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ABSTRACT
Managing the impacts of climate change is no longer a concern of the future, but a significant reality of
the present. Preparing for, and mitigating extreme weather events and adapting to the gradual shift in
climatic trends are pressing concerns, especially for local governments of coastal megacities in
Asia. Planning for disaster and climate change is a fundamental city function, and there is an urgent need
for cities to enhance their disaster management systems to be "climate-smart," or more adaptive and
resilient to climate change.

In this study, I examine how two coastal megacities in Asia, Bangkok and Tokyo, are currently dealing
with the changing climate and weather patterns, and what factors shape these responses. My findings
show that, despite their significant differences in socioeconomic conditions, Bangkok and Tokyo's flood
management efforts are very similar in terms of what they are managing and how they are managing it.
Furthermore, whether a city is developed or developing may not necessarily influence existing capacities
for flood management or what their climate-adapted systems may look like.

However, Bangkok and Tokyo have distinct perceptions as to what their challenges and priorities are for
future flood management. In the case of Bangkok, the non-climatic issues of improving urban planning
and watershed management need to be tackled simultaneously with dealing with the potential impacts of
climate change. For Tokyo, because they already have established urban planning and watershed
management systems, figuring out how to manage future climate risks and to create a methodology to
deal with uncertainty within long-term planning are the key challenges.

Through this study, I argue that, in order to better integrate climate change adaptation efforts within
disaster and flood management, it is important to closely examine how cities are already managing
climate vulnerability and change, what factors shape their approach, and how climate change adaptation
can fit within their actions and perceptions towards future planning. Given the recent Great East Japan
Earthquake and other natural disasters, asking the question of what cities are adapting to, and why they
are adapting could be the effective, first steps for enabling cities to become climate-smart.

Thesis Supervisor: JoAnn Carmin
Title: Professor of Urban Studies and Planning

Keywords: climate smart; climate change adaptation; disaster risk reduction; flood management;
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CHAPTER 1: INTRODUCTION
Managing the impacts of climate change is no longer a concern of the future, but a significant

reality of the present. Especially for local governments of coastal megacities in Asia, preparing for, and

mitigating extreme weather events and adapting to the gradual shift in climatic trends, are pressing

concerns. Planning for disaster and climate change is a fundamental city function, and there is an urgent

need for cities to enhance their disaster management systems to be more adaptive and resilient to climate

change - to be "climate-smart."

In terms of natural disasters, Asia has been hit by more hydro-meteorological events, such as

floods and storms, than any other region in the world (EM-DAT, 2010). In addition, Asian cities are

rapidly growing and approximately 40 percent of inhabitants now live in urban areas, many along the

coasts (UNHABITAT, 2008). The combination of the high risk of natural disasters and rapid

urbanization makes Asian coastal megacities among the most vulnerable areas to disaster and climate

change impacts in the world.

Among academics, practitioners, and policy-makers, the intersections and linkages between the

theories and practices of disaster risk reduction (DRR) and climate change adaptation (CCA) have

garnered much attention. The potential impacts of climate change, such as sea-level rise and the change in

temperature, seasons, and the types, frequency, and magnitude of extreme events are likely to alter the

risks and impacts of natural disaster events, such as flood, drought, mudslides, and storms (Parry, 2007).

Simultaneously, as many of the impacts of climate change will most likely manifest as natural disasters at

the local level, particularly in poor urban areas, integrating and enhancing existing DRR programs and

approaches with climate change perspectives, rather than reinventing the wheel, is crucial to making CCA

policies practical and economically feasible.

Despite the overwhelming linkages and similarities between DRR and CCA in theory, their

convergence in practice remains uncertain. Existing institutions and their roles, capacities, and resources

can significantly influence the ways that cities integrate the two fields. The level of development can

determine the availability of institutional leadership, capacities, and resources that are necessary for DRR

and CCA to some extent; the more economically developed a country, city, or a community is, the more

technical capacity and financial resources institutions have to manage disaster and climate change.

Nevertheless, in practice, both developed and developing cities are already managing and

responding to the change in climate and weather patterns within their disaster management efforts. The

ability of a system to adapt to change, or its adaptive capacity, are reflective of broader conditions and

local contexts, rather than one-size fits all solutions. For example, at the local level, adaptive capacities

include factors such as "managerial ability, access to financial, technological and information resources,



infrastructure, the institutional environment within which adaptation occur, political influence, kinship

networks, etcetera" (Smit & Wandel, 2006). Therefore, adaptive capacity includes both local, informal

systems, such as kinship networks, and more general socio-economic and political systems.

