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Abstract  
 

Recognition of the impact of climate change and development change on the local public health 

services is growing. To deal with the future changes, public health care demands to shift their 

planning and operation paradigms, on the one hand, from reactive, responsive and short-term 

planning to proactive, future-oriented and long-term planning. On the other hand, from too 

narrow in sectoral and facility-based focus - to linking city-wide spatial planning and network 

operation perspective. Unfortunately, the existing attempts in health sectors are still 

inadequate to obtain these necessities.  

 

This research offers a collaborative future-oriented scenarios planning framework tailored for 

the local public health service in Khon Kaen city, so-called Health Integrative Climate 

Resilience and Adaptation Future (HICRAF). HICRAF framework is outlined based on the 

collaborative scenario planning approach, intermixed explorative and normative scenario 

approaches and composite indicators technique. The HICRAF framework draws into 4 phases, 

1) create shared understanding, 2) define the bandwidth of possible climate trajectories and 

urban development scenarios, 3) set target(s) and a desirable future, and assess the potential 

impact on local public health service in both plausible and desirable scenarios, 4) layout 

implementation roadmap with backcasting how the targets could be realized in a given time 

horizon. Each step involved multiple planning instruments and a wide range of stakeholders' 

participation. The genesis and application of HICRAF in Khon Kaen city reveal the following 

key findings and lessons learned. 

 

The potential impact assessment of the scenarios showed that the local public health service 

could minimize the potential impact from medium (Trend scenario) to low (Desirable scenario) 

level by 2037. However, implementation of the Desirable scenario still does not meet the higher 

tier of potential impact minimization target preferred by the local stakeholders. Suppose the 

local public health care would like to reach their ultimate goal of minimizing the potential impact 

level to a very low level. In that case, besides ensuring the successfulness of city-wide 

measures, the least preferred public health sectoral measures are required, such as spatial-

based service planning, assignment of alternate care sites, and reformation of healthcare 

personnel management and procurement policies.  

 

Application of HICRAF in Khon Kaen city demonstrates opportunities to revitalize climate-

risk/potential impact assessment practice beyond the place-based concept by cross-pollinating 

spatial-network operationalization considering both city-wide and sector-specific contexts at a 

local level. The collaborative scenario planning framework not only bridges the gaps between 
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global climate trajectories to local climate change adaptation scenarios but also conserves the 

diversity of multi-stakeholders inputs, obtains informal political buy-in, and ensures co-

production among multiple stakeholders. Nevertheless, the application of HICRAF in the study 

area exhibits two potential dilemmas in the process quality of the collaborative scenario 

planning, 1) the issues of intergeneration inclusiveness and legitimacy attainment in the 

participatory process, and 2) complexity in reflecting reality and spatio-temporal fluidity of 

possible futures.  From the composite indicator point of view, HICRAF is simple enough for the 

local public health facility manager or staff to minister this self-assessment. However, direct 

input data from individual public health care units may partially capture the exposure and 

vulnerability components of the composite indicators; therefore, firm cooperation among 

spatial planning, disaster risk management, and public health care is a pre-requisite to 

contextualize the future scenarios, especially in the aspect of city-wide hazards and exposure 

of health population, and dependent critical infrastructures.  

 

This study also found that the outcome of potential impact assessment from the composite 

indicator operationalization based on the climate risk concept of the IPCC Fifth Assessment 

Report (AR5) may obscure the visibility of the local public health efforts on climate resilience. 

Despite the public health care actors making an immense effort to change and transform their 

working systems or operations, the outcomes in mitigating the potential impact may be so little 

if there is no change in city-level hazard mitigation and exposure avoidance. However, this 

drawback spotlights the need for integration and collaboration across sectors and urban 

domains.  

 

The application of HICRAF in the case study area also reveals that instead of solely relying on 

the place-based concept, integrating a network-based perspective in climate risk/vulnerability 

assessment help capture the reality of sectoral operation under changing urban development 

climate-related hazards in the future. Thus, the co-existing paradox between the place-based 

and network-based concepts should be investigated further in climate risk/vulnerability 

assessment studies. 

 

In terms of policy implication, this research fills the gaps in the existing WHO guidelines and 

the Thaiôs Health National Adaptation Plan (HNAP) in addressing integrated climate resilience 

planning for public health services. Furthermore, from the spatial planning point of view, this 

study calls for collaborative planning among local development domains at the district level in 

order to align all development agendas and interests of different scales, sectors, social groups, 

and generations to ensure robust decision-making and climate-resilient future.  
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Chapter 1  Introduction  

Introduction 

 

1.1 Rationale and Justification  
 

Urbanization and climate change are the global megatrends that unprecedentedly grow their 

impact on human well-being. Particularly, medium-sized cities are home to most of the worldôs 

vulnerable urban populations (Birkmann et al.,2016). Still, their infrastructure will likely not grow 

in tandem with development as well as have received less priority, insufficient capacity and 

limited access to resources for proactively addressing climate resilience. Even though these 

challenges are inevitably important, the interaction of the two megatrends at a local scale in a 

forward-looking manner is not common practice. This fact is even more significant for public 

healthcare, which needs to be safe, accessible, and ensures high quality of care in any 

situation. World Health Organization (WHO) explicitly recognizes the importance of climate 

change and disaster risk/vulnerability assessment by considering changing climate in the 

future and interconnected critical infrastructure (WHO, 2020b).   

Like other infrastructure systems, a health care service is one of the pull factors that induce 

more development and settlements in an area. Unaware and insufficient understanding of 

possible climate-related hazards in the future may lead to investment in health care services 

in hazard-prone areas, which manifests in high exposure of the health care facilities and health 

population in a hazard-prone area. Vice versa, lacking integration of future-oriented climate 

risk-informed spatial planning, urbanization often presses cities to compromise hazard-prone 

areas for development demands. When there are people, there is a need for health care 

services. This dilemma could exacerbate a local public health service to deal with high service 

demands due to urbanization and confront intensified climate-related hazards at the same 

time.  This kind of health care service nightmare has been embarked in our memory, such as 

the devastated Hurricane Katrina in 2005, the Bangkok flood in 2011, and Hurricane Sandy in 

2012. Recently 2019 prolonged drought in Thailand forced a hospital to ask for clean water 

donation instead of blood (Surin Hospital, 2019). In this regard, understanding the future impact 

of urban development, climate-related hazards, and their interaction could help the local public 

health service shift their operation paradigm from facility-based to spatial-network hybridization 

with a future-oriented perspective.   

Remarkably, the collision of urbanization and climate-related disaster risk signifies cities in 

South East Asia (Yuen & Kong, 2009; Marks,2018), especially in medium-sized cities. More 

and more cities in various parts of Thailand are rising and completing with the national 

metropolitan. Among these, Khon Kaen city is a rising star. Not only perceived as the (de facto) 



Wiriya Puntub 

20 

capital city of the Northeastern region of the country, the city also plays a key role in the Great 

Mekong sub-region (GMS). Like other growing cities, Khon Kaen city gets economic 

advancement benefits from urbanization on the one hand but faces classical urban problems 

such as social inequality, environmental degradation, insufficient infrastructure, etc., on the 

other hand. Not having to wait for the future; currently, the city confronts more frequent 

repeatedly flooding and considerable water supply scarcity impact. However, Khon Kaen city 

is quite well equipped with public health services but overwhelming with internal and external 

service demands. Urbanization is not the only pressure that pressed a major challenge to the 

health care service here, but the climate-related disasters, especially floods and water scarcity. 

Therefore, vital questions are emerging and worth exploring how Khon Kaen city's public health 

service could address these simultaneous development challenges and climate stress. 

Although Thailand has a clear and comprehensive climate change adaptation strategy at 

national and (some) sectoral levels, the country still lacks a framework for integrating climate 

resilience to long-term local development prospects and critical infrastructure operations from 

the city-wide perspective. Especially in the public health sector, the current sectoral practice is 

limited within a facility boundary and human health impact landscape rather than integrating 

with a city-wide and service network perspective.  

This research offers a collaborative scenario planning framework to help the local public health 

service address the potential impact of climatic and non-climatic change interactions. The 

framework encompasses the local public health care to tailor and operationalize their climate 

resilience and adaptation target(s) in the long-term future, considering the deep uncertainty of 

the bandwidth of possible future conditions. This instrument enables the local stakeholders to 

manifest their future urban development envisions and future climate trajectories and debate 

on a spectrum of possible futures and their intertwined potential impact on the local public 

health services. Through collaborative scenario planning with a highlighted backcasting 

approach, the local stakeholders determine their own desirable future versions and shape the 

way how to realize them by the end of 2037 1 . Then, composite indicators serve as an 

innovative element in assessing the potential impact of future climate-related hazards that 

helps to track climate resilience interventions in both spatial-based settings and network-based 

operations.  

This research provides evidence that public healthcare can shift its planning and operation 

paradigm to pursue climate resilience. The case of Khon Kaen city demonstrates to the world 

that collaborative and integrative future-oriented climate resilience planning could enable 

political buy-in and robust policy design and decision-making. With the contest of this planning 

framework in Khon Kaen city, the study packages the whole planning process as Health 

                                                           
1 According to the 20-year National strategy timeframe 
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Integrative Climate Resilience and Adaptation Future (HICRAF). HICRAF is a novel 

collaborative future-oriented integrated scenario planning process that closes gaps between 

global climate trajectories and local climate adaption, as well as strategically operationalize 

climate resilience in urban public health service. Hence, this study demonstrates how HICRAF 

could fulfil the climate resilience ambition of the local public health care and revitalizes climate 

risk/vulnerability assessment practice at the local level.  

 

1.2 Research questions  
 

This research aims to address how urban development change and climate-related hazards 

change impact Khon Kaen city's urban public health services in 2037? This research question 

will be answered by responding to the three defined sub-questions as follows:  

1. What are possible and plausible futures of urban development pathways and climate-

related hazards and their interaction? 

2. What is the potential impact of urban development pathways and climate-related 

hazards on the local public health service? 

3. How does the local public health service operationalize the potential impact and climate 

resilience target(s) under the collision of urban development change and climate 

change in the future? 

 

1.3 Research objectives  
 

This research explores an integrative planning framework encompassing a collaborative 

scenario planning framework. The framework encapsulates the combination of future 

development visionary and downscaling climate projections as well as their intertwined 

potential impact on the local public health services. The conceptual research framework of this 

study shows in Figure 1. The expected outcomes of this research should inform and enhance 

the understanding of the future potential impact of climate-related hazards on Khon Kane city 

public healthcare services in 2037 and layout how the local public healthcare shall 

operationalize and realize their desirable climate-resilient futures. Hence, the main objectives 

of this study are as follows: 

1. To collaboratively outline the bandwidth of possible future urban development 

change and climate-related hazards change, considering their interaction and potential 

impact on Khon Kaen cityôs urban public health service in 2037. 

2. To tailor composite  indicators for assessing potential impacts of climate-related 

hazards on Khon Kaen city's local public health service in 2037. 

3. To assess and operationalize t he future potential impact of climate-related hazards 

on the public health service of Khon Kaen in 2037 under stakeholders selected 
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plausible (Trend) and desirable (Desirable) scenarios by adhering to the desired 

climate resilience target(s).  

 

1.4 Scope o f the study  
 

¶ Spatial aspect: Khon Kaen city (Mueang Khon Kaen district) 

¶ Temporal aspect: 2037 (in line with 20-year National strategy timeframe) 

 

1.5 Conceptual Framework  
 

Figure 1 shows the conceptual framework of this study. To answer the research questions 

requires combining two scenario planning approaches commonly used in Future studies, 

explorative and normative scenario approaches. This research begins by exploring the future 

conditions of Khon Kaen city in 2037. With evidence-based data analysis and stakeholders' 

collaboration, possible urban development change and climate change are laid out as a 

bandwidth of future conditions. The possible spectrum of urban development change and 

climate change are overlaid in the scenario matrix. With the integration of the normative 

scenario approach, the stakeholders decide which scenario they would like to use as a 

plausible scenario for climate-resilient planning and set target(s) based on their climate risk 

perception. To shape a desirable future scenario, the stakeholders define and appraise 

potential spatial planning-based measures to minimize the potential impact in the future 

response to the specified target(s). Thus, scenario storylines are elaborated considering 

interactions among three systems of interest (urban development, climate change and public 

health).  Next, the IPCC AR5 climate risk concept is applied as a backbone of the composite 

indicator development. The composite indicator serves as a tool for the potential impact 

assessment of the two scenarios by operationalizing a non-compensable relationship among 

Hazard, Exposure, and Vulnerability. The assessment outcomes can then be used to identify 

gaps and transition steps as if Khon Kaen public health service would like to depart from today 

to the climate-resilient future(s) by looking backwards from the targets and future standpoints. 

This outcome would allow the formulation of an implementation roadmap, which is a key result 

of the backcasting process. 

 

1.6 Structure of the dissertation  
 

This dissertation is structured into seven chapters: Introduction, Theoretical background and 

concept, Study area, Methodology, Results, Discussion, and Conclusions. Key features of 

each chapter can be described as follows.  

 



   Chapter 1 Introduction 

23 

Chapter 1 Introduction - establishes the context, background, and importance of the research 

topic. It addresses current problems, knowledge gaps, and vital debates on the research topic. 

This chapter also states the research questions and objectives as well as a synopsis of the 

research design and methodologies.   

 

Chapter 2 Theoretical background ï provides robust literature and indication for debating and 

addressing knowledge gaps relevant to this research. This chapter can be divided into seven 

sections, 1) Collision of the global megatrends, urbanization and climate change, and their 

interaction at a  local level; 2) Climate vulnerability & risk assessment ï Is it time for 

revitalization?; 3) Health care and climate vulnerability assessment; 4) From vulnerability to 

resilience; 5) Climate resilience in healthcare ï What lies beyond a facility fence?; 6) 

Composite indicators ï never-ending debate or revitalizing agent towards climate-resilient 

public health care?; 7) Re-unification of backcasting scenarios planning and health futures.  

 

Chapter 3 Khon Kaen city - presents Khon Kaen city as a single case study of this research. 

This chapter preliminary contextualizes Khon Kaen city in multiple aspects through 

geographical characteristics, administration and institution arrangement,  socio-demographic 

milieu,  economic and infrastructure development; environmental, natural resources, and 

disaster risk management; land use and spatial planning practices; public health care setting; 

mainstreaming of climate change adaptation in Thai public healthcare.  

 

Chapter 4 Methodology - provides a clear and detailed elaboration of the methodological 

framework and how multiple methods play roles in different phases of the collaborative 

scenario planning approach: Phase I Shared understanding, Phase II Forecasting, Phase III 

Backcasting, Phase IV Implementing, and Phase V Following up.  

 

Chapter 5 Results ï reports the research results, which aligned with the phases determined 

by the research methodology framework.  Both qualitative and quantitative results illustrate 

with excerpts from the data originally derived from the research process. This chapter 

highlights statements, key relevances and significant findings in responding to the research 

questions. 

 

Chapter 6 Discussion ï centres around key findings and implications of the research results 

towards different target groups. This chapter offers a commentary on the research results, 

highlighting critical argumentations and emphasizing the scalability of this research discovery 

to other cities and across sectors.  
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Chapter 7 Conclusions ï summarises main findings & lessons learned discovered in this 

dissertation. It highlights the key contribution of this research to the field of knowledge, 

acknowledges limitations, sets out recommendations for policy and practices, and invites 

further research studies.  

 

Figure 1. 1 Conceptual framework 
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Chapter 2  Theoretical background and concept  

Theoretical background and concept 

 

This chapter presents the relevant theoretical background and concept of this research. The 

content organizes into seven topics in response to the research questions and methodologies 

used in this study. The thematic issues flow from - an understanding of the collision of global 

megatrends, urbanization and climate change, and their interactions with urban climate 

adaptation - to pave the way for exploring the new frontier of climate vulnerability/risk 

assessment in health sector. After cultivating the climate risk concept and its implications, the 

following sections emphasize a connection between vulnerability and resilience, resilience 

concept and characteristics, and context of climate resilience in the health sector. The last two 

topics debate the application of composite indicators and backcasting approach for 

operationalizing climate risk/potential impact assessment. 

 

2.1 Collision of the global megatrends, urbanization and climate change, and 

their interaction at a  local level  

 

ñUrbanization and climate change are co-evolving in such a way that populations, often in 

densely packed urban areas, will be placed at much higher risk from climate change.ò (UN-

HABITAT, 2011) 

 

Natural and man-made hazards disproportionally propagate impacts on society. Among a wide 

range of hazards, climate-related hazards emerge as hybrid harms in which urban 

development plays a key role as a cause of the problem and victim at the same time. Besides 

the natural dynamic of global climate change phenomena, anthropogenic greenhouse gas 

emissions, particularly in the urban sector, are responsible for the unprecedented speed of 

unpleasant global and local climate conditions that trigger extreme droughts, convective 

events, floods, etc. At the same time, especially in developing countries, unplanned (or 

insufficient planning) urbanization is a major driver and exacerbates the degree of climate-

related hazards, shaping urban development in the future. 

 

Particularly in urban health care, climate change poses direct and indirect impacts on health 

concerns that disproportionally affect the population, especially the vulnerable ones. Direct 

impacts can be a greater likelihood of injuries, diseases, illnesses, and deaths. Indirect impact 

can cause poor health outcomes and disruption of health care system associated with 

technical, environmental and socio-economic factors (WHO 2015b:2; Ebi et al., 2018a). 
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Climate-related hazards could directly cause infrastructure damages and overwhelm the 

facilityôs capacity. Particularly growing medium-sized cities, a compound of climate-related 

hazards and urbanization challenges modified service demands, service quality and service 

capacity of the local public health service.  

 

Myriad studies investigated the impact of either independently climate change or urbanization 

on a particular system or sector. Distinguishtly, Garschagen & Romero-Lankao (2015) focus 

on the interaction between the two megatrends globally. They articulate that urbanization is 

often perceived as negative in the context of climate change in terms of exposure and 

sensitivity while underrating their contribution to vulnerability reduction and promotion of 

resilience at the economic scale. Still, urbanization poses constraints for growing cities in low 

and middle-income countries, which have tremendous challenges in building their adaptive 

capacity to be ready and prepared for climatic and non-climatic challenges. In a local context, 

despite an increasing number of case studies assessing vulnerabilities and adaptive capacities 

in specific cities across the globe (UN Habitat, 2011), many of the causal relationships between 

urbanization and climate change, especially vulnerability components, are still insufficiently 

comprehended (Romero Lankao & Qin, 2011; Cardona et al., 2012: 76).   

 

Interaction between global climate change and a considering system can be conceptualized 

as a typically cause-effect relationship with highlighting feedback loop, i.e. positive, negative, 

and neutral. The concept of a causal effect relationship between climate-related hazards on 

the system of interest is often simplified and explained in the form of climate impact chains.  

Climate drivers (changing temperature and precipitation patterns) generally induce climate-

related hazards, leading to floods, urban heat stress, and water supply scarcity in an urban 

area, especially in a hot city. These positive effects from global & regional climate could 

theoretically cause loss and damage to the city and its socio-economic development. Most 

impact analysis often neglects the feedback loop of urban development to local and global 

climate. However, many investigations, especially in urban heat studies,  attempt to highlight 

the extension of positive urban feedback to global and regional climate layers.  Wiesner et al. 

(2018) enclosed clear signals of urban land cover influences local microclimate, especially air 

and surface temperature, humidity (evapotranspiration), and wind. Nonetheless, the 

pronounced urban effects on local precipitation due to Urban Heat Island (UHI) effect, aerosols 

(as cloud nuclei), and increased surface roughness are unclear and highly uncertain, but a 

significant impact of the orography on heavy precipitation should be emphasized (Wiesner et 

al., 2018; Yan et al., 2016).  Urbanization reduces permeable surface and vegetation, 

increases urban runoff, shortens the times to reach the peak runoff and lowers discharge 

capacity. However, the overall percentage and distribution of impervious surfaces also 
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influence the local and regional flood risk (Feng et al., 2021). Impermeable surfaces of urban 

areas prevent water infiltration and limit local underground water replenishment (Gwenzi & 

Nyamadzawo, 2014), however, at the same time, leakage of water supply and wastewater 

infrastructure generates large amounts of underground water recharge (Lerner, 1990; Wakode 

et al., 2018). 

 

Many studies stress the effect of urban expansion on a modified local climate. Chapman et al. 

(2019) provide a piece of evidence that urban growth and climate change have an additive 

effect due to higher local temperature than climate change alone. Therefore, anthropogenic 

urban heating in hot cities, especially from air conditioners, should be underlined, particularly 

its significant positive feedback on urban warming (which could reach 20 % in a residential 

area) (Takane et al., 2019).  Urban albedo is another positive feedback of urban settlements 

to the higher climate system. More urbanized cities show lower albedo than the less urbanized 

ones. Decreases in albedo contribute to increased air and surface temperature that 

characterize the UHI  (Trlica et al., 2017; Tang et al., 2018). Therefore, conversion of cropland 

or rural area to less vegetation land cover of urban settlements could reduce albedo, thus 

creating a warmer urban environment (Spangmyr, 2010; Carrer et al., 2018). Using roofs and 

pavements with high solar reflectance can also mitigate summer urban heat islands, improving 

outdoor comfort (Akbari et al., 2012). However, Krayenhoff et al. (2018) found that the 

interaction between urban expansion and near-surface temperature across the US does not 

display linear additive interaction. Even though these adaptation measurements may help cool 

down the local climate in the daytime,  evening and nighttime, the warming effect remains. 

Notwithstanding, the linkage between urban and regional and global climate interaction is still 

relatively primitive (Zhao, 2018).  Furthermore, an urban area also produces biochemical and 

chemical positive feedback to the global atmosphere through emissions of Carbon dioxide 

(CO2), Methane (CH4) and Nitrous oxide (N2O) from fossil fuel combustions and agricultural 

activities (Prentice et al., 2015). In parallel, urbanization might decrease agricultural-related 

GHG emissions (negative feedback) but declined vegetation or cropland also means loss of 

local (seasonal) carbon stock. 

 

Granting that physical interaction between urbanization and climate change may theoretically 

prevail, it is insufficient to understand urban socio-economic vulnerability, which depends on 

development choices in different future pathways. However, it enables comprehension of the 

collision of the two megatrends, urbanization and climate change, as health determinants at a 

local level. Understanding climate change and urbanization interactions informs local 

risk/potential impact assessment and encapsulates matches and mismatches among climate 

change policies, spatial planning, and public health service operations in order to reach 

overarching climate resilience objectives.  
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2.2 Climate v ulnerability & risk assessment  ï Is it time for revitalization?  

 

For almost two decades, scientific communities, practitioners and policymakers have drawn 

their attention to climate vulnerability and risk assessment studies. Efforts in mainstreaming 

climate vulnerability and/or risk in planning and policy monitoring are inevitable, especially in 

Global north countries where the assessments serve as legal requirements or become a 

common practice, such as national adaptation plan (NAP), Environmental Impact Assessment,  

Strategic Environment Assessment. However, there are various definitions and applications of 

risk across disciplines.  

 

In principle, risk analysis traditionally defines risk as a function of impact (consequence) and 

likelihood (probability) (Carey & Curtis, 2012). In the essence of climate adaptation, the global 

community heavily adopts the IPCC Fifth Assessment Report (AR5) climate risk definition and 

framework (IPCC, 2014b), which reframes its previous framework from vulnerability and 

exposure focus (IPCC, 2001; 2007) to risk outcomes and risk component interaction that 

bridged the climate change and disaster risk management together  (Oppenheimer et al., 

2014). Therefore, the IPCC AR5 determines climate risk as ñé probability of occurrence of 

hazardous events or trends multiplied by the impacts if these events or trends occur. Risk 

results from the interaction of vulnerability, exposure, and hazard. In this report, the term risk 

is used primarily to refer to the risks of climate-change impactsò (IPCC, 2014a). Meanwhile, 

the term impacts  refer to the consequences or effects of risks to natural and human systems 

(IPCC, 2014a). This research does not seek to reframe the scope or definition of climate risk 

but rather adopts the IPCC AR5ôs climate risk concept, resulting from hazard, exposure, and 

vulnerability interaction, characterized by climatic and non-climatic drivers & dynamics. (see 

Figure 2.1). However, this study can not estimate the likelihood of the impacts in the future; 

thereby, the term ñPotential impactò is adopted to operationalize the future climate risk.  The 

key definitions of IPCC (2014a) climate risk elements show in Annex 1. 

 

Among climate risk components, Climate -related hazard  refers to a potential occurrence of 

hydrometeorological events/trends that may cause loss of life, injury, or other health impacts, 

as well as damage and loss to properties, infrastructures, livelihoods, service provisions, 

ecosystems, and environmental resources. In IPCC's (2014a) definition, exposure  implies a 

spatial perspective, referring to the presence or location of people or assets in a potentially 

affected area. Exposure is manifested by environmental and socio-economic drivers in multiple 

levels of governance and spatial planning (Cardona et al., 2012). In comparison to Hazard and 

Exposure, elaboration of vulnerability  is more complex.  According to OôBrien et al. (2007), 

the vulnerability can be profounded at the starting point and endpoint. The first one is called 

contextual vulnerability, referring to the inability to cope with shocks or changes. The latter see 
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vulnerability as outcomes or consequences at the end of the adaptation process, called 

outcome vulnerability.  

 

 Figure 2. 1 Schematic of climate risk concept and relationships 

 

 

 

 

 

 

 

 

 

 

 

 

Source: (Oppenheimer et al., 2014:1046) 

 

There are two main key elements explaining vulnerability, sensitivity2  to harm and lacking 

capacity to cope and adapt (IPCC, 2014a).  Sensitivity is the term that represents a degree to 

which a system easily reacts or is affected by climatic and non-climatic changes. The effect 

may be, either adversely or beneficially, to the properties, function, and goal of a system. 

However, Sensitivity often refers to negative features or weaknesses of the system of interest. 

Capacity expresses the system's characteristics associated with vulnerability reductions in 

both the short-term and the long-term. Several studies scrutinized distinguish between Coping 

capacity and Adaptive capacity, such as Birkmann (2011a), Saldaña-Zorrilla (2007), and 

Cardona (2012:72). Nevertheless, it can be concluded that coping capacity aims to manage 

shocks and maintain a system's status quo and its functions in the face of hazards or shocks 

shortly after adverse conditions (ex-post). Meanwhile, adaptive capacity involves changes and 

requires learning and reorganization processes to better deal with expected future shocks or 

hazards (ex-ante) (Birkmann, 2011b; Cardona, 2012:73; Parsons et al., 2016:1). Adaptive 

capacity usually reflects vulnerability outcomes (Birkmann, 2011b; Berman et al. 2012: 91; 

IPCC,2014a;  Parsons et al., 2016: 1; UBA, 2017). Adaptive capacity is tied to what could be 

implemented in the future and estimated its potential outcomes in vulnerability reduction by 

applying existing measurement approaches and instruments (Greiving et al., 2015). This is 

because future changes are neither observable nor measurable in the present time of 

                                                           
2 The terms sensitivity is overlap with susceptibility the term oftern used to operationalized vulnerablity in disaster risk reduction. Susceptibility (or 
fragility) describes the predisposition of elements at risk to harm (Birkmann et al., 2015). 
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assessment. Coping capacity and adaptive capacity, although different, are connected 

(Berman et al., 2012). It should be noted that the capacity to cope does not directly translate 

to the capacity to adapt (Birkmann, 2011a; Cardona, 2012:73) but is often discerning as part 

of adaptive capacity (Saldaña-Zorrilla, 2007; Cardona, 2012:72). Distinguishing between 

coping capacity and adaptive capacity is not only a temporal aspect (Brooks et al., 2005:2) but 

also variation in terms of interventions and institutional arrangement (Birkmann, 2011a:815).  

