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Abstract: The impact of climate change and related hazards such as floods, heatwaves, and sea
level rise on human lives, cities, and their hinterlands depends not only on the nature of the hazard,
but also on urban development, adaptation, and other socioeconomic processes that determine
vulnerability and exposure. Spatial planning can reduce climate risk not just by influencing the
exposure, but also by addressing social vulnerability. This requires that relevant information is
available to planners and that plans are implemented and coordinated between sectors. This article
is based on a research project in Thailand, particularly on the results of multi-sectoral workshops
in the case study region of the Andaman Coast in southern Thailand, and draws upon climate
risk, spatial planning, and systems thinking discourses. The article formulates recommendations
for planning in the context of Thailand that are relevant for other rapidly growing and urbanizing
regions. Among other conclusions, it suggests that systems thinking approaches and cross-sectoral
strategies are ways to grasp the interdependencies between and within climate risk and spatial
development challenges.
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1. Introduction

Spatial planning can be a valuable tool for driving adaptation to hazards exacerbated
by changes in climate patterns and extreme events, as well as for climate change mitiga-
tion [1–6]. Around the world, cities in both urban metropolitan regions and smaller cities
in rural regions are encroaching on hazard-prone areas, increasing the exposure of people,
urban areas, and infrastructure to hazards [7–11]. The lack of risk-based planning is also
increasing the vulnerability of urban structures and those who rely on them [12,13]. Spatial
planning can reduce risk by influencing what is and who are exposed and vulnerable to
climate-related hazards, such as heavy precipitation, heatwaves, and sea level rise [14]. Spa-
tial development planning is being increasingly recognized in national and local strategies
as an important cross-cutting instrument that can support climate adaptation [5,15].

International climate and development discourses in both practice and theory are in-
creasingly calling for more integrative transdisciplinary approaches to drive more resilient
development pathways [16,17]. Likewise, in climate change adaptation and disaster risk
reduction discourses, there is an agreement that climate adaptation and risk reduction
require an understanding of not just the climate change and related hazards, but also
spatial patterns of exposure and vulnerability, particularly human vulnerability [14,18–20].
The spatial planning discourse also continues to stress the need for more integrative,
strategic, and participatory approaches in order to make progress towards overarching de-
velopment visions such as sustainability and resilience [21–24]. Although these discourses
are by no means separate, they are not sufficiently linked and have much to gain from one
another [25]. In this article, we bring together these related discourses and use systems
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thinking as a tool for capturing complexities and understanding links between climate risk
and spatial development.

Particularly in practice, but also in theory, the role of spatial planning in our response
to climate change is often underestimated or seen too narrowly, in that the focus is on the
need for physical changes to urban structures and for exposure reduction, and too little
on reducing vulnerability and adapting the planning system to better integrate climate
adaptation [26,27]. We, therefore, address the following research questions:

1. What is the role of spatial planning in climate change adaptation?
2. What are the most relevant climate hazards and processes that influence vulnerability

and exposure in the Andaman Coast region?
3. How can planning processes be adapted to reduce climate risk?
4. How could systems thinking help spatial planning contribute to climate adaptation?

Both climate risk and spatial development are highly context-specific but at the same
time intrinsically linked to larger regional, national, and global systems and changes [28,29].
In this paper, we, therefore, use a case study approach to understand the link between cli-
mate risk and spatial planning and to identify windows of opportunity for spatial planning
to enhance climate risk reduction and resilient spatial development. These questions are
addressed in the Andaman Coast of Thailand, a region that is highly exposed to climatic
hazards, such as sea level rise, flooding, and storms [30]. It is a dynamic region of several
small- and medium-sized cities, and is known internationally as a tourist destination [31,32].
The following section introduces the case study region and national context more precisely.

2. Case Study Context
2.1. The Andaman Coast

The Andaman Coast is a thin strip of coast bordered by a coastline of natural beauty
and rich natural resources in the west and a chain of forested mountains in the east,
between which the land is used for settlement and agricultural [31–33] (Figure 1). Each of
the six provinces has an urban center, as well as smaller towns and villages surrounded
by scattered rural dwellings. The region has long been predominantly characterized by
agriculture and fisheries and related processing facilities and factories [34]. The local
agriculture comprises largely rubber and oil palm plantations, although there are also
orchards, crops, and animal husbandry. The fishing sector is significant, as well as the
production of local traditional products. The tourism sector is becoming increasingly vital
to the region as it spreads out from the tourism hubs of Phuket and Krabi to the surrounding
provinces. The tourism activities are focused on the coast and islands, although inland
attractions such as waterfalls and hot springs in the mountains are gaining attention.
The major tourism assets are the nature parks and historic cities. This shift from agriculture
to tourism is leading to socioeconomic changes and a changed spatial structure as the region
urbanizes. This means that the attractive but environmentally valuable and hazard-prone
coastal areas are under increasing development pressure. The Andaman Coast provides an
interesting case study, as it is a region of growing medium-sized or so-called secondary
cities. Such cities are home to a large portion of the population but have received less
attention than megacities. The quality of life in these cities and their surrounding provinces
is threatened by climate change and numerous development challenges.
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Figure 1. Map of the Andaman Coast showing (from top left) the 6 provinces with data on the
population density, change in population in the past decade, average monthly household income,
percentage of households with a smart phone, number of rentable rooms for tourism, percentage
of forestry and agricultural land (all data from the National Statistics Office of Thailand, data from
2017), and (bottom right) changes in the mangrove area from 1979 to 2014 (data from the Department
of Marine and Coastal Resources Thailand).

