shehara et al., 2022). The ecosystem is the other pivotal physical
component of the built environment. The ecosystem is made by nature for the survival of
human beings. It provides the basic needs of human beings(Grima et al., 2020; Lau et al.,
2019). In fact, the ecosystem plays a vital role in the context of disaster risk reduction as well.
Therefore, the ecosystem has become a primary component within the built
environment(Faivre et al., 2018; Onuma & Tsuge, 2018). This section discusses the identified

measures for mitigating climate change impacts on infrastructures and ecosystems.

4.1.1 Adaptation measures for infrastructures

This section presents the identified adaptation measures for the infrastructures. As mentioned above,
present study focuses climate change adaptation measures for residential and commercial buildings
and critical infrastructures. Figure 3 illustrates the general overview of the focused infrastructure
sectors within the literature. As it depicts scholars have devoted significant attention to the climate

change adaptation in the context of transportation, water, and residential and commercial buildings.



A few studies have focused other major infrastructure categories such as electricity and energy sector

and telecommunication sector.
Focused infrastructure sectors in included studies

29%

13% /

30%

23%

2% 3%
® Transportation = Water
Electricity and Energy sector = Telecommunication
m Other m Residential and commercial buildings

Figure 3 Infrastructure sectors consider in the past studies

The adaptation measures for each infrastructures sector summarizes in Table 2. Table 2 classifies the
adaptation measures under three stages of the infrastructure life cycle. These stages include the
infrastructure planning stage, infrastructure design and construction stage, and infrastructure
maintenance and retrofitting stage. Consideration of adaptation measures within these stages of
infrastructure development is crucial for the effective functioning of infrastructures with challenges
posed by climate change. The infrastructure planning stage is a crucial step of infrastructure
development. It involves the concept of a system approach to installation, operation and management
of infrastructures. As aforementioned, infrastructure damages are pivotal in climate change impacts,

adaptation measures should be considered in the planning stage of the infrastructure.

On the other hand, under the design and construction stage, built environment professionals consider
the material, structural and architectural layouts, energy performance, structural performance, and
effective and efficient construction methods to deliver the infrastructure. Within the design and
construction stage, climate change adaptation can be integrated into several steps. Specially, under
the material selection, infrastructure plans, energy performance steps it can be identified several
climate change adaptation measures. The following stage of the infrastructure life cycle is the
maintenance and retrofitting stage. This stage involves any activity that is performed to maintain the
functionality of the infrastructures. After delivering infrastructure, infrastructures are subjected to
maintenance and retrofitting work. Since the infrastructures will deal with different climate change

scenarios over their lifetime. Therefore, the frequency of maintenance and retrofitting work of



infrastructure increases significantly, affecting the life cycle cost of infrastructures unless they
acknowledge the climate change adaptation. Table 2 summarizes and classifies identified adaptation

measures for infrastructure sectors under three stages of the infrastructure life cycle.



Table 2 Identified adaptation measures for infrastructures

Infrastructure

sector

Adaptation measures

M&

References

Transportation

Infrastructures

comprehensive snow and ice control program that includes pre-wetting
surfaces to combat ice on roads and using only coarse gravel on roads to

minimize air quality and aquatic impacts.

(J. E. Neumann et al.,
2015; Picketts et al,,
2015)

Rising the road level to combat the flooding

(Broadbent et al., 2015;
Picketts et al., 2015;
Qiao et al, 2020;
Scussolini et al., 2017;

Strauch et al., 2015)

Proper asphalt mix design suits for regional climatic conditions

(Mohebbi et al., 2020;
Picketts et al., 2015;
Qiao et al., 2020)

Alternative mix design for the pavement treatment (e.g.,, Warm mixes,

rubberized asphalt, and pervious concrete)

(Mohebbi et al., 2020;
Picketts et al.,, 2015;
Qiao et al., 2020)




Consideration of traffic loads on pavements/load restrictions and Traffic
demand prediction and pavement design (With the SLR people move to inland
increase traffic demand)

(Picketts et al., 2015;
Qiao et al., 2020)

Improved data (Weather event and crashes, collision data, data sharing)

(Cheng et al., 2017;
Mohebbi et al., 2020;
Picketts et al., 2015)

A method to predict the maintenance of the road combination with the climate
change simulation model (e.g., winter severity index (WSI))

(Batouli & Mostafavi,
2016; Cheng et al., 2017,
Strauch et al., 2015)

Improved drainage system incorporating the Sustainable drainage system
(SUDS) principles in the design

(Broadbent et al., 2015;
Manocha & Babovic,
2017; Moura et al., 2016;
Qiao et al., 2020; Salerno
et al., 2018; Strauch et al.,
2015)

Use of high reflective coating to the urban heat island

(V. Gupta, 2021; Major
et al., 2018; Mauree et
al.,, 2019; Qjao et al.,
2020)

Hydrological and drainage design considering anticipated increment of the
precipitation, water levels

(Broadbent et al., 2015;

Oswald Beiler et al,,




2016; Strauch et al,,
2015)

Planning for/providing alternative routes in the event of a road/railway closure

(Broadbent et al., 2015;
Charlesworth et al,,

2016)

Construct roadway over embankments to accept the passage of floodwaters
at defined locations (ensuring safe failure)

(Broadbent et al., 2015;
Major et al.,, 2018;
Mohebbi et al., 2020)

Proper sizing of the culverts/ Allow undersized culverts to be overtopped by
designing for such failures ensuring safety

(Broadbent et al., 2015;
V.  Gupta, 2021;
Mohebbi et al., 2020;
Schulz et al., 2015)

Use appropriate embankment materials-rock fill at bridge approach, granular
materials

(Broadbent et al., 2015;
Cervigni et al., 2017)

Increase longitudinal drains capacities- Ensure Road drainage is routinely
shaped by the grader, protect verges and channel side slopes with appropriate
vegetation cover, ensure effective longitudinal drainage capacity in cutting to
remove flood water

(Broadbent et al., 2015;
Strauch et al., 2015)

Provide cutting slope drainage -adequate and effective drainage cut off drains
installed to the top of cutting slopes berms.

(Broadbent et al., 2015;
Strauch et al., 2015)




Harden river defences using retaining walls. Gabion baskets, earth dikes,
random rubble

(Broadbent et al., 2015;
Cervigni et al., 2017)

Protection of the structural materials against salinity

(Broadbent et al., 2015;
Mohebbi et al., 2020)

Robust pavement structures-erosion resistant surfacing

(Broadbent et al., 2015;
Qiao et al., 2020)

Use of design guidelines for asset design

(Broadbent et al., 2015;
M. B. Neumann et al,,

2015)

Adopting tool for evaluating risk, vulnerability, exposure of the transportation
infrastructure

(Broadbent et al., 2015;
Cheng et al., 2017;
Schweikert et al., 2015;
Seah et al, 2021;
Strauch et al.,, 2015;
van de Ven et al., 2016)

Prevent build-up of debris against intermediate supports or under deck soffit
through upstream river and development management

(Broadbent et al., 2015;
Strauch et al., 2015)

Maintainable back of wall drainage

(Broadbent et al., 2015;
Strauch et al., 2015)




Scour protection around bridge abutment, wing wall, piers, minor culvert, and
headwall/toe wall

(Broadbent et al., 2015;
Ghofrani et al.,, 2016;
Strauch et al., 2015)

Deepen foundation, Pilled foundation, Cut-off sheet piling at the foundation

(Broadbent et al., 2015;
Cervigni et al., 2017; V.
Gupta, 2021)

Increase the Vertical clearance of soffit

(Broadbent et al., 2015;
Markolf et al., 2019;
Minnesota Department
of Transportation,
2020; Weilant et al,,
2019)

Designing bridge to accommodate the permanent raising of bridge's deck

(Broadbent et al., 2015;
Cervigni et al., 2017; V.
Gupta, 2021;
Minnesota Department
of Transportation,

2020)

Design as a floating bridge

(Broadbent et al., 2015;
Cervigni et al., 2017)




Improving material quality with mechanical or chemical material stabilization

(Broadbent et al., 2015;
V.  Gupta, 2021;
Markolf et al., 2019)

Residential
commercial

buildings

and

Better insulation of walls, lofts and floors

Heating systems (Biomass, gas broiler, micro-CHP)

Rainwater harvesting

Solar thermal water heating

Low energy lighting and more natural lighting

(Bernier et al., 2015;
Haddad et al., 2020; K. T.
Huang & Hwang, 2016;
Hwang et al., 2009)

Reused or recycled material

Vegetation

(O’Malley et al., 2014;
Sari, 2021; Shimoda,
2010)

Use of material with high albedo rating (cool envelope materials)

The layering of building components

Excess of strength

(Haddad et al., 2020; H.
Huang & Zhang, 2016;
Ross, 2017)

Open floor area (can be utilized by partitions)

Shadings for windows

Coatings of walls and roof tiles

Low-e triple glazing

Night Ventilation

(Porritt et al.,, 2012;
Sari, 2021; Solecki et
al., 2011)




Window rules

Green roofs, roof pond, and green facades

Ventilated roofs and facades

Thermal mass including PCMs

Ventilative cooling

Adiabatic/evaporative cooling

Compression refrigeration

Absorption refrigeration including desiccant cooling

Ground source cooling

Sky radiative cooling

High-temperature cooling system: Radiant cooling

Personal comfort systems

Dehumidification including desiccant dehumidification

(Sari, 2021; Shimoda,
2010; Solecki et al.,
2011; C. Zhang et al.,
2021)

Elevated ground floor

Foundation strengthens

Building dicks

(Ahmad & Afzal, 2020;
Hudson, 2020; Nofal &
van de Lindt, 2020)

Drainage bungs for drains, sinks, and toilets

Air brick covers

Seal gaps around pipe and cable entries

Fit nonreturn valves on mains drains

(R. Gupta & Gregg, 2012;
Hudson, 2020)




Demountable door guards

Waterproof membrane on external walls

Waterproof render to external walls

Building orientation

(Abeysinghe et al., 2020;
Charoenkit & Kumar,

2017)

Placement of Openings

Strengthen the superstructure and walls

Amphibious buildings

Flood proof materials

Waterproofed joints

Post flood drainage

(Abeysinghe et al,,
2020; de Ruig et al,,
2020; Hudson, 2020)

Seawalls

Elevated building construction

Building construction on strong pillars and posts

Design for the impact of tsunami wave and debris flow

Proper detailing of joints

Anchoring building to foundation

Increase the weight of the building

Openings in ground floor

(Al-Faesly et al.,, 2015;
Ardekani & Hosseini,
2012; Esteban et al,
2013; Morin et al., 2008;
Wu et al., 2019)




Elevated building

Wet proofing

Dry proofing

(Han & Mozumder, 2021;
Hinkel et al., 2011;
Mycoo, 2014; Storbjork &
Hedrén, 2011)

Water

Infrastructure

Safety assessment, reinforcement of discharge facilities in spillways

(Cheng et al.,, 2017;
Choi et al., 2017)

Raising dam level

Building mini dams in downstream of the existing dam

Adopting dam rehabilitation evaluation techniques

(Choi et al., 2017; Salimi
& Al-Ghamdi, 2020b)

Proper design approaches for drinking water sources (for the local community,
Ex: coverage, construction methods to overcome ingress of water)

(Hurlimann & Wilson,
2018; Kohlitz et al., 2020;
M. B. Neumann et al.,

2015)