 

Climate risk derives from interaction among hazards, exposure and vulnerability, which deeply 

depends on socio-ecological dynamics and processes. Missing one of these determinants, the 

risk is not materialized. In other words, a hazard occurs in an area of neither exposure nor 

vulnerability; then there is no risk. In contrast, there are vulnerabilities and exposure without 

risk. Therefore, risk can be conceptualized as a probability of the consequences of a 

multiplicative function of hazards, exposure, and vulnerability (UNISDR, 2009; Lavell et al., 

2012); see equation 1. However, vulnerability can be seen as specific interaction with a 

particular hazard event to generate risk (Cannon, 2006; Cutter et al., 2008), such as an 

exposed population might be vulnerable to floods but not water scarcity. Moreover, robust 

evidence shows that increasing vulnerability and exposure are induced by negative outcomes 

of mismanagement and unplanned socio-economic and environmental development (Cardona 

et al., 2012). Even though not all vulnerability components can be measured but applicable to 

be assessed and operationalized through a mixture of quantitative and qualitative methods 

(Greiving et al., 2015).  

 

Risk = Hazards x Exposure x Vulnerability   --------   Equation 1 

 

2.2.1 Beyond  place -based vulnerability  
 

This dominant vulnerability/risk concept is based on a place-based concept in which 

vulnerability is largely defined by ñlocalò physical exposure to the potential hazards  (Wisner et 

al. 2004: 49). However, Etzold & Sakdapolrak (2016) argued that vulnerability should not 

exclusively address socio-spatialities through the place-based concept or solely operationalize 

based on the place-based vulnerability assessment. From a functionality perspective of a 

critical infrastructure network, people/systems may be vulnerable to hazards even though they 

are not physically exposed to the potential hazards. The potential impact can be observed 

through the disruption of services and supply chains across scales and territories. With 

interconnected critical infrastructure networks, it could be the case that cut-off from trans-local 

circuits of lifeline infrastructure might be worse than the local impact (Etzold & Sakdapolrak, 

2016). Moreover, this beyond ñthe localò perspective is also reflected during the post-disaster 

management phase, where the affected areas obtain coping capacity via external supports.  
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With prominent progress of urbanization where a society heavily relies on critical urban 

infrastructures which are tightly interconnected, climate-related hazards could profoundly 

affect the system elements and functions beyond its physical existence in the ñlocalò scope of 

consideration. To unleash the concept of vulnerability from theoretical domination of place-

based concept and bridge the gaps between vulnerability and criticality intertwined, the 

suggestion of Etzold & Sakdapolrak (2016) in integrating the concept of polymorphy of socio-

spatialities introduced by Jessop et al. (2008) in vulnerability research,  could be a great 

alternative for operationalizing vulnerability/potential impact of the critical urban infrastructure. 

Jessop et al. (2008) reframed socio-spatial relations and dynamics into four domains territory 

(T), place (P), scale (S), and networks (N), the so-called TPSN framework. To ensure 

systematic investigation and understanding of the socio-spatial relation landscape, they also 

encouraged utilizing the TPSN matrix (see Table 2.1). Elaboration on the interrelationship 

among place, territory, scalar and networks could enable systematic identification and 

designation of risk mitigation and resilience strategies (Etzold & Sakdapolrak, 2016:246).  

 

Table 2. 1 Polymorphy of socio-spatialities dimension introduced by Jessop et al. (2008) 

Dimension of 

socio -spatial 

relations  

Operation  

Territory  Place Scale  Networks  

Territory  

(Bordering, 

bounding, 

enclosure) 

Past, present, and 

emergent frontiers 

borders, 

boundaries 

Distinct places in a 

given territory 

Multi-level 

governments 

Inter-

governmental 

system, state 

alliances 

Place 

(Proximity, spatial 

embedding, areal 

differentiation) 

Core-periphery, 

borderlands, 

empires 

Locales, milieux, 

cities, sites, 

regions, localities 

Division of labor 

linked to differently 

scaled places 

Local/urban 

governance, 

partnerships 

Scale  

(Hierarchization, 

vertical 

differentiation) 

Scalar division of 

political power 

(unitary state, 

federal state, etc.) 

Scale as area 

rather than level 

(local through to 

global), spatial 

division of labor 

(Russian doll) 

Vertical 

differentiation 

based on nested 

or tangled 

hierarchies 

Parallel power 

networks,  

Non-governmental 

international 

regime 

Networks  

(Interconnectivitity, 

interdependence, 

transversal 

differentiation) 

Origin-edge, ripple 

effects (radiation), 

stretching and 

folding, 

crossborder 

region, inter-state 

system 

Global city 

networks, 

polynucleated 

cities 

Bundle of multiple 

networks 

hierarchies with 

interface entry 

points, System of 

system (SoS),  

 

Networks of 

networks, spaces 

of flows, rhizome, 

Source: Modified from Jessop et al., 2008: 393, 395 
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2.2.2 Conceptual paradox of vulnerability and criticality inter twin ed 

 

It is important to be aware of the fact that boundaries of urban critical infrastructure systems 

are rather fluid (Keating et al., 2003) which does not limit by ñlocalò exposure of the potential 

hazards under the context of place-based vulnerability. Although both network-based 

(criticality) and place-based concepts are completely/partially overlap spatial and time 

dimensions, a fundamental distinction between vulnerability and criticality is that vulnerability 

assessment focuses on weakness identification and evaluation to minimize or mitigate the 

weaknesses. Meanwhile, criticality assessment is a systematic process to identify and 

appraise the system of interests/assets based on their importance in maintaining the quality of 

function or missions (Decker, 2001).  

 

The interaction of urbanization and climate change determines a greater degree of challenges 

to urban critical infrastructure service through increasing demands and complexities, but 

climate-related hazards also pose a greater threat to operating systems in the form of faults, 

failures, and errors. Urban critical infrastructures are complex holistic systems; such a  failure, 

loss or disruption of its services could cause damage to society and the economy. Its cascading 

effects could occur across boundaries and scales, which are shared and interconnected 

through dependency and interdependency networks or supply chains  (Rinaldi et al. 2001; 

Bouchon 2006; and Zio, 2016).  Critical infrastructure always consists of  System of Systems 

(SoS), which has multidimensional complexity, sub-system operational and managerial 

independence, emergent behaviour and evolutionary development (Bukowski, 2016: 84). With 

network operation nature, dependency and interdependency are the key features of critical 

infrastructure systems.  Dependency refers to the unidirectional interrelation between two 

infrastructures in which the state of one infrastructure depends/influences the operation quality 

of the other. Interdependency reflects bidirectional dependencies between two or multiple 

infrastructures through various aspects such as physical, cyber, geographical, and logic 

(Rinaldi et al. 2001). The typical ultimate purpose of critical infrastructure is to ensure operating 

quality or ñé ability to continuous and safe fulfilment the required functions in normal and 

abnormal operating conditionsò (Bukowski, 2016: 85). Time-related system operation quality 

or time required to restore system performance to a satisfactory performance level is one of 

the key classical indications of system resiliency (Katina et al., 2014:14, Shafieezadeh et al., 

2014: 209-210). Time-dependent reliability or dependability assessment is one of the standard 

approaches in operationalizing engineering system resiliency. There are numerous studies 

investigated in this field of research, such as Ouyang & Dueñas-Osorio (2012; 2014), Hu & 

Mahadevan (2016), Kong et al. (2019). Besides focusing on the function of time, Fekete (2011) 

also captured that critical proportion and critical quality could be generic screening criteria for 

criticality operationalization. In addition, Kruse et al. (2021) proposed two factors for critical 
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infrastructure system operationalization 1) relevance of sub-systems which are determined 

through a degree of sub-sector connectivity and centrality, 2) relevance of dependencies which 

are described by the intensity of a potential cascading effect over time and severity of potential 

impairments over time.  

 

Even though, in the field of system engineering, the terms risk, vulnerability and criticality are 

usually utilized for quantifying system performance and determining a state of system 

resiliency. But in the field of disaster risk research, which operationalizes vulnerability and risk 

based on place-based concept (Greiving et al. 2016; Etzold & Sakdapolrak, 2016), integration 

between vulnerability/risk and criticality shall be analyzed separately to ensure no confusion 

between the two concepts (Kruse et al., 2021). Despite the paradox of the two theoretical 

concepts, the rapid pace of urbanization and climate change echoes an urgent need for an 

integrative approach to address the reality of climate vulnerability/risk of critical urban 

infrastructure operating with spatial-network interwinds such as the public health sector. 

 

2.2.3 Revitalization in need  

 

Throughout the timeline, three prominent articles provide systematic review literature on the 

development and direction of climate vulnerability and risk assessments across scales, 

Mcdowell et al.(2016), Jurgilevich et al.(2017) and Ford et al.(2018).  Mcdowell et al. (2016) 

summarized that the first generation of vulnerability assessment has focused on direct 

biophysical outcomes, while the second generation underlined more on biophysical drivers that 

contextualized vulnerability. Jurgilevich et al. (2017) reviewed a myriad of studies through the 

lens of exposure and vulnerability dynamics. Ford et al.(2018) focus on identifying gaps and 

opportunities in revitalizing vulnerability assessment. Even though the three literature reviews 

present different aspects of climate risk and vulnerabilities studies, they arrived at a similar 

conclusion that future-oriented climate vulnerability/ risk assessments addressing socio-

economic changes are needed. Essential requirements for climate-risk assessment in order to 

shape adaptation policies adequately are as follows; consideration of recent and future risk 

components; high resolution of analytical outputs; streamlining participatory scenario planning 

approach (Mcdowell et al., 2016, Jurgilevich et al., 2017 and Ford et al., 2018.). However, a 

study that addresses all the requirements is rare, especially at a sub-national and local level. 

Furthermore, integrating downscaling climate data and non-climatic drivers across scales is 

substantially challenging (Birkmann et al., 2015); yet neglects interactions (Ford et al., 2018).  

Since the outcome of adaptation policy can only be observed in the future, vulnerability 

assessment shall be future-oriented (Hinkel, 2011) and still a challenge do to so (Birkmann, 

2013:100). Hence, participatory future-oriented potential impact assessment considering the 

interaction of climatic and non-climatic changes at a local level may be a passage for 
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revitalizing climate risk and vulnerability assessment research and policy decision-making 

(Ford et al., 2018).  

 

2.3 Health care and climate vulnerability assessment  

 

Climate vulnerability assessment, or usually referred vulnerability and adaptation assessments 

(V&A) in the health sector, has been conducted across national and sub-national levels for 

more than 20 years. The Shared Socioeconomic Pathways (SSPs) help the health sector 

understand future socio-economic changes that influence climate change adaptation 

challenges and GHG emission reduction opportunities  (Berry et al., 2018:6). Despite the 

importance of future-oriented scenario planning, Berry et al. (2018) reported that only 58% of 

the assessments included projections of future health impacts due to climate change, either 

quantitative or qualitative. Moreover, WHO underpinned that vulnerability assessment in 

developing countries often misses future potential climate change impact elements because 

of lacking evidence.  

 

However, Berry et al. (2018) summarize technical and pragmatic challenges in conducting a 

vulnerability assessment in health sector. From a technical perspective, the key challenges 

are the following: resources and data limitation, lack of robust indicators for monitoring and 

evaluation of adaptation interventions, lack of harmonization of vulnerability assessment 

practice across scales, ineffective communication of uncertainty in climate projections, etc. 

Meanwhile, from a pragmatic point of view, key factors preventing mainstreaming climate 

change adaptation in the health sector are missing links between conventional short-term 

planning practice and future-oriented risk-informed planning; and too narrow and too specific 

investigation on certain health outcomes instead of a broader health system (Berry et al., 

2018:10-14). Ebi et al. (2018a:3) also highlight that most vulnerability assessments do not 

consider the compound of day-to-day non-climate challenges and climate-related shocks and 

stresses, as well as inadequate to address climate-related impact on health determinants 

sectors. Nevertheless, vulnerability assessments can provide valuable input to foster climate-

resilient health systems. Hence, the latest WHO guidance (WHO,2020b) emphasises the 

importance of understanding current and projected climate conditions, changes in health 

system demands (such as population growth, demographic changes) and anticipated health 

system capacity to build climate resilience at the health facility level. However, a concrete 

operationalization guideline still cannot be observed in the document.  
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2.4 From vulnerability to resilience  

 

Berman et al. (2012) conceptualized that vulnerability and resilience are linked through coping 

capacity and adaptive capacity.  Variation degree of vulnerability is tied to resilience of the 

systems (The Resilience Alliance, 2010:29-30). Application of resilience crossed beyond 

ecology and environmental and natural resources management studies and exploded to a 

different horizon of plannings such as health, climate change, and disaster risk management 

(Quinlan et al., 2016). Amid the global pandemic and recession of the global economy, which 

lies under the great wave of global climate change, ñResilienceò gains more popularity than 

ever and is reframed as a new interpretation of sustainable development. 

 

Resilience derives from the Latin term resilire and means to rebound. The term was first used 

in physics and mathematics to characterize a spring and describe the stability of materials and 

how it resists shocks (Davoudi et al., 2012). In the 1940s, the term was adopted into the field 

of psychology (Masten & Powell, 2003). Later on, it was extensively applied in 

ecology/ecological science by Holling (1973). Holling (1973) distinguished between two forms 

of resilience; Engineering resilience - bounce back to the status quo (Equilibrium) and 

Ecological resilience - bounce forward (Beyond equilibrium). With a co-evolving link between 

ecological and social systems, social-ecological resilience is perceived as an ability of social-

ecological systems to change, self-organize and adapt or transform in response to external 

variables and disturbance regimes (Carpenter et al., 2001). Considering the nature of a 

constantly changing non-equilibrium system, Simmie & Martin (2010) argued that the socio-

ecological resilience process is an evolutionary dynamic, so-called Evolutionary resilience. 

However, from the system threshold perspective, disturbance beyond the threshold could lead 

to system degeneration; within the threshold, disturbance could contribute to system 

transformation shifting to a new stage of equilibrium or new normal, so-called Transformative 

resilience (Hodgson, 2010). Based on these concepts, Béné et al., (2012) manifest resilience 

with regard to linkages between different degrees of system responses to intensities of shocks 

or changes. Resilience can be characterized into three stages, persistence, incremental 

adjustment, and transformational response. Lower intensity of disturbance, the system tends 

to release its absorptive (coping) capacity to enhance system stability and maintain its status 

quo. If shocks or changes exceed the system absorptive (coping) capacity, adaptive capacity 

is required to enhance the systemôs flexibility through various incremental adjustments and 

changes as collective or individual. Ultimately, if the disturbance is unbearable, transformative 

capacity is triggered to enhance the alteration of primary function and structure/nature of the 

system. Besides shocks and responses relationship, Giovannini et al. (2020) highlight a 

conceptual correlation of temporal aspect and stages of resilience capacities. If the duration of 
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exposure to low-intensity shock is relatively short, the system may react to the disturbance by 

using absorbing capacity. As the increasing of shock intensity and exposure duration, adaptive 

capacity will be unlocked for small or gradual changes. Eventually, as the shock intensity is 

too high and lasts too long, the system can transform and shift to another state of play, 

pathway, or behaviour, in order to avoid systems collapse (see Figure 2.2). Threshold 

determines how a system experience changes and transition over time. Nevertheless, 

threshold and transition are not simple and obvious to identify (The Resilience Alliance, 

2010:27-28).  

 

Figure 2. 2 Conceptual relationships between the variation of resilience capacities in 

responding to disturbance intensity and time exposure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Adapted from Giovannini et al.,2020:7 

 

2.4.1 Key attributions of resilience  

 

Since the manifestation of Holling (1973), scholars have never stopped determining key 

characteristics of resilient systems. Countless of what so-called components, principles, key 

attributions, criteria, and indicators have been proposed from many disciplines to simplify the 

understanding and operationalise resilience of a particular system of interest. Despite medleys 

of discourse and contextualizations of resilience concepts across fields, resilience definitions 

and properties have never been universally agreed upon. This reality aligns with a fundamental 

contest of resilience that resilience of what? To what? For whom? What scale? And for what 
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purpose? (Carpenter et al., 2001; The Resilience Alliance, 2010:13-14; Sellberg et al., 2017:5). 

These questions are central to resilient urban planning. In a city, resilience of both engineer & 

natural systems and complex socio-economic components is always tied to normative 

judgment, unclear system boundaries, and un-blinded from political power (Davoudi et al., 

2012:304). A city is a complex socio-ecological system in which humans can intervene and 

alter system dynamics and cycle through interventions and foresight. Therefore, in addition to 

persistence (being robust), adaptability (being flexible) and transformability (being innovative), 

Davoudi et al. (2013) suggested preparedness (learning capacity) as the fourth key urban 

resilience component. In addition to a number of attempts to consolidate major convergence 

of key resilience characteristics, such as Bahadur et al.(2010) and Schipper & Langston 

(2015), this study focuses on finding a common key characteristic of resilience in urban climate 

adaptation/disaster risk management in relation to the local health care operation perspectives. 

 

2.4.2 Characteristics of urban climate disaster risk resilience  

 

In the ocean of research and grey literature on urban climate resilience indicators development, 

there is no universal set or unified structure of indicators nor a standard methodology/approach 

in aggregation and evaluation. Different contexts, locations, and purposes; hence the 

indicators are incomparable and peculiar to do so (Quinlan et al., 2016:678-9; Tyler et al., 

2016). Despite differences and diversity of resilience indicators, common characteristics and 

compositions of composite indicators in the field of climate/disaster risk can be summarized in 

Table 2.1. 

 

Several cities around the world have been translating this board idea into practice by breaking 

down these attributions as composite indicators (e.g.Vulnerability sourcebook (GIZ, 2014)), a 

checklist of actions (UNISDRôs Balance scorecard (UNISDR, 2015a)) or a list of 

measures/engineering solution for relevant sectors (e.g. City Resilience Index (The Rockefeller 

Foundation & ARUP, 2015)), rubric (ACCCRNôs urban resilience framework (Taylor et al., 

2012:317-9)). Nevertheless, the proposed urban climate resilience indicators are often absent 

of a future-oriented perspective of socio-economic development change in parallel with climatic 

change. Although the sets of urban climate resilience indicators or frameworks suggested key 

characters/attributions of resilience for specific sectoral and city-level policy, it is fair to state 

that these existing implications are inadequate for operationalizing resilience in linking overall 

spatial planning and local critical infrastructure network operation together.  
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Table 2. 2 Summary of suggested key attributions of urban climate change/disaster risk 
resilience 

Indicators/Attributions  Definitions  Sources  

Robustness  

 

Resist (strong) and withstand external 

shock, impacts, uncertainty, changes 

without significant damage or loss of 

function, and quickly rebounded to 

normal operation states. Elaboration of 

robustness also covers making a 

provision to ensure safe failure is 

predictable, and loss of service is 

minimized even under failures 

Godschalk (2003),  Bahadur 

et al. (2010), The 

Rockefeller Foundation & 

ARUP (2015), Tyler et al. 

(2016), Meerow & Stults 

(2016) 

Flexibility &  

Modularity  

Ability to adjust, redistribute, reorganize, 

restructure, reassemble, and evolve in 

response to a wide range of 

circumstances changes of both spatially 

distributed and functionally linked 

Tanner et al. (2009),  

Bahadur et al. (2010), Ahern 

(2011), Rodin (2014), The 

Rockefeller Foundation & 

ARUP (2015), Tyler et al.  

(2016), Meerow & Stults 

(2016) 

Diversity  Presences of diversity options, 

functionalities of systems, networks, 

operation mode, infrastructures, and 

resources  

 

Godschalk (2003), Bahadur 

et al. (2010), Ahern (2011), 

Rodin (2014), The 

Rockefeller Foundation & 

ARUP (2015), Tyler et al. 

(2016), Meerow & Stults 

(2016) 

Redundancy  

 

Ensuring spare capacity or reserved 

(back-up) resources/systems in order to 

accommodate shocks, disruption, surges 

in demands, especially in a case of no 

external support or interventions 

available 

 

Godschalk (2003), Ahern 

(2011), Liao (2012), 

 The Rockefeller Foundation 

& ARUP (2015), Tyler et al.  

(2016), Meerow & Stults 

(2016) 

Resourcefulness  

 

Ability to access/provision and mobilize 

assets and resources under shock/stress 

circumstances as well as capacity to 

restore systems functions aftermath 

through provision and coordination 

The Rockefeller Foundation 

& ARUP (2015), Tyler et al.  

(2016), UNISDR (2015a) 

Responsiveness  

 

 

Abilities of systems to organize, 

rearrange and give feedback in with 

timely manner in order to take 

Tanner et al. (2009), Liao 

(2012), Rodin (2014); 

 The Rockefeller Foundation 
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Indicators/Attributions  Definitions  Sources  

appropriate actions for preparing, 

warning and responding to shocks, treats 

and extreme disruptions to ensure quick 

restoration in its aftermath 

& ARUP (2015), Tyler et al.  

(2016), UNISDR (2015a), 

Meerow & Stults (2016) 

Inclusiveness  

 

Ensuring relevant social groups and 

stakeholders in planning and decision-

making processes by taking their 

concerns and interests into account in 

order to assure equity, participation, 

cooperation and engagement 

Godschalk (2003), Tanner et 

al. (2009),  Bahadur et al. 

(2010), The Rockefeller 

Foundation & ARUP (2015), 

UNISDR (2015a), Meerow & 

Stults (2016),  

 

Integration and 

coordination  

 

 

Ensuring consistency and alignment 

across relevant operation systems, 

actors, institutions, networks in order to 

enable them to function or take actions 

collaboratively and collectively based on 

their interdependency and 

interconnectedness layers in both 

vertical and horizontal perspectives 

 Bahadur et al. (2010), 

Ahern (2011), Rodin 

(2014), The Rockefeller 

Foundation & ARUP 

(2015),  Meerow & Stults 

(2016) 

Learning capacity  Ability to internalize experiences and 

lessons learnt in order to avoid and cop 

with a current threshold of shock or 

failures, and further enhance capacity to 

adapt and transform in order to deal with 

the greater level of unexpected 

disruption as well as ability to retain 

knowledge over time 

Godschalk (2003), Tanner 

et al. (2009), Bahadur et al. 

(2010), Tyler et al. (2016), 

UNISDR (2015b), Meerow & 

Stults (2016) 

 

Awareness  Ability and willingness to constantly 

appraise, uptake new information for 

adjusting understanding of risks and 

invest in risk reduction 

Rodin (2014), UNISDR 

(2015b) 

Information  

 

Availability and accessibility of relevant 

information and knowledge for ensuring 

mutual understanding of current and 

future risk scenarios among relevant 

stakeholders 

Tyler et al.  (2016), UNISDR 

(2015b), Meerow & Stults 

(2016) 
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2.4.3 Characteristics of urban infrastructure resilience  

 

Urban infrastructures are socio-technical-ecological systems (Fox-Lent et al., 2015:210). 

Capacity to continue performing critical functions, although disruption is the summit of urban 

infrastructure. Conventionally resilience of urban infrastructure focused on the engineering 

resilience of an individual system component (Holling,1996) rather than considering 

interconnections and interdependencies of all urban systems as well as possible cascading 

effects  (Fox-Lent et al., 2015:210). Traditional components of resilience are preparation (or 

anticipation), absorption (or resistance), adaptation, and recovery (Petit et al., 2013:1; Fox-

Lent et al., 2015:210; Rosati et al., 2015:196).  However, several scholars proposed resilience 

frameworks in the realm of critical infrastructure management. Petit et al. (2013) present the 

Resilience Measurement Index (RMI) consistent with the emergency and risk management 

cycle of the US critical infrastructure network (preparedness, mitigation measures, response 

capacities, and recovery mechanism). Meanwhile, Fox-Lent et al. (2015) matrices four key 

resilience characteristics with four management domains of any complex system, i.e. physical, 

information, cognitive and social, which are used as education and engagement tools in 

disaster risk management, so-called Resilience Matrix. Furthermore, Jovanovic et al. (2016) 

extended the application of Resilience Matrix through scenario planning perspective and 

multifaceted visualization as ñResilience Cubeò. Despite the heterogeneity of resilience 

concepts applied in critical urban infrastructure, a question is still how do we operationalize, 

assess, and track resilience interventions of a particular sector which is highly complex in both 

spatial and network interconnectedness as well as heavily depending on other urban sectors 

functions, such as health care sector. 

 

2.4.4 Resilience assessment and operationalization  

 

Quantifying resilience has been actively researched in many disciplines such as ecological 

science, military planning, economics, development, climate change adaptation, and disaster 

risk reduction (Quinlan et al., 2016:682). The main purpose of measuring resilience is to 

simplify a complex system to enhance understanding, operationalization and track its progress 

toward overarching goals (Stirzaker et al., 2010). To quantify resilience, understanding the 

ñresilience of what and to whatò requires considering processïstructure-function interactions 

across spatial and temporal scales (Allen et al., 2016:628-9). The Resilience Alliance (2010:5) 

provided five main stages of resilience assessment framework, starting with describing the 

systems by questioning resilience of what, to what?, identifying key issues, and defining scales.  

The second stage is understanding system dynamics in order to dissect a  system change, 

states of the system, as well as its thresholds and transition. The third stage is revealing 
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interactions of the system across scales, including possible cascading changes. The fourth 

stage is to evaluate system governance in both institutions and social networks. The final stage 

is executing the assessment through a synthesis of the findings of all stages iteratively, which 

then emerged transformation guideline as a by-product. The Resilience Alliance (2010) 

marked that  a resilience assessment should be reviewed and revisited regularly as system 

dynamics change and as understanding grows. 

 

Spatio-temporal resilience quantification is not fully developed. Lacking coupled spatio-

temporal data and understanding its interaction across scales can cause difficulties in 

establishing a firm ground quantitative assessment method that enables transformation (Allen 

et al., 2016:633). An indicator-based approach with matrix analysis is one of the most popular 

methods for assessing resilience. However, Levine (2014) argued that numerically measuring 

resilience might not be practical in reality because resilience can only be verified in the 

occurrence of abrupt changes due to major natural hazards or extreme climate events. 