2.2. Urban Development in Thailand

Thailand has developed rapidly and is considered newly industrialized, with urban-
ization continuing throughout the region [35,36]. Over 50% of the population of Thailand
lives in urban areas, a significant increase from the 31% that lived in urban areas in 2000 and
from the 17% in 1950 [37]. Not only is the population in cities growing, but the urban area
is also expanding [35]. New residential developments are often constructed on cheaper
land on the outskirts of the cities, along with new roads out of the cities and more urban
development along these roads [35]. Due to this urban sprawl and a lack of investment
in public transport, the result is often more car traffic and congestion, as well as the in-
sufficient provision of basic utilities and infrastructure, encroachment on green spaces,
and environmental degradation. This trend can be observed in Bangkok [38] and Chaing
Mai [35], but also on the Andaman Coast, especially in Phuket [39], as well as in smaller
cities in the region and in other traditionally rural regions throughout the country. This ur-
banization trend is leading to increased greenhouse gas emissions, as well as to higher
exposure and vulnerability to climate hazards. This is in part due to the expansion of
urban development into hazard-prone areas (e.g., low-lying coastal areas, unstable slopes,
flood plains, riverbanks), to urban management systems not keeping up with the growth,
and to poorly planned development increasing the vulnerability of the urban population.
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2.3. Climate Change in Thailand

In Thailand the annual mean temperatures have been rising, while the frequency
and amount of precipitation have been decreasing [40] and the intensity of precipitation
events has been increasing [41]. Sea levels have been rising and ocean temperatures are
warming [42]. The annual average precipitation, as well as the frequency of intense rainfall
events, is projected to increase, especially in the wet season [43]. By the end of the century,
the average temperatures are projected to increase along with an increased likelihood of
heatwaves, with the largest increases expected in the south [30]. Flooding is by far the most
frequently occurring and most damaging climate-related hazard in Thailand [30,44,45],
and there is good agreement between the climate models that flooding will become more
frequent throughout Southeast Asia [46]. Fluvial floods, flash floods, landslides, and coastal
flooding are all expected to become more likely, including large-scale floods like that in
2011 [30,47]. More prolonged periods of drought are likely, which combined with higher
temperatures put urban areas at risk of higher air pollution and forest fire. Critical public
and private infrastructure are likely to become more exposed to hazards and agricultural
productivity is likely to be affected due to the vulnerability to rising temperatures. Based on
the experience from past disasters, it is likely that the impacts will be experienced dispro-
portionately by the poorest and most marginalized groups, depending on the adaptation
policies [30].

2.4. Climate Adaptation and Spatial Planning in Thailand

Thailand’s National Adaptation Plan (NAP) identifies human settlements as a key sec-
tor [48] and formulates measures and goals for spatial planning, including to: mainstream
climate change adaptation issues into town and country planning processes at all levels;
integrate climate-resilient building design into building standards and regulations; push
forward the regulations to undertake climate change benefit analyses in all mega projects
under public investment; encourage the involvement of the private sector in the climate
response through financial mechanisms. The Department of Public Works and Town and
Country Planning (DPT)—which is responsible for spatial planning at the national, regional,
and local levels—is responsible for these measures. There has been intensified cooperation
between the Office of Natural Resources and Environmental Policy and Planning (ONEP),
which is responsible for the NAP, and DPT. This includes an agreement to support the
integration of climate change considerations at all levels of spatial planning and to build
the capacity of spatial planners in this regard [49]. The current draft of the “Thirteenth
National Economic and Social Development Plan 2023–2027” puts an emphasis on climate
change adaptation and mitigation, with the vision “Thailand can reduce risks and impacts
from natural disasters and climate change” as one of 13 main goals [50] (p. 114). This in-
cludes sub-goals to reduce vulnerability and build capacity to cope and adapt; to protect
ecosystem services and sustainable water management; as well as to use urban planning as
a preventative measure that uses strategic land-use plans to avoid hazard areas, improves
building design, and improves the resilience of low-lying flood-prone areas [50].

It has yet to be seen if these national-level strategies will be implemented at the
sub-national planning levels. Previously spatial planning did not include sufficient consid-
eration of climate risk, with urban areas still expanding into hazard-prone areas [35]. A lack
of action at the local planning levels has been reported due to inadequate downscaling of
the strategies and insufficient awareness and prioritization of climate risk reduction within
local planning practice [35]. More generally, adaptation appears to be hampered by weak-
nesses in the land-use planning system, in which plans are not enforceable, information
is not publicly available, and there is a lack of systematic environmental monitoring [35].
The spatial and environmental planning laws appear to often not be strong enough to
compete against the increasing pressure to allow development from large-scale investment
interests in areas of industrial production or in tourist destinations such as the Andaman
Coast [51]. Several studies underscore that land-use plans and environmental assessments
occur too late in the planning process to make a difference in terms of reducing risks [52,53].
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3. Theoretical Context
3.1. Climate Risk: Differentiating Exposure and Vulnerability

Alongside the crucial task of mitigating climate change, adapting to already observed
or locked-in changes to the climate is necessary to minimize the impacts of climate change
on health and wellbeing. The impacts of climate change do not just arise from physical
changes to the climate or the frequency, magnitude, or location of climate-related hazards
(e.g., flooding, storms, drought, heatwaves) but also the way in which human systems react
to or interact with these changes, particularly who and what (e.g., people, infrastructure,
cities, or ecosystems) is exposed and vulnerable to these hazards [14,54].

Vulnerability is the “predisposition to be adversely affected” [55] (p. 560). Someone or
something is vulnerable when they are not able to cope with or recover from shocks and
stresses or are not able to adapt to these changes. Climate risk—the risk of negative impacts
from climate change—is determined by the nature of the hazards and the exposure and
vulnerability to these hazards [55]. Vulnerability can be reduced by increasing resilience
and adaptive capacities. Resilience is the ability to deal with and adapt to shocks and
stresses, such as extreme weather events, and the adaptive capacity is the ability to adjust
to potential damage, to take advantage of opportunities, or to respond to the consequences
of climate change (for full definitions see [55]).