To determine how cities can better adapt to climate change by making their disaster management

climate-smart, an important first step is to recognize how institutions currently deal with climatic change.

By understanding the cities' perceptions regarding the DRR - CCA intersection as well as their concerns

and future goals, we can better analyze how climate change adaptation can fit into the cities' overall urban

development and public service objectives.

However, at present, there is very little empirical research about how cities are currently dealing

with the changing climate and weather patterns. In particular, few sources examine what factors shape

these responses, such as their understanding of what they are managing, why they are managing it, and

what kind of management challenges they are facing today and in the future. Therefore, in this study, I

examine these factors within the context of flood management efforts in two coastal megacities in Asia,

Bangkok and Tokyo.

Both are capital cities with high flood risks due to a large urban population that lives in low-lying,

flood-prone areas. However, neither of the cities has established a formal climate change adaptation plan,

nor are they formally incorporating potential climate change impacts into existing flood and disaster

planning. Nevertheless, they have both initiated the process of understanding and defining adaptation

strategies, and are conducting (or have conducted) assessments to analyze climate change impacts at the

city level.

Despite these similarities, Bangkok and Tokyo are extremely different, not only their socio-

political structure and economic and technical resources, but also in their existing capacities for flood

management. While Tokyo is one of the most developed cities of the world, Bangkok is the capital of a

rapidly developing country and region. Therefore, the two cities have different levels of built

infrastructure as well as management capacities to deal with flood. For example, Tokyo's transportation,

water, and energy infrastructures have a long history and experience of operation, while Bangkok is still

in the process of building up their urban systems.

Furthermore, although Thailand and Japan have democratic governments, their institutional

landscapes to govern and implement policies at the local level are distinct. Bangkok and Tokyo are both

reliant on their central governments to fund large-scale infrastructural developments. However, the

Tokyo Metropolitan Government is more financially and technologically independent in the way it plans,

implements, and manages floods than Bangkok. This may be because Tokyo relies mainly on private and

internal funding for local infrastructural projects. Bangkok, on the other hand, often works with

international agencies, foreign governments, and nongovernmental organizations to obtain their support.



In this study, by comparing and contrasting the challenges of making flood management climate-

smart in these two distinct cities, I hope to clarify the existing relationship between DRR and CCA "on

the ground," and how differences in existing institutional capacities influence the ways in which cities

begin the process to make their flood management systems climate-smart. In Chapter Two, I explore the

existing literature to understand the DRR-CCA nexus in theory and in practice. I argue that there is a lack

of empirical work that examines the DRR-CCA nexus in practice, which leads to the focus of this study.

In Chapter Three, I present my research design by introducing the scope, case selection, data collection,

and analysis methodologies. Chapters Four and Five are case studies on flood management and climate

change adaptation in Bangkok and Tokyo, respectively. By illustrating the cities' contexts and their

existing flood management and climate change adaptation efforts, I examine perceptions, institutions, and

capacities that are shaping flood management and climate change adaptation efforts today. In Chapter Six,

I summarize my findings on moving towards climate-smart flood management in Bangkok and Tokyo,

key drivers that influence these visions, and challenges of moving towards climate-smart flood

management in these two cities. Finally, in Chapter Seven, I conclude my analysis by presenting broader

lessons and the limitations of the findings.

Research Questions

Research questions that I explore in this thesis include:

Ql: How are cities dealing with change in climate and weather patterns in their flood management

efforts?

Q2: In what ways do local, national, and international institutions and their capacities shape these

management efforts?

Q3: What are the different approaches and pathways in making cities' flood management efforts

climate-smart? Do developed and developing country contexts matter?



CHAPTER 2: DISASTER RISK REDUCTION AND
CLIMATE CHANGE ADAPTATION

2.1 The DRR-CCA Nexus in Theory

There is extensive academic research on the issues of disaster risk reduction (DRR), climate

change adaptation (CCA), and their intersections. Nonetheless, in practice, cities around the world are

still struggling to figure out how to bring the two fields together. To better understand challenges and

barriers to integrating these two perspectives, in this section, I explore the existing literature on DRR,

CCA, their similarities, and their differences.