Jovanovic et al. (2016:2) also stressed that the indicators could be considered neither 

independent nor standardized in practice, but relative weighted aggregation and normalization 

is common. The calculation features allow comparison between critical infrastructure physical 

assets in the same region and characterized appropriate and effective measures for 

strengthening resilience (Petit et al., 2013; Jovanovic et al., 2016). Yet, lacking data, 

inconsistency among indicators and consensus on the specific indicators are typical obstacles 

in performing indicator-based assessments (Jovanovic et al., 2016:1-2).   

 

2.5 Climate resilience in healthcare ï What lies beyond a facility fence?  

 

ñWHO working definition of a climate resilient health system: A climate resilient health system 

is one that is capable to anticipate, respond to, cope with, recover from and adapt to climate-

related shocks and stress, so as to bring sustained improvements in population health, despite 

an unstable climate.ò (World Health Organization, 2015b) 

 

From a health care perspective, efficiency, quality, responsiveness, equity, outcomes and 

accessibility are fundamental and legitimate interests for public health operation and decision-

making  (Goddard & Jacobs, 2010:340). However, climate-related hazards push additional 

challenges to the health care sector in delivering these professional requirements. The concept 

of health system resilience has gained popularity in both academia and political discourses. 

Studies on health system resilience have increased significantly over the last ten years (2008-

2019). In 2017 the publication on health system resilience increased by 62%; however, about 

11% focused on climate change and 15% on disaster risk management (Biddle et 
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al.,2020:1084). Biddle et al. (2020) found that most studies only emphasise absorptive and 

adaptive capacities and underrated transformative capacity aspects of resilience.  

 

A checklist is a common tool for assessing the resilience of health care facilities, particularly in 

the context of climate change. For example, Paterson et al. (2014) developed a toolkit that 

consists of a checklist for officials who work in areas of emergency management, facilities 

management and health care services and supply chain management to identify gaps in 

climate change preparedness, direct allocation of adaptation resources and inform strategic 

planning to increase resiliency to climate change (Paterson et al., 2014:13097).  The concept 

of resilience health care service delivery builds upon the robustness of a facility in dealing with 

any kind of disruptions and hazards, which centre around consideration of interconnectedness 

with health care determinants critical infrastructures. The Joint Commission developed a 

standard, Emergency Management in Health Care: An All-Hazards Approach (4th Edition), to 

guide health care facilities in managing their emergency response functionality based on a 96-

hour sustainability rule. A health care facility is not obligated to hold out fully functional for 96-

hours but is mandated to comprehend its capacity to manage and withstand emergency when 

there is no external support for at least 96 hours (JC, 2019).  Although this approach focuses 

on the robustness (absorptive capacity) of the facility, hourly-based operational and decision 

criteria could enable an entry point in linking short-term response to more future-oriented 

planning beyond a facility boundary. A similar concept is also illustrated in Hiete et al. (2011) 

but narrowed down to scenario-based planning in the case of power outages in Germany. The 

study highlighted the direct and indirect impacts of electrical disruption and interdependency 

among main healthcare sub-sectors and its dependency on other relevant critical infrastructure 

sectors.  

 

Under the Hyogo Framework for Action 2005-2015, the issue of safe hospitals was prioritized 

under the World Disaster Reduction Campaign 2008-2009 with the collaboration of UN 

International Strategy for Disaster Reduction (UN/ISDR) and the World Health Organization 

(WHO), through support from the World Bank. The campaign focused on improving the safety 

of hospitals and health institutions from natural hazards, especially reducing their physical 

vulnerabilities (WHO, 2009). WHOôs Safe Hospitals Initiative provided a comprehensive safe 

hospital framework, promoting an all-hazards approach. The program also suggested national-

level indicators for monitoring a Safe Hospitals program (WHO, 2015a). Moreover, WHO & 

Pan American Health Organization (PAHO) (2015) also published a Hospital Safety Index (all-

hazards assessment) for facility-level application. Based on the increasing evidence of climate 

change and its associated health risk, WHO released the Operational Framework for Building 

Climate-resilient Health Systems in 2015. The framework serves as a guiding framework for 
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the health sector and its operational basis in health systems. The framework also promotes an 

application of climate resilience approach to health systems by addressing the importance of 

vulnerability assessment and climate-resilient and sustainable technologies and infrastructure 

(WHO, 2015b). The document recommends that a health care facility should systematically 

include future climate risks into health system service delivery, infrastructures, technologies 

and processes. The same year, the PAHO published SMART Hospitals Toolkit to enhance 

safety and green interventions for a health care facility. The toolkit contains a baseline 

assessment tool, a green checklist, a Cost-Benefit Analysis Tool, and a sustainability 

construction guide annex (Balbus et al., 2016:178). 

 

To build on the Operational framework for building climate-resilient health systems and 

SMART Hospitals Toolkit, WHO disseminated a new guideline for health care facilities in 2020, 

WHO Guidance for Climate Resilient and Environmentally Sustainable Health Care Facilities. 

The guidance is meant for enhancing climate resilience and promoting environmental 

sustainability of health care facilities. The document explicitly addresses the need to 

understand current and projected climate conditions, health system demands and anticipated 

health system capacity (WHO, 2020b:23).  Although the guidance underlined the importance 

of cross-sectoral actions on climate resilience, no concrete measures can be extracted from 

the document. The interventions proposed in the guidance are targeted health care facility 

managers, and the checklist format does not allow comparison among facilities; however, the 

proposed generic interventions can be adapted for all sizes and levels of health care facilities 

(WHO, 2020b:27). 

 

Besides international guidelines, there are national toolkits for implementing climate resiliency 

and sustainability for health care facilities, such as Canadian Health Care Facility Climate 

Change Resiliency Toolkit and U.S. Sustainable and Climate Resilient Health Care Facilities 

Toolkit. The Canadian Health Care Facility Climate Change Resiliency Toolkit provides an 

online checklist of emergency management, facilities management, health care services and 

supply chain management. The checklist consists of 3 main sections, risk assessment, risk 

management, sustainable health care and climate change mitigation. This toolkit allows 

benchmarking among health care facilities possible (CCGHC, 2021). The US Sustainable and 

Climate Resilient Health Care Facilities Toolkit explicitly integrates future climate change 

scenarios into health care planning. With a web-based platform, health facilities can conduct 

climate-resilient planning around five key elements; 1) Climate Risks and Community 

Vulnerability Assessment; 2) Land Use, Building Design, and Regulatory Context; 3) 

Infrastructure Protection and Resilience Planning; 4) Essential Clinical Care Service Delivery 

Planning; and 5) Environmental Protection and Ecosystem Adaptations (HHS, 2018). 
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Furthermore, the US online platform supplements users with a handful of climate projection 

datasets and checklists for self-assessment of health facility climate-resilient. The toolkit also 

highlights the dependency and interdependency of health facilities and other critical 

infrastructure as well as consideration of non-climate stressors. Nevertheless, these 

frameworks, guidelines, and toolkits are comprehensive and detailed, but only  US Climate 

Resilience Toolkit illustrates concrete steps and supporting features in integrating climate 

scenarios into a local context. Although US Climate Resilience Toolkit is the only one that 

addressed the land use planning issue, a spatial extension is still within the adjacent of a health 

care facility rather than linking with a city-wide health care network.  In summary, most of these 

climate resiliency tools are in checklist format instead of index that allows tracking and 

benchmarking risk reduction in both individual health care facility and service network, as well 

as usually neglect health determinants sectors beyond a health care facilityôs fence.  

 

2.6 Composite indicators ï never -ending debate or revitalizing agent towards 

climate -resilient public health care?  

 

Composite indicators have gained worldwide popularity as a tool for linking science to policy 

and practice, especially in climate change adaptation, climate resilience, and disaster risk 

management (Hinkel, 2011:198). Composite indicators are capable of capturing and 

summarizing the reality of complex and multidimensional phenomena, which allow evaluation 

state of affairs, track target implementation, enable cross-comparison, establish performance 

benchmarking, facilitate communication and promote accountability  (Nardo et al., 2005:6; 

Becker et al., 2015:2; Talukder,2017:2; Hinkel,2011:203-204).   

  

Since the 1990s, the composite indicators concept has been extensively used and growing as 

a key instrument in public discourse on development issues, especially in the international 

development sector (Paruolo et al., 2013; Becker et al., 2015,2017; Talukder et al.,2017;), for 

example, Human Development Index (HDI), Commitment to Development Index (CDI),  

Environmental Performance Index (EPI), Gender Empowerment Measure (GEM), Global 

Peace Index (GPI), etc. Nevertheless, the debate on the application of composite indicators 

never settled. The approach also receives strong methodological and pragmatic critiques, 

especially regarding statistical misconception (Paruolo et al.,2013:610; Becker et al., 2015:3), 

lack of transparency, raising false expectations, misleading policy messages, drawing 

simplistic policy conclusions  ( Nardo et al., 2005:6; Hinkel, 2011:198),  missing of uncertainty 

and reliability estimations (Beccari, 2017). Comprehensive discussions of the advantages and 

disadvantages of composite indicators are reported in Nardo et al. (2005). 
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A composite indicator is a theoretical model of natural systems which reflects (some of) the 

characteristics of the reality and how the researcher or developer observes the reality. Thus, 

the model should fit the user's purpose and given objectives (Nardo et al., 2005:8). Composite 

indicators are aggregations (mathematic combination) of individual indicators (variables) that 

aim to operationalize different dimensions of the underlying concepts given by the objective(s) 

of the analysis (Nardo et al., 2005:7; Becker et al., 2015,2017). The composite indicator is an 

instrument for reducing complexities of non-measurable problems or phenomena into a 

measurable form (Nardo et al., 2005:8), such as complex phenomena or performance of 

countries/sectors/entities on human development, sustainability, governance, 

competitiveness, climate vulnerability, disaster risk, resilience, etc. (Becker et al., 2015,2017).  

 

An indicator or sub-indicator must be structured in the way that the indicator and its sub-

indicators are sufficient and appropriate to describe a latent phenomenon (Nardo et al., 

2005:12) which bounds to a specific spatial scale and timeframe. The linkage or relationship 

among the indicators and sub-indicators should be theoretically sound (Birkmann, 

2013:88;93).  A comprehensive elaboration of an indicator development framework can be 

found in Maclaren (1996). Often, composite indicators are structured in the form of hierarchical 

ñlevelsò. Variables (indicators) that share similar conceptual characteristics are usually grouped 

as ñpillarsò or ñdimensionsò. Pillars may also consist of sub-pillars as the developer see 

appropriate (see Figure 2.3) (Becker et al., 2015:14). Various indicators may have different 

units and measurements; thereby, normalization is required to allow aggregation possible (e.g. 

arithmetic, geometric) (Talukder et al., 2017:1).  Aggregation of indicators is vital to ensure the 

composite index is combined in a meaningful way (Nardo et al., 2005:120). Normally, the 

variables are combined with a weighted average operation to give the resulting value of the 

composite indicator. Selection and application of weighting values for each variable can greatly 

impact the subsequent rankings, which often go unnoticed (Nardo et al., 2005:120; Becker et 

al., 2017:2). A possible misconception is that the weight assigned to a variable can be directly 

interpreted as a measure of variableôs importance to the resulting value of the composite 

indicator (Becker et al., 2017:2). Sensitivity analysis shall be applied to ensure the reliability 

and robustness of composite indicator outputs (Becker et al., 2015:3). In spite of statistical 

dimensions do not necessarily represent or coincide with the theoretical influence of the 

indicators or sub-indicators on the phenomenon being assessed, revision of the set of the 

indictors or sub-indicators might be considered (Nardo et al., 2005:10,26). Furthermore, it is 

important to remark on a trade-off between compensability and hidden complexity or crucial 

properties of the system behind a single number (Nardo et al., 2005:6; Greco et al., 2018:67). 
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In disaster risk and climate vulnerability alone, Beccari (2017) identified 106 methodologies 

used and  2,298 unique variables based on 126 studies which diverse in terms of focuses 

(vulnerability, resilience, risk), approach (top-down, bottom-up, data collection), and scale 

(international, regional, national, local) (Parsons et al., 2016:3). Vulnerability is a theoretical 

concept, which can be operationalized or assessed instead of measuring it (Hinkel, 2011). 

Vulnerability often contains tangible and intangible characteristics that challenge reducing its 

complexity or generalized as a universal set of indicators for all levels and all hazards 

(Birkmann, 2013). Despite myriad of composite indicators and diversity of indicator 

construction methods (Parsons et al., 2016:1), Hinkel (2011:198) categorized six key aspects 

of climate vulnerability composite indicators as 1) identification of mitigation targets; 2) 

identification of vulnerable people, communities, regions, etc.; 3) raising awareness; 4) 

allocation of adaptation funds; 5) monitoring of adaptation policy; and 6) conducting scientific 

research. He concluded that vulnerability indicators are only appropriate for identifying 

vulnerable groups, areas, and systems exclusively at the local scales (Hinkel, 2011:198,206) 

because vulnerability is context-specific (OôBrien et al., 2007) and requires a forward-looking 

perspective.  However, it is still challenging to operationalize a more sophisticated vulnerability 

assessment approach in a local context. Moreover, some intangible vulnerability 

characteristics are important but hard to quantify and capture, such as cultural or institutional 

aspects  (Birkmann, 2013).   

 

Figure 2. 3 An example of the hierarchy of composite indicator 

  

 

 

Source: Adapted from Becker et al., (2015:14) 
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Although health sector has increasingly focused on evidence-based public health for 

supporting decision-making processes, conventional health care monitoring and evaluation 

(M&E) are insufficient to address projections of health impacts under different climate and 

socio-economic futures (Ebi et al., 2018b). Numbers of challenges restraint the introduction of 

climate resilience M&E in the health sector, such as lacking awareness and recognition of 

climate change impact on health outcomes, lacking long-term scenario planning and 

understanding of uncertainties climate projections and SSP; unaware of interaction with health 

determinants sectors, inadequate institution learning management, lacking recognition the 

importance of adaptation processes and outcomes  (Ebi et al., 2018b). Ebi et al. (2018b) 

emphasize the need for indicators improvement to encompass comprehensive climate-resilient 

health systems in 3 realms: 1) climate-related risk elements, 2) population health and health 

systems at risk, and 3) adaptation processes and health system resilience.  

 

It is fair to conclude that most M&E on climate resilience health service and delivery are rather 

in checklist format rather than a comprehensive and complex set of indicators that strategically 

address future climate change, development choices, and public healthcare capacity with 

spatial and temporal dimensions linkage of climate risk components. Nonetheless, a composite 

indicator should never be seen as an overarching goal; instead, it serves as a tool for initiating 

stakeholders discourse and drawing public interests and concerns (Nardo et al., 2005:7). 

 

2.7 Reunification of backcasting scenarios planning and health futures  

 

A desire to know what the future will bring and a willingness to change developmental paths 

create motivations for scenario planning (Höjer & Mattsson, 2000: 614). As a strategic planning 

tool, scenario approaches have been firmly rooted in the military before extending to corporate 

strategic planning, energy and technology foresight, and are particularly popular in sustainable 

development and environmental planning (Bradfield et al., 2005: 797; Moss et al., 2010:747-

8).  Although there is no consensus on the scenario typologies, future studies explore possible, 

probable and preferable futures (Börjeson et al., 2006:724). This classification can be formed 

as three central questions; What will happen? What can happen?, How can we realize the 

future we want?, these roughly correspond to predictive, explorative, and normative scenario 

planning (Börjeson et al., 2006:725,730).  

 

¶ Predictive scenarios aim to predict what is going to happen in the future in one way or 

another based on the concepts of probability and likelihood. Predictive scenarios 

primarily draw up the most likely development that enables to plan in response to 

expected situations.  
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¶ Explorative scenarios aim to explore possibilities of situations or developments from 

various perspectives in response to the what-if question. Explorative scenarios are 

usually elaborated with a long time horizon, which allows for structural and profound 

changes (Börjeson et al., 2006):727-8. 

¶ Normative scenarios focus on how desirable futures can be realized, from escalating 

marginal adjustments to transformation change. Backcasting is a usual approach for 

normative scenario planning which often prospect a long time horizon, e.g. 25ï50 years 

in order to be long enough to make room for transformational changes  (Börjeson et 

al., 2006:729) 

 

Nevertheless, these scenario-planning approaches are not necessary standalone. Explorative 

and normative scenarios can be integrated (van Vliet & Kok, 2015:43) and framed through a 

backcasting process to strategically identify robust and effective actions from a long-term 

perspective. Explorative scenarios sketch possibilities and define plausible futures by 

discerning broad ranges of uncertainties (Bigg et al.,2007; van der Voorn et al., 2017:2). 

Normative scenarios draw versions of desirable futures and work backwards to how desirable 

futures can be attained by alteration of today's actions  (Robinson, 1990:822-3; Höjer & 

Mattsson, 2000:628-9). A combination of normative and explorative scenarios can be found 

(Börjeson et al., 2006:736-737), particularly in a novel application of backcasting approach 

(van Vliet & Kok, 2015:43) such as in regional, land use, and community planning (Star et al., 

2016:90-91), resilience and sustainability planning (Iwaniec et al., 2020:8-9).  

 

Backcasting or looking back from the future belongs to the normative scenario planning 

category as a way to articulate desirable futures and the way to reach them (Robinson, 1990: 

821-822; Quist et al., 2011:883; Vergragt & Quist, 2011:748-749). The approach was firstly 

employed in energy planning studies in the 1970s, and then the term was introduced by 

Robinson (Robinson, 1990; Dreborg, 1996:81; Phdungsilp, 2011; 709, Quist et al., 2011;884). 

Around the 1990s, the application of normative scenarios planning shifted from energy 

planning to sustainability (Phdungsilp, 2011,p.709) and from researcher/expert-led to 

stakeholder participatory practices (Robinson et al., 2011). In the 1990s, participatory 

backcasting emerged and was carried out towards sustainable development in various 

domains and scales, such as climate policy, environmental management, industrial 

development, hydrogen economy, and urban and regional planning; from local to the 

international level  (Quist & Vergragt, 2006; Patel et al., 2007; Shaw et al., 2009; Robinson: 

2011; Vergragt & Quist, 2011; Rawluk & Godber, 2011; Van der Voorn et al., 2012; Carlsson-

Kanyama et al., 2013; Iwaniec & Wiek,2014; Oteros-Rozas et al., 2015; Totin et al.,2018).  
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Backcasting is a practical approach for addressing highly complex problems, needs for major 

or transformation changes, involving a long-term time horizon for implementation, such as 50 

years (Dreborg 1996; Vergragt & Quist,2011:748-749). Application of backcasting is especially 

useful when trend breaking, radical innovation, paradigm shift or transformation changes are 

required to proactively overcome problems or undesirable futures (Höjer & Mattsson, 

2000;628-9; Vergragt & Quist, 2011:748-9; Korhonen & Granberg, 2020:2; Aoki et al., 

2020:48) such as environmental degradation and climate change (Carlsson-Kanyama et al., 

2013:10-1). In particular, the utilization of the backcasting approach in future city development 

planning inevitably demands embracing pluralistic ideas and reflecting a set of multiple value 

systems  (Aoki et al., 2020: 62-3). Backcasting helps planners explore proactive solutions with 

long-term future-oriented perspective and transition management in order to overcome goal 

conflicts, resources deficiency, uncertainty, and congestion of short-term problems (Carlsson-

Kanyama et al., 2013:11).  

 

Many scholars portray backcasting processes as multiple steps or phases of actions, such as  

Robinson (1990:824), Weaver et al. (2000), Höjer & Pettersson (2011:820-1), and Quist et al. 

(2011:886-7). However, the process involves at least two major steps, 1) identifying objectives, 

future visions and desirable targets, and 2) backward analysis of how this desirable future 

could be achieved and operationalized. (Höjer & Mattsson 2000; Quist & Vergragt, 2006:1028-

9; Quist et al. 2011; van Vliet & Kok, 2015:44-5). Backcasting also demands iteratively 

evaluation and revision of scenarios to interactively inform backcasted outcomes of the 

resolved challenges (Quist & Vergragt, 2006: 1031-3; Robinson et al., 2011).  Although 

backcasting is useful for proactive and strategic future planning and enhances higher-order 

learning among stakeholders in different societal domains (Quist et al., 2011:p.894-5), 

integrating the approach into formal planning practice is not yet mainstream (Aoki et al., 

2020:47). Major pragmatic difficulties in conducting and embedding backcasting into 

conventional policy development practices often occur, particularly in stakeholders' 

participatory backcasting processes. Besides, backcasting is cost & labour-intensive, time-

consuming, and distressing in keeping stakeholders motivated throughout the iterative 

processes; overcoming human cognitive barriers to future envisioning (McKiernan,2017) and 

balancing between stakeholders' buy-in and process quality are immense challenges (Shaw 

et al., 2009; Robinson et al., 2011; Oteros-Rozas et al., 2015:13). In a future envisioning 

process, it is difficult to unbind experts and stakeholders from their cognitive bias on present 

knowledge, paradigms, interests, needs and values to more systematic exploration and 

transformation of long-range futures (Robinson et al., 2011; Vergragt & Quist, 2011:750;  Höjer 

& Pettersson, 2011: 820-821; McKiernan,2017; Butler et al., 2020). Moreover, spatial and 

temporal complexity is often a core limitation for local stakeholders in conceptualizing spatio-
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temporal dynamics among contradicting scenarios (Bradfield et al., 2005; Birkmann et al., 

2015:64). To ensure buy-in proposal, a strong emphasis on legitimacy and collaborative 

learning may push the focus of backcasting to process quality rather than a formation of 

sufficient and radical measures to achieve the targets set  (Larsen & Gunnarsson-

Östling,2009; Robinson et al., 2011;  Höjer & Pettersson, 2011: 820-821). To close these 

cognitive and pragmatic gaps, van der Voorn et al. (2012) suggested highlighting intermediate 

events that bring about a desirable future in order to lay out a transition from the state of the 

present to projected trends and desirable futures. Moreover, Vergragt & Quist (2011:753) 

invited to bridge the gaps between expert-led backcasting, which often reaches policy 

objectives (Höjer & Pettersson, 2011; Kok et al., 2011) and participatory backcasting, which 

usually gains more buy-in (Robinson et al., 2011; Quist et al., 2011). Nevertheless, 

participatory backcasting is often perceived as experiments rather than systematically leading 

to follow-up, spin-off and implementation in line with the target (Quist et al., 2011:894-895). 

Thus mainstreaming a backcasting approach in a formal planning process, government 

support and facilitation is vital (Quist et al., 2011:894-895). 

 

Scenario planning is an essential tool for exploring potential consequences of a variety of 

responsive and adaptive actions and interactions among physical, environmental and societal 

systems in such a deep level of uncertainties and complexities of climate change  (Moss et al., 

2010:747-748; Kok et al., 2019:643-645). Scenarios encompass long-term future-oriented 

policies for disaster risk management and climate change adaptation (Birkmann et al., 

2015:65), covering predictive, explorative and normative elements and also qualitative and 

quantitative approaches (Börjeson et al., 2006:730). The introduction of scenario planning in 

climate change analysis evolved from being heavily influenced by probabilistic modelling of 

physical climate-related parameters (IPCC, 1992) to focusing instead on the plausibility of the 

scenarios, including narrative-based storylines of socio-economic conditions associated with 

multiple ranges of emissions scenarios at a global level (IPCC 2000; 2001). The latest 

generation of IPCC scenario emphasises the combination of SSPs with climate projections 

(Representative Concentration Pathways: RCP), allowing consideration of socio-economic 

diversity and regional variability (IPCC, 2014c; Moss et al., 2010; Wilkinson et al., 2013). 

Although forecasting and exploratory scenario approach dominance in climate change 

adaptation studies (van der Voorn et al., 2017:2), backcasting has been firstly integrated with 

IPCC climate change mitigation storylines (Carlsson-Kanyama et al., 2013:10-11).  

 

Robinson et al. (2011) demonstrated early attempts of integrating participatory interactive 

backcasting in climate change adaption in the Lower Mainland of British Columbia, Canada 

that involves climate downscaling to a regional and local level, comprehensive vulnerability 
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assessment, urban development change, land use change and 3D generative visualization of 

alternative futures. The paper provides very good lessons learned in applying participatory 

backcasting on a climate impact assessment; however, articulating climate change adaptation 

measures to achieve the target in the given timeframe is still unclear. Despite the fact that, the 

application of backcasting in climate change impact analysis and adaptation at the local level 

is limited (Carlsson-Kanyama et al., 2013:10-11), a prominent manifestation of backcasting in 

climate change adaption revealed in Van der Voorn et al. (2012), Carlsson-Kanyama et 

al.(2013), Van der Voorn et al. (2017) and Iwaniec et al. (2020).  Van der Voorn et al. (2012) 

demonstrate the application of backcasting in adaptive management policies and strategies in 

BreedeïOverberg coastal region in South Africa. Carlsson-Kanyama et al.(2013) apply 

participatory backcasting in order to develop visions of climate adaptation in two Swedish 

municipalities. Van der Voorn et al. (2017) report on a comparative study of Backcasting-

Adaptive Management (BCAM) methodology application in three regions of different 

continents, the South African BreedeïOverberg Catchment, the Mississippi Estuary-New 

Orleans region, USA and the Dutch Rhine-Meuse Estuary. Iwaniec et al. (2020) demonstrate 

a nexus framework of participatory backcasting in resilience and sustainability planning for the 

case of the Central Arizona-Phoenix region, USA. Among the three studies,  Iwaniec et al. 

(2020) is the only study that prevails spatio-temporal dimension and linkage between future 

climate change, urban development change, land use dynamic, and participatory scenarios 

assessment. The paper shows strong connections between researcher-driven and 

participatory approaches and cycling between explorative and normative perspectives in 

scenario planning, but streamlining climate resilience to urban sectoral operation through 

composite indicators is still missing. 

 

Attributable to climate change on urban public health is growing; this trend underscores the 

urgent need for strategically risk-informed planning with a future-oriented perspective. 

Backcasting approach prevails opportunities for health sector to embody uncertainties and 

complexities of climate change and future development choices for climate-resilient health 

service and delivery at the local level with stakeholders participatory and gaining political buy-

in. Even though, in health sector, scenario planning, including the backcasting approach, has 

been recognized by WHO to explore the relationships between health, societal and 

environmental development since the early 1990s (Taket, 1993). However, the backcasting 

approach has not been systematically used across WHO domains. Some backcasting 

elements appear in WHO works, such as country cooperation strategies (CCSs) and long-term 

disease elimination frameworks. Relatively short-term conventional planning practice with 

earmarked donor contribution and demands dependency often does not enable the 

organization in long-term planning for future health. Nevertheless, WHO Western Pacific 
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explicitly emphasises the backcasting approach as a key instrument for shifting operations and 

addressing resilience of healthcare services and infrastructure opposes disaster risk, climate 

change, and environmental change (WHO, 2019). In addition to WHO works, only a few studies 

applied the backcasting approach in health care, for example, food waste management options 

within the Irish Maternity Service (Ryan-Fogarty et al., 2017); planning for the AI-enabled 

Health Care System (American Hospital Association, 2019); transformation of healthcare 

service to digitalization (Gjellebæk et al., 2020); designing the collective futures of healthcare 

for space(Pau & Hal, 2020); herd-immunity approach in Swedish COVID-19 policy (Korhonen 

& Granberg, 2020). Among these studies, Korhonen & Granberg (2020) and Pau & Hal (2020) 

demonstrate such a unique application of the backcasting approach; the former integrates the 

approach in very short-term planning (less than three years) while the latter is an exotic spatial 

context, planet Mars. Among these works, there is no explicit application backcasting in 

elaboration and assessment of climate-related impact and climate-resilient of the public 

healthcare service and facility come to the surface.  