In this article, we use the conceptualization of climate risk in reports from the Inter-
governmental Panel on Climate Change (IPCC) as visualized in the so-called “propeller
diagram” (see [54,56]). This shows climate risk as a function of hazard, exposure, and vul-
nerability, which are influenced on the one hand by the climate and on the other by
socioeconomic processes, both of which are in turn impacted by climate change and related
hazards. Spatial development and urbanization are important socioeconomic processes
that influence climate risk, while also driving or mitigating climate change by influencing
greenhouse gas emissions and land-use change. The IPCC climate risk concept, aside from
being widely accepted and usefully simple, is particularly appropriate for adaptation and
spatial planning because it clearly separates hazard, exposure, and vulnerability [57].

Vulnerability can change depending on the situation the individual is in (e.g., illness
or unemployment) and the context in which they live and work, and can be a product of
multiple stressors [58,59]. For example, many external factors cause vulnerability, including
marginalization, systemic prejudice and inequality, lack of institutional support or legal sta-
tus, lack of educational opportunity or equal rights, lack of social protection and insurance,
and many other factors out of the control of an individual that have a very significant im-
pact on their vulnerability [60,61]. Despite many factors causing vulnerability (e.g., lack of
financial resources or mobility), individuals and communities can have great adaptive and
coping capacities, such as creativity, innovation, and social cohesion [62,63]. This article
pays special attention to vulnerability because it is well documented that adaptation plans,
measures, and policies aimed at reducing climate risk are prone to increasing risk if there is
a lack of attention given to understanding how to reduce vulnerability, thereby causing
maladaptation [64].

3.2. Spatial Planning: Tools for Climate Adaptation

Spatial development and urbanization influence climate risk [65]. Studies have shown
that especially the following characteristics of poorly managed urbanization increase risk:
an increase in informal settlements and slums; poorly managed water sources; a lack of
or low-quality water management and drainage systems; an increase in paved surfaces
causing increased water runoff and poor natural drainage; the degradation or removal of
environmental buffers (e.g., mangroves and wetlands) [66]. Such development exacerbates
existing vulnerability, in that those who are already marginalized (e.g., poor, migrant,
or minority households) and have less choice tend to move to the hazard-prone areas and
areas lacking access to reliable infrastructure and basic services (such as health services,
employment, education, housing), thereby making them both more vulnerable and more
exposed to hazards [52,67–69].
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In contrast to such uncontrolled development, spatial planning can coordinate devel-
opment in a way that reduces climate risk and promotes resilient and sustainable devel-
opment [23,70] (Figure 2). Spatial planning can influence land use, settlement structure,
infrastructure provision, transport networks, open space, and environmental protection,
as well as access to technical and social infrastructure and basic needs such as housing,
work, education, health, and recreation [71]. One key responsibility of spatial planning is to
prevent development in hazard-prone areas, thereby reducing exposure. At the same time,
spatial planning should also focus on reducing vulnerability and increasing the adaptive
capacities of urban systems and communities, for example by ensuring access to essential
resources such as land, water, income, and emergency services [1–4].

Figure 2. A schematic depiction of the relationship between climate risk and spatial planning
(an adaptation of the IPCC climate risk concept and propeller diagram refered to in Section 3.1 above
to highlight the link to spatial planning).

In terms of the types of spatial planning tools, risk-based spatial plans are a particular
instrument that can be used for climate risk reduction. Zoning plans based on hazard
maps can be used to reduce exposure by restricting or reducing development in hazard-
prone areas. In addition, they can be used to reduce the hazard intensity, for example
by designating appropriate green spaces for water retention and drainage or ventilation.
The vulnerability of built structures can be reduced through risk-based zoning plans that
regulate for hazard-resilient structures [72,73].

Open space plans are a particularly central tool, with the task to ensure that develop-
ment does not reduce the ability of the ecosystems of the area to function [74]. Strategic
open space plans, along with environmental protection, can secure and improve the city
or region’s stock of interlinked open space, which is important because vegetated unde-
veloped space and water bodies in and around cities provide multiple ecosystem services
that help adapt urban settlements to mitigate climate change [75]. For example, green open
spaces can be used to retain floodwaters, allow drainage, produce fresh air, cool urban
areas, and provide space for evacuation. Parks and forests are cooler than the surrounding
urban areas and strategically located open spaces can help provide fresh airflow through
the city. Likewise, water bodies such as lakes or rivers can provide climatic functions
because they act as regulators of air temperature for the surrounding urban areas and can
provide natural storage for excess water run-off. There are also many co-benefits of open
spaces alongside climate change adaptation, which include providing other ecosystem
services, providing areas for recreation and relaxation, improving the amenity of urban
areas, improving air quality, and contributing to climate change mitigation by storing
carbon [76].
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There are limits to the classic comprehensive land-use planning processes in which
the planner is expected to have a complete understanding of the situation in the area to be
planned, the planning options, and their consequences, and to be able to act in the public
interest [74]. The social and economic structures in many areas are changing so rapidly
(e.g., the urbanization trend) that this task has become even more difficult (or impossible)
than it already was, especially in countries with unestablished planning systems. Another
challenge is the lack of funding for the implementation of planning goals. As a response to
these limitations, many countries and cities have been adopting more informal and strategic
planning processes, such as integrative planning. Integrative planning involves a strategic
participatory development planning process in which all of the main development issues
of the region, city, or suburb are considered, regardless of the sectoral or disciplinary
boundaries [77]. This type of process is both a way to build awareness and support for
the development path taken by authorities and to gather information and feedback from
key stakeholders. Such informal instruments are important for climate adaptation as they
can ensure that plans and processes decrease human vulnerability by explicitly involving
groups that are more vulnerable. The greater focus on the implementation of localized
physical urban development projects is also a reaction to the shortcomings of classic formal
planning. Such projects can also play an important role for local climate adaptation,
for example using water-sensitive urban design or blue-green infrastructure [78]. However,
at the same time the urban system as a whole needs to become more resilient and the spatial
planning system needs to be set up in a way that encourages and allows climate-adapted
development [79].