Rainwater harvesting systems for residential buildings to reduce the demand
on national water supply

(Kohlitz et al., 2020;
Radhakrishnan et al,,
2019; Salerno et al,,
2018; van Engelenburg
et al., 2019)

Increasing storage and pumping capacities/Resilient tank system

(Shanmugasundaram

et al, 2017; wvan




Engelenburg et al,

2019; Yerri et al., 2018)

Physical barriers such as sea walls to minimize impacts of tidal event and
Rising elevations of the infrastructure

(Hurlimann & Wilson,

2018; Yerri et al., 2018)

Design and build floatable critical properties

Relocating vulnerable critical facilities

(Salimi & Al-Ghamdi,
2020b; Yerri et al., 2018)

Adopting green infrastructure

(Emilsson & Ode Sang,
2017; Hatvani-Kovacs et
al.,, 2018; Job et al,
2020a; Lin et al., 2021;
Senosiain, 2020;
Shanmugasundaram et
al.,, 2017; Trogrli¢ et al.,
2018; Yang et al., 2020)

Mapping vulnerable areas and Critical facilities

(Haasnoot et al., 2018;
Hurlimann & Wilson,
2018; Mikovits et al.,
2017; Yerri et al., 2018)

Collecting critical data for monitoring purposes

(Ghbn, 2016; Job et al.,
2020b; Yerri et al,
2018)




Forecasting model to risk informed decision making

(Ghbn, 2016; Job et al.,
2020b; McPhillips et
al.,, 2020; Mikovits et
al.,, 2017; Seah et al.,
2021; Yerri et al., 2018)

Revision of the codes/policies based on forecasting

(Ghbn, 2016; Job et al.,
2020b; Salimi & Al-
Ghamdi, 2020b; Yerri et
al., 2018)

Reducing impervious surfaces in land use-Stop the water pollution

(Job et al., 2020b; Lin et
al.,, 2021; Manocha &
Babovic, 2017; McPhillips
et al., 2020; Moura et al.,
2016; Senosiain, 2020)

Green infrastructure techniques to reduce the imperviousness

(Herath et al.,, 2018;
Hurlimann & Wilson,
2018; Lin et al., 2021;
Shanmugasundaram et
al., 2017; Sharifi et al.,
2021a)

Heating systems for water systems hydraulic fracturing at drill sites to prevent
frost




Energy

and

electricity sector

Review design thresholds of offshore structures considering climate change

Upgrading oil platforms, the rigs and the number of anchors to make it more
resilient to hurricanes

Offshore drilling companies should invest in lighting protection for offshore
drilling

Raising the elevation

Plan and training for evacuation of personnel

Review of the design of installations located in the coastline.

Relocation of critical facilities and securing of equipment (e.g. Anchoring
storage tanks, restraining gas cylinders

Early warning systems

Increasing storage capacities for vital equipment and supplies

Investing and managing drainage systems within critical facilities

Review of design guidelines considering climate change

Implement method for risk assessment

(V. Gupta, 2021;
Katopodis &  Sfetsos,
2019; Varianou
Mikellidou et al., 2018)

Telecommunication

Replacing copper wire network with waterproof fiberoptic cables

(V. Gupta, 2021; Poblet et

infrastructure Using portable or provisional base stations to provide network continuity al.,, 2014)
and backup power sources
Tailoring continuity of service plans based on the needs of localities
Employing network management techniques for addressing congestion
Other Planning for future inland movement due to SLR (Bahar GEDIKLI, 2016;

Land Use incorporating green concepts

Clark et al., 2017




Regulating minimum green space ratio

Adopting nature-based solution

Networks of parks, urban greenery, and open spaces

Hatvani-Kovacs et al.,
2018; Herath et al., 2018;
Manocha & Babovic,
2017; Salerno et al,,
2018; Scussolini et al.,
2017; Senosiain, 2020;
Shanmugasundaram et
al., 2017; Sharifi, 2020;
Sharifi et al.,, 2021a; T.
Wang et al., 2019)

** P- Planning, D&C- Design and Construction, M&R- Maintenance and Retrofitting**




Considering all infrastructure, the adaptation measures presented in Table 2 can be comprised into

adaptation measures presented in Figure 4.
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Figure 4 Climate change Adaptation measures for infrastructures

4.1.2 Adaptation measure for protecting eco- system

Another major physical component within the built environment is the ecosystem. The term
"ecosystem" refers to the natural forest, parks, wetlands, and mangroves in the present study. These
ecosystems play a pivotal role in climate change mitigation, absorbing CO,(Faivre et al., 2018; Fedele
et al., 2019; Lau et al., 2019; van de Ven et al., 2016). Also, they provide shelter for living beings. The

identified adaptation measures for protecting the ecosystem include follows(Anjali et al., 2020;

Climate Change Secretariat, 2016; Grima et al., 2020),

e Conduct research studies on climate change impact on ecosystems and biodiversity

e Establish a comprehensive program to monitor climate change impacts on key natural
ecosystems and biodiversity

e Prepare and implement adaptive management programs for climate-sensitive ecosystems

e Prepare and implement recovery plans for highly threatened ecosystems and species

o Develop research institutes' capacity for conducting research on climate change impacts on

ecosystems and biodiversity



Different nations have been defined these adaptation measures in their national adaptation plan for
protecting the natural built environment(Climate Change Secretariat, 2016; Collings & Collings, 2020;
Faivre et al., 2018; Fedele et al., 2019; Onuma & Tsuge, 2018; Singh et al., 2021; The Climate Change
Secretariat of Sri Lanka, 2014). The above measures have been identified through the adaptation

action plans.

4.2 Climate change adaptation measures for the non-physical components of the built

environment

This section presents the identified climate change adaptation measures for the non-physical
components of the built environment. The non-physical component of the built environment
can be further categorized into three components: community, economy, governance. The
following sections present the climate change adaptation measures for each non-physical

component of the built environment.

4.2.1 Adaptation measures for protecting communities

As described above, climate change has caused significant disturbances to the community.
Food and freshwater insecurity are the major social impact of climate change. Food security
is one of the most critical areas that need special attention in climate adaptation among
nations. The agriculture sector is the most climate-sensitive sector. Climate-related hazards
have significantly affected agricultural production and farm assets in the recent past(Aryal et
al., 2021; Fahad & Wang, 2018; Karimi et al., 2018). Hence, the high climate sensitivity and
livelihood dependency of a large section of the population makes food security a highly
vulnerable sector to climate change impact that needs special attention for climate change
adaptation(Aryal et al., 2021; Fahad & Wang, 2018). Also, displacement and loss of livelihoods is
another major impact of climate change on society(Kaluarachchi, 2018; Nikuze et al., 2019;
Pfivara & Pfivarovd, 2019). Another area where climate change can have a substantial impact is
health. Changes in climatic patterns have been linked to increased health risks in studies
worldwide. As a result, making major efforts to adapt to potential health risks related to
climate change is a top concern(Chersich & Wright, 2019; Sharifi et al., 2021a, 2021b; Travert et al.,
2019). The other social impact of climate change includes the requirement of social protection
plans, migration, a threat to human life, causalities, loss of human lives and risk of conflicts
among people. In order to mitigate these impacts on society, different nations have taken

several adaptation measures. The present study has identified the following climate change



adaptation measures for protecting the community from the literature review(Aryal et al.,
2021; Aslany & Brincat, 2021; Kaluarachchi, 2018; Karimi et al., 2018; Nikuze et al., 2019; Regional
Plan of Action for SIDS in the African and South East Asian Regions A WHO Special Initiative in
Collaboration with UNFCCC and the Fijian Presidency of the COP-23, 2019),
e Preparation in advance for food and medications, availability of safe water,
assurance of accessible public health service during a post-disaster situation
e Increase the accessibility to MHEWs facilities
e Conducting safety drills and evacuation plans
e Implementing proper signboards
e Adopting new agricultural technologies to increase the productivity of the
agriculture
e Launch awareness programs on climate change for the public
e Promote climate-resilient building designs and revise building approval systems to

increase the climate resilience

4.2.2 Adaptation measures for protecting the economy

This section presents the identified adaptation measures for mitigating the adverse impacts
of climate change on the economy. The BEACON project's output 01 report identified several
economic impacts. Under economic impacts, losses that occurred due to infrastructure
damages was highlighted as a major economic impact. As aforementioned, climate change
has caused a significant impact on coastal infrastructures. The cost of retrofitting and
repairing of the damaged infrastructure needs capital. In addition, disruption of infrastructure
service will affect the nation's economy as these infrastructures assist in the economic gain
of most countries. Also, there will be a loss of coastal income, thereby economic depression
within nations. As aforementioned, coastal built environments are major economic hotspots
among most countries. Therefore, any damage to the coastal built environment causes
economic depression. On the other hand, most marine-based industries such as tourism,
fisheries, and aquaculture will be affected due to climate change(Becker et al., 2018;
Mouratidis et al., 2021; Stappers et al., 2018). One of the major incomes of countries is the
marine-based industries. At present, it is evident that climate change has a significant impact
on marine-based industries(Johnson et al., 2020; Tegar & Gurning, 2018). Hence, the impact on

marine-based industries directly affects the economy of the nations. The other identified



economic impacts include the cost of adaptation and reconstruction, loss of employment,
depletion of resources, and impact on planning economic development. In order to mitigate
these impacts on the economy, different nations have taken several adaptation measures.
The present study has identified the following climate change adaptation measures for
protecting economies of the coastal built environment(Busayo & Kalumba, 2020; Ellena et al.,

2020b; Joensuu et al., 2020; Mouratidis et al., 2021; Singh et al., 2021),

Introduce innovative risk transfer instruments

e Promote climate-proof infrastructure design practices

e Develop guidelines for economic activities in vulnerable areas

e |dentify adaptation actions suitable for respective industries

e Increase the awareness of industrial operators on climate change and its impacts

e Increasing infrastructure protection measures

4.2.3 Adaptation measures for governance

The governance of infrastructures is a crucial element within the built environment.
Governance is the broader term(Chinyere et al., 2020; da Cruz et al., 2018). Generally, in the
context of the built environment, it refers to the processes of decision-making involved in the
control and management aspect of the built environment(Amaratunga et al., 2019; Malalgoda
et al., 2013; UNDRR, 2015, 2019b). The governance of the infrastructure has a direct link to
another component of the built environment, as presented in Figure 1. Therefore,
strengthening governance is crucial for building climate resilience(Amaratunga et al., 2019;
Dias et al., 2019; Wedawatta et al., 2016). The following climate change adaptation measures
were identified through the present study to adapt governance to climate
change(Amaratunga et al., 2019; Dias et al., 2019; Hurlimann et al.,, 2022; IPCC, 20153;
Malalgoda et al., 2014b),

e Strengthen the mechanisms for sharing information and data among stakeholders

e Defining clear responsibilities and roles for stakeholders

e Undertake a review of relevant macro and sectoral policies, ordinances, acts,
statutes and procedures to identify options for mainstreaming climate change

adaptation activities



e Develop policy recommendations necessary for addressing vulnerability to impacts
of climate change in all development /management projects

e Conduct training programs for government officers and private sector employees on
climate change adaptation

e Develop an inventory of international climate donors, funding schemes, training
providers, training programs, research agencies/consortiums and events
(conferences, seminars) for the benefit of local stakeholders of adaptation

e Establish a national network of research agencies and universities that are carrying
out research on climate adaptation for promoting coordinated research and

information dissemination

5 Discussion

The systematic literature review related to project output 03 has led to developing a
conceptual framework. Figure 8illustrates the conceptual framework developed in this study.
As it can depicts from Figure 8 due to the complexity of the developed framework, this study

developed a user-friendly conceptual framework. This section discusses and illustrates the

main sections of the developed conceptual framework.