 

This literature review prevails that the current understanding of the interactions between urban 

development change and climate change in the local context, considering urban infrastructure 

operation & functionality in the forward-looking, is still not advanced. There are obvious missing 

links between global climate trajectories and local climate adaptation scenarios that take 

stakeholders' normative consideration into account. Yet, the current vulnerability assessment 

is dominated by a place-based concept, which has a clear constraint when looking at network 

operation and functionality of urban systems. Especially critical infrastructure such as urban 

health care is often unfamiliar with long-term future scenario planning and has an insufficient 

understanding of uncertainties of climate projections and shared socio-economic pathways. 

Moreover, the existing sectoral climate resilient guidelines for public health facilities focus on 

facility-based measures and lack a concrete framework for future climate risk and climate-

resilient targets operationalization from spatial planning and service network perspective. To 

nexus gaps across scales and systems demand a new generation of climate risk/vulnerability 

assessment tailor-made at the local level. Hence, this study aims to pave the new frontier of 

climate vulnerability/risk assessment by considering future climatic and non-climatic changes 

and their interactions. Furthermore, it investigates how the local public health service could 

operationalise their climate risk and resilient futures using Khon Kaen city as a case study. 

Intermixed backcasting approach and composite indicators serve as the main vehicle to inform 

the local public health services to be ready and prepared for climate change and urbanization 

megatrends and help the sector strategically operationalize their desirable climate-resilient 

future with collaborative future-oriented scenario planning.  
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Chapter 3  Khon Kaen city  

Khon Kaen city  

 

Khon Kaen city represents a secondary growing medium-sized city in Southeast Asia. Since 

the 1960s, Khon Kaen arose as a regional urban centre due to the Thai governmentôs 

anticommunist campaign during the Cold War (Sudhipongpracha & Dahiya, 2019; 

Kamnuansilpa et al., 2020). The city has been facing diverse and paradoxical challenges, for 

instance, an influx of rural-urban-urban migration, ageing society, unplanned urban expansion, 

mild urban sink, social inequity, digital transformation, environmental degradation and climate 

change. Khon Kaen city is a regional hub of financial, educational, administration, and public 

health services. The public health service of Khon Kaen city has been overwhelming with 

increasing local inhabitants and demands from neighbouring cities and countries. At the same 

time, climate change poses immense challenges to the local public health service operation, 

especially inevitable devastating floods and prolonged drought.  This research aims to manifest 

how Khon Kaen city could proactively address the interaction between urbanization and 

climate change and its potential impact on the local public health service from a long-term 

future-oriented perspective. Hence, this chapter presents Khon Kaen cityôs background 

information to encompass the understanding of the case study in various aspects: physical 

geography, administration, social & socio-demographic, economic & infrastructure 

development, environmental & disaster risk management, land use, and public health care. 

 

3.1 Geography  
 

Khon Kaen (Thai: ÃîÚĀÂ¬Ú, pronounced [kᾪὉ↨(Έ)n kὑӡn]) is one of the four major provinces 

(changwat) of Isan (or Northeastern region) of Thailand. Thai government categorizes Khon 

Kaen province as the central-northeastern part of the country and assigns it as the regional 

administrative centre. The province lies between 15 ï 17 degree north latitude and 101-103 

degree east longitude, elevation 150 ï 840 m Mean Sea Level (MSL) (200 m on average)  

(Figure 3.1).  With an area of 10,886 square kilometres (sq. km), the province is home to more 

than 1.8 million people (KKPSO,2020). Although Khon Kaen province holds the second biggest 

economy in the region, its Gross Provincial Product (GPP) per capita is the highest in Isan and 

sits at the 32nd  place in the country. More than 88% of the provincial economic values are 

shared by industrial and services (in 2018) (NESDB,2020). Among 26 districts (Amphoe) of 

the province, Mueang Khon Kaen district, the so-called Khon Kaen city, is the heart of the 

province (and de facto capital of the region) administration, transportation, education, medical, 

and economy. With a size of about 953.4 sq. km (12 % of the total provincial area), 416,285 

(2019) registered inhabitants, 436.64 inhabitants/sq.km population density, Mueang Khon 



Wiriya  Puntub   
 

54 

Kaen district is the densest populated area of the province. The district is divided into 18 sub-

districts (Tambol) and 267 villages (Mooban). 65% of the population lives in municipal areas 

(KKPSO, 2020).  Khon Kaen city is situated in the upper eastern part of the province, which 

lies upon the Korat basin with an average 150-200 m MSL elevation. Chi and Phong rivers 

flow and nourish the area. According to Köppen Classification, Khon Kaen is classified as a 

tropical savanna climate(Aw) which consists of three seasons, summer (February-May), rainy 

(Monsoon season) (mid-May ï October) and winter (mid-October to mid-February). The 

average daily maximum temperature is about 32.8 °C, with an average rainfall of 1,246.8 mm 

annually (TMD, 2019).  

 

3.2 Administration and institution  
 

Khon Kaen city is a  pioneer area of administrative decentralization, from Bangkok to the 

poorest and most rural regions to fabricate an anti-communism campaign during the Vietnam-

US war. Khon Kaen city functions as the northeastern regional coordinator of a branch of public 

institutions and private companies. The city is among the top national ranks and the backbone 

of regional development in basic infrastructure, education,  and medical services.  

 

The cityôs 18 sub-districts are administrated by 19 local administrative agencies3, which can 

be further classified as one city municipality, two town municipalities, 11 sub-district 

municipalities and five sub-district local administrative organizations (Figure 3.3). Individual 

local government independently operates within their own territory but under the supervision 

of provincial administration. Sub-district local administrative organizations (SAOs or Ao Bo Tor) 

and Town municipalities (Tessaban Mueang) are oversight by the district chief, while City 

municipalities (Tessaban Nakhon) are under the direct supervision of the governor (KPI, 2007). 

From regional cooperation and international linkage perspectives, Khon Kaen city often serves 

as the Greater Mekong SubȤregion (GMS) hub.  Mekong Institute and Greater Mekong 

SubȤregion Academic & Research Network and consular offices are also located in the city. 

More background information on Thailand's administrative structure can be found in Box 3.1 

and Figure 3.4. 

 

 

 

 

 

 

                                                           
3 Tha Phra district are taking care by two local administrative agencies, urban part of the area is administrated by Tha Phra sub-district 
municipality, while rural part governed by Tha Phra sub-district local administrative office. 
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Figure 3. 1 Map of Khon Kaen province, Thailand 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Own illustration based on OCHA Service (2021) 

 

Figure 3. 2 Khon Kaen city in panorama 

Source: Own photo 
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Figure 3. 3 Mueang Khon Kaen sub-district boundary 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Own illustration based on DPT data 2018 
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Box 3. 1 Thailand administrative structure 

Thailand is a unitary state administration. Under the National Government Organisation Act, 

B.E. 2534 (1991), the administration is divided into three levels4, central administration, 

provincial administration, and local administration.  

 

The central administration  consists of the Office of the Prime Minister (equivalent status 

as a ministry), Ministries and Bureaus, and Departments. Each ministry and bureau is led 

by a minister, a member of the Council of Ministers. A bureau may affiliate with the Office of 

the Prime Minister or Ministries5. A department led by Director-General or Secretary-General 

may consist of divisions or government agencies6 

 

The provincial administration  consists of provinces (changwat). A province shall have 

secondary provincial administration as districts (Amphoe); both are affiliated with the Ministry 

of Interior. Each province shall have a Governor to take the policies and orders from the 

central government and implement them as appropriate to the local context. Under the 

supervision of a governor, a District Chief has power and duty to the civil service, promoting 

and supporting joint services of public agencies, as well as coordinating with the local 

administrative agencies. The central government appoints both a Governor and a District 

Chief.  

 

Under the provincial administration, there are two local administration sub-units, a sub-

district (Tambon) and a village (Moo-Ban). Even though the role of sub-district headman 

(Kamnan) and the village headman (Phu-Yai-Ban) is the District Chiefôs assistant, the 

community residents elect them for a 5-year term (re-election is possible). Then, the elected 

sub-district headman and the village headman are approved and officially appointed by 

District Chief 7. As of 31 December 2018, there were 76 provinces, 878 districts, 7,255 sub-

districts, and 75,032 villages8 in Thailand. 

 

Local administration  consists of two forms of (elected) local governments, a general form 

and a special form.  

1) General form  local administration  compounds of Provincial Administration 

Organization (PAO), Municipality, and Sub-district Administration Organization (SAO). The  

three types of local government agencies have the same division of administration; 

                                                           
4 National Government Organisation Act, BE 2534 (1991), section 4.  
5 National Government Organisation Act, BE 2534 (1991), section 7.  
6 National Government Organisation Act, BE 2534 (1991), section 31,32,33.  
7 Local Governing Characteristics Act (No.9), B.E.2537 (1994).  
8 Notification of the Department of Provincial Administration: Subject Administrative Information as of 31st December BE 2561 (2018)  
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administrative branch and legislative branch. The local citizens elect the chiefs of both 

branches.  

¶ PAO is the biggest local governmental body.  It oversights provincial development and 

supports municipalities and SAOs, especially on transboundary issues such as utilities 

& infrastructure, waste management, amenity, culture, education, etc9. However, the 

Chief of PAO somehow respects the Governor's order and supervision.  

¶ Municipality is a local government body of urbanized areas or clearly urban settlements 

or urban settings. The variant of municipalities can be categorized into three levels 

according to the population's size and local revenues determined by the Municipalities 

Act, BE 2496 (1953) and its 12th  amendment BE 2546 (2003) as follows: 

o City municipality (thetsaban nakhon) : > 50,000 inhabitants and level of annual 

revenues 

o Town municipality (thetsaban mueang) > 10,000 inhabitants and level of annual 

revenues 

o Sub-district municipality (thetsaban tambon): A SAO which is being upgraded 

based on its income in respect to performing duties under the Municipalities Act. 

A sub-district municipality territory does not necessarily cover just one sub-district 

or needs to cover a whole sub-districts according to the municipality's name10. 

¶ SAO is a local governmental body, mostly in a rural setting, upgraded from the Tambon 

(Sub-district) Council. To become an SAO, the local government shall have at least 

2,000 inhabitants under their administration and have no less than 150,000 THB annual 

revenue for three consecutive years11. 

2) Special form  local administration is a local government found in significant localities, 

such as Bangkok, called Bangkok Metropolitan Administration12  and Pattaya, called Pattaya 

City13. The governments of Bangkok and Pattaya arrange into two administrative divisions, 

an executive branch and a legislative branch. An elected governor leads Bangkok 

Metropolitan Administration; meanwhile, Pattaya is led by an elected mayor.   

 

An illustration of Thailand's administration structure can be found in Figure 3.4. 

 

 

 

 

                                                           
9 Provincial Administrative Organisations Act, BE 2540 (1997)  
10 Such as Thapra sub-district municipality of Meung Khon Kaen district 
11 Subdistrict Councils and Subdistrict Administrative Organisations Act, BE 2537 (1994) 
12 Bangkok Metropolis Administrative Organisation Act, BE 2528 (1985)  
13 Pattaya City Administrative Organisation Act, BE 2542 (1999)  
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Figure 3. 4 Thailand's administrative structure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Own illustration 

 

3.3 Social and Socio -demographic  
 

In general, the majority of the population of Khon Kaen Province belongs to the Phaw Thai 

(Isan Thai) ethnic group (subgroup Laos-Vieng) who migrated from the present-day Lao 

People's Democratic Republic around the 18th century. In urban agglomeration, the most of 

population is ChineseïThai descent succeeds in commercial and services business 

(Yongvanit & Thungsakul, 2013). Nowadays, Khon Kaen city riches of Isan fusion of modern 

lifestyle and original Isan culture appearance through designs, architecture and culinary. 

Although a smart and livable city is a key strategy to induce the new S-curve of local 

development,  the recent assessment of Onnom et al. (2018) found that less than 20% of the 

area found highly livable. The city is departing for digitalization, like other cities worldwide, to 

become smarter and sustainable. Left no one behind is the key motto of Khon Kaen smart city 

initiative. However, urban poor and inequality issues can be observed in the urban area, 

especially informal settlements along the railway tracks. 

 

Since 2008, Khon Kaenôs population has been significantly growing and reached its recent 

peak in 2018. 2019 is the first time the city's population declined by about -0.2%; however, an 

average growth rate is still positive in each local government's inhabitants, about 1.1% annually 

during  2008-2019 (Figure 3.5). Sharply decreased population occurred mainly in Khon Kaen 
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City Municipality area during 2018-2019. It could be one of the reasons why Khon Kaen City 

Municipality and its development partners are actively urging urban renewal projects. In 

contrast, a growing population significantly occurs in urban vicinity and rural areas (Figure 3.6). 

Particularly Ban Ped Sub-district municipality and Ban Thum Town municipality, the areas 

have been popular for middle-income inhabitants who usually commute to the city centre to 

study and work daily. Strong land speculation could be a key determinant of residential areas 

expansion toward agricultural land (Elinoff, 2017).   

 

Contradicting to the increased population in rural areas, their agricultural livelihood might be 

gradually declined. The average age of farmers in Thailand is over 50-year-old (Phongsiri et 

al., 2017), and their children tend not to favour continuing their family agriculture practice and 

rural lifestyle but rather working and living in an urban setting and service sector. Similar to the 

national trend, urban expansion and ageing society has become clearer in Khon Kaen city. In 

2019, Khon Kaen city had 10% of inhabitants who 65-year-old and older. Therefore, It is fair 

to state that Khon Kaen city is entering an ageing society (Figure 3.7). Moreover, a low birth 

rate and a decline in social value of the formal education system may significantly affect the 

local economic growth, which is largely shared by the education and service sectors due to 

fewer students' admission. For example, during 2015 - 2018, new student admission to Khon 

Kaen University has been decreasing by about 9.4% (KKU,2019). Despite these encounter 

growth signs, Khon Kaen city still expects growth from rural-urban and urban-urban migration. 

The National Statistic Office in 2015 (NSO, 2016) revealed that day-time commuters of Khon 

Kaen province are range as the 5th (6,110 people per day) on education and the 9th on 

working/job (18,190 people per day), yet taking 5,346 foreign workers of service and industrial 

sectors into account (DOL, 2018). 

Figure 3. 5 Number of Mueang Khon Kaen district population during 2008-2019 

 

Source: Own illustration based on Khon Kaen Provincial Statistical Report 2016-2019 (KKPSO, 2013; 2018; 2020) 
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Figure 3. 6 Percent change of Mueang Khon Kaen district population during 2014-2019 

 

Source: Own illustration based on Khon Kaen Provincial Statistical Report 2014-2019 (KKPSO, 2018; 2020)14 

Figure 3. 7 Population structure of Meung Khon Kaen district in 2019 

 

Source: Own illustration based on Khon Kaen Provincial Statistical Report 2019 (KKPSO, 2020) 

 

 

 

                                                           
14 No data of Sila Town Municipality aggregated shown in the reports. 
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3.4 Economic and infrastructure development  
 

Service, education, and industry are major sources of income for the city. As part of East-West 

Economic Corridor, economic cooperation program of the Great Mekong Sub-region (GMS),  

Khon Kaen has a great potential in logistics through multimodal transportation that provides 

domestic and regional connectivity such as bus terminal, international airport, railway, light rail 

transit (LRT), and freight distribution center (Wanitwattanakosol & Pongpatcharatorntep, 

2015). To shape Khon Kaen city as compact growth, (vertically) densification of city center 

area and mixed-use with walkability concept shall go hand in hand with Smart mobility 

programme based on TOD approach. Therefore, LRT is a flagship investment that tackles 

traffic congestion and environmental problems that helps to boost economic development and 

sustainable redevelopment. The local governments cooperate splendidly on the development 

of LRT across the city. Five municipalities pool their financial resources to establish the Khon 

Kaen Transit System Co., Ltd under the framework of Khon Kaen Smart City (Phase 1).   

 

Linking Khon Kean city economy to the global market may sound unlikely in the present context 

because not many world-class corporations have operation units/centre outside Bangkok. 

However, the Khon Kaen economy plays a significant role in the GMS market. Moreover, the 

city also attempts to promote local content and provide viable opportunities for young investors 

to uplift their local brands to the national and international markets. Furthermore, the city 

established a sub-sector incubation centre to promote local-made innovations and start-up 

businesses based on close cooperation among academia and private actors. The concept is 

to strengthen advanced education, medical, and service sectors as a major blood vein of the 

city economy. In addition, Khon Kaen city is one of the MICE cities (Meetings, Incentives, 

Conferencing, Exhibitions) in Thailand; medical tourism and hospitality industry are integrated 

to welcome, especially high-incomes international guests.  Besides, TOD and Light Rail Transit 

(LRT) are expected to bring a new wave of economic development to Khon Kaen city. The 

railway system is another transportation mode that connects Khon Kaen city with neighbouring 

major cities in the region, although the railroad in Thailand is poor in service and infrastructure 

development in general. 

 

Well-equipped infrastructures and good topography location are major winning factors for the 

city's economic growth. In Khon Kaen province, more than 95% of households have access to 

highly reliable electricity generated from the co-generation power plant (737 MW) and 

hydropower of the Ubonrattana dam (25.2 MW) (KKPAO, 2016). The majority of the water 

supply source of Khon Kaen city is discharged from the Ubonrattana reservoir via Pong River 

and partly pumped from Chi River. Due to a large underground salt dome, a small part of the 

city can use underground water as secondary water supply sources. Even though most 
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households are under the Provincial Waterwork Authority (PWA) service network, a few areas 

still rely on village tap water. In terms of digital infrastructure, the city has good coverage with 

internet service, especially in the urban area.  

 

Instead of grouping together with Roi-et, Mahasarakham and Kalasin province (assigned by 

MoI), Khon Kaen rather sees itself as fit with other major provinces along Mitrapap road, such 

as Nakhon Ratchasima, Udonthani, and Nongkai province, as Mitrapap economic partnership. 

Even though these four provinces are a good economic alliance, at the same time, they are 

also competitors due to similarities in resources and development agendas. 

 

3.5 Environmental, Natural resources, and Disaster risk  
 

Khon Kaen city is often referred to as a role model in many issues but environmental and 

disaster risk management, such as wastewater, air pollution, floods (pluvial & fluvial), and 

water scarcity, are not one of them. These problems have horizontal transboundary and 

vertical political dimensions. The tension between municipalities in the urban area and the 

downstream peri-urban municipalities due to water pollution occurs not only in drought season 

but throughout the year. Only 50% of the municipal wastewater of Khon Kaen City Municipality 

is properly treated, and the rest is directly discharged into the stream without proper treatment. 

Subsequently, downstream farmers could not use the water for their agricultural activities 

(especially aquaculture and fishery), yet mention awful odour caused nuisance to surrounding 

communities. However, there are discussions on increasing capacity and centralized 

wastewater treatment systems of the urban municipality as well as collecting fair wastewater 

treatment fees from water users. Unfortunately, negotiation among local governments and the 

local water work authority does not come to a conclusion soon. Furthermore, air pollution has 

recently become an environmental crisis in Khon Kaen city. A high level of PM 2.5 during high 

air pressure and close airflow are linked with traffic congestion, open burning, and 

unsustainable sugar cane harvesting practices nearby rural areas.  

 

Compared to other cities in the province, Khon kaen city gets a great advantage of Ubonratta 

reservoir in terms of agricultural usage, urban water supply, and (fluvial) flood management. 

However, the water infrastructure is managed by Royal Irrigation Department (RID) and the 

Electricity Generation  Authority of Thailand (EGAT), which the locals often criticize their 

mismanagement and insufficient local stakeholders' involvement in decision-making. When 

mentioned about caused water supply scarcity or major floods in the city, people frankly said 

they were not natural causes but mismanagement of the Ubonrattana dam operator(s). In 

terms of flood protection, even though there are walls and dikes along the Phong river, past 

experiences revealed that the water level could exceed the existing flood protection structure 

threshold. Low permeable surface and low drainage system capacity in association with 



Wiriya  Puntub   
 

64 

blockage or narrow of waterways for making space for real estate and roads construction are 

major causes of urban inundations. Pluvial flood leads to conflicts in directing the water flow 

and controlling the watergate between municipalities, particularly Ban Ped Sub-district 

municipality and Khon Kaen City Municipality. To solve this critical conflict, the water in Nong 

Khot Lake and Bueng Thung Sang are periodically depleted before the rainy season with the 

supervision of the governor, as well as a technical study for improving the drainage system 

structure commissioned by the Khon Kaen Public Works and Town & Country Planning Office 

(KKDPT) was conducted. 

 

It is frequently heard that the water level in the Ubonrattana reservoir, the main water supply 

source of the city, reached a dead storage level. Therefore, the agricultural sector must halt 

their second crops or aquaculture activities to make the water available for the urban water 

supply manufacturing and maintaining the ecosystem. However, this priority setting also brings 

a critical question to the food security of the overall sub-watershed areas and how the city 

could provide enough water supply for a higher number of inhabitants in the future. Marks 

(2017) showed that water shortage in Khon Kaen city is not uniform. The inner-city residences 

have better access to tap water than the rural poor or high-ground areas. This is yet to mention 

uneven climate change-related impact on vulnerable groups of the society, such as climate-

related health impacts associated with water stress. More information about disaster risk 

management structure and mechanism in Thailand is shown in Box 3.2 and Figure 3.8. 

 

Box 3. 2 Thailand disaster risk management 

Thailand has a solid legal foundation for disaster risk management (DRM). The Disaster 

Prevention and Mitigation Act B.E. 2550 (2007) provides the main framework for DRM. 

Under the Ministry of Interior (MoI), the Department of Disaster Prevention and Mitigation 

(DDPM) was established in 2007 as the primary agency responsible for coordinating disaster 

risk management activities by all related organizations at all levels. The National Disaster 

Prevention and Mitigation Committee (NDPMC) is primarily responsible for decision-making 

and developing disaster risk management policies at the national level. Meanwhile, the 

Provincial Disaster Prevention and Mitigation Committee at the local level, chaired by the 

governor, is responsible for formulating the provincial disaster management plans under the 

guidance of the National Disaster Prevention and Mitigation Plan 2015-2020 (The plan has 

recently undergone a review through a participatory process). All provinces and local 

administrative bodies are mandated to develop respective disaster management plans for 

their jurisdiction at sub-national levels. The mechanism of disaster risk management in 

Thailand shows in figure 3.8.  
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Figure 3. 8 Mechanism of Disaster Risk Management 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: National Disaster prevention and mitigation plan B.E.2558 (2015), (DDPM, 2015) 

 

3.6 Land use and spatial planning  
 

For approximately 20 years that Khon Kaen city has experienced unplanned urban expansion. 

A study on multi-temporal Landsat imagery found that during 1990-2015, the agricultural land 

cover was turned into a built-up environment of about 2 sq.km/year (Van Ninh & 

Waisurasingha, 2018).  Nevertheless, in 2018, the draft comprehensive plan was prepared 

and proceeded in the legislative process by the Department of Public Works and Town & 

Country Planning (DPT). The land use features illustrated in the draft comprehensive plan 

cover 240.64 sq. km within the administrative boundary of 8 municipalities and two sub-district 

local administrative organizations, not the whole Meaung Khon Kaen district, see Figure 3.3. 

 

The draft comprehensive plan is meant to serve for 20 years of local development, with a 5-

year review and evaluation cycle. The plan projected that Khon Kaen city (within the draft 

comprehensive plan boundary) will accommodate about 661,900 inhabitants in 2035 or with a 
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3.6% growth rate per year (on average). The development is concentrating on the existing 

CBD area. However, the development growth is expected to expand towards the North, South 

and West. Dense development can be seen along Mitrapap road (north-south) and Maliwan 

road (west) and the commercial development nodes in the northern part of the city. Outer ring 

road, aviation zone, and eastern irrigation for agricultural zone function as a buffer for slow 

down urban expansion. However, the western rural frontiers are flexible to be changed as 

residential areas. Meanwhile, on the eastern side, flood-prone area serves as agricultural land 

regulated as rural and agriculture conservation under land adjustment for agriculture law, 

except for the ribbon along the main road (Prachasamosorn rd.) (DPT, 2018). It is important to 

note that the draft comprehensive plan does not articulate the flood-prone areas as hazard-

prone, but they are assigned and communicated as a rural and agricultural conservation zone. 

The proposition of land use types and visualization of the land use plan of the draft 

comprehensive plan is shown in Annex 2 and Figure 3.10. 

 

According to the Town Planning Act B.E.2562 (2019), integration of disaster risk management 

is one of the key overarching objectives of land use planning. The law requires a 

comprehensive plan to consist of an open space plan and a water plan. However, neither a 

legal binding hazard map is available nor a clear guideline on how disaster risk management 

and future-oriented risk-informed planning are integrated into the comprehensive plan. 

Nevertheless, this attempt is still in the infancy of raising awareness and capacity development 

process. It is important to note that before the new law became effective, planning power was 

concentrated in the central government with control-oriented land use management. 

Therefore, the promotion of development or application of market-driven instruments is not 

conventional for Thai spatial planning. However, the new Town Planning Act aims to hand over 

more power to the provincial planning board and local governments, a landmark paradigm shift 

in Thai spatial planning. More information about Thailandôs spatial planning landscape can be 

found in Box 3.3 and Figure 3.9. 

 

Box 3. 3 Spatial planning in Thailand 

 

According to the Town Planning Act B.E.2562 (2019), Thaiôs spatial planning consists of two 

types of plans, policy plans and legally binding plans. The policy plans are categorized into 

three layers, national, regional and provincial levels. The policy plans serve as a strategic 

development framework and guideline for land use and urban development. The legally 

binding plans consist of comprehensive plans and specific plans. Meanwhile, the 

comprehensive plans outline in two layers, provincial and city comprehensive plans. The 

specific plan functions as a land use planning framework for urban development and 

conservation for a specific area. DPT is the responsible agency for preparing and 
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implementing the policy plans. Local governments are responsible for preparing 

comprehensive plans under the technical supervision of DPT and ensuring public 

participation. The comprehensive plans must receive approval from the provincial planning 

board before enforcement as a local ordinance. However, if the local governments could not 

perform the tasks, DPT could lead the preparation process on behalf of the local governments. 