In addition to the specific planning tools and instruments, there are aspects of the
basic nature of spatial planning and general approaches that can be drawn upon to deal
with adapting complex urban–regional systems to an uncertain future climate. Spatial
planning at its core must deal with an uncertain future and different types of knowledge
(i.e., from different sectors, disciplines, and worldviews) [80]. However, these general
planning aspects often remain quite abstract; therefore, the following section examines the
role of systems thinking for more adaptive planning approaches in the context of increasing
climate risks.

3.3. Systems Thinking: A Tool for Planning and Research

In this article, we use systems thinking as a way to capture the complexity of the
interaction between spatial planning and climate risk and to guide the transdisciplinary
context-sensitive research, in addition to acting as a source of heuristic tools to analyze and
communicate the findings. We use elements of specific tools based in systems thinking,
namely influence diagrams, which are system dynamics tools that provide a simplified
view of the interactions between elements of the system [81]. Neither climate adaptation
nor spatial planning can be successfully put into practice from a disciplinary, reductionist
perspective with a linear understanding of the world. Instead, to achieve transformational
change and innovative solutions to climate risks and other threats and disturbances to the
socio-ecological system, a way of thinking is required that conceptualizes the dynamics and
interconnectedness of these complex problems, acknowledges the intrinsically normative
and value-laden nature of interventions, and can allow action despite uncertainty. Systems
thinking is a way to define and explain this kind of holistic perspective and is a worldview
and set of heuristic tools that can help to understand and communicate the complexity of
human–ecological interactions [81,82].

Systems thinking emerged and evolved within several different disciplines, from or-
ganizational management to engineering, human ecology, psychology, and education.
This concept or approach has been the center of critical discussions across and between
these disciplines for several decades and has evolved into a range of epistemologically
different concepts and sets of methods and tools [81,82]. Parallels to this discourse and
the development of systems thinking theories can also be observed in the field of spatial
planning, where the term was applied in the seminal work by McLaughlin [83] following
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decades of further development and critique. In general, systems thinking has progressed
from acknowledging the interdependencies and wider context of technical systems and
organizations (cybernetics) to be more applicable to complex human–ecological systems
by acknowledging the subjective nature of human thinking and the social construction
systems (soft systems methodologies), as well as the power relations and marginalization of
knowledge within systems (critical systems heuristics), in order to integrate different episte-
mologies, link science and politics, and analyze processes across scales of human–ecological
systems and their responses to multiple stresses (sustainability science) [82,84–87].

Systems thinking has been applied to better understand complex risks and has proven
to be a valuable approach in identifying interdependencies and potential cascading impacts
of climate change. A recent application of systems thinking methodologies to identify
cascading climate change impacts and implications was analyzed and it was found that
the particular strengths of this approach include bringing together different sources of
knowledge and visualizing systems as a way to better understand interconnections and
identify opportunities for intervention [88,89]. The value of a systems approach for under-
standing complex risks has been documented in the disaster resilience and climate impacts
discourses [90]. Other researchers, including in Thailand and the surrounding Mekong
region, have also noted the lack of research that approaches urban risk and resilience from
a complex social–ecological systems perspective [35,52]. In this article, we build on this
work and apply systems thinking tools to the case study of the Andaman Coast region of
southern Thailand, with a specific focus on the potential of spatial planning.

4. Methods

The data collection for the Andaman Coast case study region took place as part of
a pilot study trialing the process of initiating and conducting an assessment of climate
risks in the Thai context as a basis for adaptive spatial planning. The pilot study was part
of a project about the risk-based adaptation planning of human settlements supporting
Thailand’s National Adaptation Planning process. The pilot study focused on the Andaman
Coast cluster of provinces—Ranong, Phang Nga, Phuket, Krabi, Trang, and Satun—along
the west coast of southern Thailand (see Figure 1).

This article is based on the results of qualitative workshops with a range of experts
from relevant sectors, disciplines, and administrative levels within Thailand. The majority
of participants were from national and provincial public officials from the spatial planning
department (Department of Public Works and Town and Country Planning, Provincial Ad-
ministration) and the environmental department (Provincial Office of Natural Resource and
the Environment). The workshops also encompassed experts from other sectoral govern-
ment departments and agencies whose field of influence affects spatial and socioeconomic
development and climate risk, namely from the socioeconomic development board and
from the fields of agriculture, tourism, water management, health, transport, and utilities,
including from the provincial offices of the 5 Andaman coastal provinces.

The workshop participants were invited to join the workshops through formal invita-
tion on behalf of government agency representatives, and no additional remuneration was
offered. The participants were government officers, ranging from practitioners to profes-
sionals, all with a tertiary education. In the workshops, the participants were encouraged
to share inputs and insights within the scope of their work and area of responsibility and
expertise regarding the local development context.

Three one-day semi-structured workshops were held (Figure 3), in June 2018 in
Bangkok (provincial officers traveled from the Andaman Coast region), in September
2018 in Krabi on the Andaman Coast (national officers and other experts traveled from
Bangkok), and on 6 March 2019 in Bangkok. There were approximately 40 to 50 partic-
ipants at each workshop, the majority of whom were spatial planners, with at least one
representative from each of the other main departments and fields present throughout.
Two Thai–English translators were also present at each workshop so that the researchers
were actively involved in the discussions. Notes were recorded by the researchers and
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a team of facilitators, as well as by participants on pin-boards, and later translated. Sev-
eral smaller group discussions (5–10 participants per group) were conducted in which
groups were divided by province and then by sector. These sectors corresponded to the
sectors in the National Adaptation Plan draft: human settlement, tourism, coastal resources,
water resources and management, agriculture, and public health.