2.1.7 Definitions

Disaster Risk Reduction (DRR)

The field of disaster research has a long history, and the definition of disaster has evolved

throughout the years (UNISDR, 2004; Quarentelli, 1998; Ferudi, 2007). Traditionally, there has been a

focus on the physical aspects of disasters, which were mainly dealt with through large-scale engineering

solutions. However, since the 1970s, there has been increasing attention paid to the human aspects of

"natural" disasters. These modem perspectives examine the "root causes" of disasters, such as social,

economic, and environmental vulnerability. In order to tackle these root causes, disaster planning is now

shifting from a mostly responsive emphasis on relief and recovery to a more proactive approach with a

long-term perspective that incorporates disaster reduction and mitigation (Baird, O'Keefe, Westgate &

Wisner, 1975; Cannon, 1994; Hewitt, 1997, 2007; Lewis, 1979; Wisner, 1993). As a result, in addition

to engineered solutions such as building dykes, dams, and levees, disaster management approaches now

typically include education, capacity building, and training programs that can increase local capacity and

reduce vulnerability.

Despite the general shift towards a more proactive, deeper, and long-term approach for disaster

management, the field remains divided in regard to the definitions of disasters and how they can, or

should, be managed. For example, some argue that disasters are "disruptions of a framework" and

therefore disaster management efforts should restore a disaster-hit community to the previous state

(Furedi, 2007; Quarantelli, 1998; UNISDR, 2004). Others focus more on the functions rather than

physical structures or the shape of the framework itself, and argue that disaster management should

enhance existing functions as well as structures and frameworks and "build back better." They claim that

building back to restore the previous state would only perpetuate vulnerability that existed in causing the

disaster to begin with (Glantz & Jamieson, 2000; Lewis, 1980).



DRR emerged out of these latter efforts towards establishing more long-term, proactive strategies

for disaster management by tackling local vulnerabilities before and after disaster occurrences. DRR is

defined as "the conceptual framework of elements considered with the possibilities to minimize

vulnerabilities and disaster risk throughout a society, to avoid (prevention) or limit (mitigation and

preparedness) the adverse impacts of hazards, within the broad context of sustainable development"

(UNIDR, 2004). It acknowledges the deep rootedness of disasters, goes beyond the traditional response

and reconstruction approaches, and advocates for the importance of mitigation and reduction through

planning.

Climate Change Adaptation (CCA)

Compared to DRR, which was institutionalized internationally in the 1960s and 70s, climate

change adaptation is a relatively new field. It was first introduced as an issue that needs to be taken up by

vulnerable cities of the global south, starting with the Rio Summit in 1992. In this forum, responsibilities

and support for climate change mitigation and adaptation were differentiated along the categories of

Annex 1, Annex 2, and Developing Countries; nations of the north were required to mitigate greenhouse

gas, as well as developed nations of Annex 2 were to fund adaptation efforts in the Developing Countries

(E. Schipper, 2006). Furthermore, in 2001, the Marrakech Accords that came out of the 7th Conference

of the Party (COP7) established the Special Climate Change Fund (SCCF) and the Least Developed

Countries Fund (LDCF) to financially support the planning and implementation of adaptation measures of

the Developing Countries. In 2005, the international community developed the Nairobi Action Plan at

COP 11. By creating the Nairobi Work Programme on impacts, vulnerability and adaptation to climate

change, the international community made a commitment to better understand the approaches being used

to analyze the impacts of and vulnerability to climate change, as well as to work on developing tools and

measures for decision-makers to respond effectively to potential adaptation needs (UNFCCC, 2005).

However, it wasn't until the 2007 COP 13 in Bali that the international discourse on climate

change shifted from a solely mitigation focus to a discussion that addressed the issues of adaptation.

Within the Bali Road Map and Action Plan, under the Ad Hoc Working Group on Long-term Cooperative

Action under the Convention (AWG-LCA), a project was initiated to explore methods of financing,

building capacity, and developing technology for adaptation. This led to the adoption of the Cancdn

Adaptation Framework at COP 16 in 2010 where parties agreed to address adaptation with the same

priority as mitigation and implement strategies through the cooperation between developed and

developing countries (UNFCCC, 2011).

In both academic and political realms, the "Climate Change 2007: Impacts, Adaptation, and

Vulnerability Report" produced by the Working Group 1I to the Fourth Assessment Report of the



Intergovernmental Panel on Climate Change (IPCC) has been habitually cited as containing the common

definition for climate change adaptation. They define it as the "adjustment in natural or human system in

response to actual or expected climatic stimuli or their effects, which moderates harm or exploits

beneficial opportunities" (2007). From this definition, CCA includes adjustment to both harm and

benefits from current climate variability as well as anticipated climate change (Shaw, Pulhin, & Pereira,

2010).