If the DPT prepares the comprehensive plan, it must be approved by the ministerial planning 

board before issuing a ministerial notification. The specific plan can be either prepared by 

local governments or DPT but must be approved by the ministerial planning board. After five 

years of implementation, local governments and/or DPT shall launch a plan review and 

evaluation process. In case there are no substantial changes in development and 

environmental circumstances, the plan can be renewed; otherwise, plan revision is needed.  

 

Figure 3. 9 Thailand spatial planning structure according to Town planning Act 2019 

(B.E.2562) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Own illustration based on Town planning Act  2019 (B.E.2562) 
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Figure 3. 10 Land use map of the draft 3rd revised comprehensive plan of Khon Kaen city 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Modified from DPT, 2018 
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3.7 Local public healthcare  
 
The city aims to become a regional medical hub based on its readiness in public and private 

health institutions, excellent medical centers, and top-class medical school and personnel. The 

medical hub serves both domestic demands and GMS & international clients.  Khon Kaen cityôs 

health care system consists of 25 Sub-district Health Promotion Hospital (SHPH) 15 , five 

Primary care center, one tertiary hospital, one health promotion centre, one university hospital, 

three municipal medical centers, one military hospital, one rehabilitation hospital, one 

psychiatry hospital, three private hospitals. This setting has not yet taken a number of private 

clinics, pharmacies all over the city, and the Ministry of Public Health (MoPH)ôs non-medical 

care institutions into account. Among these, 22 SHPH, five Primary care center, and one 

tertiary hospital are under the Khon Kaen Hospitalôs Contracting Unit of Primary care network.  

Even though private hospitals, university hospitals, and a military hospital are part of the district 

public health system, but Khon Kaen Hospital CUP network is the heart of the local public 

health service under MoPH control. Khon Kaen Hospital (KKH) is a tertiary care hospital under 

MoPH. It is the uttermost important hospital in Khon Kaen city public health network and vital 

for the whole Khon Kaen province and northeastern region of Thailand. As an advanced-level 

referral hospital with five excellent centers16, Khon Kaen Hospital has a capacity of 1,000 

internal patient beds, 41 wards, and covers about 402,940 catchment population (2016). As 

the most advanced and trustworthy MoPH hospital in the area, Khon Kaen Hospital confronts 

an overcrowded patient problem as its business as usual (KKH,2016). Currently (2020), the 

hospital operates with 104% of its service capacity. According to the Deputy Director of Khon 

Kaen Hospital (Dr. Seksan Suwanpang), the work of primary care service (CUP units) under 

the Khon Kaen Hospital CUP network shares about 25 % of the network workload17.  

 

To address the overwhelming service demands of the CUP host, Khon Kaen Hospital has been 

strengthening the service capacity of its CUP units through a 10-year Primary care cluster 

development plan (2016-2026). The plan aims to empower and upgrade the SHPH or primary 

care unit to be a Primary care center, which provides more advance or more extensive 

treatment, equipment, and at least a full-time family doctor at the campus, while a typical SHPH 

uses family doctors in rotation, e.g. two times a week for doctor visits. Establishing 12 Primary 

Care Clusters (PCC) is expected to be completed by the end of the plan (KKPHO,2019). This 

strategy meant increasing service quality and gaining trust from locals in the public health 

facility in their neighbourhood, which could eventually reduce costs for the patients to come to 

the Khon Kaen Hospital and decrease overcrowded on-site service of the hospital by bringing 

                                                           
15Nongbaudeemhee SHPH, Nong Ya Phraek SHPH, Donhun SHPH, and Thapra SHPH are located in Khon Kaen Mueng district area but their 

operation are under Siridhorn hospital CUP network of Bann Had district.  

16  Accident, Cardiology, Cancer, Neonatal and Organs donation & transplant 
17 with 10% financial resources 
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service to communities. However, the main challenges of the plan are personnel management 

mechanism and health literacy of inhabitants, which are underlying problems of the public 

health system in Thailand in general. Nevertheless, Thailand has Community Health 

Volunteers (CHV), a key primary health care workforce that links clinical care and community-

based long-term care through providing support in diseases control & surveillance and giving 

basic care services to the locals, including home visits, follow-up care, health promotion 

information, mental support, etc. (Primary Health Care Performance Initiative, 2018). More 

details regarding Thaiôs public health system can be found in Box 3.4. 

 

Box 3. 4 Thai Public healthcare system 

 

Thailand is one of the world leaders in public health care through universal health coverage, 

health volunteer innovation, community-based health promotion, etc. Since the 

Decentralization Act 1999, the administrative structure of the Ministry of Public Health (MoPH) 

has been organized at central and provincial levels. Besides three technical departments' 

clusters on medical service, public health, and public health service and support, the ministry 

also grouped the 76 province service operations into 12 Area Health (AH). The AH structure 

aims to ensure policy alignment, seamlessly implementation of service plan, regular monitoring, 

and evaluation among the provincial public health offices. Each Provincial Public Health Office 

(PHO) is responsible for developing provincial public health plans & strategies, supervising, 

coordinating and supporting the implementation of public health and medical services within 

the province. Then the similar function cascades down to the District Public Health Office (DHO) 

of each local district. DHO oversees sub-district primary health units and coordinates with 

district-level hospital(s) (secondary or tertiary care hospitals) (MoPH, 2016). From the 

perspective of district public health care, a secondary or tertiary care hospital is the backbone 

of the system that serves as a host (CUP-host) of the district health service network. Meanwhile, 

PCUs or Primary care centers are frontier service units/nodes of the network that provide basic 

treatment, prevention, and health promotion in their responsible service (catchment) area 

/communities. The PCUs can upward refer sophisticated cases to a higher care service hospital 

through the referral system. The secondary or tertiary hospital in the district is usually assigned 

as a Contracting Unit of Primary care (CUP) with the National Health Security Office (NHSO) 

under the Universal Coverage Scheme (UCS). CUP-host supports its local service units/nodes 

by allocating financial & human resources, providing medical & non-medical supplies, and 

ensuring accountability in terms of cost and service quality control (Skolnik, et al., 2016; 

Kitreerawutiwong et al., 2017).   

 

The CUP-host team is mainly the family medicine division of a secondary or tertiary hospital at 

a local level. A family medical care team is an interdisciplinary team that consists of family 

doctors, nurses, physical therapists, dentists, occupational therapists, and other health workers 
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who provide home-based and community-based care in their service area or catchment 

population. One family medical care team may be responsible for 10,000 catchment population. 

The three teams of family medical care could be bundled as Primary Care Cluster (PCC). The 

implementation of CUP is under the supervision of the Contracting Unit of Primary care Board 

(CUP Board), receiving a policy agenda from the District Health Board (DHB) and regularly 

reporting to PHO (MoPH, 2016). It is important to note that a very small proportion of non-MoPH 

public health care facilities are managed by other ministries and local governments, such as 

municipal health care units, university hospitals, and military hospitals (Jongudomsuk et al., 

2015). 

 

3.8 Public health  climate change adaptation policy in Thailand  
 

The Office of Natural Resources and Environmental Policy and Planning (ONEP) within the 

Ministry of Natural Resources and Environment (MoNRE) functions as the core institution 

responsible for climate change in Thailand. ONEPôs Climate Change Management 

Coordination Division (CCMC) acts as the national focal point for the United Nations 

Framework Convention on Climate Change (UNFCCC), the Green Climate Fund (GCF), as 

well as to the Adaptation Fund. An inter-ministerial committee and working groups were 

established to steer the overall planning on climate change management at the national level 

(GIZ, 2018).  

Thailandôs National Adaptation Plan (NAP) was built on the six priority sectors identified in the 

Climate Change Master Plan (2015ï2050). The NAP aims to help Thailand become resilient 

and adapt to the impacts of climate change. NAP serves as a framework for mainstreaming 

adaptation into sectoral plans and strategies. NAP also provides a guideline for applying 

adaptation to government agenciesô frameworks for budgeting and implementation, raising 

awareness and understanding within relevant sectors/actors, and developing resiliency 

measures and adaptation readiness for all stakeholders and levels.  

The Ministry of Public Health has recently launched its National Strategy on Adaptation in the 

Health Sector 2017-2030 (HNAP) (MoPH, 2018). The HNAP has an overarching goal of 

reducing the citizen's morbidity and mortality, mitigating national impact and being Asiaôs hub 

in managing climate change-related health risks.  HNAP consists of four strategic issues; 1) 

strengthening capacity and health literacy of community and people in coping with climate 

change-related health risks; 2) integrating capacity of all sectors to drive climate change 

management and implementation in the public health sector; 3) strengthening public health 

preparedness in addressing climate change to support the national economy, social and 

security; and  4) strengthening national public health system in addressing climate change 

align with international standards. To mainstream climate change adaption to public health, 
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the sector plans to develop climate change-related health impacts surveillance and prevention 

mechanisms, enhance the public health system's capacity, and promote access to quality 

public health services. The actions focus on proactive addressing climate change-related 

health impacts on communities in vulnerable areas and populations at risk, especially 

emerging and re-emerging diseases, human heat stress, and other climate-related diseases. 

This chapter encapsulates multi-facets of Khon Kaen city such as geographical features, 

administration and political institution, socio-economic, infrastructure development, 

environmental and disaster management, spatial planning, public health care, and climate 

change-related policy framework. In the next chapters, this study will reveal Khon Kaen city 

manifestation through multiple stakeholders' views based on a collaborative future-oriented 

scenario planning approach. This research presents and discusses the outcomes from 

stakeholders dialogues and planning exercises that resonate with stakeholders shared 

understandings and perceptions of Khon Kaen city and its futures, emphasising interactions 

between urbanization and climate change and their impact on the local public healthcare. 
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Chapter 4  Methodology  

Methodology  

 

This study lays out the research methodology based on a collaborative scenario planning 

approach. The approach combines explorative and normative scenario planning methods to 

explore a bandwidth of possible futures and backcast desirable pathways through stakeholders 

participation and collaboration with the researcher18's complementary inputs. This research 

derived a novel integrated collaborative future-oriented scenario planning framework that 

closes gaps between global climate trajectories and local climate adaption scenario, as well 

as strategically encompass climate resilience in public health service, so-called Health 

Integrative Climate Resilience and Adaptation Future (HICRAF). Khon Kaen city, a growing 

medium-sized city, serves as a single case study to demonstrate the development and 

application of HICRAF.  

 

HICRAF planning framework is organized into five phases. Phase I Shared understanding 

aims to determine objectives & problem orientation and identify spatial and temporal 

boundaries, the scope of scenarios, and key stakeholders. Phase II Forecasting combines 

stakeholders aspirations toward future urban development and quantitative climate scenario 

analysis for sketching a bandwidth of possible future conditions. A scenario matrix was used 

to conclude contradicts future versions and identify a plausible future pathway from the 

stakeholders' points of view. Phase III is Backcasting. This phase enables target setting and 

potential impact mitigation strategies identification, which informed desirable scenarios 

formulation. This step highlights composite indicators development and potential impact 

assessment tailored for the local public health service. Phase IV Implementing portrays the 

implementation requirements leading to a transition from the baseline condition to the desired 

targets realization, considering the potential impact outcomes. The full cycle of HICRAF 

demands completion of ex-ante assessment & execution of the proposed actions (part of 

Phase IV) and monitoring elements (Phase V), which can not be demonstrated in this report 

because the completion of HICRAF requires real-world implementation of the proposed 

roadmaps, which is beyond this research setting, capacity, and timeframe. 

 

The following sections provide a comprehensive elaboration of each phase, its subsequence 

steps and methods used. The research methodology framework shows in Figure 4.1.  

                                                           
18 Wiriya Puntub 
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Figure 4. 1 Methodological framework 
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4.1 Phase I -  Shared understanding  
 

Diagnosing the current context and needs of the systems of interest is crucial for scenario 

planning. This phase aims to conclude key relevances for envisioning possible futures through 

policy reviews and a series of stakeholder interviews. These inputs enable comprehension of 

the existing circumstances, power relations, goals and challenges of the study area. This 

phase consists of two main steps. Step 1 determines the objective(s) and orientation of the 

systems of interest (urban development, climate-related hazards and public health service). 

Step 2 diagnoses the current context of the system of interest and its shortcomings, trends and 

development dynamics. Details of each step are described as follows.  

 

4.1.1 Problem orientation and scoping (Step 1)  

 

The intensified potential impact of climate-related hazards and the dynamic of urbanization on 

the local public health service in Khon Kaen city were oriented as a problem of this study. 

Hence this research set urban development, climate-related hazards, public health service as 

the scope of systems of interest. The systems' spatial scope were identified based on their 

planning, operation practices, biophysical relationship, and spatial resolution of the available 

dataset. 

 

In the aspect of urban development, the 3rd revised version of the draft comprehensive plan of 

Khon Kaen city (DPT, 2018) (refer as "the draft comprehensive plan") prepared by the 

Department of Public Works and Town & Country Planning (DPT) was used as a primary input 

for defining the spatial scope of urban development. Regarding climate-related hazards, this 

study scoped the global climate downscaling data to relevant sub-watershed for analyzing the 

following hydro-meteorological hazards, which currently and will signify urban development 

and public health service in the study area, i.e. fluvial flood, pluvial flood, and water supply 

scarcity. Although the input data constituted contradicting spatial boundaries, Mueang Khon 

Kaen district (Khon Kaen city) and Khon Kaen Hospital's CUP network area were considered 

to elaborate the potential impact of the local public health service. In a temporal aspect, 2037 

was adopted as the future scenario endpoint according to the 20-year National Strategy of 

Thailand, a policy document directing every development layer of the country. Regarding a 

deep uncertainty of a long-term climate projection, this study applied a climate projection 

downscaling during 2021 ï 2050 dataset to construct future scenarios of local climate-related 

hazards in 2037.  
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4.1.2 Diagnose the current context of the syst ems & shortcoming development (Step 

2) 

 

Diagnosis of the current and shortcomings development of Khon Kaen city was conducted by 

combining policy reviews and stakeholder interviews, which were then scrutinized using the 

TOWS analysis framework. Relevant plan and policy documents from national to local levels 

were reviewed (see Annex 16). Key stakeholders were interviewed in order to acquire 

knowledge of the status quo, shortcomings and strategic development of urban development, 

public healthcare, and climate/disaster risk management of the study area. This study 

identified stakeholders and experts based on their relevant roles, legitimate responsibility, 

politically significance, and in combination with the snowball technique. The identified 

stakeholders consist of representatives of the national government, provincial government, 

local government, private sector, and academia19 (see Annex 3).  A series of interviews were 

organized in both face-to-face and virtual meetings in March-July 2018.  The inputs of 13 semi-

structured stakeholder interviews were thematically summarized and conformed to a shared 

understanding of the system of interest (urban development, climate-related hazards, and 

public health service). Based on the policy document reviews and stakeholders interviews, 

strengths, weaknesses, opportunities and threats were extracted and organized in the TOWS 

matrix structure. The TOWS analysis result will then be integrated as a basis for future 

visioning in Phase II. Moreover, six representatives/experts of primary local critical 

infrastructures agencies (Annex 4) were interviewed to contextualize the understanding of the 

urban system operation. 

 

4.2 Phase II -  Forecasting  

 

This phase highlights the explorative scenario planning component of the study. Forecasting 

techniques were applied to portray Khon Kaen city's in 2037 from both urban development and 

climate-related hazards points of view. This part aims to articulate a bandwidth of possible 

future conditions of Khon Kaen city through stakeholders' participation and co-production 

process. This phase consists of two main steps; future urban development envisioning 

exercise and climate projection analysis (step 3) and Trend (plausible) scenario storyline 

formulation (step 4), which are elaborated as follows.  

 

 

 

                                                           
19 During the time of research (2017-2020), a prominent local civil society group/organization works on urban development or climate-related 
hazards can not be found in the study area.  
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4.2.1 Future vision and projection (Step 3)  

 

This research deployed quantitative and qualitative techniques for stretching bandwidths of 

possible future urban development change and climate change in the study area as follows.  

 

Step 3.1 Future urban development bandwidth:  This study combined data-driven analysis 

and stakeholder participation techniques to envision how the development of Khon Kaen city 

will be like in 2037. Possible urban development bandwidth formulation comprises two 

elements: population change and land use change. Six local/provincial stakeholder agencies 

and one national planning agency were involved in the future urban development envisioning 

process (see Annex 5).  

¶ Population change bandwidth:  To stretch the population change bandwidth in 2037, this 

study adopted three population forecasting figures, two future population projection 

scenarios determined in the draft comprehensive plan prepared by DPT (2018) and one 

statistical extrapolation forecasting based on the demographic consensus reported by 

Khon Kaen Provincial Statistic Office (KKPSO) during 2008-2016 (KKPSO, 2017). A 

statistical extrapolation technique was also applied to compromise the discrepancies 

between DPT's population scenarios and the research timespan20. The three figures of the 

future population projections were presented to the stakeholders, then asked for their 

overall opinion regarding the possible maximum and minimum margins of Khon Kaen city's 

population changes in 2037. Stakeholders were offered to propose any trend breakers or 

different population trends besides the abovementioned propositions.  

¶ Land use change bandwidth: To unfold the future land use bandwidth of  Khon Kaen city, 

this study adopted the DPT's land use map (part of the draft comprehensive plan) as a 

medium for the future envisioning exercise, which enables the stakeholders to have a 

smooth transition from the present situation (2018) to the imagination of future urban 

development and land use change in 2037. Printed copies of the land use map, see Figure 

3.10, were presented to the stakeholders. Stakeholders were requested to envision 

possible urban development dynamics & direction, prominence investment projects, and 

land-use change in the following snapshots, 2022, 2027,2032 and 2037, by addressing a 

distinction of possible minimum and maximum levels of development changes. The 

stakeholders expressed their idea through talking and drawing on the printed maps 

(different time snapshots used different printed maps). Verbal inputs were thematically 

analyzed in combination with the drawn land use maps. Visualizations of the bandwidth of 

possible future urban development (minimum-maximum range) of Khon Kaen city for every 

5-year time spot until 2037 were laid out and presented to the stakeholders during the 

                                                           
20 DPT population projections timespan is 2015 ï 2035 which devided into 6 snapshots as following:  2015,2020,2025,2030,2032, and 2035 
(DPT,2018: 4-35) 
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validation process (see Annex 5). A sample of stakeholder drawn land use maps can be 

found in  Annex 6. 

 

Based on the stakeholders' inputs, the bandwidth of future population change and land use 

change of the study area in  2037 were analyzed and visualized in the range of minimum and 

maximum bandwidth of possible changes. The intermediate result was presented to 

stakeholders to validate and collect additional comments through a series of individual 

discussions during 4-18 March 2019 (see Annex 5)21. 

 

Step 3.2 Future climate -related hazards bandwidth : This study adopted downscaling high-

resolution (25 km x 25 km) and bias-corrected Global Circulation Model dataset under 

European community Earth-System Model (EC-EARTH) (more information about EC-EARTH 

at http://www.ec-earth.org).  The downscaling dataset was generated and provided by Hydro 

ï Informatics Institute (HII) of Thailand. The projected future climate under the Representative 

Concentration Pathways22, RCP 4.5 and RCP 8.5 were selected to exhibit moderate and 

extreme climate scenarios during 2021 ï 2050, covering at least a 30-year climate cycle. To 

bridge the gaps between global trajectories and local climate scenarios, formulation of the local 

climate-related hazards bandwidth in  2037 heavily involved local water management, disaster 

risk management practices, and consultation with the local experts (see Annex 7). This 

research combined the precipitation parameter of EC-EARTH downscaling and bias-corrected 

datasets, the present worst-case event and local water management practices for estimating 

the possible minimum and maximum magnitude and spatial extension of the local fluvial flood, 

pluvial flood, and water supply scarcity in the study area in 2037 according to the following 

processes. 

 

¶ Fluvial flood bandwidth  

Occurrences of fluvial floods in the study area are highly characterized by upstream 

waterbody and water management infrastructures beyond the study area boundary. 

Therefore, the climate scenarios' spatial boundary must cover relevant sub-watershed 

defined by the local experts based on the local water management practice. Figure 4.2 

shows the sub-watersheds included in the fluvial flood bandwidth analysis of this study, i.e. 

Lam Phaniang; Nam Phuai, Upper and lower part of Lam Nam Phong, Lam Nam Choen, 

                                                           
21 It is crucial to remark that due to stakeholders internal organizational change caused of impossible to always have the same person from the 
same organization to participate in the following interview and exercise, however, all necessary information was communicated and recapped to 
the newly enrolled representatives. 
22 A Representative Concentration Pathway (RCP) is a greenhouse gas concentration trajectory adopted by the IPCC. RCPs are labelled after a 

possible range of radiative forcing values in the year 2100. RCP 4.5 is an intermediate pathway which radiative forcing is stabilised at 

approximately 4.5 W m-2 after 2100. RCP 4.5 is more likely than not to result in global temperature rise between 2 degrees C, and 3 degrees C, 

by 2100. RCP8.5, generally taken as the basis for worst-case climate change scenarios, which radiative forcing reaches greater than 8.5 W m-2 

by 2100 and continues to rise for some amount of time (IPCC, 2014a). 
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Huai Sai Bat, and Third part of Lam Nam Chi. According to the current knowledge ( 2018), 

neither existing water model simulation study nor research has taken local water 

management practices into account in climate projection analysis conducted in the 

boundary mentioned above. Climate projection and deterministic analysis of precipitation 

parameters were integrated in order to formulate future fluvial flood bandwidth in 

consultation with the local water management experts. According to the deterministic 

approach, the record of the current worst-case fluvial flood level was adopted, 649.10 cm³/s 

overflow discharge measured at Stream Gaging Station E.22B (river capacity 434 cm³/s) 

on 21st October 2017 (HII,2019). The event marked the latest worst-case fluvial flood that 

Khon Kaen city experienced in the modern-day. With the assumption of structural flood 

protection measures failure, particularly flood barriers and dikes along Phong river, a fluvial 

flood could reach about 152 m MSL (contour line). With the overarching aim of potential 

impact reduction and the precautionary principle, this study suggested 152 MSL as the 

minimum fluvial flood (margin) of the bandwidth based on stakeholders and experts 

opinions. Meanwhile, the maximum bandwidth was derived from the projected precipitation 

datasets, RCP 4.5 and RCP 8.5.  99th percentile of maximum daily rainfall (of each month) 

of the climate project datasets was used as inputs for the local discharge calculation. Due 

to the lack of high-resolution geospatial data in terms of projected built-up areas and 

surface properties, a dimensionless unit-hydrograph technique was applied to transform 

rainfall to discharge of the study area. Detailed information about the dimensionless unit-

hydrograph technique can be found in (Sherman, 1932 cited in Ramírez, 2010).  Remarked 

here that there is no specific unit-hydrograph study conducted by Royal Irrigation 

Department (RID) for the study area specifically; therefore, the river profile assumptions 

and constant values of the nearby representative station in the same watershed, Stream 

Gaging Station E.29 Namphong (Hydrology Division, 2009:11) was applied for calculating 

discharge of the projected precipitation datasets at the Stream Gaging Station E.22B. 

Details of the calculation can be found in Annex 8-9. The estimated maximum discharge 

margin of fluvial flood bandwidth was interpolated to fluvial flood spatial extension in the 

term of Mean Sean Level. Based on Digital Elevation Model analysis (DEM) data23, ArcMap 

10.5.1 software was used to map and visualize the spatial extension of the minimum and 

maximum fluvial flood bandwidth scenarios that served as input for further the stakeholders' 

discussions.  

 

¶ Pluvial flood bandwidth  

Pluvial flooding problem in Khon Kaen city is mainly caused by the limited capacity of the 

drainage system, unplanned land use, and uncontrolled land cover change, which usually 

                                                           
23  Thailand DEM from SRTM-4 re-interpoled at 300 m resolution, retrived from http://www.savgis.org/thailand.htm  

http://www.savgis.org/thailand.htm
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increases sealed surfaces and blocks waterways. No strong regulation or benchmarks on 

a land excavation are also a cause of flooding after less than an hour of continuous heavy 

rainfall events in many city sections, even on high terrain. The current land use plan and 

the existing engineering proposal for improved city drainage systems could indicate local 

drainage capacity for the present climate conditions. Therefore, it is fair to imply that there 

is no guarantee of no pluvial flood in the future, even in a high elevated location or an area 

where never experienced pluvial floods before. Lacking high-resolution geospatial data and 

projected built-up areas are key limitations that do not allow the application of high-

resolution pluvial flood simulation (e.g. FloodAreaHPC model), which provides greater detail 

of possible pluvial flood bandwidth in the future. Thus this study applied a conservative 

assumption that everywhere in the study area could have a chance of pluvial flooding 

regardless of its elevation level. In other words, the future pluvial flood bandwidth is binary, 

yes and no, as the maximum and minimum bandwidth margin.   

 

Figure 4. 2 Sub-watershed boundary for the local climate scenario  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¶ Water scarcity bandwidth  

The majority of the water supply in the study area is piped water manufactured and 

delivered by the local waterworks authority. However, raw water availability for water 

supply production depends on the reserved quantity of water of the upstream reservoir, 

while water supply quality is tied to upstream human activities. According to local experts, 
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water supply situations can be monitored via average annual rainfall, which determines 

reserved raw water in Ubonrattana Dam. If the amount of annual rainfall is less than 1,100-

1,200 mm/year in this region for four consecutive years, the water supply situation of Khon 

Kaen city can become serious. In this regard, the study arrayed the 90th percentile of 

average annual rainfall data of RCP 4.5 and RCP 8.5 datasets during 2021-2050, which 

then aligned with the adapted RID local drought index (see Table 4.1). Thereby, the four 

consecutive years with the amount of annual rainfall less than 924.2 mm/years shall be 

highlighted as a possible period of water supply crisis in the study area (see  Annex 17). 

Although roughly indicating water scarcity periods is possible, it does not reasonably 

determine the spatial extension of urban water scarcity by climatic factors solely. The 

insufficient qualified raw water feed to the production system could cause intermittent water 

supply for the whole city in general; however, the effects are neither equally distributed nor 

can be able to certainly specified locations in the long-term future perspective. 

Nonetheless, it is quite certain that low water quantity usually causes low pressure in the 

pipe network, particularly in high ground locations, resulting in more technical difficulties 

and higher investment costs of water supply infrastructure and delivery. Thus, it is fair to 

assume that more severe intermittent water could often occur in high elevated areas than 

in the low flat terrain of the city. Although this study did not include a tech-sociological 

complex of critical infrastructure in the scenario formulation, a high-resolution dataset and 

specific engineering and technological research of the local water supply pipeline network 

and structure (e.g. life span, technology variations, investment) is highly recognized.  In 

this regard, this research generally assigned the possible water scarcity bandwidth of the 

study area as a binary between yes (maximum) and no (minimum). 