Figure 5 presents the theoretical framework developed for climate change adaptation
measures for infrastructure. It presents the summarised climate change adaptation measures
how these adaptation measures assist in achieving targets of global agendas. Figure 6
presents a conceptual framework for climate change adaptation measures to mitigate social,
economic, environmental, and governance impacts and alignment with global agendas. Table
3 presents how the identified adaptation measures assist in mitigating adverse climate
change impacts on the coastal built environment. The first layer of Figure 5 presents the
climate change adaptation measures throughout the infrastructure life cycle. In other words,
it presents the identified climate change adaptation measures in infrastructure planning,
design and construction, and maintenance and operation. Also, the second layer of Figure 5
depicts the main targets of the global three agendas (i.e., Paris agreement, Sendai Framework
for Disaster Risk Reduction, Sustainable Development Goals). The Paris Agreement mainly
targets reducing greenhouse gas emissions and mitigating the adverse effects on climate

action. On the other hand, Sendai Framework for Disaster Risk Reduction is more specific to



increasing the resilience of the built environment, while the Sustainable Development Goals

are more concerned with the sustainability aspects within the built environment.

Infrastructure maintenance and repair activities are contributing to emitting of greenhouse
gases as maintenance and repair activities require material and energy. Increasing the
resilience of the infrastructure reduces the maintenance and repair activities of the
infrastructure. Hence increasing infrastructure eventually contributes to the reduction of
greenhouse gas emissions. Moreover, the achievement of both the Sendai Framework and
the Paris Agreement eventually paves the path to achieving the Sustainable Development
Goals. The linkages present in Figure 5 and Figure 6 depict adaptation measures' alignment
with global agendas. Climate change adaptation measure is crucial in mitigating the adverse
impact of climate change on the built environment. The project output 01 identified climate
change impacts on the coastal built environment as presented in Figure 7. Table 3 shows the
adaptation measures for mitigating the climate change impacts presented in Figure 5 and

Figure 6.
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Table 3 Climate Change Adaptation and Climate Change Impacts on Coastal Built Environment

Stage Climate Change adaptation measures Climate change impacts
Adoptlng tool for evaluating risk, vulnerability, exposure of the P1, P3, P6, E1, ES, E7, S1, 56, EN1, EN6
infrastructure or assets
Risk informed infrastructure development P1, P3, P6, E1, E5, E7, S1, S6, EN1, EN6
Appl_lc_atlon of the recent technologies to map the infrastructure assets, P1, P2, P3, P7, ES, E6, S5,
facilities
Alternative solutions and backup plans P1, P2, E1, E2, E3, S5, S6, EN4, EN5
Infrastructure Consideration of anticipated loads in the designing infrastructure (e.g.,
planning consideration of future anticipated traffic load due to inland movement, P1, P3, P4, P6, E1, E2, E5, S1, S5, EN1
Wind load)
Revision of the building codes, rules, and regulations according to future P1, P2, P4, P5, P6, E1, E2, E5, E7, S1, S2, S3,54,
climate change scenarios EN1, EN4, EN5
Proper planning of evacuation routes or alternative access roads P2, E1, E7, S5, S6, EN6
Improved data related to losses, hazards, damages P1, P2, P3, P4, E1, E5, S1, S5, S6, EN5
Implementing better land-use planning with greener/ nature-based P1, P2, P5, P7, E7, E6, E5, E1, S5, S6, EN1, EN2,
solutions EN3, EN4, EN5, EN6
Proper material design and integrating greener materials P1, P3, P6, E1, E5, E7, S1, S6, EN1, EN6
Prop.er s'Formwzflt.er man.agement techmql.Jes/ Dralnége system design P1, P2, P6, E1, E5, E7, 52, S3, S5, 56, ENS
considering anticipated increments/Sustainable drainage systems
Considering safe engineering designs in asset designs P1, P2, P3, P6, E1, E7, S1, S6, EN6
Using protective measures P1, P3, E1, E7, S6, EN3, EN1
Alternative engineering designs (e.g., Floating infrastructures) P1, P2, P6, E7, E1, S5, S1, EN4
Infr_astructure design to accom_rrTodate fL_|ture modifications (e.g., Bridge P1 P2, P3, P6, E7, EL, S6, S1, EN6
Infrastructure design to accommodate the raising of bridge's deck)
Design and Raising the elevation of the infrastructure P1, P2, P3, P6, E1, E7, S1, S6

construction

Use of flood protection barriers to ensure the damage mitigation to

infrastructure and their assets (e.g., Rock armor structures, concrete
masonry block, revetment, geosynthetic container revetment, dikes,
seawalls, rocky aprons, breakwater systems)

P1, P2, P3, P6, E1, E7, S6, EN6

Designing infrastructure to prevent accumulation of the debris (e.g., Debris

guards/rack upstream)

P1, P2, P6, E1, E7, S6, EN6

Adopting green infrastructures (e.g., Bioswales)

P1, P5, E4, E6, E7, S6, S1, EN1, EN2, EN4, EN5,
En6




Increasing longitudinal drains capacities/ Proper maintenance plans for

. P1, P2, P3, P6,P7,E1,E7,S6,S51, EN5
drainage systems

Implementation of monitoring performance and routine maintenance

s P1, P2, P3, P6, E1, E7
activities

Performing retrofitting repair activities in the deteriorated infrastructure P1, P2,P3,P6,E7, E1

Maintaining maintenance and rehabilitation plans and programs for

. P1, P2, P6, P7, E1, E7,
infrastructures

Implementation of method/techniques to predict the maintenance of the

. L . . . . P1, P2, P3,P6, E1, E7
infrastructure asset combination with the climate change simulations

Infrastructure Application of load restrictions to deteriorated infrastructures/assets P1, P2, P3, P6, E1, E7

Maintenance and

retrofitting Proper maintenance of drainage paths of the infrastructure like bridge

P1, P2, P3, P6,E1, E7
abutments, earth retaining walls, (Weep holes) +P2,P3,P6, E1,

Proper maintenance of river defence structures (Retaining walls, gabion

baskets) P1, P2, P3, P6, E1, E7, S1, S6

Proper maintenance of scour protection measures around culverts. P1, P2, P3, P6, E1, E7

Improving existing material quality with mechanical or chemical material

e . . . P1, P2, P3,P6,EL, E7
stabilization/ Application of corrosive protection

Conducting a risk assessment for infrastructure facilities and revising

- . P1, P2, P3, P6,E1, E7
vulnerability and exposure maps accordingly

Converting existing infrastructure to more resilient P1, P2, P3, P6,E1, E7

Preparation in advance for food and medications, availability of safe water,

Adaptation assurance of accessible public health service during a post-disaster
measure for
mitigating social

S3, 54
situation

i t
impacts Increase the accessibility to MHEWs facilities S6.S1




Conducting safety drills and evacuation plans and implementing proper

signboards 56,51,55
Adopting new agricultural technologies to increase the productivity of the
agriculture 52,53,54
Launch awareness programs on climate change for the public
Prog & P $6,55,51,52

Promote climate-resilient building designs and revise building approval

. . . $6,S5,51,S2
systems to increase the climate resilience
Introduce innovative risk transfer instrument E4,E5,E6

Promote climate-proof infrastructure design practices

El, E2,E3,E7,E6

Adaptation Develop guidelines for economic activities in vulnerable areas ES E3 E1. E6

measures for N

mitigating Identify adaptation actions suitable for respective industries E4, E3, E2, ES

faconomic Increase the awareness of industrial operators on climate change and its

Impacts . E4, E6, E7, E1, E2
impacts
Increasing infrastructure protection measures E1, E2, E5, E7
Conduct research studies on climate change impact on ecosystems and

Adaptation biodiversity EN1, EN2

measures for

mitigatin

! |_g ng Establish a comprehensive program to monitor climate change impacts on
environmental
impacts key natural ecosystems and biodiversity EN1,EN3,EN4,ENS,EN6




Prepare and implement adaptive management programs for climate-

sensitive ecosystems

EN1, EN2,EN5,EN3,EN6

Prepare and implement recovery plans for highly threatened ecosystems

and species

EN2, EN3, EN1

Develop research institutes' capacity for conducting research on climate

change impacts on ecosystems and biodiversity

EN4, EN6, EN2, EN3

Adaptation
measures for
strengthening the
governance of
the infrastructure

Strengthen the mechanisms for sharing information and data among

stakeholders

Defining clear responsibilities and roles for stakeholders

Undertake a review of relevant macro and sectoral policies, ordinances,
acts, statutes and procedures to identify options for mainstreaming

climate change adaptation activities

Develop policy recommendations necessary for addressing vulnerability to

impacts of climate change in all development /management projects

Conduct training programs for government officers and private sector

employees on climate change adaptation

All




Develop an inventory of international climate donors, funding schemes,
training providers, training programs, research agencies/consortiums and
events (conferences, seminars etc.) for the benefit of local stakeholders of

adaptation

Establish a national network of research agencies and universities that are
carrying out research on climate adaptation for promoting coordinated

research and information dissemination




6 Summary and Conclusions

Climate change has become unprecedented, and anthropogenic GHGs emissions
unequivocally contributed to change in the climate. Consequently, disaster and disaster risks
increase as climate change increases the frequency and severity of extreme weather events.
At the moment, climate action is irreversible but can be limited by reducing GHGs emissions.
The coastal built environments have become greater victims of disasters. The project output
01 has figured out climate change impacts on the coastal built environment. As highlighted in
the project output 01 report, physical impacts regarding climate change are the most closely
linked to the built environment. The non-physical elements of economic, social, and
environmental impacts due to climate change can be identified as other impacts associated
with climate change. Therefore, climate change adaptation is crucial in order to mitigate the
adverse impacts of climate change. The present study was carried out to identify the
adaptation measures that can be implemented during planning, design and construction and
maintenance and retrofitting of the coastal built environment. A global review was conducted
on a systematic literature review. The systematic literature review sought adaptation
measures practised in the context of the built environment. The present study categorized
the built environment as physical and non-physical. Infrastructure and ecosystem were
considered main elements under the built environment's physical components. Community,
economy and governance of infrastructure are considered the non-physical component of the
built environment. The climate change adaptation measures for each element within the built

environment were identified through literature analysis.