Figure 3. Photos from the workshops and group field trips. (Top left): Field trip in Kantang in
Trang Province on 14 September 2018 (credit: J. McMillan). (Top right): Discussion during the
workshop on 6 March 2019 in Bangkok (credit: Risk NAP Project, GIZ Thailand). (Bottom left): Dis-
cussion during the workshop on 15 June 2018 in Bangkok (credit: Risk NAP Project, GIZ Thailand).
(Bottom right): Field trip in Krabi on 18 September 2018 (credit: J. McMillan).

The workshops were focused on linking socioeconomic development goals, climate
change, and spatial planning (see Figure 4). The first workshop focused on linking these
in each province and then for each sector. For the first half-day, the goal shared with
participants was “to identify key development goals in each Andaman coastal province
and to consider how spatial planning can support these goals, how climate risks affect
these goals, and how spatial planning could reduce climate risk”. For the discussions in
the second half of the day, the goal was “to understand key development objectives and
issues of each sector, and the most concerning climate risks that affect, or are expected
to affect, these sectors and the goals for the Andaman region”. The second workshop
continued to explore the link between development goals, climate change, and spatial
planning on the Andaman Coast, but focused more on the role of spatial planning. Again,
the first session focused on each province separately with the goal “to identify factors
that make the Andaman Coast resilient and which factors are most important for spatial
planning”. Participants were then divided into three groups (towns and cities, rural areas,
and infrastructure), with representatives from each department and sector in each group,
with the goal “to identify key functions of spatial planning, key priorities for who and what
need to be protected, and how these people and structures could become more resilient”.
The participants were then requested to each assign dot-stickers to the list of identified
priorities to pick which they see as most important. A third workshop was used to present
and discuss the preliminary results of the previous workshops in the broader context of
Thailand to receive feedback from national and provincial spatial planning officers from
the other regions of Thailand.
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Figure 4. A schematic depiction of how the relevance of climate risk to spatial development and
planning and vice versa can be captured and integrated to the strategic spatial planning processes.
This was used to guide the workshop discussions.

While these workshops are the basis for the findings in this article, additional informa-
tion was used to design the workshops and to better understand the outcomes, and this is
drawn on to support the findings in this article. This additional information includes a re-
view of the general and context-specific literature, as well as an analysis of geographic data
and statistics provided by the statistical office of Thailand and the planning department.
In addition, expert discussions were held both before and after the workshops to plan the
workshops and to discuss their results, including meetings with local officials and guided
field trips in Trang, Krabi, and Satun provinces. Furthermore, there were discussions about
the results with national authorities regarding how to measure and monitor the climate
risk and resilience factors that were identified in the preliminary results.

5. Findings and Discussion
5.1. A Risk-Based Understanding of Climate Change in the Andaman Coast Context

The local and regional information about climate change and changes to climate
patterns and climate-related hazards in the Andaman Coast region is lacking or fragmented.
Based on the available literature and information from local climate scientists, the general
trends in the changes to the climate, climate variability and extremes, and direct impacts on
the environment on the Andaman Coast can be described (see Figure 5). In the next decades,
the Andaman Coast is likely to experience warmer average temperatures, fewer but more
intense storms and heavy rainfall events, a stronger southwest monsoon season, a slight
increase in the number of rainy days (especially during the monsoon season), and rising sea
levels [33]. The interactions between these changes in climate, hazards, and the environment
are also important. For example, the combination of sea level rise, increased storminess,
mangrove removal, and higher tides in the monsoon season is leading to accelerated
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coastal erosion, saltwater intrusion, and flooding, with detrimental impacts to vegetation,
infrastructure, and human settlements. The changes in seasonal patterns of precipitation
and temperature also make them more difficult to predict, exacerbating the challenges
for agriculture. Furthermore, not only is the air temperature increasing but also the
water temperatures, exacerbating already degraded coastal and marine ecosystems and
accelerating the coral bleaching.

Figure 5. An influence diagram showing how climate change in the Andaman Coast region means
changes in climate-related hazards and how these impact the environment.

With this level of understanding about current and potential climate change, it is
already possible to see the need to act and adapt to be able to deal with the changing
climate. For example, even if it is not yet clear exactly how much more likely extreme
floods will become, it can already be assumed that extreme floods will become more likely
and should be considered now in spatial and urban planning, since settlement structures
often persist for decades. With this information about climate-related hazards, participants
during the expert workshops were asked to explore how these hazards and changes could
affect or are already affecting the region, and they identified several key areas or types of
land use within the region that they see as particularly highly exposed or vulnerable to
being impacted (see Figure 6).
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Figure 6. Summary of which functions, assets, people, and structures on the Andaman Coast are
both exposed and vulnerable to climate-related hazards ranked in order of priority for protection
according to workshop participants.

The workshop participants also discussed and identified particularly vulnerable
groups within the region. We cross-checked these results with the existing literature,
and while primary data about this particular region are limited, a study of vulnerability
in southern Thailand [91] provided useful support and explanations for these findings.
Based on the workshop results and the literature, Table 1 summarizes the main identified
vulnerable groups and main reasons behind this vulnerability (see Table 1).
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Table 1. Particularly vulnerable population groups within the Andaman Coast region (summary of
the workshop results and available literature).

Population Group Identified
as Most Vulnerable Reasons for Vulnerability Sources

Older people
Reliance on caregivers for some essential needs,
health sensitivity to extreme weather events, limited
mobility. This vulnerability is increasing as the
working-age population move away from
agricultural villages for work in other sectors.