 

Table 4. 1 Local drought index adapted from RID standard value based on annual rainfall  

Index  Annual rainfall (mm/yr)  

Extreme drought 871.4 

 Drought 924.2 

Quite drought 977.0 ï 1,029.8 

O.K. level 1,082.6 -1,135.3 

Average 1,188.1 

Good rain 1,240.9-1,346.5 

Very good 1,399.3 -1,452.0 
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4.2.2 Plausible (Trend) scenario storyline formulation  (Step 4)  

 

Step 4 aims to outline possible future scenarios, identify a Trend (plausible) scenario, and 

formulate the Trend scenarioôs storyline by taking interactions among climate change, urban 

development changes, and their potential impact on the public health care service into account. 

The articulation and visualization of the Trend (plausible) scenario will then encompass the 

target setting and composite indicators development in the Backcasting phase (Phase III). In 

this regard, this section consists of four sub-elements, 1) possible scenario construction & 

plausible scenario identification; 2) interaction analysis; 3) impact chain analysis; 4) plausible 

scenario storyline elaboration (matrix analysis) and validation.   

 

4.2.2.1 Possible scenarios (scenario matr ix) and plausible scenario identification  

This research overlaid possible future scenarios of urban development changes and climate-

related hazards, then framed them into a 2 x 2 scenarios matrix (see Figure 4.3) as follows.  

1) Minimum urban development & Minimum climate-related hazards;  

2) Maximum urban development & Minimum climate-related hazards;  

3) Minimum urban development & Maximum climate-related hazards;  

4) Maximum urban development & Maximum climate-related hazards. 

 

Geospatial analysis was applied in order to overlay and intersect the core features of both 

future urban development change and climate-related hazard changes in the four scenarios. 

Visualization of the scenarios showed a broad overview of possible affected areas and 

exposed elements of the city according to the degree of urban development bandwidth and 

climate-related hazards bandwidth. The scenarios matrix was presented to 11 stakeholders in 

the individual discussion format. The stakeholders were the representatives from relevant 

stakeholder agencies, including various levels of government agencies (national, provincial, 

local levels), private sector, and academia (see Annex 5). Besides giving their expressions and 

comments on the four scenarios, the stakeholders were asked to select one scenario (among 

the four scenarios) representing the plausible future of Khon Kaen city in 203724. The scenario 

which got a majority vote from the stakeholders will be defined as the plausible scenario or so-

called "Trend scenario ".  

 

 

 

 

                                                           
24 Due to limited resources and reducing complexity on stakeholders cognitive thinking on the contradict scenarios, this study encouraged the 
stakeholders to select only one plausible scenario for proceeding extensive stakeholder participation process and potential impact assessment. 
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Figure 4. 3 Scenario matrix of future urban development scenarios and future climate 
change scenarios of Khon Kaen city 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2.2.2 Interaction analysis  

Initial elaboration and visualization of the  "Trend scenario" have enabled interaction analysis 

between the future change of Khon Kaen city's urban development and climate-related 

hazards. The causal relationship concept was used to conceptualize the vertical and horizontal 

relationship between the local urban environment and regional & global climate layers.  The 

cause-effect relationship analysis was a desktop-based conceptual analysis. Thereby, the 

interactions were explained through feedback loops; positive feedback loop reinforces and/or 

amplifies an effect; negative feedback loop is the conditions that diminish and/or dampen an 

effect, and neutral. Some lines of interactions may be neglected due to insufficient supportive 

evidence or literature. The interaction analysis helps to apprehend interrelationships among 

the system of interest, encompasses scenario storyline elaboration and the emergence of 

matches & mismatches of policies and plans implemented (& will be implemented) in the study 

area.  

 

4.2.2.3 Impact chain analysis  

 

Impact chain analysis was used to conceptualize how climate stimuli could propagate through 

the local public healthcare system caused direct and indirect impacts on its service operation. 

Semi-structured interviews with primary critical infrastructures and local hospital 

operators/managers were conducted to understand interdependency and dependency among 

the local public health care and other critical infrastructure domains of the impact chains (see 

Annex 4). The impact chain elaboration was visualized and used to articulate the potential 

impact of climate-related hazards on the local public health service. The impact chain was 
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used for the scenarios storyline formulation and served as a medium to raise stakeholders' 

awareness and engagement in the following backcasting steps.  

 

4.2.2.4 Matrix analysis and stakeholder validation of the plausible scenario storyline  

Matrix analysis was conducted in order to capture possible interplay among the three systems 

of interest (urban development, climate-related hazards, and public health services) in a 

different zone of the study area. This study applied Matrix analysis to define possible 

convergences and divergences in both internal and interactional perspectives, which then 

informed "Trend scenario" storyline elaboration. Detailed elaboration and visualization of 

"Trend scenario" were presented to stakeholders in order to receive further suggestions and 

validation of the scenario through bilateral talk sessions. The stakeholders were key 

representatives from various institutions responsible for local urban development, disaster risk 

management, and public healthcare (see Annex 5). The elaboration of the scenario storyline 

will be used for justifying input data fed into the composite indicators in the following 

assessment process. 

 

4.3 Phase III - Backcasting   
 

After exploring What could happen?, this phase follows a common feature of backcasting in 

examining, What is the preferred future?; and How it can be realized?. This study outlines the 

backcasting phase into five steps as follows: target setting (step 5), desirable scenario 

construction (step 6), desirable scenario storyline formulation (step 7), and scenarios 

assessment (step 8).  

 

4.3.1 Target setting (Step 5)  

 

After presenting the "Trend scenario" to the stakeholders (step 4), a survey on potential impact 

perception was conducted via bilateral discussion format in order to define the desirable 

target(s) of potential impact minimization (Annex 5). Visualization of the "Trend scenario" was 

used for an individual stakeholder to draw the spatial extension of protection worthiness under 

the ñTrend scenarioò. From an overall urban operation perspective, the stakeholders discussed 

and expressed their choice of the anticipated level and desirable level of potential impact if the 

city has to deal with the "Trend scenario" from very low to high level. The description of the 

level of potential impact is shown in Table 4.2.  It is important to note that the identified potential 

impact levels of both anticipated and desirable levels were neither absolute nor proved 

quantitatively by the current pieces of evidence; it conceptually provides a baseline and targets 

for desirable scenario storyline formulation and scenario assessment framework in the later 

steps.   
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Table 4. 2 Description of operational impact level  

Impact Level  Operational Impact  

Very low  All services can continue without any discernible impact or change 

Low  

¶ Some services may be reduced or suspended 

¶ Some advanced or special services may be cancelled 

¶ Services for non-priority client/section may be temporarily 
suspended 

Medium  

¶ Demand to obtain needed resources/supports from outside 

¶ Full implementation of conservation measures in order to 
sustain essential services 

¶ Shutdown of auxiliaries sections 

¶ Declare total diversion status or partial/total evacuation 

High  

¶ Discontinuity of essential services 

¶ All clients will be transferred to other/nearby service 
facilities/areas 

¶ Unable to deploy more than 50% of personnel responsible 
for the essential sections/services 

 

Source: Adapted from University of Rochester, 2021 

 

4.3.2 Desirable scenario construction (Step 6)  

 

This step identified spatial planning-based measurements based on the stakeholders' 

suggestions, literature, and the researcher's25 inputs with respect to the identified target(s) in 

order to minimize the potential impact of the ñTrend scenarioò. The potential spatial planning-

based measurements were specifically proposed for each city zone through 3 main strategies; 

exposure avoidance, hazard mitigation, and capacity enhancement. Visualization of city-wideôs 

proposed spatial planning-based measurements was presented and discussed with a broader 

group of stakeholders through individual talks (5-13 February 2020) (Annex 5) and a workshop 

organized by local stakeholders (1 March 2020) (Annex 15). Meanwhile, the public health-

specific measures were presented and discussed with the responsible agency, Khon Kaen 

Provincial Public Health Office (KKPHO) (17 March 2020). In the individual discussion 

sessions, the stakeholders apprised their preference toward each proposed measure through 

a Likert scale survey with the scale 1 (least preferred) to 5 (most preferred). The proposed 

measures which received an average preference score of less than 2 (low preferred) will be 

excluded from the ñDesirable scenarioò storyline formulation in the following step. 

 

4.3.3 Desirable scenario storyline formulation (Step 7)  

 

The ñDesirable scenarioò storyline was constructed by adhering to the preferred spatial-

planning based measures/interventions (step 6). Possible convergence and divergence in both 

                                                           
25 Wiriya Puntub 



Wiriya Puntub 

86 

internal and interactional perspectives under the ñDesirable scenarioò were defined through 

Matrix analysis  (iterative step 4), considering potential outcomes of the interplay among the 

three systems of interest (urban development, climate-related hazard, and public health 

services) in a different Khon Kean city zone. The result of the matrix analysis was used for the 

ñDesirable scenarioò storyline formulation, which then altered input data for composite 

indicators in the scenario assessment process. It is important to note that the distinction 

between ñTrend scenarioò and ñDesirable scenarioò are mainly urban development change and 

public health care operationalization rather than future climate conditions.  

 

4.3.4 Scenario assessment (Step 8)  

 

This study used composite indicators-based scenario assessment in order to evaluate the 

complex potential impact outcomes and operationalize the climate resilience targets of the 

local public health service. This step lays out the scenario assessment process for both "Trend 

scenario" and ñDesired scenarioò into four main elements, 1) composite indicators 

development, 2) questionnaire survey, 3) data analysis and interpretation, and 4) sensitivity 

analysis.  

 

Step 8.1 Composite indicators development  

This study developed a set of composite indicators based on IPCC AR5 (Oppenheimer 

et al., 2014) climate risk concept, without a configuration of the likelihood of the future climate 

risk (as debated in 2.2),  where the potential impact is the non-compensable aggregation of 

hazard, exposure and vulnerability (see equation 1). The vulnerability pillar is a blending of 

sensitivity, coping capacity and adaptive capacity components, theoretically inseparable but 

operationalizable (Hinkel,2011). Therefore, in this research, the architecture of composite 

indicators was structured into three hierarchical layers, pillar, indicator, and sub-indicator. The 

pillar layer consists of 3 pillars, Hazard, Exposure and Vulnerability. Each pillar contains 

subsequent indicators (indicator layer), and then each indicator is usually comprised of sub-

indicator(s) (sub-indicator layer). The structure of the composite indicators is shown in Figure 

4.5. The composite indicator development process consisted of 2 elements: indicator 

identification and normalization & aggregation. 

 

1) Indicators identification  

This composite indicatorsô goal is to assess the potential impact of future urban 

development change and climate-related hazards change, considering their interactions with 

the public health service of Khon Kaen city. The IPCC AR5ôs climate risk concept was used to 

outline the composite indicators framework. The scope of indicators is the same as the overall 

scope of this study, in terms of spatial, temporal, focusing climate-related hazards, and type of 

health care service and network.  The indicatorsô selection criteria are their relevance in 
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describing the potential impact of the local public health service, the availability of input data, 

and the promotion of local public health service to operate climate-resilient targets.  

  The future scenarios storylines (Trend scenario and Desirable scenario) determined 

the Hazard pillar and Exposure pillar indicators. Meanwhile, Vulnerability pillar-related 

indicators involved the combination of the review of case studies, research papers and relevant 

sectoral guidelines regarding disaster risk management for healthcare facilities (Table 4.3), 

climate impact chain analysis (step 2), and in-depth interviews with public health care experts 

and local public health care facilities managers and executives (Annex 10).  

The health care experts survey was conducted in October-December 2019 to validate 

and assign weighting values for the proposed composite indicators (Annex 21). The experts 

were representatives of various public health policy decision-making agencies and hospital 

directors/managers responsible for or who had experiences with disaster risk management 

(Annex 11).  For the Hazards pillar, the experts were asked to assign the weighting value 

between floods and water scarcity through a budget allocation approach. Meanwhile, 

ascending order prioritization technique was applied for each Vulnerability-related component 

e. g. 1st order is the highest priority, and 5th is the least priority. Since neither the experts nor 

technical standard is available to justify the weighting value of Exposure-related indicators; 

therefore, equal weight was assigned. It is important to note that the experts were offered to 

suggest additional indicators as they see appropriate. The equal-weighted scheme was also 

applied to demonstrate the influence of different normalization schemes on the potential impact 

of outcome values.  

 

2) Normalization and Aggregation  

This study considered IPCC AR5ôs climate risk concept and data properties as the key 

criteria for selecting normalization techniques and aggregation schemes for each composite 

indicator layer. Detailed elaboration of the selected normalization and aggregation schemes 

are summarized below and shown in Table 4.5 and Annex 12.  

 

¶ Sub-indicator layer:  Input data was derived from both the questionnaire survey and the 

given scenario storylines ("Trend scenario" or ñDesirable scenarioò). Distance to target 

normalization was applied to represent a fraction of the highest target value. The input data 

were classified into 0 to 4 in order to conserve the proportion and trackability of the original 

data. All sub-indicators under an indicator were calculated with equal-weighted arithmetic 

(additive) aggregation to represent an indicator. 

 

¶ Indicator level:  An indicator represents a value of at least one sub-indicator or an average 

value of many sub-indicators. Conceptually, individual indicators shall have a different 
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degree of influent on the outcome of the potential impact pillar it belongs. Therefore, 

proportionately weighted normalization was used for the indicator layer; a single attribute 

value is divided by the sum total of the values of attributes. As stated in the prior section, 

weighted values were assigned based on the experts' judgement (Hazards and 

Vulnerability-related indicators) and equal-weighted (Exposure-related indicators). In 

addition to the experts-weighted normalization scheme, this study also provides a 

comparative configuration of the composite indicator-based potential impact assessment, 

in which all indicators operated through equal-weighted normalization. In terms of 

aggregation scheme selection, there is a possibility that at least one of the indicatorôs 

values may contain "0"; hence, arithmetic (additive) aggregation was operated. Thereby, 

the aggregated indicator values were transformed to the range of 0 to 4 in order to 

represent the pillar value. 

 

¶ Pillar level: According to the composite indicator framework, the potential impact is the 

multiplication of the Hazards, Exposure and Vulnerability pillar. Therefore, the absence of 

one pillar or being assigned as ñ0ò in one of the terms meant no potential impact occurred. 

To this connection, the geometric (multiplicative) aggregation method was executed for this 

non-compensability relationship among the pillars. Proportionate equal-weighted 

normalization on the scale of 0-1 was used for the pillar layer. In this regard, the possibility 

of potential impact value derived from the set of the composite indicators must present in 

absolute term between 0  to 1.  0 mean no potential impact, and 1 is the possible worst 

potential impact. The value of potential impact outcomes was presented in an equal interval 

classification (Table 4.3) in order to demonstrate its scalability as a national or universal 

standard and enhance a broader scale of decision making, despite the theoretically unique 

local contexts of the study area. Hence, the list of possible potential impact outcome values 

based on the operation of Equation 1 (Hazard*Exposure*Vulnerability) showed in Annex 

23. It is important to keep in mind the algorithm of multiplying numbers/decimals by a 

decimal (less than one); the multiplication output (product) will be smaller than the number 

being multiplied. 

 

Table 4. 3 Equal interval classification of potential impact outcome values  

Level  Value 

High >0.422 - 1.000 

Medium > 0.125 - 0.422 

Low >0.016 - 0.125 

Very low 0.000 - 0.016 

 

Note: (see the full list of possible values in Annex 23) 
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Figure 4. 4 Composite indicator structure 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Own illustration 

 

Table 4. 4 Literature for public health care specific vulnerability-related indictors 
identifications 

Types  Literature  

Sectoral & 

standards/Practices/Gui

delines 

International - WHO (2009); DOH-HEMS (2009); WHO (2015a); 

WHO (2015b); WHO & PAHO (2015); Relias (2008); Guenther, 

R., & Balbus, J. (2014); Health Research & Educational Trust. 

(2015); IROQUOIS (2018); HHS (2018); JC (2019); JC (2021); 

University of Rochester. (2021); HHS (n.d.); U.S. Healthcare & 

Public Health Sector Coordinating Councils. (n.d.a,b)  

 

Thailand - Design and Construction Division (2007); DMS 

(2018) 

Case studies/Lessons 

learned 

International - Levinson, (2014); Palmer (2017)  

Thailand - Thammasat University Hospital (2012)  

Academic publications Goddard, M., & Jacobs, R. (2010);  Hiete et al. (2011); Hollnagel 

et al. (2013);  Braithwaite et al. (2016); Riaz et al. (2016); Kruk et 

al. (2017)  
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Table 4. 5 Normalization, weighting and aggregation used for composite indicator-based 
potential impact assessment in this study 

Composite 
indicator layers  

Aggregation 
schemes  

Weighting 
schemes  

Normalization 
schemes  

Pillar  Multiplicative Equal weight 
Proportionate 

normalization (0-1) 

Indicator  Additive 
Equal weight & 
Expert weight 

Proportionate 
normalization (0-4) 

Sub-indicator  Additive Equal weight 
Distance to target 
normalization (0-4) 

 

Step 8.2 Questionnaire Survey  

The survey aimed to obtain primary input data from public health facilities in the study 

area in order to conduct the potential impact assessment according to the composite indicators 

framework. Meanwhile, the questionnaire fed the input data to Vulnerability and (partially)  

Exposure-related indicators, Hazard and (partially) Exposure-related indicators were obtained 

input data from scenarios storylines and the local public health facility operation practices/ 

sectoral policies.   

  The questionnaire was organized into five parts, 1) general information about a 

respondent, 2) current status and future service capacity exposure, 3) sensitivity, 4) coping 

capacity, and 5) adaptive capacity. The final draft of the questionnaire was test-run with five 

respondents who did not represent the target hospitals in the study area. After the test-run 

phase, a 35-pages long questionnaire (in Thai-local language) consisting of 84 items was sent 

out to all (36) public health facilities under the Ministry of Public Health (MoPH) in the area of 

Mueang Khon Kaen district (Annex 13)  via multiple channels such as email, instant message 

platform, hand to hand, and post. The English translation version of the questionnaire is 

available in Annex 36. In addition to the questionnaire survey, purposive sampling in-depth 

interviews with 7 hospital representatives were conducted to capture emerging elements that 

maybe not be reported in the survey. The selected interviewees represent various health care 

service capacities and different zones of the city (Annex 14). 

 

Step 8.3 Data Analysis  

After receiving the completed questionnaires, all input data were then transferred to a 

digital (excel) spreadsheet format. A combination of the surveyed dataset and key features of 

the storylines of the scenarios were encoded and calculated the potential impact outcome in 

Microsoft Excel based on the abovementioned composite indicators structure and data 

aggregation & normalization schemes.  Presentation of the potential impact assessment of the 

two scenarios (Trend scenario and Desire scenario) were reported in several aspects to 
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enhance strategic communication with policymakers and stakeholders, such as area-based, 

service network, and service hierarchy. 

 

Step 8.4 Sensitivity analysis  

Principal Component Analysis (PCA) is commonly used for interpreting a relatively 

large series of data in a smaller number of components or dimensions that can be meaningfully 

interpreted while maintaining most of the variation in the dataset (Jollife & Cadima, 2016; 

Ringnér, 2008). Even though this study contains a small sample size, PCA can be useful for 

verifying the composite indicators' robustness through a data-driven approach, especially 

Vulnerability indicators, which comprise an extensive number of indicators compared to other 

potential impact pillars. The input data feed in PCA analysis derived from questionnaire survey 

without integrated scenarios storyline assumption to avoid zero variance in the dataset. This 

study conducted PCA by using Statistical Package for the Social Sciences (SPSS), a powerful 

software package for understanding large complex data sets. A PCA was performed using the 

"Dimension Reduction" option under the "Analysis" function of SPSS software. Inspection of 

sampling adequacy based on the Kaiser-Meyer-Olkin (KMO) and Bartlett's Test of Sphericity 

was checked. Criteria for selecting the optimal number of Principal Components (PCs) were 

either the PC  has eigenvalues greater than 1 or 70-80% of total variance explained by all 

components. Reliability was analyzed in order to ensure that a measure should consistently 

reflect the construct that its measuring (Field, 2018: 821). Moreover, Cronbach's alpha 

coefficient was used to check internal consistency within each aspect of vulnerability elements. 

Communalities value was estimated the variance in each variable accounted for by the PCs. 

In terms of the correlation between the variables and factors, the structure matrix was 

analyzed. Regarding the correlation among the PCs based on Oblimin with the Kaiser 

normalization rotation method, the component correlation matrix was examined to ensure a 

correlation among PCs. Furthermore, this study also conducted a standard Pearsonôs 

correlation analysis in order to measure the strength of a linear correlation among multiple 

variables (indicators) of the Vulnerability pillar.  

 

4.4 Phase IV -  Implementing and Phase V: Following up  
 

This phase layouts essential steps to realize and monitor the targets. To complete backcasting 

planning cycle demands the determination of implementation requirements or roadmap (step 

9), ex-ante assessment (Step 10), and mainstreaming climate-resilient in policy 

implementation and operations (Step 11). After years of implementation, Phase V, monitoring 

and evaluation or ex post-assessment (Step 12) shall be launched to track the policy 

implementation's progress in responding to the targets. As aforementioned, within this 

research timeframe, only step 9 was included in this study.   
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4.4.1 Determination implementation requirements (Step 9)  

 

To lay out the implementation roadmap, gaps between "Trend scenario" and "Desirable 

scenario" as well as between "Desirable scenario" and the desired target(s) were identified. 

To bridge gaps between the scenarios and the targets, potential impact mitigation strategies 

were proposed with implementation timeframes for sequencing transition to the target(s) 

accomplishment by the end of 2037. The proposed public health-specific and city-wide 

roadmaps were sent to MoPH, KKPHO, DPT, and KKDPT to review and comment on their 

appropriateness as part of the validation process (June 2021). Comments and suggestions of 

the key political agencies were integrated and presented as policy recommendations.  

  

In summary, this chapter maps the methodologies used and their subsequence phases and 

steps to operationalize HICRAF,  an advanced future-oriented scenario-planning framework 

for climate-resilient public health care, which was tailored and tested in Khon Kaen city under 

the context of this research. HICRAF framework was outlined based on the collaborative 

scenario planning approach, which also intermixed the explorative and normative scenario 

method and composite indicators technique. The framework addresses the interaction 

between future development changes and climate changes and their potential impact on the 

local public health service. It offers the composite indicators-based potential impact 

assessment framework, which helps the local public health service operationalize its potential 

impact and backcasting its desirable future climate resilience. Even though HICRAF is built 

upon many existing profound concepts, its application is only in Khon Kaen city, Thailand. 

Limitations and invitations for further research on HICRAF are addressed in Chapter 6 

Discussion and Chapter 7 Conclusions. 
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Chapter 5  Results  

Result s 

 

This chapter outlines the research results in four parts according to the collaborative scenario 

planning phases. The first section presents the understanding of the cityôs state of development 

and dynamics through the lens of key stakeholders. The second section articulates the 

bandwidth of possible future scenarios considering development change and climate change 

based on intermixed stakeholders' participatory and empirical scientific evidence. The third 

section illustrates stakeholders' aspirations in defining target(s) and a desirable future scenario 

of the Khon Kaen city manifested by backcasting approach. This section highlights the target 

setting process and explores key strategies that elaborate the desirable scenario of the case 

study area.  Tailor-made composite indicator-based scenarios assessment framework and 

processes are also portrayed in this section. To complete the backcasting process, the fourth 

section presents the proposed roadmap, guiding Khon Kaen cityôs public health service to 

address the collision of urbanization and climate-related hazards from today's conditions to the 

future climate-resilient in 2037.  

 

5.1 Khon Kaen city in a shared understanding perspective  

 
Exploring the possible futures urban development pathways of Khon Kaen city, it is crucial to 

diagnose its current and forthcoming socio-economic development, power relationship, goals 

and challenges. Combination of policy documents review (see Annex 16) and inputs from 13 

stakeholders who are representatives of multi-strata government institutions (national, 

provincial, and local), private sector, and academia (see Annex 3)) derived push-pull factors. 

The defined push-pull factors can be grouped into five aspects, Administration and institution; 

Social and socio-demographic; Economy/socioeconomic; Infrastructure development; and 

Environment and natural resources. These were then aligned and intersected under TOWS 

analysis structure. Existing, expecting, and emerging elements that shaped developments and 

dynamics of the study area were captured and illustrated in TOWS matrix, see Table 5.1 and 

Figure 5.1. Elaboration of the push-pull factors and the articulation of TOWS analysis can be 

as follows.  

 

5.1.1 Push -pull factors  

 

Khon Kaen city is and will face five key dilemmas in its societal, economic and environmental 

development. The city benefits from solidarity among local actors, creative power of young 

generations, and positioning as regional premier in administration and economic development 

that leads to leapfrogging the local development through smart city agenda with a vision to 
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become a livable city. Nevertheless, a coexisting paradox of these positive pull factors is very 

clear. In contrast to solidarity and close cooperation, stakeholders strongly reflected fragilities 

among local governments and between local and provincial & national governments. While 

promoting a young and digital economy, the city has to deal with an ageing society and 

inequality. Although the city may be well equipped with infrastructures, high competiting with 

neighbouring cities that have the same resources and development agenda, Khon Kaen could 

lose its regional domination and economic magnetization power. Yet inconvenient truths on 

environmental quality are perceived as immense challenges for the city to reach a livable and 

sustainable city overarching goal. 

 

1) Administration and institution ï Solidarity & Fragility  

Khon Kaen city plays a strong role as regional coordinator of the Northeastern region 

(or Isan) of the country, home to the regional branch of public institutions and private 

companies. With stable local politics and strong partnership on economic development among 

local governments, private sector and academic institutions, people recognize Khon Kaen city 

as a model of strong cohesion among local actors. These enabling environments promote the 

city to proactively design its own future development rather than passively float along with the 

central government policies. However, it does not mean the locals do not embrace the national 

guidance but rather tailor, negotiate, and monitor them to the best benefit of the locals. Even 

though the unity of key actors and institutions is one of the major strengths of the city, especially 

in economic development; nonetheless, high fragility among urban municipalities can be 

observed through conflicts in land use planning, disaster risk and environmental management, 

which some of the cases lead to court litigation. However, in most cases, the Khon Kaen 

province governor takes the role of conflict mediator and decision-maker on the local 

governments' transboundary issues, hindering the intermediate function of the chief of the 

Maueng Khon Kaen district. Yet, strong involvement of the private sector in driving local 

development leads to criticism about elite-led development and insufficient effort to ensure 

inclusiveness participation and equal representation of young generations, urban poor, and 

grassroots movement in the local planning and decision-making process.  