Then findings of the systematic literature review were organized as the conceptual
frameworks presented above. The developed conceptual framework demonstrates climate
change adaptation measures, their alignment with global agendas and mitigation of climate
change impacts. This developed conceptual framework is yet to be validated through country-
based expertise interviews. As the next step of the BEACON output 03, it is planned to conduct
the country-based expertise interviews to collect the data for the validation process of the
developed conceptual framework. This developed framework can be adapted by a built

environment professional to develop a climate-resilient built environment
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Figure 8 Compiled version of developed conceptual framework




7 References

Abeysinghe, A. A. S. E., Bandara, C. S., Siriwardana, C. S. A., Haigh, R., Amarathunga, D., & Dissanayake,
P. B. R. (2020). Incorporation of Disaster Risk Reduction Mechanisms for Flood Hazards into the
Greens|® Rating System for Built Environment in Sri Lanka. Lecture Notes in Civil Engineering, 94,

573-587. https://doi.org/10.1007/978-981-15-7222-7_47

Abeysinghe, A. A. S. E., Siriwardane, C. S. A., Bandara, C. S., Dissanayake, P. B. R., Haigh, R., &
Amarathunga, D. (2022). Incorparation of Disasater Risk Reduction and Disasater Resilient
Mechanisms into the Building Tool of GREENSL<Superscript>®</Superscript> Rating System for
Built Environment. 277-299. https://doi.org/10.1007/978-981-16-4412-2_20

Aguiar, F. C., Bentz, J., Silva, J. M. N., Fonseca, A. L., Swart, R., Santos, F. D., & Penha-Lopes, G. (2018).
Adaptation to climate change at local level in Europe: An overview. Environmental Science &

Policy, 86, 38—63. https://doi.org/10.1016/J.ENVSCI.2018.04.010

Ahmad, D., & Afzal, M. (2020). Flood hazards and factors influencing household flood perception and
mitigation strategies in Pakistan. Environmental Science and Pollution Research 2020 27:13,

27(13), 15375-15387. https://doi.org/10.1007/511356-020-08057-Z

Al-Faesly, T., Palermo, D., & Nistor, |. (2015). Tsunami Mitigation Measures. The 11th Canadian

Conference on Earthquake Engineering.

Amaratunga, D., Haigh, R., Professor, E., & Hettige, S. (2019). Accountability in the Context of Disaster

Risk Governance.

Anderson, J. E., Wulfhorst, G., & Lang, W. (2015). Energy analysis of the built environment—A review
and  outlook. Renewable and Sustainable  Energy  Reviews, 44, 149-158.
https://doi.org/10.1016/J.RSER.2014.12.027

Andri¢, ., Koc, M., & Al-Ghamdi, S. G. (2019). A review of climate change implications for built
environment: Impacts, mitigation measures and associated challenges in developed and
developing countries. Journal of Cleaner Production, 211, 83-102.

https://doi.org/10.1016/J.JCLEPRO.2018.11.128

Anjali, K., Khuman, Y., & Sokhi, J. (2020). A Review of the interrelations of terrestrial carbon

sequestration and urban forests Running title: Terrestrial carbon sequestration and urban



forests. AIMS Environmental Science, 7(6), 464-485.
https://doi.org/10.3934/environsci.2020030

Ardekani, A., & Hosseini, M. (2012). Urban and Architectural Approaches To Design against Tsunami.

15th World Conference on Earthquake Engineering.

Aryal, J. P, Sapkota, T. B., Rahut, D. B., Marenya, P., & Stirling, C. M. (2021). Climate risks and
adaptation strategies of farmers in East Africa and South Asia. Scientific Reports 2021 11:1, 11(1),
1-14. https://doi.org/10.1038/s41598-021-89391-1

Aslany, M., & Brincat, S. (2021). Class and climate-change adaptation in rural India: Beyond
community-based adaptation models. Sustainable Development, 29(3), 571-582.
https://doi.org/10.1002/SD.2201

Bahar GEDIKLI. (2016). APPROACHES TO CLIMATE CHANGE IN SPATIAL PLANNING AND DESIGN:
INTERNATIONAL AND TURKISH EXPERIENCES. Metu Journal of the Faculty of Architecture, 35(1),
89-109.

Baird, R. (2018). Systematic reviews and meta-analytic techniques. Seminars in Pediatric Surgery,

27(6), 338-344. https://doi.org/10.1053/J.SEMPEDSURG.2018.10.009

Batouli, M., & Mostafavi, A. (2016). Assessment of Sea-Level Rise Adaptations in Coastal Infrastructure
Systems: Robust Decision Making under Uncertainty. Construction Research Congress 2016: Old
and New Construction Technologies Converge in Historic San Juan - Proceedings of the 2016
Construction Research Congress, CRC 2016, 1455-1464.
https://doi.org/10.1061/9780784479827.146

Bauer, A., & Menrad, K. (2019). Standing up for the Paris Agreement: Do global climate targets
influence individuals’ greenhouse gas emissions? Environmental Science & Policy, 99, 72-79.

https://doi.org/10.1016/J.ENVSCI.2019.05.015

Becker, A., Ng, A. K. Y., McEvoy, D., & Mullett, J. (2018). Implications of climate change for shipping:
Ports and supply chains. Wiley Interdisciplinary Reviews: Climate Change, 9(2), e508.
https://doi.org/10.1002/WCC.508

Bernier, P., Fenner, R., & Ainger, C. (2015). Assessing the sustainability merits of retrofitting existing
homes. Proceedings of the Institution of Civil Engineers - Engineering Sustainability, 163(E4),

197-207. https://doi.org/10.1680/ENSU.2010.163.4.197

Bolan, B., Charchenko, E., Knupfer, S., Sahdev, S., Farhad, N., Garg, S., & Huxley, R. (2021). Focused

adaptation: A strategic approach to climate adaptation in cities.



https://www.mckinsey.com/~/media/mckinsey/business%20functions/sustainability/our%20in
sights/how%20cities%20can%20adapt%20t0%20climate%20change/focused-adaptation-a-

strategic-approach-to-climate-adaptation-in-cities-vf.pdf?shouldIndex=false

Broadbent, M., Essex, J., Fitzmaurice, S., Hamza, M., Pakeer, K., Steele, A,, Stiff, T., & White, J. (2015).
Disaster Risk Management in the Transport Sector: A review of concepts and international case

studies.

Busayo, E. T., & Kalumba, A. M. (2020). Coastal Climate Change Adaptation and Disaster Risk
Reduction: A Review of Policy, Programme and Practice for Sustainable Planning Outcomes.

Sustainability 2020, Vol. 12, Page 6450, 12(16), 6450. https://doi.org/10.3390/SU12166450

Cernev, T., & Fenner, R. (2020). The importance of achieving foundational Sustainable Development
Goals in reducing global risk. Futures, 115, 102492.
https://doi.org/10.1016/J.FUTURES.2019.102492

Cervigni, R., Losos, A., Chinowsky, P., & Neumann, J. E. (2017). Enhancing the Climate Resilience of
Africa’s Infrastructure Enhancing the Climate Resilience of Africa’s Infrastructure : The Roads and

Bridges Sector.

Charlesworth, S., Warwick, F., & Lashford, C. (2016). Decision-Making and Sustainable Drainage:
Design and  Scale. Sustainability =~ 2016, Vol. 8, Page 782, 8(8), 782.
https://doi.org/10.3390/SU8080782

Charoenkit, S., & Kumar, S. (2017). Building low-carbon and disaster-resilient communities: integrating
climate mitigation and adaptation into the assessment of self-help housing design. Mitigation
and Adaptation Strategies for Global Change, 22(5), 695-728. https://doi.org/10.1007/511027-
015-9694-4

Cheng, C., Yang, Y. C. E,, Ryan, R, Yu, Q., & Brabec, E. (2017). Assessing climate change-induced
flooding mitigation for adaptation in Boston’s Charles River watershed, USA. Landscape and

Urban Planning, 167, 25-36. https://doi.org/10.1016/J.LANDURBPLAN.2017.05.019

Chersich, M. F., & Wright, C. Y. (2019). Climate change adaptation in South Africa: a case study on the
role of the health sector. Globalization and Health, 15(1), 1-16. https://doi.org/10.1186/512992-
019-0466-X/TABLES/1

Chinyere, N. L., Jacinta, O. O., & Anyim, N. A. (2020). Urban Governance: An Overview. GNOSI: An
Interdisciplinary ~ Journal of  Human Theory and Praxis, 3(1), 85-97.

http://www.gnosijournal.com/index.php/gnosi/article/view/86



Choi, J.-H., Yoon, T.-H., Kim, J.-S., & Moon, Y.-l. (2017). Dam Rehabilitation Assessment Using the
Delphi-AHP Method for Adapting to Climate Change. Journal of Water Resources Planning and
Management, 144(2), 06017007. https://doi.org/10.1061/(ASCE)WR.1943-5452.0000877

Ciscar, J.-C., & Dowling, P. (2014). Integrated assessment of climate impacts and adaptation in the

energy sector. Energy Economics, 46, 531-538. https://doi.org/10.1016/j.eneco.2014.07.003

Clark, S.S., Chester, M. v., Seager, T. P., & Eisenberg, D. A. (2017). The vulnerability of interdependent
urban infrastructure systems to climate change: could Phoenix experience a Katrina of extreme
heat? Sustainable and Resilient Infrastructure, 4(1), 21-35.

https://doi.org/10.1080/23789689.2018.1448668

Climate Change Secretariat. (2016). National Adaptation Plan For Climate Change Impacts in Sri Lanka
2016-2025.

Coleman, S. (2017). Australia state of the environment 2016: built environment, independent report to
the  Australian  Government  Minister  for  the  Environment and  Energy.
https://scholar.archive.org/work/23ag5gfq3nbg5cyzvpiusocfny/access/wayback/https://soe.en
vironment.gov.au/sites/g/files/net806/f/soe2016-built-launch-20feb.pdf?v=1488792899

Collings, D., & Collings, D. (2020). A review of UK greenhouse gas emissions from recent built-
environment projects. Https://Doi.Org/10.1680/Jcien.20.00019, 173(4), 171-176.
https://doi.org/10.1680/JCIEN.20.00019

COMMIT and CD-LINKS. (2018). Opportunities for Enhanced Action to Keep Paris Goal in Reach-
Contribution to the Talanoa Dialogue by the COMMIT and CD-LINKS projects.
https://unfccc.int/sites/default/files/resource/437_Enhanced%20Action%20t0%20Keep%20Par
is%20Go0als%20in%20Reach.pdf

Cramer, W., Guiot, J., Fader, M., Garrabou, J., Gattuso, J. P., Iglesias, A., Lange, M. A., Lionello, P.,
Llasat, M. C., Paz, S., Pefiuelas, J., Snoussi, M., Toreti, A., Tsimplis, M. N., & Xoplaki, E. (2018).
Climate change and interconnected risks to sustainable development in the Mediterranean.