Workshop participants [91]

Disabled people Workshop participants [91]

People with health conditions Workshop participants

Children Workshop participants [91]

Youth Workshop participants

Women
More often main caregivers without income,
less access to education and political participation,
limited adaptation options

[91]

Low-income farmers and agriculturalists
Instability of livelihood source, especially rubber
and oil palm, due to changes in rainfall patterns
and drought

Workshop participants [91]

Unregistered immigrants, especially
low-skilled workers

Lack of access to services such as health, education,
emergency support, shelter, information,
limited mobility

Workshop participants [92]

People reliant on small and
medium-sized enterprises

Limited financial buffer available for recovery
or adaptation Workshop participants

People reliant on traditional fishing Depletion of livelihood source due to degradation of
marine and coastal ecosystems Workshop participants [91]

Ethnic minorities, e.g., Moken Reliance on natural resources for food [91]

The identified groups underscore that older people, people of minority ethnicities,
and migrant groups are seen as having a higher predisposition to be adversely affected due
to their limited resources and lower access to institutional support. In addition, the different
reasons for the vulnerability identified in the expert workshop show that the various
aspects intersect and that it can very often be the case that individuals belong to several of
these vulnerable population groups (e.g., female, disabled, and elderly). Where multiple
drivers and facets of vulnerability intersect, the affected people often face particularly high
vulnerability and more difficulty in coping and adapting to the various impacts of climate
change. There are also several drivers and root causes of vulnerability that can apply to
any group or individual and can exacerbate other sources of vulnerability. In the Andaman
Coast region, these include a lack of access to assets such as land, financial and livelihood
resources, education, and political inclusion [91].

There are also many external factors that have significant impacts on vulnerability
and individuals’ capacity to cope with and adapt to climate change. These include not
only climate change and its impacts, but also environmental change and degradation,
new urban developments, national policies, and global economics, which can all exacer-
bate existing vulnerabilities or cause new ones in positive feedback loops (i.e., downward
spirals). On the Andaman Coast, such exacerbating stressors have been identified by
Bennett et al. [33] and include economic stressors (e.g., rising costs of living and liveli-
hood supplies, declining prices and demand for livelihood products), governance stressors
(e.g., conflicts between sectors, conflicts with national policies, conflicts between differ-
ent businesses), and environmental stressors (e.g., pollution, sedimentation, landslides,
and overfishing). Climate-related hazards also in turn increase vulnerability by adding
extra stressors, meaning households and individuals are faced with a complex myriad of
challenges, many of which are beyond their control. Therefore, it is possible to reduce
vulnerability and climate risk, not only by reducing the exposure to climate-related hazards
but also by reducing other burdens that then in turn allow individuals to better adapt and
cope with the climate-related hazards and other changes and stressors.
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5.2. A Systems Understanding of Climate Risk and Interactions with Spatial and
Socio-Economic Development

The Andaman Coast region is growing and developing rapidly. Between 2008 and
2017, the population of the Andaman Coast and each of its provinces increased while the
number of people per household decreased (data provided by the National Statistics Office
2017). This means there are more people living and working in the region and that they
are taking up more room. This population growth is, as in Thailand overall, unevenly
distributed, in that the size of the urban population is growing while the rural population
declines, as people abandon agricultural livelihoods as the main or only source of income
and move to the service sectors, particularly the tourism sector. The urban settlements
are growing to accommodate this population growth, and this urban expansion is largely
occurring in the form of urban sprawl rather than the densification of existing urban areas.
The newly developed built-up areas are encroaching on important natural areas such as
mangroves and into hazard-prone areas such as floodplains, thereby also increasing the
exposure to hazards such as floods [35].

Urban sprawl is not just altering the hazard and increasing exposure to hazards, but is
also increasing vulnerability. Vulnerability can be increased when the new developments
have a negative impact on livelihood conditions. For example, the displacement of rural
residents by the new urban development can force them into more precarious living
conditions and can reduce their ability to deal with disaster events [35]. Furthermore,
urban sprawl is leading to poorer provision of and accessibility to basic infrastructure and
an increased vulnerability to climate-related hazards.

The tourism sector is growing rapidly along the Andaman Coast, mainly in Phuket
and followed by Krabi, but also increasingly in the other provinces as they develop al-
ternative offerings for tourists. This is leading to building construction in areas that in
the past were not deemed desirable along the coast, leading to the encroachment and
degradation of the mangrove forests and coastal ecosystems and into hazard-prone areas.
This rapid development in low-lying coastal areas for tourism and related activities along
the Andaman Coast is exacerbating climate risk by increasing the exposure of people and
assets to coastal hazards (e.g., storm surges), degrading mangrove forests, and polluting
the coastal zone. When mangrove forests are damaged or removed, this not only means
they can no longer function as a natural buffer to hazards, but this along with pollution
also degrades the sources of livelihoods for coastal communities, especially traditional
fishers [91].

Flooding is by far the climate-related hazard that causes the most concern among
participants (and causes the most damage; see the case study context in Section 2.3).
There are several factors leading to an increased exposure of urban areas to flooding in
Thailand. One is urban sprawl onto flood plains. Such development not only exposes
more assets and people to flood hazards but can also alter the landscape and exacerbate the
flood hazard. For example, flooding can be increased if a road cuts across a floodplain and
blocks the drainage [35] or if water infiltration rates are reduced due to surface sealing [93].
Structural flood protection barriers can lead to more flooding downstream, especially in
smaller rural communities who are particularly vulnerable. These increases in exposure
combined with increases in the hazard extent are increasing climate risk.