 

2) Social and socio -demographic ï Young & Old  

  As a transportation junction, education and medical hub of the region, the city always 

welcomes and accommodates visitors and domestic migration for education and job 

opportunities. Not only rural people from nearby provinces and regions, even people from the 

Great Bangkok Metropolitan Region, also look for a new fortune and escape from the capital 

chaos to a growing secondary city such as Khon Kaen city. Many high education institutions 

situated in Khon Kaen city is of the one reasons why Khon Kaen city citizens are relatively well 

educated than other cities in the region. With a strong matriotism sense, a young generation 
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is often encouraged to use their knowledge and capability to push forward their hometown's 

betterment rather than move to Bangkok, especially the elite or upper-class groups network 

which usually graduated from the same high school (e.g. Khon Kaen Wittayayon School) and 

had higher education from aboard. Therefore, many current and upcoming development 

projects promote economic activities and infrastructures for young generations, particularly in 

order to revitalize shrinking wards. While the city's development is designed to attract a young 

and active population, the city must deal with the ageing society and economy, especially in 

the CBD and local farmlands.  Instead of seeing these paradoxes as a negative force, private 

health care and hospitality sectors see ageing society as opportunities to incubate business 

chains in senior care.  

 

  3) Economy/Socio -economic: One step ahead or behind  

Prompt infrastructures, business ecosystem, and good location are major driving 

factors attracting more external investment and enabling Khon Kaen city to be the Great 

Mekong Sub-region (GMS) economy and logistic hub. Although Khon Kaen city's economy 

plays a significant role in the GMS market, it has limited capacity to link with the international 

ones. Not many world-class cooperations have an overseas operation unit or centre in Khon 

Kaen city but are concentrated in Bangkok. The smart city initiative is the flagship policy 

outlining the city's future economy. Light Rail Transit (LRT) and Transit-Oriented Development 

(TOD) are promoted as the upcoming major development of the city, a future backbone for 

local economic renewal. However, this private sector-led public infrastructure development 

(fabricated by public-private-partnership) also raises critiques on conflicts of interests between 

benefits and public welfare. Apart from this smart mobility initiative, the Smart city policy 

framework also aims to keep its economy growing and attract the young generations who are 

workforce for the new digital economy and innovation incubation. In a non-welfare state, with 

greater economic development often comes greater living costs and disparities. High living 

costs and inequity have been resonating among the general public. Urbanization triggers land 

price speculation that finding an affordable house is an enormous challenge for the young 

generation and low and middle-income groups. This pressure often pushes them away from 

city centres and relies on daily commuting between inner-city and peri-urban zones.  In terms 

of business competition, in the future, Khon Kaen city might not be able to maintain one step 

ahead of its competitors, especially neighbouring cities. Moreover, the local private sector also 

sees national and global business legacy as threats to local content businesses such as retail 

chains, modern trades, housing estates and hypermarkets. Besides, these huge outsider 

businesses, usually headquartered in Bangkok and taking the local market share, are criticized 

for contributing to local development less than the local corporates.  
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4) Infrastructure development ï Leapfrog and inequality  

The Smart City initiative is expected to serve as a vehicle for the leapfrog development 

of Khon Kaen city. Although Khon Kaen city is well equipped with infrastructure and utilities, 

good quality and reliable services are still concentrated in the city centre area, especially public 

transport, health care, water supply, and telecommunication. Since digital infrastructure plays 

a vital role in achieving the Smart City plan, the city must put immense effort into inhabitants' 

digital literacy, data standardization, and open data platform, which are essential to promote 

active citizens and prevent technological-induced inequality. The city addresses this potential 

digital disparity with the motto ñLeft no one behindò, but so far, it is criticized as just words with 

no solid policy and implementation.  

 

5) Environmental and natural resou rces ï Livable city and inconvenient truths  

  One of Khon Kaen city's overarching development goals is to become a livable city with 

economic prosperity; however, environmental and disaster risk management is often defined 

as threats that prevent the city from achieving its targets. Environmental and disaster risk 

management usually creates tension among municipalities, especially urban municipalities 

and rural or peri-urban municipalities. Air pollution recently became an environmental crisis 

between urban and rural settlements. For years, a high level of PM 2.5 during high air pressure 

conditions and close airflow are linked with open burning and unsustainable sugar cane 

harvesting practices from nearby croplands. Without integrated waste and wastewater 

management, conflicts often arise between Khon Kaen City municipality and nearby local 

governments. Among these unpleasant environmental issues, a fluvial flood is perceived as 

the most sophisticated climate-related hazard for the city to manage. Rural inhabitants and 

farmland are the first frontiers and the most affected by a fluvial flood.  There are dikes along 

the Phong river, but the past fluvial floods proved their failures. To protect  CBD, the heart of 

administration and economy, the rural settlements are typically asked to sacrifice their home 

and farmland to retain the overflow water. Yet, the inhabitants or local governments often face 

hardship accessing flood relief funds or reimbursement and compensation for loss and 

damages. The support from urban people is rather in-kind support or in the form of donation 

than a fair share of the impact/burden, which shall be agreed upon beforehand. There were 

cases where flood-affected areas felt frustrated about this climate injustice and destroyed the 

sandbags to let the water reach the city centre, hoping that urban people could feel their pain. 

Sometimes these conflicts could not be mediated by the governor but by the court of justice.  

With no formal hazard maps (or does not communicate as an official one) and a lack of 

integrated future-oriented planning, the LRT development towards a flood-prone area could 

accelerate urbanization and attract more growth in the fluvial flood-prone areas. Similar conflict 

also occurs in densely built-up areas. Low impervious surface and low drainage capacity 

associated with blockage or narrow waterways for making room for real estate and road 
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constructions are major causes of repeatedly pluvial flooding after less than half an hour of 

heavy rain.  

  Besides too much water, too little water supply is also a major problem here. Water 

supply quantity and quality have been critically addressed recently, especially during 

prolonged droughts. Having no tap water for several weeks can be expected in some parts of 

the city. The local governments are usually warned to reserve water supply in community water 

tanks and deliver water to their residents via water trucks. Even though lacking qualified raw 

water for the water manufacturing process is the most critical problem, the inefficient and 

degraded pipe network infrastructure causes tremendous loss to the local water supply 

system. Hence, the water supply issue may become a crucial challenge in accommodating 

growing consumption in the future. This trouble is yet to mention uneven climate change-

related impacts on vulnerable groups of society such as the elderly, low-income groups, or 

climate-sensitive sectors and infrastructures. 

 

5.1.2 TOWS analysis  

 

Even though most local governments prioritise basic infrastructure provision as a primary 

concern, Khon Kaen City Municipality aims to connect with the regional and global economy. 

However, in summary, the local governments in the study area share a common overarching 

development target of enhancing community empowerment, economic and cultural prosperity 

and environmental sustainability toward a livable city. This study conducted a TOWS analysis 

to contextualize the push-pull factors of the current local development pathways in order to 

inform future possible development scenarios. The TOWS matrix (see Figure 5.1 and Table 

5.1) enabled the analysis of the reinforcement between internal strength and opportunities and 

potential exacerbation of internal weakness and threats from outside to Khon Kaen city 

development. The articulation of the TOWS analysis is as follows. 

 

1) Reinforce strengths and eliminate threats  

  In the wave of globalization, Thaiôs government is committed to global development 

agendas and international environmental agreements such as Sustainable Development 

Goals, Climate agreements, etc., which cascade down to sectoral, provincial and local levels 

in the form of a key performance indicator (KPI). Hence it is fair to assume that these 

commitments could, directly and indirectly, bring a sustainable future to the city of Khon Kaen.  

Better education, digital infrastructure, and the turning wheel of digital generations could be 

considered as key opportunities in elevating decentralization to a higher tier in Thailand. In 

addition, big data plays a vital role in enhancing transparency and participation in local public 

policies. The data could also be used as a tool for planners and policy decision-makers in 

managing problems and interests through integrating data-driven and participatory decision-
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making processes, especially in inter-administrative boundary problems such as disaster risk 

management and environmental degradation.  

  In terms of participatory development, Khon Kaen city is the pioneer in the country and 

in establishing its own urban development think tank to be more active in designing and 

deciding on its own development paths rather than letting the national or sectoral government 

lead them by the nose. This radical movement echoes the city's voice that Thailand is not only 

Bangkok, but other cities with high capacity, such as Khon Kaen city, could become a game-

changer in the regional market and innovation development. Thereby, domestic migration to 

Khon Kaen city tends to be more common in the future. More urbanized Khon Kane city could 

incentivize higher local employment, especially high skill workers, to support regional supply 

chains which are more stable than the global ones. With good infrastructure connectivity, 

urbanization of secondary medium-sized cities could help close gaps between urban and rural 

development disparities.  

Many local institutions actively embrace digitalization and prepare for the AI revolution 

by creating enabling environment and ecosystem for employable population groups to be 

ready for the rapid change of technologies and have a good quality of life in Khon Kaen city. 

These capacity-building initiatives could be a solution to break the cycle that young local 

populations migrate to  Bangkok and letting their children be raised by the elderly at home in 

a rural area, which has been perceiving as a usual tragedy in Isan society. With the clear sign 

of increasing elderly farmers, smarter agriculture technology may attract the young generation 

to improve farming practice efficiency and stay home with their families. Plus, the COVID-19 

pandemic emphasises the role of rural and farmland as local food security and as a backup 

plan for those who lose their incomes and jobs in other sectors. Furthermore, Khon Kaen city 

could be a popular retirement destination for future elderly groups by combining medical care 

advancement and excellent hospitality. To grasp these opportunities, Khon Kaen city must 

succeed in improving environmental quality and disaster risk management, such as air and 

water pollution, traffic congestion, urban inundations, water supply scarcity, and insufficient 

blue-green infrastructures. However, gentrification and displacement due to making rooms 

available for high-income residents and blue-green infrastructure could be another side of the 

coin of these improvements. 

 

2) Potentially exacerbati ng factors  and co nvert ing  problems  in to opportunities   

Thailand has been in the decentralization process since 1999, and the central 

government is trying to shift their role from actor to facilitator/babysitter for local governments, 

especially in technical aspects. However, the national government still untrusted local capacity 

and confines local liberty in financial management and policy direction. The implication of 

policies in Thailand still inclines towards a top-down approach and does not try hard enough 

to strengthen the bottom-up one. There are efforts to reflect the needs and problems of locals 



  Chapter 5 Results 

99 

through public participation; however, it is often criticized as a bureaucratic ceremony rather 

than pursuing meaningful engagement from the citizen. Since 2014 the decentralization 

process of local government in Thailand seems to go backwards, under the shadow of a 

military government regime. The local government's power in deciding on their resources has 

been pulling back to provincial and central administrations. 

Thailand's socio-economic development is sensitive to the global economy, especially 

export and tourism. The strong dominance of Bangkok and the affluent of business tycoons in 

retail chains and modern trades hinder the local business in the market share. Yet, neighbour 

major cities, those having more direct regional connectivity in both geography and 

infrastructure network, are considered as partners and competitors of Khon Kaen city at the 

same time. Moreover, the urbanization trend could bring more development to satellite cities 

and make them less dependent on Khon Kaen city economy and services. Therefore, 

maintaining economic domination in the regional market may be quite a challenge for Khon 

Kaen city in the future. To speed economic growth, Khon Kaen city might need to create local 

demands and expand their international market segments, despite COVID-19 triggering 

reverse globalization, which might lower the chance of business in Khon Kaen being part of 

global or regional supply chains. Yet, an influx of Chinese and Korean (nominee) investments 

in local land and the housing market could also lead to a greater level of speculations and the 

local economy's instability in the future.  

Ageing society and better education are major determinations of increased 

dependency on foreign workers from neighbouring countries for labour-intensive industries and 

services. Moreover, a foreseeable wave of AI revolution and digitalization could also play a 

key role in shifting the local economy. However, the readiness of human capacity and 

ecosystem of Khon Kaen city (so does Thailand) is still in an infant stage and may not catch 

up with global or regional dominators in the near future. In the next decades, the older and 

poorer in a digital society may be possible for people and the overall city economy. 

Furthermore, intensifying climate-related hazards triggered by global climate change could 

exacerbate the underlying environmental problems, urban-rural disparities, socio-economic 

vulnerability (poor and/or aged), and inter-local government conflicts. Lacking a formal hazard 

map and future-oriented risk-informed planning could lead to mismatches between urban 

development and disaster risk management. These weaknesses and threats may prevent the 

city from achieving its development goal and make it more vulnerable to the negative impacts 

of climate change and urbanization in the future.  
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Figure 5. 1 Urban development push-pull factors of Khon Kaen city 
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Source: Own illustration 
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Table 5. 1 TOWS matrix of the case study area 

   Opportunities (O)  Threats (T)  

 

                                   TOWS matrix  

¶ Globalization and reversed-

globalization 

¶ Global development agenda 

¶ Digitalization 

¶ Regional economic corridor 

¶ National and sectoral level policies 

¶ Decentralization  

¶ Over carrying capacity of Bangkok 

¶ Urbanization 

 

¶ Pandemic 

¶ Ageing society  

¶ National politics stability 

¶ Reverse-decentralization 

¶ Migration (both domestic and GMS level) 

¶ Influxes of external investors  

¶ Competitiveness of neighbouring cities 

(major & satellite cities) 

¶ Regional financial crisis  

¶ International politic 

¶ AI revolution and automation 

¶ Centralization of Bangkok 

¶ Urbanization 

¶ Global climate change 

A
s
p

e
c
ts

 

Strength (S)  Weakness (W)  

A
d

m
in

is
tr

a
ti
o

n
 a

n
d

 i
n

s
ti
tu

ti
o
n

 

 

¶ Regional coordinator (both 

national and GMS) 

¶ Strong partnerships among local 

development institutions, public-

private-academic 

¶ Local politic stability 

¶ Regional leading on high 

education (in both national and 

GMS level) 

 

 

¶ Lack of integrated urban development 

policy and coordination 

¶ Conflict among municipalities in disasters 

risk/environmental & natural resources 

management. 

¶ Conflicts of interests on local law 

enforcement, e.g. land use zoning 

¶ Lack of prominent local society on urban 

development/environmental issues  

¶ Public data management & disclosure 

SO-T 

¶ Gradual shifts of decentralization and 

self-organization of local 

governments 

¶ Data disclosure and meaningful 

public participation  

¶ Polycentric urban development 

¶ Trust in local government 

 

WT-O 

¶ Pull back power to the central and provincial 

government (reverse-decentralization) 

¶ Mismatched between policy and spatial 

planning 

¶ Difficulties in area-based integration, 

especially spatial planning and disaster risk 

management 

¶ Distrust between local and 

central/government  
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S
o

c
ia

l 
a
n

d
 S

o
c
io

-

d
e

m
o

g
ra

p
h

ic
 

 

¶ Enrich local culture and its fusion 

with modernization  

¶ Sense of matriotism of citizen 

¶ Well-educated inhabitants in the 

urban area 

 

¶ Ageing society and low birth rate 

¶ High day-time commuters for working and 

education 

¶ Urban poor and inequity 

¶ Domestic and overseas migrants 

¶ Low digital literacy 

SO-T 

¶ Higher quality of medical and elderly 

care business & social infrastructures 

¶ Improving medical care through 

digital technology 

¶ Increasing of high skill workers 

WT-O 

¶ Increasing of elderly-urban poor 

¶ Insufficient elderly welfare and social 

infrastructure 

¶ Digital divided society 

¶ Climate-related health impact on the aged 

population 

¶ A greater urban-rural inequality 

E
c
o

n
o

m
y
/S

o
c
io

-e
c
o

n
o
m

ic
 

 

¶ Smart city development agenda 

¶ Strong service, medical & 

education sector 

¶ Strong local private sector 

network 

¶ Strong cooperation among local 

governments on economic 

development 

¶ Attractiveness for business 

investment 

¶ Regional logistic services 

¶ New generation investors 

 

¶ External or international business chains 

(e.g. hypermarket and modern trade) 

¶ Increasing living costs and housing price 

¶ Land price speculation 

¶ Mono-oligopolistic of business and land 

ownership 

¶ Low connection to the global markets 

SO-T 

¶ Higher local employment in both 

public and private sector 

¶ Prominence in the GMS market 

niches 

¶ Export of local brands/innovations to 

the regional and global market  

¶ Innovation/incubation centre for 

young entrepreneurs 

¶ Economic and investment expansion  

 

WT-O 

¶ Low international  investment due to reverse 

globalization (and post COVID-19 economy) 

¶ Losing competitiveness to neighbouring cities  

¶ Losing market negotiation power to 

external/foreign investment business chains  

¶ Increasing international nominee investment  

¶ Higher alien workers in service and labour-

intensive industry 

¶ Higher development of other GMS cities 

¶ Sensitive to global market change & politic 
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In
fr

a
s
tr

u
c
tu

re
 d

e
v
e

lo
p

m
e

n
t

 

 

¶ Regional hub (domestic) 

¶ Good accessibility to a reliable 

infrastructure network and major 

water reservoir 

¶ High quality public and private 

health care services  

¶ Smart mobility strategy (e.g.TOD 

development) 

¶ Promotion of industrial 4.0 and 

big data 

 

¶ Inefficient water supply infrastructure and 

poor drainage system 

¶ High dependency on sectoral policy on 

lifeline infrastructure management 

¶ Low connectivity of infrastructure network 

with GMS 

¶ Traffic congestion  

¶ Inefficient data management  

¶ Limited local technology and human 

resources in operating and managing 

smart infrastructure systems 

SO-T 

¶ Data-driven public infrastructure 

management system 

¶ Economic of scale in urban 

infrastructure investment 

¶ Infrastructure integration with nearby 

cities and nodes 

¶ Open data & public participatory 

transformation 

¶ Transport-led urbanization 

¶ Smart social infrastructure for elderly 

WT-O 

¶ Insufficient integration of critical infrastructure 

network at national and GMS level 

¶ Water supply crisis  

¶ Higher greenhouse gas emissions and air 

pollution 

¶ Slow or unsuccessful smart and livable city 

targets 

E
n

v
ir
o

n
m

e
n

ta
l 
a
n

d
 N

a
tu

ra
l 
re

s
o

u
rc

e
s

 

 

¶ Front runner/pilot area for 

environmental-related 

policies/initiatives demonstration 

 

 

¶ Water scarcity and flooding 

¶ Urbanized flood-prone area 

¶ High dependency on food production 

from a rural areas and import 

¶ Pollutions (air, water, waste, wastewater) 

¶ High land speculation 

¶ Weak land-use and related legislation 

enforcement 

¶ Lacking/insufficient integration of  spatial-

based planning in disaster risk 

management  

 

SO-T 

¶ Social-wide behaviour change and 

awareness on environmental issues 

¶ Cooperation and policy integration 

among municipalities in managing 

transboundary environmental 

problems and disaster risks 

¶ Smart (data-driven) natural resources 

and environmental management 

monitoring 

¶ Mainstreaming future-oriented risk-

informed planning and disaster risk 

management  

¶ Public-private partnership on disaster 

risk management 

WT-O 

¶ Urban-rural conflicts on natural resources 

and environmental management 

¶ Lacking integrated environmental and 

resources management  among 

municipalities (esp. pollution and disaster risk 

reduction) 

¶ Increasing potential loss and damages due to 

climate-related hazards 

¶ More self-reliance on natural resources and 

food security 

¶ Effects of Mekong river crisis on local water 

management 
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5.2 Bandwidth of Possible Futures of Khon Kaen City  

 

This section presents the process and the result of stakeholders' participatory scenario 

identification and construction. The scenario identification part is divided into two segments, 

urban development change bandwidth and climate-related hazards bandwidth. The second 

part articulates possible scenarios based on the identified bandwidths that enable the selection 

and construction of a plausible scenario for Khon Kaen city in the latter steps.  

 

5.2.1 Urban development change bandwidth of Khon Kaen city in the future  

 

This part presents stakeholders' participation and collaboration in formulating possible future 

urban development bandwidth based on possible trends of population change and land use 

change. 

 

5.2.1.1 Population changes bandwidth  

The study adopted two future population projection scenarios determined in the draft 

comprehensive plan (DPT, 2018) and the demographic consensus dataset reported by Khon 

Kaen Provincial Statistic Office (KKPSO) during 2008-2016 (KKPSO, 2017) as a basis for 

statistical extrapolation (linear) forecasting of the potential number of Khon Kaen city 

population in 2037. The year 2015 was used as a base year for the projection. It is important 

to note that the draft comprehensive plan defined Khon Kaen city's spatial scope, which 

partially covers ten local governments26(not the whole Muaeng Khon Kaen district), or about 

65 % of the Muaeng Khon Kaen district population.  Since the draft comprehensive plan has 

been passed through political decision processes; thereby, this research adopted the draft 

comprehensive plan's boundary and expected population growth figures as a primary substrate 

for stakeholders' collaborative urban development forecasting exercise. The analysis shows 

that all three future population projections expected population growth at different pacing, 

1.4%, 2.8% and 3.6% annuallyðthe narrative assumption of these figures described in Box 

5.1.  

 

The proposed bandwidth of population growth in 2037 of Khon Kaen city, as shown in Figure 

5.2 was presented and discussed with eight interviewees from six local stakeholder agencies 

and one national planning agency (see Annex 5). The discussion (in 2019) reveals that the 

majority of stakeholders agreed that Khon Kaen city will continue growing from now toward the 

end of 2037 with the bandwidth of population growth of 2.8% to 3.6% per year on average. No 

                                                           
26 Khon Kaen City Municipality, Sila Town municipality, Samran Sub-district municipality, Mueang Kao Sub-district municipality, Phra Lap Sub-
district municipality, Bueng Niam Sub-district municipality, Ban Ped Sub-district municipality, Ban Wa Sub-district local administrative organization, 
Tha Phra Sub-district Municipality, and Ban Kho Sub-district Municipality 
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one among the stakeholders anticipated that the population of Khon Kaen city would be 

declined or grow with a growth rate of 1.4% annually. Even though stakeholders expressed 

the population growth rates based on the draft comprehensive plan, this study generalized the 

growth rates to the whole district level boundary to ensure scale compatibility with climate-

related hazards and public health care analysis in the later steps. It is important to remark data 

discrepancy in the draft comprehensive plan's population projection dataset. Ban Wa Sub-

district local administrative organization and Tha Phra Sub-district Municipality/SAOs were not 

included in the draft comprehensive plan's spatial boundary; their number of inhabitants, 

however, were used to estimate population growth in the draft comprehensive plan and vice 

versa for Don Chang and Dang Yai Sub-district local administrative organisations. There is no 

explanation for this inconsistency in the document. This study tried cross-checking with a 

relevant KKPSO report. However, the report presents aggregated population figures of each 

municipality in Mueang Khon Kaen district, but sub-district local administrative organizations 

in the areas were rounded as non-municipal areas without detailed aggregation by local 

government organizations.  

 

5.2.1.2 Land -use and development change bandwidth  

The DPT's land use map (part of the draft comprehensive plan) served as a medium for the 

stakeholders future envisioning exercise. Eight representatives from six local stakeholder 

agencies and one national planning agency participated in the exercise (see Annex 5). The 

stakeholders were requested to envision possible urban development dynamics & direction, 

prominence investment projects, key driving factors, and changes in land-use types in a 

snapshot of 2022, 2027,2032 and 2037, respectively. The stakeholder expressed their idea 

through talking and drawing on the A4 size printed land-use maps27 (see Annex 6). Voice 

records (with the verbal consent of the interviewees) and drawings were thematically analyzed 

and overlaid in order to create narration and visualization of possible land-use changes of 

every 5-year time step, from the present condition (2018) towards 2037 consecutively. For 

each future visioning snapshot, diversity and dissensus of stakeholders' inputs were 

consolidated and classified in the range of minimum and maximum levels of potential urban 

development changes. The draft elaboration and visualization of the future development 

change & land-use change of each time step (Figure 5.3.) were presented to stakeholders 

altogether with the figures of possible population bandwidth as part of the validation process 

(in 2019).  

 

 

 

 

                                                           
27 The interviewee drawn his or her ideas on the printed map my himself/herself or asked the researcher (Wiriya Puntub) to do it on behalf of them.  
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Box 5. 1 Narrative of population growth projections  

Low growth:  Ageing society raises concerns at both the national and local levels. The 

growing population of Khon Kaen city might be lesser than the DPT's projections. In this 

regard, the historical population dataset from 2008-2016 was extrapolated with a linear 

forecast of 1.4 % per year population growth.  

Medium growth: With potential public and private investment in the commercial, services, 

logistics and tourism industry, this scenario expected that the Khon Kaen city population 

might increase by 2.8 % per year. 

High growth:  Higher local investment and expanding the local economy to GMS level could 

induce high population growth in Khon Kaen city. The role of  Khon Kaen city as a premier 

regional hub for economy and services may attract more new inhabitants who are seeking 

employment and opportunities from neighbouring cities and countries. In this regard, the 

projected population could increase by about 3.6 % annually. 

 

 

Figure 5. 2 Bandwidth of forecasted population in Khon Kaen city during 2022 ï 2037, within 

the scope of the draft comprehensive plan (CP) boundary (DPT,2018) and Mueang Khon Kaen 

District /Khon Kane city (KCC) boundary  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Own illustration
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Figure 5. 3 Visualization of urban development bandwidths of Khon Kaen city during 2022-2037 based on stakeholders' inputs 
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To conceptualize spatial and temporal contradictory of possible future conditions, this research 

divided the city into four zones according to development, land use, and climate-related 

hazards profile; Zone 1 East and north-eastern area, Zone 2 Southern area, Zone 3 Central 

and south-western area, and Zone 4 Central north and north-western area (see Figure 5.4).  

In this regard, articulation of possible Khon Kaen cityôs land use and development change of 

each snapshot was aligned into minimum and maximum bandwidth as follows and summarized 

in Table 5.2. 

 

Figure 5. 4 Zone of Khon Kaen city based on urban development and potential hazards profile 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Snapshot 1: Khon Kaen city's development bandwidth in (2018) ï 2022 

Minimum range:  The minimum urban development change in the nearest projection was 

expressed by representatives from the planning agency (national and provincial levels).  From 

their perspective, in 2022, the spatial development of Khon Kaen city will be in line with the 

draft comprehensive plan, which is meant to serve at least 5-year development changes before 

its review and revision cycle. Therefore, the enforcement of the agricultural land adjustment 

law and land use zoning was assumed to be fully effective in conserving Zone 1 to remain as 

agricultural and rural conservation areas. Meanwhile, the mixture between low-density 

residential areas and agricultural land can be found in Zone 2, especially the area beyond the 

existing outer ring road (bypass) which is dominated by farmland and rural livelihood. Junction 

of Mitrapap rd., (north-south), Maliwan rd. (west), and Srichan rd. (east) will be crowded with 

commercial use, government and public services, and high and medium-density residential 
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development, particularly within the territory of Khon Kaen City Municipality, Ban Ped Sub-

district municipality and some parts of Mueang Kao Sub-district municipality. Major land 

development of  Zone 3 (especially the west-southern part of the city and eastern & southern 

adjacent to Khon Kaen City Municipality to the urban settlement section of Pralub Sub-district 

municipality and Mueang Kao Sub-district municipality) will be low-density residential 

characteristic. The landmark of the north-western part of the city remains Khon Kaen University 

and Khon Kaen international airport. In Zone 4, the medium-density residential area was 

expected in the northward of the university and the western part of Sila Town municipality. With 

the aviation regulation, high-rise building is prohibited in the northwestern part of the city; 

therefore, lands near the airport area are expected to remain agricultural areas with a potential 

to be developed as low-density residential areas.  