Nature Climate Change 2018 8:11, 8(11), 972-980. https://doi.org/10.1038/s41558-018-0299-2

da Cruz, N. F., Rode, P., & McQuarrie, M. (2018). New urban governance: A review of current themes
and future priorities. Https://Doi.Org/10.1080/07352166.2018.1499416, 41(1), 1-19.
https://doi.org/10.1080/07352166.2018.1499416



de Ruig, L. T., Haer, T., de Moel, H., Botzen, W. J. W., & Aerts, J. C. J. H. (2020). A micro-scale cost-
benefit analysis of building-level flood risk adaptation measures in Los Angeles. Water Resources

and Economics, 32, 100147. https://doi.org/10.1016/J.WRE.2019.100147

Dias, N., Clegg, G., Amaratunga, D., & Haigh, R. (2019). A resilient environment through the integration
of CCA and DRR: An overview of existing challenges. International Journal on Advanced Science,
Engineering and Information Technology, 9(1), 129-135.
https://doi.org/10.18517/1JASEIT.9.1.8072

Djalante, R., & Lassa, S. (2019). Governing complexities and its implication on the Sendai Framework
for Disaster Risk Reduction priority 2 on governance. Progress in Disaster Science, 2, 100010.

https://doi.org/10.1016/J.PDISAS.2019.100010

Dong, Y., Coleman, M., & Miller, S. A. (2021). Greenhouse Gas Emissions from Air Conditioning and
Refrigeration Service Expansion in Developing Countries. Https://Doi.Org/10.1146/Annurev-
Environ-012220-034103, 46, 59-83. https://doi.org/10.1146/ANNUREV-ENVIRON-012220-
034103

Ellena, M., Breil, M., & Soriani, S. (2020a). The heat-health nexus in the urban context: A systematic
literature review exploring the socio-economic vulnerabilities and built environment

characteristics. Urban Climate, 34, 100676. https://doi.org/10.1016/J.UCLIM.2020.100676

Ellena, M., Breil, M., & Soriani, S. (2020b). The heat-health nexus in the urban context: A systematic
literature review exploring the socio-economic vulnerabilities and built environment

characteristics. Urban Climate, 34, 100676. https://doi.org/10.1016/J.UCLIM.2020.100676

Emilsson, T., & Ode Sang, A. (2017). Impacts of Climate Change on Urban Areas and Nature-Based
Solutions for Adaptation. Theory and Practice of Urban Sustainability Transitions, 15-27.

https://doi.org/10.1007/978-3-319-56091-5_2

Esteban, M., Tsimopoulou, V., Mikami, T., Yun, N. Y., Suppasri, A., & Shibayama, T. (2013). Recent
tsunamis events and preparedness: Development of tsunami awareness in Indonesia, Chile and
Japan. International Journal of Disaster Risk Reduction, 5, 84-97.

https://doi.org/10.1016/J.1JDRR.2013.07.002

Fahad, S., & Wang, J. (2018). Farmers' risk perception, vulnerability, and adaptation to climate change
in rural Pakistan. Land Use Policy, 79, 301-309.
https://doi.org/10.1016/J.LANDUSEPOL.2018.08.018



Faivre, N., Sgobbi, A., Happaerts, S., Raynal, J., & Schmidt, L. (2018). Translating the Sendai Framework
into action: The EU approach to ecosystem-based disaster risk reduction. International Journal

of Disaster Risk Reduction, 32, 4-10. https://doi.org/10.1016/J.1JDRR.2017.12.015

Fedele, G., Donatti, C. I., Harvey, C. A, Hannah, L., & Hole, D. G. (2019). Transformative adaptation to
climate change for sustainable social-ecological systems. Environmental Science & Policy, 101,

116-125. https://doi.org/10.1016/J.ENVSCI.2019.07.001

Ghbn, N. (2016). Dynamic Modeling for Municipal Climate Change Adaptive Measures and Integrated
Watershed Management. World Environmental And Water Resources Congress 2016: Hydraulics
and Waterways and Hydro-Climate/Climate Change - Papers from Sessions of the Proceedings of
the 2016 World Environmental and Water Resources Congress, 642-649.
https://doi.org/10.1061/9780784479872.066

Ghofrani, Z., Sposito, V., & Faggian, R. (2016). Designing Resilient Regions By Applying Blue-Green
Infrastructure Concepts. WIT Transactions on Ecology and the Environment, 204, 493-505.

https://doi.org/10.2495/5C160421

Gibbs, M. T. (2020). The two-speed coastal climate adaptation economy in Australia. Ocean & Coastal

Management, 190, 105150. https://doi.org/10.1016/J.0CECOAMAN.2020.105150

Ginige, K., Amaratunga, D., & Haigh, R. (2013). Disaster Risk Reduction in the Built Environment in Sri

Lanka-An overview. Heritance Ahungalla.

Government of the Democartic Socialist Republic of Sri Lanka. (2018). Voluntary National Review on
the Status of Implementing the Sustainable Development Goals.
https://sustainabledevelopment.un.org/content/documents/19677FINAL_SriLankaVNR_Report
_30Jun2018.pdf

Grima, N., Corcoran, W., Hill-James, C., Langton, B., Sommer, H., & Fisher, B. (2020). The importance
of urban natural areas and urban ecosystem services during the COVID-19 pandemic. PLOS ONE,

15(12), €0243344. https://doi.org/10.1371/JOURNAL.PONE.0243344

Gu, J., Corbett, H., & Leach, M. (2019). Introduction: The Belt and Road Initiative and the Sustainable
Development Goals: Opportunities and Challenges. IDS Bulletin, 50(4), 1-22.
https://doi.org/10.19088/1968-2019.136

Gupta, B. V. (n.d.). Mainstreaming Climate Adaptation for Creating Resilient Infrastructure Technical

Note.



Gupta, R., & Gregg, M. (2012). Climate Change: Adaptations. International Encyclopedia of Housing
and Home, 164-179. https://doi.org/10.1016/B978-0-08-047163-1.00597-X

Gupta, V. (2021). Mainstreaming Climate Adaptation for Creating Resilient Infrastructure Technical

Note.

Haasnoot, M., van 't Klooster, S., & van Alphen, J. (2018). Designing a monitoring system to detect
signals to adapt to uncertain climate change. Global Environmental Change, 52, 273-285.

https://doi.org/10.1016/).GLOENVCHA.2018.08.003

Haddad, S., Barker, A., Yang, J., Kumar, D. . M., Garshasbi, S., Paolini, R., & Santamouris, M. (2020).
On the potential of building adaptation measures to counterbalance the impact of climatic
change in the tropics. Energy and Buildings, 229, 110494.
https://doi.org/10.1016/J.ENBUILD.2020.110494

Han, Y., & Mozumder, P. (2021). Building-level adaptation analysis under uncertain sea-level rise.

Climate Risk Management, 32, 100305. https://doi.org/10.1016/J.CRM.2021.100305

Hatvani-Kovacs, G., Bush, J., Sharifi, E., & Boland, J. (2018). Policy recommendations to increase urban

heat stress resilience. Urban Climate, 25, 51-63. https://doi.org/10.1016/J.UCLIM.2018.05.001

Herath, H. M. P. I. K., Halwatura, R. U., & Jayasinghe, G. Y. (2018). Evaluation of green infrastructure
effects on tropical Sri Lankan urban context as an urban heat island adaptation strategy. Urban

Forestry and Urban Greening, 29, 212—222. https://doi.org/10.1016/J.UFUG.2017.11.013

Hinkel, J., Brown, S., Exner, L., Nicholls, R. J., Vafeidis, A. T., & Kebede, A. S. (2011). Sea-level rise
impacts on Africa and the effects of mitigation and adaptation: an application of DIVA. Regional

Environmental Change 2011 12:1, 12(1), 207—-224. https://doi.org/10.1007/510113-011-0249-2

Holz-Rau, C., & Scheiner, J. (2019). Land-use and transport planning — A field of complex cause-impact
relationships. Thoughts on transport growth, greenhouse gas emissions and the built

environment. Transport Policy, 74, 127-137. https://doi.org/10.1016/J.TRANPOL.2018.12.004

Hosseini, S., Barker, K., & Ramirez-marquez, J. E. (2016). A review of de fi nitions and measures of

system resilience. 145, 47-61. https://doi.org/10.1016/j.ress.2015.08.006

Huang, H., & Zhang, D. (2016). Resilience of operated tunnels under extreme surcharge: field study.
Japanese Geotechnical Society Special Publication, 2(42), 1492-1496.
https://doi.org/10.3208/JGSSP.ATC6-06



Huang, K. T., & Hwang, R. L. (2016). Future trends of residential building cooling energy and passive
adaptation measures to counteract climate change: The case of Taiwan. Applied Energy, 184,

1230-1240. https://doi.org/10.1016/).APENERGY.2015.11.008

Hudson, P. (2020). The Affordability of Flood Risk Property-Level Adaptation Measures. Risk Analysis,
40(6), 1151-1167. https://doi.org/10.1111/RISA.13465

Hunt, A., & Watkiss, P. (2011). Climate change impacts and adaptation in cities: a review of the

literature. Climatic Change, 104(1), 13—49. https://doi.org/10.1007/s10584-010-9975-6

Harlimann, A. C., Nielsen, J., Moosavi, S., Bush, J., Warren-Myers, G., & March, A. (2022). Climate
change preparedness across sectors of the built environment — A review of literature.

Environmental Science & Policy, 128, 277-289. https://doi.org/10.1016/J.ENVSCI.2021.11.021

Hurlimann, A., & Wilson, E. (2018). Sustainable urban water management under a changing climate:

The role of spatial planning. Water (Switzerland), 10(5). https://doi.org/10.3390/W10050546

Hussain, M., Butt, A. R.,, Uzma, F., Ahmed, R., Irshad, S., Rehman, A., & Yousaf, B. (2019). A
comprehensive review of climate change impacts, adaptation, and mitigation on environmental
and natural calamities in Pakistan. Environmental Monitoring and Assessment 2019 192:1,

192(1), 1-20. https://doi.org/10.1007/5S10661-019-7956-4

Hwang, R. L., Cheng, M. J,, Lin, T. P., & Ho, M. C. (2009). Thermal perceptions, general adaptation
methods and occupant’s idea about the trade-off between thermal comfort and energy saving
in hot—humid regions. Building and Environment, 44(6), 1128-1134.
https://doi.org/10.1016/).BUILDENV.2008.08.001

IPCC. (2015a). Climate change 2014 Impacts, Adaptation, and Vulnerability: Part A: Global and Sectoral
Aspects. https://www.ipcc.ch/site/assets/uploads/2018/02/WGIIAR5-PartA_FINAL.pdf

IPCC. (2015b). Climate Change 2014: Synthesis Report. https://ar5-

syr.ipcc.ch/ipcc/ipcc/resources/pdf/IPCC_SynthesisReport.pdf

Jayasekara, J. H. P. R. U,, Siriwardana, C. S. A., Amaratunga, D., & Haigh, R. (2022). Redesigning and
Repurposing Healthcare Facilities for the New Normal, COVID-19: A Review on New Approaches
in Hospital Systems. 211-234. https://doi.org/10.1007/978-981-16-4412-2_17

Jetten, )., Fielding, K. S., Crimston, C. R., Mols, F., & Haslam, S. A. (2021). Responding to Climate Change
Disaster. Https://Doi.0rg/10.1027/1016-9040/A000432, 26(3), 161-171.
https://doi.org/10.1027/1016-9040/A000432



Job, S. C., Harris, M., Julius, S., Butcher, J. B., & Kennedy, J. T. (2020a). Adapting urban best
management practices for resilience to long-term environmental changes. Water Environment
Research : A Research Publication of the Water Environment Federation, 92(12), 2178-2192.
https://doi.org/10.1002/WER.1302

Job, S. C., Harris, M., Julius, S., Butcher, J. B.,, & Kennedy, J. T. (2020b). Adapting urban best
management practices for resilience to long-term environmental changes. Water Environment
Research : A Research Publication of the Water Environment Federation, 92(12), 2178-2192.
https://doi.org/10.1002/WER.1302

Joensuu, T., Edelman, H., & Saari, A. (2020). Circular economy practices in the built environment.