Figure 7 provides a summary of the above findings, in that it shows that it is not
just climate change that increases the climate risk, but that also how human settlements
develop affects the climate risk in multiple direct and indirect ways. For example, the extent
and type of urbanization that occurs can affect the climate risk in multiple different ways.
Urban sprawl with the encroachment of newly built urban areas on areas that are prone to
flooding, or will be in the future, is a typical and direct way that urban development can
increase the exposure to flooding, thereby increasing the climate risk. However, there are
also several other less direct ways that this urban sprawl can increase climate risk. Firstly,
this new urban construction can increase the flood risk downstream in other urban areas
due to the reduced retention capacity of the land compared to the previously unbuilt
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land. Furthermore, urban sprawl can make it difficult for authorities to properly provide
infrastructure, basic utilities, and services (e.g., health and emergency services, public
transport) to such a dispersed settlement area, especially when this expansion occurs in
a short space of time. This means there are populations without adequate access to such
infrastructure, and this decreases their capacity to deal with hazard events. Urbanization
processes can also lead to socioeconomic effects as the population moves from rural areas
to urban centers, for example a lack of adequate livelihood sources and the disruption of
social connections, leading also to increased vulnerability in the face of hazards. However,
these links are complex and highly context-dependent. Figure 7 shows some links between
urban development and climate risk based on the situation on the Andaman Coast.

Figure 7. Influence diagram depicting the relationship between urbanization, climate change, and in-
creased loss due to flooding on the Andaman Coast.

5.3. Adaptation Opportunities in the Planning System

Having outlined a complex cascading risk process (Figure 7) where spatial develop-
ment patterns, human vulnerability, and climate change are interconnected in the context
of the Andaman Coast, the workshop participants discussed how spatial planning and
related sectoral planning could decrease these climate risks. For this, attention was paid
to considering the broader system, meaning not just the hazards but also exposure and
vulnerability. Participants identified a set of adaptation opportunities and goals from their
local and sectoral perspectives with a focus on the roles of spatial planning and planning
tools. Figure 8 shows a simplified depiction of the way that human policy decisions and ac-
tions, especially spatial planning, can influence hazard exposure and vulnerability, thereby
identifying key opportunities for intervention, while Table 2 summarizes these adaptation
opportunities and goals with a more specific list of planning tools.
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Figure 8. An influence diagram depicting opportunities to enhance the adaptive capacities and
resilient spatial development, thereby reducing climate risk.

Table 2. A list of adaptation goals with an explanation of how climate risk can be reduced through
spatial planning and cross-sectoral planning.

Adaptation Field Planning Goals for Risk Reduction

Collaborative, participatory and transparent planning processes

Collaboration between institutions Ensure collaboration between government agencies on risk reduction and resilience
building to avoid competing work and to support successful implementation

Inclusion of stakeholders

Include relevant stakeholders and groups, particularly the most vulnerable, within the
community in a participative planning process in order to gain local knowledge, find better
solutions, encourage support for plans, ease implementation, and avoid
increasing vulnerabilities

Risk information communication

Produce climate risk assessments and maps that are regularly updated, publically available,
and formally included in sectoral and spatial planning processes (e.g., hazard and risk maps
as a basis for land-use zoning plans). Increase awareness of climate risk and adaptation
options within public institutions and the private sector.

Strategic spatial and open space planning, blue and green infrastructure

Urban consolidation Contain urban sprawl in order to allow proper provision of infrastructure and services,
limit hazard exposure, and protect multi-functional open space

Water management

Increase decentralised water retention, drainage, infiltration and evaporation by strategic
use of open space (e.g., green space, urban wetlands and ponds, green rooves, minimal
sealing of surfaces within plots, street planning) in order to mitigate pluvial flooding.
To mitigate flooding and drought, increase water retention areas (e.g., forests, fields) in the
water catchment area.
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Table 2. Cont.

Adaptation Field Planning Goals for Risk Reduction

Urban ventilation Protect and create space for air to flow through the city (e.g., open space, building
orientation) and for fresh air to be produced (e.g., fields, forest)

Multi-purpose green network
Provide multi-functional accessible green space throughout the city and green corridors
between them in order to allow space for evacuation during flooding, cooling during heat
waves, and spaces for recreation and for ecosystems

Building layout and standards

Plan the layout (e.g., spacing, orientation) of buildings and streets in a way that considers
environmental factors (e.g., solar energy, air flow, water flow). Ensure new structures
adhere to standards that consider climate change and related hazards (e.g., flood-proofing,
passive cooling).

Basic services and amenities

Ensure that the population, especially the most vulnerable, have access to transport,
clean water, sanitation, sewerage, electricity, and communication technology. Prevent the
direct and indirect impacts of damage to critical, technical, and social infrastructure
necessary for the city’s function (e.g., water, energy, communication, transport, food, health
care, education, aged-care) by ensuring systems are robust, redundant, efficient,
and resilient to hazards. Ensure access and evacuation routes are as direct and clear as
possible and contain redundancies, and ensure the adequate distribution of
emergency infrastructure.

Some of these goals are aimed at achieving physical outcomes (e.g., maintain ecosys-
tem health, prevent encroachment), while others are more about improving the planning
process (e.g., participatory planning, risk-based planning). Many of these adaptation goals
are related to each other and can or should be addressed in conjunction. For example,
open space planning needs to consider a range of different functions of open space that
contribute to risk reduction and other purposes. Furthermore, for many of these adaptation
goals, spatial planning cannot be carried out alone, as these tasks are outside their political
mandate. For example, water management and the provision of emergency infrastructure
and essential utilities are the tasks of other departments but require close coordination with
the spatial planning department. Several of these goals also require coordination between
the national, provincial, and local authorities, as the responsibilities for the planning and
implementation of plans are shared between these levels. They also require collaboration
with neighboring municipalities and provinces, such as in the context of larger infrastruc-
ture or development projects, as well as regarding their effects on water and airflows,
open spaces, transport connections, and local vulnerable populations.