 

Maximum range: Besides the planners, the majority of stakeholders anticipated a stronger 

signal of urbanization. The stakeholders anticipated upcoming major investment projects that 

will affect the city's land-use change, such as the extension of Khon Kaen international airport, 

land depot development, and the LRT project. The development of the LRT red line (north-

south) will potentially induce an increase of the low-dense residential area towards the existing 

outer ring road in Zone 2. This mass transit is expected to attract more housing development 

for people who work in (light) industrial sites and logistic businesses in Tha Phra Sub-district 

municipality (southern part). At the same time, more inhabitants could be expected in Zone 3; 

thereby, a higher degree of medium density residential area could be found, especially 

surrounding Nong Kort Lake. Housing estate and condominiums will be a key densifying factor 

of this living quarter to be a medium density level.  Scattered clusters of the residential areas 

in Ban Ped sub-district municipality and the area near Kaen Nakorn Lake may transform from 

low to medium density residential areas. Moreover, high land prices and strong land 

speculation in the inner-city may force middle-income families to live outside the city centre, 

where they can afford a decent house and daily commute by car to work and access public 

services concentrated in the city centre. Thus the expansion of low-density residential areas 

toward the western and northwestern agricultural frontiers is clear. This growth will go in the 

direction of Ban Thum Town municipality through Maliwan rd. (west), in connection with other 

satellite cities such as Ban Fang district. Despite a clear LRT red line development plan and 

the new branch of Khon Kaen University's hospital construction, an unclear signal of a 

significant land-use change in Zone 4 can be seen in this snapshot. 

 

Snapshot 2: Khon Kaen city's devel opment bandwidth in 2027  

Minimum range:  From the provincial planner's point of view, although several infrastructure 

investments could be realized in this time step, these developments may have no significant 

effect on land-use change.  On the contrary, most stakeholders anticipated that minimum urban 
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development change in 2027 would be a full implementation of maximum urban development 

change, which has been started in 2022. In this regard, substantial changes could be foreseen 

in Zone 2, Zone3, and the western part of Zone 4.  This minimum level of land use change 

highlights the enlargement of the high-density residential areas induced by TOD development 

and LRT red line operation. This mass transit-led development may also occur surrounding 

Khon Kaen bus terminal 3 (the southern part of the city) and the Mitrapap rd.ôs side (front gate) 

of Khon Kaen University (vicinity of Srinagarind (KKU) Hospital). In contrast, Zone 1 is the only 

area that may not have a significant land use change in this minimum scenario.  

 

Maximum range:  The maximum development range of Khon Kaen city of this time spot 

shares many common features of its minimum development range, except the LRT yellow line 

operation. Stakeholders emphasized the influence of the LRT yellow line in promoting the 

densification of the inner city quarter. LRT yellow line will increase CBD connectivity with the 

peri-urban areas and other satellite cities. At the same time, TOD development surrounding 

the LRT stations will accelerate the inner city's mixed-use, enhancing the smart and compact 

city vision of Khon Kaen City Municipality. In addition to the higher development in Zone 2 and 

Zone 4 as stated in the minimum development range, land use change in this maximum range 

will astoundingly occur in Zone 3. The eastern part of Zone 3, particularly the inner circle 

between Srichan rd. and Pracha Samosorn rd. could be transformed from a medium-density 

residential area to a high-density residential and commercial use. Meanwhile, in the western 

part of Zone 3, a higher degree of housing density can be expected toward the western side 

of the city. At this state, no stakeholders expressed concerns regarding the influence of the 

LRT yellow line on Zone 1ôs development.  

 

Snapshot 3: Khon Kaen ci ty's development bandwidth in 2032  

Minimum range:  The stakeholders outlooked that the minimum development level of this time 

step shares similar development features of maximum development in 2027, with adding some 

new elements in Zone 1, Zone 3 and Zone 4. In the western part of Zone 3, medium-density 

residential areas may emerge around Nong Kort Lake. At the same time, a higher degree of 

medium-density residential areas may enlarge from scattering cluster patterns to full coverage 

of the western side of Zone 3 toward the edge of the existing outer ring road. In other words, 

most of the urban settlements in Ban Ped Sub-district municipality may be intensified to 

medium density development. Besides a stronger signal of urbanization toward the western 

part of Zone 4, minor additional land-use changes may occur in its eastern segment of this 

zone, a few spots of medium density residential areas nearby the Bueng Thung Sang Lake 

area. The agricultural and rural conservation area in the northern part of Zone 1 may transform 

into low-density residential land use due to the magnetization of the new branch of the Khon 

Kaen university hospital. At this time spot, the stakeholders believed that the new outer ring 



  Chapter 5 Results 

111 

road could be a new mark of urbanization boundary in the longer-term future, even though they 

could not give the detail of this new structure. Again, no stakeholders expressed concerns 

regarding the influence of the LRT yellow line on the land use change of Zone 1. 

 

Maximum range: From the stakeholders' point of view, distinctions between the maximum 

range and the minimum one of this time step are the potential 2nd outer ring road (as the new 

urban boundary) and the operation of all (5) LRT lines. Completed construction and partially 

or fully operated  LRT lines was defined as a key factor inducing residential areas' 

transformation in the western part of the city. In the eastern part of Zone 3, small residential 

areas surrounding Kaen Nakorn Lake could be denser (low to medium density). Moreover, the 

agricultural areas in Zone 4 could be transformed into low-density residential areas in 2032 to 

accommodate more inhabitants in the future. Once again, no stakeholders expressed 

concerns regarding the influence of the LRT yellow line and LRT green line on the land use 

change of Zone 1 and 2.  

 

Snap shot 4: Khon Kaen city's development bandwidth in 2037  

Minimum range:  Minimum development level of this time step is perceived as the maturity of 

the maximum range of development in 2032, but excluding some LRT features. The planners 

(central and provincial planning agencies) anticipated that the LRT development plan might 

face barriers that may delay LRT Pink, Blue and Green lines operation. Hence, only 2 LRT 

lines (red and yellow) were expected to be included in the minimum development level in 2037.  

 

Maximum range:  The stakeholders envisioned that the maximum level of city development 

in 2037 would remain key features of its maximal development in 2032. However, all rural and 

agriculture conservation areas may turn to low-density residential areas in all directions. 

Particularly Zone 1, the extension of low-density residential areas may reach the edge of the 

existing outer ring road, despite being prohibited by laws. Nevertheless, it is important to mark 

that the degree of low-density residential area expansion might be lighter than other parts of 

the city. 

 

It is clear that the stakeholders overlooked LRT development as a key factor leading and 

accelerating urban expansion to agriculture and rural conservation areas. With collaborative 

scenario planning, the researcher (Wiriya Puntub) complemented the stakeholders' inputs by 

including a possible influent of the LRT yellow line and LRT green line in converting the 

agriculture frontier and invasion of development to the flood-prone areas.  This proposal is 

based on the assumption that, in the long-term, law enforcement might have to compromise 

with the housing needs and the right to be developed of the local inhabitants in flood-prone 

areas.  
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Table 5. 2 Bandwidth of urban development changes of Khon Kaen city 2022-2037 

Bandwidth  Zone 1 Zone 2 Zone 3 Zone 4 

(2
0

1
8

-)
 2

0
2
2
 

Minimum Same as the draft comprehensive 
plan 

Same as the draft 
comprehensive plan 

Same as the draft comprehensive 
plan 

Same as the draft comprehensive 
plan 

Maximum Remain agricultural and rural 
conservation area 

Development/operation of LRT 
red line (north-south) induces an 
increase of low-density 
residential development beyond 
the outer ring road (bypass), 
connecting with industrial areas 
and land depot in Tha pra sub-
district area  

¶ Similar to the Minimum development 
in 2022  

¶ Transition from low-density to 
medium-density residential areas, 
especially surrounding Nong Krot 
lake and its nearby housing estate 
complex 

¶ Conversion of agriculture buffer to 
low-density residential areas 

¶ Expansion of very low-density 
residential areas from the edge of 
the existing outer ring road (bypass) 
toward other satellite cities in the 
west-south  

¶ Development/operation of LRT 
red line 

¶ Construction of new KKU 
hospital (medical hub)  

¶ Promotion of recreation area 
(Puttamonthon Isan) and 
gastronomy businesses   

¶ Expansion of low-density 
residential area toward the west 

2
0

2
7
 

Minimum Remain agricultural and rural 
conservation area  

Similar to the Maximum 
development in 2022. 
 

¶ Similar to the Maximum 
development in 2022  

¶ Emergence of the commercial and 
high-density residential area 
surrounding the central bus terminal 
quarter (TOD area in connecting 
with LRT red line station) 

 
 

¶ Similar to the Maximum 
development in 2022  

¶ Transformation of the medium-
density residential areas to 
commercial and high-density 
residential areas, surrounding 
the front gate of KKU university 
(connecting with LRT red line)   

Maximum Most parts remain agricultural and 
rural conservation areas.  

Similar to the Maximum 
development in 2022  
 

¶ Similar to the Minimum development 
in 2027 

¶ Development/operation of LRT 
yellow line 

¶ Expansion of commercial and high-
density residential area covering the 
city section between Pracha 
Samosorn rd., and Srichan rds., and 
their adjacent  

¶ Strong expansion of denser degree 
of low-density residential areas 
toward the west 

¶ Similar to the Minimum 
development in 2027 
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Bandwidth  Zone 1 Zone 2 Zone 3 Zone 4 

¶ Densification of medium residential 
areas surrounding Nong Krot lake 
and its nearby housing estate 
complex, and western adjacent of 
city core junction along Mitrapap rd,. 

2032 Minimum 
(all zones: 
emergence of  
the potential 
2nd outer ring 
road) 

¶ Extension of LRT yellow line 
through the area. However, the 
land use remains agricultural and 
rural conservation area due to the 
effectiveness of relevant laws 
enforcement.  

¶ Medium-density residential area in 
some part of the area nearby 
Beung Thung Sang (west and 
southern part of the lake) 

Similar to the Maximum 
development in 2027 
 

¶ Similar to the Maximum 
development in 2027  

¶ Full coverage of the medium-density 
residential area in the west-south 
section of the existing outer ring 
road 

¶ The medium-density residential area 
surrounding Kaen Nakhon Lake 
 

¶ Similar to the Minimum 
development in 2027 

¶ Transformation of low-density 
residential areas to medium 
density residential areas of the 
central part of Sila town 
municipality, adjacent to KKU, 
and Ban Non-Muang, as well 
as TOD Tesco Lotus 

¶ Densification of the low-density 
residential area surrounding the 
new KKU hospital 

Maximum 
(all zones: 
emergence of  
the potential 
2nd outer ring 
road) 

¶ Similar to the Maximum 
development in 2022  

¶ Conversion of agricultural and rural 
conversion areas along the LRT 
yellow lineôs strip to the low-density 
residential area  

Similar to the Maximum 
development of snapshot 2027 
but adding a new outer ring road 
 

¶ Similar to the Minimum development 
of snapshot 2032 

¶ Development of all 5 LRT lines, but 
not all of them are in full operation 

 

¶ Similar to the Minimum 
development in  2032 

¶ Full conversion of agricultural 
land (green buffer in the 
western and northern part) to 
low-density residential areas  

2037 Minimum 
(all zones: 
emergence of  
the potential 
2nd outer ring 
road) 

Similar to the Minimum development 
in 2032 with enlargement of the low-
density residential area along the 
strip of the LRT yellow line to reach 
the edge of the outer ring road 

¶ Similar to the Minimum 
development level of snapshot 
2032 

¶ Expansion of the low-density 
residential area from Ban ped 
sub-district municipality 
towards the south edge of the 
new (2nd) out ring road circle.  

¶ Similar to the Minimum development 
in 2032 

Similar to Maximum level 2032   

Maximum 
(all zones: 
emergence of  
the potential 
2nd outer ring 
road) 

¶ Similar to the Maximum 
development in 2032. 

¶ Expansion of the low-density 
residential area reaches the edge 
of the outer ring road. However, 
the degree of density is lower than 
the residential strip along the LRT 
yellow line 

¶ Similar to the minimum 
development level of snapshot 
2037 

 

¶ Similar to the Maximum 
development in 2032 
 

 

Similar to Maximum in 2032   
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5.2.1.3 Validation of possible land -use and development bandwidth   

This study conducted two rounds of stakeholders validation on possible future urban 

development bandwidth of Khon Kaen city, during March 2019 and February-March 2020, 

respectively (Annex 5). The first draft of  Khon Kaen cityôs development bandwidth was 

presented and discussed with stakeholders to gain feedback and validation.  All stakeholders 

agreed on the draft and no further substantial comments on the key features of the Khon Kaen 

cityôs future development bandwidth but rather deepened emphasis on specific issues as 

follows. 

 

¶ The emergence of a new development node  

  Bann Thum Town municipality is situated outside the draft comprehensive plan 

boundary but increasing its attractiveness for housing and real estate development as a perfect 

place for people to work in industrial /warehouse areas and live not far from the city centre. 

Vice versa, people who work in the city but could not afford a house in the city centre area or 

who prefer to get away from urban stress can daily commute between the inner city and peri-

urban area. A similar pattern can also be found in the southern part of the city. The north-

western part of the city is not the best for agriculture due to low soil quality and limited irrigation 

system; therefore, housing and industrial development seem more suitable land use. However, 

the increasing popularity of development in peri-urban areas is a key challenge for the inner-

city quarter to improve development densification and compact city strategy.  

 

¶ Believe in law and order  

  Even though the LRT yellow line may trigger urbanization and induce more 

development in the flood-prone areas, but enforcement of the existing laws and flood risk 

concerns could result in preserving the areas along the east bank of Phra Khue stream and 

Phong river as a rural livelihood or transform to a very low-density residential area in a low 

pace. Therefore,  the low-density residential area in this zone would meet the limit at the edge 

of the river's bank rather than fully extend toward the existing outer ring road, at least for the 

minimum bandwidth. 

 

¶ Population change and land -use change relation  

  The stakeholders were also asked about the possible effects of different level 

population trends on the future land use change dynamic. Interestingly, the stakeholders 

believed that different population trends would not significantly affect land use types but rather 

their degree of change, particularly residential use. For example, the low-density residential 

area (yellow) of Ban Ped Sub-district municipality would eventually transform into a medium-

density residential area (orange). However, different spectrums of the population trends may 

differ in the intensity degree of medium density area as darker or lighter shed of orange.  
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The inputs from the first stakeholders' validation process were integrated and visualized. Then 

the bandwidth of urban development change of Khon Kaen city in 2037 was presented again 

to a wider group of stakeholders representing central and provincial planning agencies, 

provincial government, local governments, private sector, academia, and civil society28, as a 

part of the second validation process. 14  individual discussion sessions were organized during 

5-13 February 2020 (Annex 5), and a stakeholder workshop29 was held on the 1st March 2020 

(see Annex 15). In this second stakeholder validation, all stakeholders agreed with no objection 

or further comments on urban development bandwidth. Nonetheless, there was a suggestion 

to include a non-registered population dataset in the population forecasting. Unfortunately, 

there is no concrete research or reports published by responsible agencies, specifically in the 

study area's scope. Therefore, the issue is then included as a suggestion for future study. 

 

5.2.1.4 Possible urban development of Khon Kaen city in 2037  

According to the stakeholders' participatory and validation, the possible bandwidth of Khon 

Kaen city's urban development in 2037 is visualized in Figure 5.5 and elaborated as the 

following: 

 

¶ Overall development and land -use change  

In 2037 Khon Kaen city remains its size as a medium growing city with a growth rate 

of about 2.8 ï 3.6 per year on average. By the end of the 20-year national strategy timeframe, 

the city (according to Mueang Khon Kaen district administrative boundary) may accommodate 

around 739,380 ï 889,084 inhabitants30. Nonetheless, these population figures yet take to 

account the non-registered population and daytime commuters who live outside the city core. 

Despite the fact that the local birth rate might decrease, redevelopment and infrastructure 

investment would attract young generations and employable populations from all directions to 

live and work in Khon Kaen city. The boundary between urban and rural life becomes 

obscured. The urban setting will continue to expand beyond the draft comprehensive plan 

boundary in almost all directions. Instead of the current outer ring road (bypass), the new (2nd) 

outer ring road could indicate the boundary of urban settlements in the future. Gaps between 

the minimum and maximum development range in 2037 are the degree of transportation 

infrastructure development and spatial expansion of urban residential areas towards the 

eastern part of the city; meanwhile, other key development features are indistinct.  The 

following provides details of these spectral changes in each city's zone in 2037. 

 

 

                                                           
28 Civil society group was represented by Esan-Biz's role whose role however, not typical and radical civil society but rather act as a coordinator in 
bridging different parties and interest groups to discuss the future development of Khon Kaen under the umbrella of  Khon Kaen's work Community 
for the Future Foundation 
29 The workshop was organized by Khon Kaen Community for the Future Foundation and College of Local Administration, Khon Kaen University 
(COLA) on the 1st of March 2020 at COLA 
30 If considerting the draft comprehensive plan (DPT,2018) boundary, there could be around 591,504- 711,267  inhabitants live in the plan area, or 
almost 1 time the number of local populations today (2018).  
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Zone 1 East and North -eastern  

  The areas are under the enforcement of the land adjustment for agriculture regulation 

and Khon  Kaen city comprehensive plan to function as a rural and agriculture conservation 

area. This zone is well-equipped with irrigation infrastructure; thereby, rice farmers can do a 

second crop. Besides ageing farmers and lacking agricultural labours, local agriculture 

activities might be abandoned in the hands of young generations who tend to work in service 

and public sectors rather than continue family farming hereditary. Daily commuting will be more 

convenient. The LRT yellow line will provide the rural inhabitants access to public services and 

an urban lifestyle and induce more urban settings. The development may firstly densify along 

the strip of the LRT yellow line and then spread out. In addition to these key features, Minimum 

development changes in this zone are an expansion of relatively very low-dense residential 

areas towards the left edge of Phra Khue stream and Phong river. Meanwhile, the right-side 

of the riverbanks will remain preserved as rural and farmland. From the Maximum  possible 

development changes point of view, very low-density residential areas may not stop at the left 

side of the riverbank but enlarge to reach the edge of the existing outer ring road. In  2037, the 

nearest rural frontier may be found farther from the existing outer ring road circle.  

 

Zone 2 Southern  

  Zone 2 is an intermixed between residential areas and green buffers (agriculture area 

with potential to convert to residential area). The area interfaces industrial & logistic 

development in Tha Pra Sub-district municipality and the TOD development around the main 

bus terminal & commercial stripe along Mitrapap rd. This setting makes this zone fit for housing 

development for the industrial employees and middle-income groups who could not effort to 

live in the inner-city. As a result, all farmland located between the existing outer ring road 

(bypass) til the edge of the (potential) 2nd outer ring road may become low-density residential 

areas. Kaeng Nam Ton Lake is a nice blue-green infrastructure in which its surrounding areas 

could be quickly claimed or purchased by middle to high-income groups for housing 

development31. In this regard, this zone can expect a higher degree of residential development 

replacing the green buffer (farmland). Meanwhile, the area beyond the draft comprehensive 

plan boundary also is anticipated as low-density residential areas. Both minimum and 

maximum development levels share these key features. Except that the minimum  

development level expects the LRT red line to be operated and connected the areas with the 

inner-city, but the maximum  development level ensures an additional LRT green line operation 

in this zone, which may accelerate the development in a flood-prone area/local vegetated 

floodplain.  

 

 

                                                           
31 This anticipation is in line with the fact that the lake will be developed as a new local landmark in the near future (by RID). 
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Zone 3 Central and South -west  

 High-density residential and commercial areas will concentrate within the existing CBD, 

old town tracts and new TOD clusters. Next to the high density residential and commercial 

areas are medium-dense residential areas that cover most of the inner part of the existing 

outer ring road (bypass) in the southwestern quarter of the city. A higher densification degree 

of low-density residential areas can be expected in the transition zone between the area 

outside the existing outer ring road and farther east of Khon Kaen City Municipality boundary 

& urban setting of Pralub Sub-district municipality. LRT development is the key feature that 

distinguishes minimum and maximum future development levels of this zone. The minimum  

case assumes that only LRT red line and LRT yellow line will be completed and fully operated 

in 2037. However, an argument for maximum  development is that all 5 LRT lines will be 

completed and cost-effectively operated at that time. Higher LRT connectivity may increase 

passengers' mobility and economic activities,  although the key features of land use change in 

the inner city remain no substantial distinct from the minimum development level. The compact 

city concept will be realized through vertical growth and mixed-use in linking with LRT lines 

under the Smart City initiative, especially commercial stripe along Mitrapap rd. and TOD 

clusters in the city centre and the old town tracts (Srichan-Pracha Samosorn tracts).  

 

Zone 4 Northwest and Central north  

 It will be (almost) no difference between the minimum and maximum  urban 

development degree in this zone. Urbanization is anticipated beyond the draft comprehensive 

plan boundary by covering Ban Thum Town municipality, Samran Sub-district municipality, and 

Dang Yai Sub-district local administrative organization. Enlargement of low-density residential 

areas that transform farmland into housing will explicitly emerge to respond to increased 

demands such as light-industrial employees who work in the urban fringe and high-skill workers 

who commute daily to work in the city centre.  When more people live there, a more economic 

of scale would be for infrastructures and public services. The closer to the city centre, the 

denser the residential area would be. The prominent commercial node in the northern side of 

this zone may be surrounded by medium residential areas connected with the university 

quarter's high-density commercial centre, where students have strong purchasing power.  
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Figure 5. 5 Urban development change bandwidth of Khon Kaen city in 2037  

 a) Minimum development change scenario        b) Maximum development change scenario 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2.2 Climate -related hazards bandwidths of Khon Kaen city in 2037  

This research worked closely with the local experts to bridge the gaps between global climate 

trajectories and local climate scenarios (see Annex 7) in order to identify possible climate-

related hazards bandwidths of Khon Kaen city in 2037. This study adopted bias-corrected and 

high-resolution downscaling (25 km x 25 km) of the Global Circulation Model dataset, the 

European Community Earth-System Model (EC-EARTH) under the Representative 

Concentration Pathway scenarios, RCP 4.5 and RCP 8.5, exhibiting intermediate and extreme 

climate scenarios during 2021 ï 2050. This study focuses on three major hydro-meteorological 

hazards in the study area; fluvial flood, pluvial flood; and water scarcity. The result of the 

climate-related hazards bandwidths development is as follows. 
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5.2.2.1 Fluvial flood bandwidth  

The minimum and maximum bandwidth of the possible fluvial flood scenarios of Khon Kaen 

city in 2037 can be described below.  

 

Minimum bandwidth:  The recent worst-case event, maximum discharge ever measured at 

Stream Gaging Station E.22B is  649.10 cm³/s (river capacity 434 cm³/s) which caused the 

flood level at  152 m from the mean sea level (MSL) occurred on the 21st October 2017 was 

proposed as minimum fluvial flood bandwidth by experts and stakeholders. The proposed 

minimum fluvial flood bandwidth assumes a possible failure of the existing and planned 

structured flood protection measures, e.g. flood barriers, dikes along Phong river, etc. As a 

result, 152 m MSL, the current informal local fluvial flood management threshold,  was applied 

for further geospatial analysis as well as communication with stakeholders.  

 

Maximum bandwidth: Precipitation parameters of the climate downscaling dataset under 

RCP 4.5 and RCP 8.5 of the focused sub-watersheds were analyzed. 99th percentile of 

maximum daily rainfall (of a calendar month) of both climate project datasets was used as 

inputs for the local discharge calculation with the dimensionless unit-hydrograph technique 

(see Annex 8-9).  The result shows that there is a possibility that the Phong river will receive 

803.67 cm³/s (at Stream Gaging Station E.22B) in the future. In other words, the fluvial flood 

could reach 155 m MSL  if the existing and planned structured flood protection measures were 

failed.  

 

In this regard, Figure 5.6 visualizes the proposed bandwidth of possible fluvial flood based on 

2D Digital Elevation Model (DEM), 152 -155 MSL and its possible spatial extension (2 

dimensions) through Khon Kaen city in the future.  
 

5.2.2.2 Pluvial flood bandwidth  

As described in Chapter 4, too much rain is not the only cause of a pluvial flood in the study 

area, but it highly depends on the drainage system's capacity and land cover change. With the 

urban growth prospect, it is fair to assume that more sealed surfaces and built-up structures 

could prevent infiltration, accelerate the time of peak run-off, and block the waterway, leading 

to intensifying pluvial flood. Uncontrollable land cover changes and landscape modification are 

also key factors that induce urban inundation at the micro-level. Lack of technical benchmark 

in land excavation and flood-proof landscape design is a common cause of flooding after less 

than an hour of continuous heavy rainfall in Khon Kaen city, even in high terrain locations such 

as Khon Kaen University. Due to lacking a future-oriented high-resolution geospatial data, the 

study could not conduct such high-resolution pluvial flood simulation (such as applying the 

FloodAreaHPC software model), which allows specifying spatial extension of affected buildings 

and magnitude of pluvial flood in the future of the study area. Therefore, the study assumed 

that everywhere in the study area has a chance of pluvial flooding regardless of its elevation 
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level. In other words,  the proposed possible pluvial flood bandwidth in the future is binary of 

yes and no, as maximum and minimum levels. 

 

Figure 5. 6 Possible bandwidth of fluvial flood scenarios of Khon Kaen city in the future  

a) Minimum climate-related hazard scenario (152 m MSL)            b) Maximum climate-related hazard scenario (155 m MSL) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2.2.3 Water scarcity bandwidth  

According to local water experts, Khon Kaen city almost fully relies on water resources from 

the Ubonrattana dam. Therefore, the city water supply situation can be monitored from an 

average annual rainfall value. Based on local practice, the water supply crisis usually depends 

on an average annual rainfall of less than 1,100-1,200 mm/year for four consecutive years. In 

this regard, the study arrayed the 90th percentile average annual rainfall of RCP 4.5 and RCP 

8.5 climate projection datasets during 2021-2050, compared with the local drought index 

adapted from the RID (see Annex 17). Thereby, the four consecutive years with the amount of 

annual rainfall of less than 924.2 mm/year were highlighted as a possible period water supply 

crisis in the study area. Annex 17 shows that in the maximum case, Khon Kaen city might 

experience serious water scarcity for at least three major periods from the 2020s to 2030s. 

Moreover, the projection dataset revealed that the possibly longest consecutive period of no 

rainfall (less than 1 mm/day) is 144 -155 days, and the maximum daily temperature could reach 

47.1 °C.   

 






































































































































































































































































































































































































































































