Journal of Cleaner Production, 276, 124215. https://doi.org/10.1016/).JCLEPRO.2020.124215

Johnson, J. E., Allain, V., Basel, B., Bell, J. D., Chin, A., Dutra, L. X. C., Hooper, E., Loubser, D., Lough, J.,
Moore, B. R., & Nicol, S. (2020). Impacts of Climate Change on Marine Resources in the Pacific

Island Region. Springer Climate, 359—402. https://doi.org/10.1007/978-3-030-32878-8_10

Kaluarachchi, Y. (2018). Building Community Resilience in the Re-settlement of Displaced
Communities. Procedia Engineering, 212, 443-450.
https://doi.org/10.1016/J.PROENG.2018.01.057

Karakas, T., & Yildiz, D. (2020). Exploring the influence of the built environment on human experience
through a neuroscience approach: A systematic review. Frontiers of Architectural Research, 9(1),

236-247. https://doi.org/10.1016/J.FOAR.2019.10.005

Karimi, V., Karami, E., & Keshavarz, M. (2018). Climate change and agriculture: Impacts and adaptive
responses in Ilran. Journal of Integrative Agriculture, 17(1), 1-15. https://doi.org/10.1016/52095-
3119(17)61794-5

Katopodis, T., & Sfetsos, A. (2019). A review of climate change impacts to oil sector critical services
and suggested recommendations for industry uptake. Infrastructures, 4(4).

https://doi.org/10.3390/INFRASTRUCTURES4040074

Kohlitz, J., Chong, J., & Willetts, J. (2020). Rural Drinking Water Safety under Climate Change: The
Importance of Addressing Physical, Social, and Environmental Dimensions. Resources 2020, Vol.

9, Page 77, 9(6), 77. https://doi.org/10.3390/RESOURCES9060077

Lampropoulos, I., Alskaif, T., Schram, W., Bontekoe, E., Coccato, S., & van Sark, W. (2020). Review of
Energy in the Built Environment. Smart Cities 2020, Vol. 3, Pages 248-288, 3(2), 248-288.
https://doi.org/10.3390/SMARTCITIES3020015



Lau, J. D., Hicks, C. C.,, Gurney, G. G., & Cinner, J. E. (2019). What matters to whom and why?
Understanding the importance of coastal ecosystem services in developing coastal communities.

Ecosystem Services, 35, 219-230. https://doi.org/10.1016/J.ECOSER.2018.12.012

Lenzholzer, S., Carsjens, G. J., Brown, R. D., Tavares, S., Vanos, J., Kim, Y. J., & Lee, K. (2020). Urban
climate awareness and urgency to adapt: An international overview. Urban Climate, 33, 100667.

https://doi.org/10.1016/J.UCLIM.2020.100667

Lin, B. B., Ossola, A., Alberti, M., Andersson, E., Bai, X., Dobbs, C., EImqvist, T., Evans, K. L., Frantzeskaki,
N., Fuller, R. A., Gaston, K. J., Haase, D., Jim, C. Y., Konijnendijk, C., Nagendra, H., Niemel3, J.,
McPhearson, T., Moomaw, W. R,, Parnell, S., ... Tan, P. Y. (2021). Integrating solutions to adapt
cities for climate change. The Lancet Planetary Health, 5(7), e479—-e486.
https://doi.org/10.1016/52542-5196(21)00135-2

Maini, R., Clarke, L., Blanchard, K., & Murray, V. (2017). The Sendai Framework for Disaster Risk
Reduction and Its Indicators—Where Does Health Fit in? International Journal of Disaster Risk

Science 2017 8:2, 8(2), 150-155. https://doi.org/10.1007/513753-017-0120-2

Major, D. C., Lehmann, M., & Fitton, J. (2018). Linking the management of climate change adaptation
in small coastal towns and cities to the Sustainable Development Goals. Ocean & Coastal

Management, 163, 205-208. https://doi.org/10.1016/).0CECOAMAN.2018.06.010

Malalgoda, C., Amaratunga, D., & Haigh, R. (2013). Creating a disaster resilient built environment in
urban cities: The role of local governments in Sri Lanka. International Journal of Disaster

Resilience in the Built Environment, 4(1), 72-94. https://doi.org/10.1108/17595901311299017

Malalgoda, C., Amaratunga, D., & Haigh, R. (2014a). Challenges in Creating a Disaster Resilient Built
Environment. Procedia Economics and Finance, 18, 736—744. https://doi.org/10.1016/52212-
5671(14)00997-6

Malalgoda, C., Amaratunga, D., & Haigh, R. (2014b). Challenges in Creating a Disaster Resilient Built
Environment. Procedia Economics and Finance, 18, 736—744. https://doi.org/10.1016/52212-
5671(14)00997-6

Manocha, N., & Babovic, V. (2017). Development and valuation of adaptation pathways for storm
water management infrastructure. Environmental Science and Policy, 77, 86-97.

https://doi.org/10.1016/J.ENVSCI.2017.08.001



Markolf, S. A., Hoehne, C., Fraser, A., Chester, M. v., & Underwood, B. S. (2019). Transportation
resilience to climate change and extreme weather events — Beyond risk and robustness.

Transport Policy, 74, 174-186. https://doi.org/10.1016/j.tranpol.2018.11.003

Mauree, D., Naboni, E., Coccolo, S., Perera, A. T. D., Nik, V. M., & Scartezzini, J. L. (2019). A review of
assessment methods for the urban environment and its energy sustainability to guarantee
climate adaptation of future cities. Renewable and Sustainable Energy Reviews, 112, 733-746.

https://doi.org/10.1016/J.RSER.2019.06.005

McPhillips, L. E., Matsler, M., Rosenzweig, B. R., & Kim, Y. (2020). What is the role of green stormwater
infrastructure in managing extreme precipitation events?
Https://Doi.0Org/10.1080/23789689.2020.1754625, 6(3-4), 133-142.
https://doi.org/10.1080/23789689.2020.1754625

Megahed, N. A., & Ghoneim, E. M. (2020). Antivirus-built environment: Lessons learned from Covid-
19 pandemic. Sustainable Cities and Society, 61, 102350.
https://doi.org/10.1016/).5CS.2020.102350

Mele, A., Paglialunga, E., & Sforna, G. (2021). Climate cooperation from Kyoto to Paris: What can be
learnt from the CDM experience? Socio-Economic Planning Sciences, 75, 100942.

https://doi.org/10.1016/).SEPS.2020.100942

Mikovits, C., Tscheikner-Gratl, F., Jasper-Tonnies, A., Einfalt, T., Huttenlau, M., Schopf, M., Kinzel, H.,
Rauch, W., & Kleidorfer, M. (2017). Decision Support for Adaptation Planning of Urban Drainage
Systems. Journal of Water Resources Planning and Management, 143(12), 04017069.
https://doi.org/10.1061/(ASCE)WR.1943-5452.0000840

Minnesota Department of Transportation. (2020). Transportation Resilience: Current Practices and

Opportunities for MnDOT.

Mio, C., Panfilo, S., & Blundo, B. (2020). Sustainable development goals and the strategic role of
business: A systematic literature review. Business Strategy and the Environment, 29(8), 3220—

3245. https://doi.org/10.1002/BSE.2568

Mohebbi, S., Zhang, Q., Christian Wells, E., Zhao, T., Nguyen, H., Li, M., Abdel-Mottaleb, N., Uddin, S.,
Lu, Q., Wakhungu, M. J., Wu, Z., Zhang, Y., Tuladhar, A., & Ou, X. (2020). Cyber-physical-social
interdependencies and organizational resilience: A review of water, transportation, and cyber
infrastructure systems and processes. Sustainable Cities and Society, 62, 102327.

https://doi.org/10.1016/J.5CS.2020.102327



Morin, J., Coster, B. de, Paris, R., Flohic, F., Floch, D. le, Lavigne, F., Wassmer, P., Brunstein, D.,
Grancher, D., Gomez, C., Etienne, S., Vautier, F., Bernard, C., Barthomeuf, B., UMR, E. D. G.,
MNHN, J. F.,, Intechmer, E. P., Cherbourg, C., Leone, F., ... Mada, S. G. (2008). Tsunami-resilient
communities’ development in Indonesia through educative actions Lessons from the 26
December 2004 tsunami. Disaster Prevention and Management, 17(3), 430-446.
https://doi.org/10.1108/09653560810887338

Moura, N. C. B., Pellegrino, P. R. M., & Martins, J. R. S. (2016). Best management practices as an
alternative for flood and urban storm water control in a changing climate. Journal of Flood Risk

Management, 9(3), 243-254. https://doi.org/10.1111/JFR3.12194

Mouratidis, K., Peters, S., & van Wee, B. (2021). Transportation technologies, sharing economy, and
teleactivities: Implications for built environment and travel. Transportation Research Part D:

Transport and Environment, 92, 102716. https://doi.org/10.1016/J.TRD.2021.102716

Mumtaz, M. (2021). Role of civil society organizations for promoting green and blue infrastructure to
adapting climate change: Evidence from Islamabad city, Pakistan. Journal of Cleaner Production,

309, 127296. https://doi.org/10.1016/J.JCLEPRO.2021.127296

Mycoo, M. (2014). Sustainable tourism, climate change and sea level rise adaptation policies in

Barbados. Natural Resources Forum, 38(1), 47-57. https://doi.org/10.1111/1477-8947.12033

Mysiak, J., Castellari, S., Kurnik, B., Swart, R., Pringle, P., Schwarze, R., Wolters, H., Jeuken, A., & van
der Linden, P. (2018). Brief communication: Strengthening coherence between climate change
adaptation and disaster risk reduction. Natural Hazards and Earth System Sciences, 18(11),

3137-3143. https://doi.org/10.5194/NHESS-18-3137-2018

Neumann, B., Vafeidis, A. T., Zimmermann, J., & Nicholls, R. J. (2015). Future Coastal Population
Growth and Exposure to Sea-Level Rise and Coastal Flooding - A Global Assessment. PLoS ONE,

10(3). https://doi.org/10.1371/JOURNAL.PONE.0118571

Neumann, J. E., Price, J., Chinowsky, P., Wright, L., Ludwig, L., Streeter, R., Jones, R., Smith, J. B,,
Perkins, W., Jantarasami, L., & Martinich, J. (2015). Climate change risks to US infrastructure:
impacts on roads, bridges, coastal development, and urban drainage. Climatic Change, 131(1),

97-109. https://doi.org/10.1007/510584-013-1037-4/TABLES/1

Neumann, M. B., Rieckermann, J., Hug, T., & Gujer, W. (2015). Adaptation in hindsight: Dynamics and
drivers shaping urban wastewater systems. Journal of Environmental Management, 151, 404—

415. https://doi.org/10.1016/J.JENVMAN.2014.12.047



Ngo-Duc, T. (2014). Climate Change in the Coastal Regions of Vietnam. Coastal Disasters and Climate
Change in Vietnam: Engineering and Planning Perspectives, 175-198.

https://doi.org/10.1016/B978-0-12-800007-6.00008-3

Nikuze, A., Sliuzas, R., Flacke, J., & van Maarseveen, M. (2019). Livelihood impacts of displacement
and resettlement on informal households - A case study from Kigali, Rwanda. Habitat

International, 86, 38—47. https://doi.org/10.1016/J.HABITATINT.2019.02.006

Nofal, O. M., & van de Lindt, J. W. (2020). High-resolution approach to quantify the impact of building-
level flood risk mitigation and adaptation measures on flood losses at the community-level.
International Journal of Disaster Risk Reduction, 51, 101903.
https://doi.org/10.1016/J.1J)DRR.2020.101903