One of the roles of spatial planning that was often highlighted by the participants as
most important is to contain urban sprawl, thereby preventing further environmental degra-
dation and the deterioration of ecosystem services (mangroves, watersheds), while also
avoiding increased hazard exposure (e.g., expansion into floodplains) and reducing human
vulnerability through the better coordination and provision of essential infrastructure and
services and the inclusion of marginalized populations. Planning can also allow infrastruc-
ture to be adaptive in the face of uncertainty by planning for different levels or impacts of
climate change (e.g., buffers, room for expansion of infrastructure), can help coordinate the
different infrastructure systems (e.g., transport, energy, water) with other urban systems
(e.g., housing, social infrastructure, green space), and can help avoid maladaptation by
considering the downstream and cross-border effects of infrastructure and infrastructure
adaptation (e.g., flood protection). In order to realize the potential adaptation benefits
listed above, the spatial planning has to be coordinated with the different infrastructure
planning processes at different levels. Importantly, the participants stressed the need to
ensure co-benefits with mitigation in terms of reducing greenhouse gas emissions.

The participants highlighted the need for strengthening the planning system along
with how it fits into non-spatial planning and policy processes. Institutional issues mean
spatial plans are not necessarily followed or enforceable. Often the spatial planning process
does not take place early in the planning processes, such as when large-scale infrastructure,
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industry, and residential projects are planned, but rather in a reactionary sense once it is
too late to change important details or consider climate risk. Planning can only make a
significant difference if there is a strong and functioning legal system and if the planning has
a clear political mandate and legitimacy; otherwise, the planners lack the time, resources,
and power to propose changes.

Furthermore, climate adaptation cannot be achieved through changes to the physical
structures of settlements and buildings alone, but also requires a reduction in social vul-
nerability and the consideration of social structures and vulnerable groups in all planning
projects and processes. Planning processes should include a more diverse range of stake-
holders, especially from those population groups identified in the workshops and literature
as highly vulnerable (Table 2). Otherwise, planners risk making incorrect assumptions
about the needs and challenges of these diverse groups, thereby risking exacerbating the
vulnerability despite aiming to reduce it.

6. Conclusions and Recommendations

The case study of the Andaman Coast, based on the expert workshops and supported
by the scientific literature, illustrates that spatial development can exacerbate climate risk
by increasing exposure and vulnerability, and that a broader systems understanding of both
climate risk and spatial planning is needed to reduce climate risk. Focusing on individual
hazards is not sufficient, since climate-related spatial risks are embedded in complex
cascading risk phenomena that require parallel interventions and changes in different areas.
For example, urban growth can lead to changes in hazard and exposure patterns, and at
the same time can cause ecosystem degradation and livelihood destabilization, which in
turn reduce the options and adaptive capacities of rural and urban communities, thereby
increasing vulnerability. It is these complex and cascading risks that need to be addressed
rather than just exposure patterns. Spatial development influences climate risks through
different entry points in the complex human–environment system that determines climate
risk. Therefore, an analysis of hazard exposure maps alone, while an important basis for
spatial planning, is not sufficient to reduce risk. While the findings show that there are
links between the different elements of urban development and climate risk, there is a need
to better understand these interactions and the direction of change.

Coordinating spatial development, particularly urban sprawl, through spatial plan-
ning and sectoral planning presents important opportunities for the climate change adap-
tation of urban systems and can reduce climate risk by considering current and future
climate and social factors. By integrating climate adaptation into planning processes, spatial
planning has the ability to minimize exposure and vulnerability to climate-related hazards
in a way that can bring co-benefits for settlements and inhabitants over the long-term. To do
so, the plans should first deal with the current climate variability while also considering
future scenarios in which both climate change and social developments may exacerbate
risks. There also needs to be the opportunity for spatial planners to collaborate with other
agencies and stakeholders that drive and regulate urban development to find synergies
between the interests and adaptation strategies of different sectors and areas.

While this article suggests ways in which planning and policy can reduce climate
risk, there is a need to investigate more precisely which planning goals and opportunities
are possible within the current institutional and legal frameworks and which would
require procedures and laws to be adapted. Further research, as well as policy action,
is required to address the governance and institutional limitations, especially the lack of
cross-sectoral coordination. For example, an important question is how spatial planning
together with non-spatial policies can reduce inequality, poverty, and marginalization
through increased social protection and political inclusion, and how this can reduce
vulnerability and climate risk.

A systematic evaluation of whether the information and approaches discussed in the
workshops and subsequent training sessions are taken up by planning officers would also
improve the robustness of the conclusions. Both planning practice and theory would benefit
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from further applied research into using systems thinking tools for planning in general,
but especially in other regions within Thailand and in neighboring countries with similar
development and climate contexts. Further research should also focus on the synergies and
trade-offs between mitigation, adaptation, and development goals.

There are several overarching strengths of spatial planning practice that could be
better utilized to respond to climate change. Firstly, strategic, cross-sectoral planning
approaches that link different actors (e.g., politicians, the government, the scientific commu-
nity, the private sector, and civil society), interests, and knowledge can lead to integrated
and inclusive adaptation in contrast to more narrow sectoral approaches. Secondly, long-
term thinking and decision-making with future-oriented visioning approaches are essential
for sustainable development in general, but particularly for reducing climate risk. Thirdly,
a good understanding of the local context (e.g., about the environment, the socioeconomic
situation, and the political dimensions of an area) is a key competency of spatial planning,
which helps to understand the complex chain of possible impacts from climate change and
to adapt to reduce such impacts. These aspects of planning practice could be strengthened,
especially in planning education. While spatial, regional, and urban planning education
is inherently inter- and transdisciplinary in nature, with sustainability as a core guiding
theme, further investigations should be focused on how systems thinking could be used
as a way to foster an understanding of climate risk and other complex challenges facing
future planners.
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