Odey, G. 0., Alawad, A. G. A,, Atieno, O. S., Carew-Bayoh, E. O., Fatuma, E., Ogunkola, I. O., & Lucero-
Prisno, D. E. (2021). COVID-19 pandemic: impacts on the achievements of Sustainable
Development Goals in Africa. The Pan African Medical Journal, 38, 251.
https://doi.org/10.11604/PAMJ.2021.38.251.27065

Oecd, & Ocde. (2009). Integrating Climate Change Adaptation into Development Co-operation: Policy
Guidance.
www.sourceoecd.org/development/9789264054769www.sourceoecd.org/environment/97892

64054769

Okoro, C. S., Musonda, |., & Agumba, J. N. (2021). A Factor Analysis of Transportation Infrastructure
Feasibility Study Factors: A Study Among Built Environment Professionals in South Africa.
Advances in Science, Technology and Innovation, 75-81. https://doi.org/10.1007/978-3-030-
48465-1_13

O’Malley, C., Piroozfarb, P. A. E., Farr, E. R. P., & Gates, J. (2014). An Investigation into Minimizing
Urban Heat Island (UHI) Effects: A UK Perspective. Energy Procedia, 62, 72-80.
https://doi.org/10.1016/J.EGYPR0O.2014.12.368

Onuma, A., & Tsuge, T. (2018). Comparing green infrastructure as ecosystem-based disaster risk
reduction with gray infrastructure in terms of costs and benefits under uncertainty: A theoretical
approach. International  Journal of Disaster  Risk  Reduction, 32, 22-28.

https://doi.org/10.1016/J.1J)DRR.2018.01.025

Oswald Beiler, M., Marroquin, L., & McNeil, S. (2016). State-of-the-practice assessment of climate

change adaptation practices across metropolitan planning organizations pre- and post-Hurricane



Sandy. Transportation Research Part A: Policy and Practice, 88, 163-174.
https://doi.org/10.1016/J.TRA.2016.04.003

Owen, G. (2020). What makes climate change adaptation effective? A systematic review of the
literature. Global Environmental Change, 62, 102071.
https://doi.org/10.1016/J.GLOENVCHA.2020.102071

Pickering, J., McGee, J. S., Stephens, T., & Karlsson-Vinkhuyzen, S. I. (2017). The impact of the US
retreat from the Paris Agreement: Kyoto revisited?
Https://Doi.0Org/10.1080/14693062.2017.1412934, 18(7), 818-827.
https://doi.org/10.1080/14693062.2017.1412934

Picketts, 1. M., Andrey, J., Matthews, L., Déry, S. J., & Tighe, S. (2015). Climate change adaptation
strategies for transportation infrastructure in Prince George, Canada. Regional Environmental

Change 2015 16:4, 16(4), 1109-1120. https://doi.org/10.1007/510113-015-0828-8

Poblet, M., Funfgeld, H., & McShane, |. (2014). Telecommunications and disaster management:
Participatory approaches and climate change adaptation | Journal of Telecommunications and

the Digital Economy. Journal of Telecommunications and the Digital Economy.

Porritt, S. M., Cropper, P. C., Shao, L., & Goodier, C. I. (2012). Ranking of interventions to reduce
dwelling overheating during heat waves. Energy and Buildings, 55, 16-27.
https://doi.org/10.1016/J.ENBUILD.2012.01.043

Ptivara, A., & Pfivarova, M. (2019). Nexus between Climate Change, Displacement and Conflict:
Afghanistan Case. Sustainability 2019, Vol. 11, Page 5586, 11(20), 5586.
https://doi.org/10.3390/SU11205586

Qiao, Y., Dawson, A. R., Parry, T., Flintsch, G., & Wang, W. (2020). Flexible Pavements and Climate
Change: A Comprehensive Review and Implications. Sustainability 2020, Vol. 12, Page 1057,
12(3), 1057. https://doi.org/10.3390/SU12031057

Radhakrishnan, M., Léwe, R., Ashley, R. M., Gersonius, B., Arnbjerg-Nielsen, K., Pathirana, A., &
Zevenbergen, C. (2019). Flexible adaptation planning process for urban adaptation in Melbourne.
Proceedings of the Institution of Civil Engineers - Engineering Sustainability, 172(7), 393—-403.
https://doi.org/10.1680/JENSU.17.00033

Regional Plan of Action for SIDS in the African and South East Asian Regions A WHO Special Initiative
in collaboration with UNFCCC and the Fijian Presidency of the COP-23. (2019).

http://apps.who.int/bookorders.



Rojas-Rueda, D., & Morales-Zamora, E. (2021). Built Environment, Transport, and COVID-19: a Review.
Current Environmental Health Reports, 8(2), 138-145. https://doi.org/10.1007/540572-021-
00307-7/FIGURES/4

Ross, B. E. (2017). The Learning Buildings Framework for Quantifying Building Adaptability. AE/ 2017:
Resilience of the Integrated Building - Proceedings of the Architectural Engineering National

Conference 2017, 1067-1077. https://doi.org/10.1061/9780784480502.089

Saja, A. M. A., Sahid, M. S. L., & Sutharshanan, M. (2020a). Implementing Sendai Framework priorities
through risk-sensitive development planning — A case study from Sri Lanka. Progress in Disaster

Science, 5, 100051. https://doi.org/10.1016/J.PDISAS.2019.100051

Saja, A. M. A, Sahid, M. S. L., & Sutharshanan, M. (2020b). Implementing Sendai Framework priorities
through risk-sensitive development planning — A case study from Sri Lanka. Progress in Disaster

Science, 5. https://doi.org/10.1016/).PDISAS.2019.100051

Salehi, S., Ardalan, A., Garmaroudi, G., Ostadtaghizadeh, A., Rahimiforoushani, A., & Zareiyan, A.
(2019). Climate change adaptation: a systematic review on domains and indicators. Natural

Hazards, 96, 521-550. https://doi.org/10.1007/s11069-018-3551-1

Salerno, F., Viviano, G., & Tartari, G. (2018). Urbanization and climate change impacts on surface water
quality: Enhancing the resilience by reducing impervious surfaces. Water Research, 144, 491-

502. https://doi.org/10.1016/J.WATRES.2018.07.058

Salimi, M., & Al-Ghamdi, S. G. (2020a). Climate change impacts on critical urban infrastructure and
urban resiliency strategies for the {Middle} {East}. Sustainable Cities and Society, 54, 101948.
https://doi.org/10.1016/j.5cs.2019.101948

Salimi, M., & Al-Ghamdi, S. G. (2020b). Climate change impacts on critical urban infrastructure and
urban resiliency strategies for the Middle East. Sustainable Cities and Society, 54, 101948.
https://doi.org/10.1016/).5CS.2019.101948

Sanchez Rodriguez, R., Urge-Vorsatz, Di., & Barau, A. S. (2018). Sustainable Development Goals and
climate change adaptation in cities. Nature Climate Change 2018 8:3, 8(3), 181-183.
https://doi.org/10.1038/s41558-018-0098-9

Sari, D. P. (2021). A Review of How Building Mitigates the Urban Heat Island in Indonesia and Tropical
Cities. Earth 2021, Vol. 2, Pages 653-666, 2(3), 653—666. https://doi.org/10.3390/EARTH2030038

Schulz, A., Zia, A., & Koliba, C. (2015). Adapting bridge infrastructure to climate change:

institutionalizing resilience in intergovernmental transportation planning processes in the



Northeastern USA. Mitigation and Adaptation Strategies for Global Change, 22(1), 175-198.
https://doi.org/10.1007/s11027-015-9672-x

Schweikert, A., Espinet, X., Goldstein, S., & Chinowsky, P. (2015). Resilience versus Risk: Assessing Cost
of Climate Change Adaptation to California’s Transportation System and the City of Sacramento,

California. Https://Doi.Org/10.3141/2532-02, 2532, 13-20. https://doi.org/10.3141/2532-02

Scussolini, P., Tran, T. T. van, Koks, E., Diaz-Loaiza, A., Ho, P. L., & Lasage, R. (2017). Adaptation to Sea
Level Rise: A Multidisciplinary Analysis for Ho Chi Minh City, Vietnam. Water Resources Research,

53(12), 10841-10857. https://doi.org/10.1002/2017WR021344

Seah, I., Masoud, F., Dias, F., Barve, A., Ojha, M., & Mazereeuw, M. (2021). Flux.Land: A Data-driven
Toolkit for Urban Flood Adaptation. Journal of Digital Landscape Architecture, 381-392.
https://doi.org/10.14627/537705034

Seddon, N., Chausson, A., Berry, P., Girardin, C. A. J., Smith, A., & Turner, B. (2020). Understanding the
value and limits of nature-based solutions to climate change and other global challenges.
Philosophical Transactions of the Royal Society B, 375(1794).
https://doi.org/10.1098/RSTB.2019.0120

Seidler, R., Dietrich, K., Schweizer, S., Bawa, K. S., Chopde, S., Zaman, F., Sharma, A., Bhattacharya, S.,
Devkota, L. P., & Khaling, S. (2018). Progress on integrating climate change adaptation and
disaster risk reduction for sustainable development pathways in South Asia: Evidence from six
research projects. International Journal of Disaster Risk Reduction, 31, 92-101.

https://doi.org/10.1016/J.1J)DRR.2018.04.023

Senosiain, J. L. (2020). Urban regreeneration: Green urban infrastructure as a response to climate
change mitigation and adaptation. International Journal of Design and Nature and Ecodynamics,

15(1), 33-38. https://doi.org/10.18280/IJDNE.150105

Shanmugasundaram, J., Gunnell, Y., Hessl, A. E., & Lee, E. (2017). Societal response to monsoon
variability in Medieval South India: Lessons from the past for adapting to climate change:
Https://Doi.Org/10.1177/2053019617695343, 4(2), 110-135.
https://doi.org/10.1177/2053019617695343

Sharifi, A. (2020). Trade-offs and conflicts between urban climate change mitigation and adaptation
measures: A literature review. Journal of Cleaner Production, 276, 122813.

https://doi.org/10.1016/J.JCLEPRO.2020.122813



Sharifi, A., Pathak, M., Joshi, C., & He, B. J. (2021a). A systematic review of the health co-benefits of
urban climate change adaptation. Sustainable Cities and Society, 74, 103190.
https://doi.org/10.1016/J.5CS.2021.103190

Sharifi, A., Pathak, M., Joshi, C., & He, B. J. (2021b). A systematic review of the health co-benefits of
urban climate change adaptation. Sustainable Cities and Society, 74, 103190.
https://doi.org/10.1016/J.5CS.2021.103190

Shehara, P. L. A. |, Siriwardana, C. S. A., Amaratunga, D., & Haigh, R. (2022). Development of a
Framework to Examine the Transportation Infrastructure Resilience; Sri Lankan Context. 235—

258. https://doi.org/10.1007/978-981-16-4412-2_18

Shimoda, Y. (2010). Adaptation measures for climate change and the urban heat island in Japan’s built
environment. Building Research & Information, 31(3-4), 222-230.
https://doi.org/10.1080/0961321032000097647

Singh, C., lyer, S., New, M. G., Few, R., Kuchimanchi, B., Segnon, A. C., & Morchain, D. (2021).
Interrogating ‘effectiveness’ in climate change adaptation: 11 guiding principles for adaptation
research and practice. Https://Doi.Org/10.1080/17565529.2021.1964937.
https://doi.org/10.1080/17565529.2021.1964937

Smit, B., & Pilifosova, O. (n.d.). Adaptation to Climate Change in the Context of Sustainable

Development and Equity 18.

Smit, B., & Pilifosova, O. (2018). Adaptation to Climate Change in the Context of Sustainable
Development and Equity 18. France.
https://www.ipcc.ch/site/assets/uploads/2018/03/wg2TARchap18.pdf

Solecki, W. D., Rosenzweig, C., Parshall, L., Pope, G., Clark, M., Cox, J., & Wiencke, M. (2011). Mitigation
of the heat island effect in urban New lJersey. Global Environmental Change Part

B: Environmental Hazards, 6(1), 39—49. https://doi.org/10.1016/J.HAZARDS.2004.12.002

Sovacool, B. K., Griffiths, S., Kim, J., & Bazilian, M. (2021). Climate change and industrial F-gases: A
critical and systematic review of developments, sociotechnical systems and policy options for
reducing synthetic greenhouse gas emissions. Renewable and Sustainable Energy Reviews, 141,

110759. https://doi.org/10.1016/J.RSER.2021.110759

Stagrum, A. E., Andenaes, E., Kvande, T., & Lohne, J. (2020). Climate Change Adaptation Measures for
Buildings—A Scoping Review. Sustainability 2020, Vol. 12, Page 1721, 12(5), 1721.
https://doi.org/10.3390/SU12051721



Stappers, N. E. H., van Kann, D. H. H., Ettema, D., de Vries, N. K., & Kremers, S. P. J. (2018). The effect
of infrastructural changes in the built environment on physical activity, active transportation and
sedentary behavior — A systematic review. Health & Place, 53, 135-149.
https://doi.org/10.1016/J.HEALTHPLACE.2018.08.002

Storbjork, S., & Hedrén, J. (2011). Institutional capacity-building for targeting sea-level rise in the
climate adaptation of Swedish coastal zone management. Lessons from Coastby. Ocean &

Coastal Management, 54(3), 265-273. https://doi.org/10.1016/).0CECOAMAN.2010.12.007

Strauch, R. L., Raymond, C. L., Rochefort, R. M., Hamlet, A. F., & Lauver, C. (2015). Adapting
transportation to climate change on federal lands in Washington State, U.S.A. Climatic Change,

130(2), 185-199. https://doi.org/10.1007/510584-015-1357-7/FIGURES/5

Tegar, D., & Gurning, R. O. S. (2018). Development of Marine and Coastal Tourism Based on Blue
Economy. International Journal of Marine Engineering Innovation and Research, 2(2), 2548—

1479. https://doi.org/10.12962/J25481479.V212.3650

The Climate Change Secretariat of Sri Lanka. (2014). The National Climate Change Policy of Sri Lanka.
1-7.

Travert, A. S., Annerstedt, K., & Daivadanam, M. (2019). Built Environment and Health Behaviors:
Deconstructing the Black Box of Interactions—A Review of Reviews. International Journal of
Environmental Research and Public Health 2019, Vol. 16, Page 1454, 16(8), 1454.
https://doi.org/10.3390/1JERPH16081454

Trogrli¢, R. S., Rijke, J., Dolman, N., & Zevenbergen, C. (2018). Rebuild by Design in Hoboken: A Design
Competition as a Means for Achieving Flood Resilience of Urban Areas through the
Implementation of Green Infrastructure. Water 2018, Vol. 10, Page 553, 10(5), 553.
https://doi.org/10.3390/W10050553

UNDRR. (2015). Sendai Framework for Disaster Risk Reduction 2015 - 2030.
UNDRR. (2019a). Disaster risk reduction in Sri Lanka. UN Disaster Risk Reduction, 29.

UNDRR.  (2019b). Global  Assessment Report on Disaster Risk  Reduction
https://gar.undrr.org/sites/default/files/reports/2019-05/full_gar_report.pdf

UNDRR, & CRED. (2020). Human cost of disasters:An overview of the last 20 years. In Personality and
Social Psychology Bulletin (Vol. 21, Issue 4). https://fas.org/sgp/crs/natsec/R45178.pdf



UNDRR; ISC. (2020). Hazard Definition & classification review: Technical Report. Hazard Definition &
Classification Reviewazard Definition & Classification Review, 1-88.

https://www.undrr.org/publication/hazard-definition-and-classification-review

UNFCC. (2021a). Key aspects of the Paris Agreement | UNFCCC. https://cop23.unfccc.int/process-and-

meetings/the-paris-agreement/the-paris-agreement/key-aspects-of-the-paris-agreement

UNFCC. (2021b). The Paris Agreement | UNFCCC. https://unfccc.int/process-and-meetings/the-paris-

agreement/the-paris-agreement
United Nations. (2015). Paris Agreement .

van de Ven, F. H. M., Snep, R. P. H., Koole, S., Brolsma, R., van der Brugge, R., Spijker, J., & Vergroesen,
T. (2016). Adaptation Planning Support Toolbox: Measurable performance information based
tools for co-creation of resilient, ecosystem-based urban plans with urban designers, decision-
makers and stakeholders.  Environmental  Science &  Policy, 66, 427-436.

https://doi.org/10.1016/J.ENVSCI.2016.06.010

van Engelenburg, J., van Slobbe, E., & Hellegers, P. (2019). Towards sustainable drinking water
abstraction: an integrated sustainability assessment framework to support local adaptation
planning. Https://Doi.Org/10.1080/1943815X.2019.1636284, 16(1), 89-122.
https://doi.org/10.1080/1943815X.2019.1636284

Varianou Mikellidou, C., Shakou, L. M., Boustras, G., & Dimopoulos, C. (2018). Energy critical
infrastructures at risk from climate change: A state of the art review. Safety Science, 110, 110-

120. https://doi.org/10.1016/).55C1.2017.12.022

Vicente, P., & Soledad, C. (2018, May 24). Methodology for Systematic Literature Review applied to
Engineering and Education. 2018 IEEE Global Engineering Education Conference (EDUCON).

Wang, L., Xue, X., Zhao, Z., & Wang, Z. (2018). The {Impacts} of {Transportation} {Infrastructure} on
{Sustainable} {Development}: {Emerging} {Trends} and {Challenges}. International Journal of
Environmental Research and Public Health, 15(6), 1172.
https://doi.org/10.3390/ijerph15061172

Wang, T., Qu, Z., Yang, Z., Nichol, T., Dimitriu, D., Clarke, G., & Bowden, D. (2019). How can the UK
road system be adapted to the impacts posed by climate change? By creating a climate
adaptation framework. Transportation Research Part D: Transport and Environment, 77, 403—

424. https://doi.org/10.1016/J.TRD.2019.02.007



Wang, X., Xu, L. L., Cui, S. H., & Wang, C. H. (2020). Reflections on coastal inundation, climate change
impact, and adaptation in built environment: progresses and constraints. Advances in Climate

Change Research, 11(4), 317-331. https://doi.org/10.1016/J.ACCRE.2020.11.010

Wedawatta, G., Kulatunga, U., Amaratunga, D., & Parvez, A. (2016). Disaster risk reduction
infrastructure requirements for South-Western Bangladesh: Perspectives of local communities.
Built Environment Project and Asset Management, 6(4), 379-390.
https://doi.org/10.1108/BEPAM-06-2015-0022

Weilant, S., Strong, A., & Miller, B. M. (2019). Incorporating Resilience into Transportation Planning

and Assessment. www.rand.org/giving/contribute

Working Group| Contribution to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change. (2021). Climate Change 2021: The Physical Science Basis.
https://www.ipcc.ch/report/ar6/wgl/downloads/report/IPCC_AR6_WGI_Full_Report.pdf

Wu, J., He, X, Li, Y., Shi, P., Ye, T., & Li, N. (2019). How earthquake-induced direct economic losses
change with earthquake magnitude, asset value, residential building structural type and physical
environment: An elasticity perspective. Journal of Environmental Management, 231, 321-328.

https://doi.org/10.1016/J.JENVMAN.2018.10.050

Yang, G., Yu, Z., Jgrgensen, G., & Vejre, H. (2020). How can urban blue-green space be planned for
climate adaption in high-latitude cities? A seasonal perspective. Sustainable Cities and Society,

53, 101932. https://doi.org/10.1016/J.5CS.2019.101932

Yerri, S. R., Piratla, K. R., Ross, B. E., & Harrison, D. M. (2018). Synthesis of Water Infrastructure
Adaptation Practices in U.S. Coastal Regions. Construction Research Congress 2018:
Infrastructure and Facility Management - Selected Papers from the Construction Research

Congress 2018, 2018-April, 516-528. https://doi.org/10.1061/9780784481295.052

Yildiz, S., Kivrak, S., Glltekin, A. B., & Arslan, G. (2020). Built environment design - social sustainability
relation in  urban renewal. Sustainable Cities and Society, 60, 102173.

https://doi.org/10.1016/J.5CS.2020.102173

Zanetti, V. B., Junior, W. C. de S., & de Freitas, D. M. (2016). A Climate Change Vulnerability Index and
Case Study in a Brazilian Coastal City. Sustainability 2016, Vol. 8, Page 811, 8(8), 811.
https://doi.org/10.3390/SU8080811

Zhang, C., Kazanci, O. B., Levinson, R., Heiselberg, P., Olesen, B. W., Chiesa, G., Sodagar, B., Ai, Z.,

Selkowitz, S., Zinzi, M., Mahdavi, A., Teufl, H., Kolokotroni, M., Salvati, A., Bozonnet, E., Chtioui,



F., Salagnac, P., Rahif, R., Attia, S., ... Zhang, G. (2021). Resilient cooling strategies — A critical
review and qualitative assessment. Energy and  Buildings, 251, 111312.

https://doi.org/10.1016/J.ENBUILD.2021.111312

Zhang, Y., Liu, H., Kang, S. C., & Al-Hussein, M. (2020). Virtual reality applications for the built
environment: Research trends and opportunities. Automation in Construction, 118, 103311.

https://doi.org/10.1016/J.AUTCON.2020.103311

Zhang, Y., Wang, Y., Chen, Y., Liang, F., & Liu, H. (2019). Assessment of future flash flood inundations
in coastal regions under climate change scenarios—A case study of Hadahe River basin in
northeastern China. Science of The Total Environment, 693, 133550.
https://doi.org/10.1016/J.SCITOTENV.2019.07.356

Zimmerman, R., & Faris, C. (2010). Infrastructure impacts and adaptation challenges. Annals of the

New York Academy of Sciences, 1196(1), 63—86.



	1 Introduction
	2 Background
	2.1 Summary of Climate change and its impacts from output 01
	2.2 Overview of three global agendas
	2.3 Coastal built environment
	2.4 Climate change adaptation

	3 The overall methodology of the output 03
	3.1 Aims of the study
	3.2 Systematic Literature Review

	4 Climate change adaptation measures for the built environment
	4.1 Climate change adaptation measures for the physical component of the built environment
	4.1.1 Adaptation measures for infrastructures
	4.1.2 Adaptation measure for protecting eco- system

	4.2 Climate change adaptation measures for the non-physical components of the built environment
	4.2.1 Adaptation measures for protecting communities
	4.2.2 Adaptation measures for protecting the economy
	4.2.3 Adaptation measures for governance


	5 Discussion
	6 Summary and Conclusions
	7 References