However, answers to questions of "adaptation to what?" and "how to adapt?" have not yet

reached consensus. Some argue that adaptation should include preparing and responding to climate

variability as well as extreme events (E. L. F. Schipper & Burton, 2009). Others take a broader

perspective noting that adaptation can be either planned, based on information regarding future

uncertainty, or autonomous without an intention for long-term future planning (L. Schipper, Cigaran, &

Hedger, 2008). The notion of "maladaptation" articulated by Barnett and O'Neill (2010) highlights the

fact that there are examples of both successful and unsuccessful adaptation. Acknowledging the various

tradeoffs involved in implementing adaptation strategies, they define maladaptation as "actions taken

ostensibly to avoid or reduce vulnerability to climate change, that in turn impacts adversely on, or

increases the vulnerability of other systems, sectors or social groups." More specifically, they argue that

efforts that decrease greenhouse gas emissions, but disproportionately burden the most vulnerable, have

high opportunity costs, reduce incentives to adapt, and are path dependent, are maladaptations, regardless

of whether they reduce climate vulnerability or not.

2.1.2 Links, Similarities, and Differences

Academics, policy-makers, and practitioners are now increasingly recognizing the significant

links and similarities between DRR and CCA. The two fields are linked as climate change impacts are

typically experienced in the form of natural disasters such as droughts, floods, typhoons, or cyclones,

which affect the lives and livelihoods of people (Shaw et al., 2010). In addition, DRR and CCA are

similar because both disaster and climate change impacts are felt most severely at the community level.

Moreover, both efforts are tied to development; lack of DRR and CCA can hinder socio-economic

development in an urban setting, while simultaneously, economic development and access to resources

and technology can enable and enhance DRR and CCA. Furthermore, both DRR and CCA address issues

of risk, vulnerability, resilience, and capacity. However, if we examine these links and similarities more

closely, we can see notable differences in their perspectives.

DRR-CCA links

Among the various categories of natural disasters, hydrological, climatological, and

meteorological disasters are influenced by climate and weather events (EM-DAT, 2010). With climate



change can gradually change the average weather and climatic condition in the future. At the same time,

it may lead to more climate variability and weather extremes, which can cause significant alteration in the

frequency, types, and magnitude of natural hazards (Van Aalst, 2006). Available data and research

indicate that regional changes in climate, particularly fluctuations in temperature and rainfall, have

already affected a diverse set of physical and biological systems in many parts of the world (Shaw et al.,

2010).

In Asia, floods are one of the major natural hazards in terms of frequency and the number of

people affected. In addition, both the frequency and the number of people affected from flood disasters

have steadily increased in the past 10 years (EM-DAT, 2010). Figure 1 shows disaster statistics and trends

in Asia between 1980 and 2008.

Figure 1. Disaster Statistics and Trends in Asia between 1980 and 2008
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Although there is a clear link between disaster and climate change, the exact nature of the

relationship is uncertain. For example, in the case of flooding, while some areas will likely experience

more frequent and severe floods due to climate change, the change in rainfall patterns can also cause

droughts in other areas (Shaw et al., 2010). Furthermore, various socio-political and environmental

changes other than climate change, such as groundwater extraction, development of flood management

infrastructures, and increased density of the built environment, are also factors that significantly influence

disaster frequency, type, and magnitude. These various factors and uncertainties related to climate

change, disasters, and flooding make it difficult to understand the exact relationship between DRR and

CCA.

Importance of the local context

Because disaster risks and climate change are inherently linked, DRR and CCA are similar in

many ways. One major shared-characteristic between the two fields is the importance of understanding

and incorporating the local context in order to implement effective approaches for DRR and CCA.

Historically, disaster management was characterized by top-down interventionist approaches where

initiatives were typically technology-centered, one-size-fits-all solutions driven by the central government

or outside experts. However, over the past few decades, the field has taken a turn to recognize the

significance of addressing the root causes of disasters and to go beyond fixing isolated disaster events

(Shaw et al., 2010). Therefore, there is now an emphasis on developing community-based approaches in

order to implement effective and sustainable DRR efforts on the ground. Through these efforts, DRR

now focuses on building local capacities as means of increasing resilience to natural hazard events (Allen,

2006).

Similarly, until recently, response to climate change has focused on mitigation based on the

international agreement to reduce greenhouse gas emissions. Therefore, most studies on climate change

impacts have been conducted at the global level. However, as adaptation begins to garner attention in

global and local forums, there is a growing awareness that impacts of climate change will not be

distributed equally across communities, cities, and regions, and that effective CCA will require place-

based actions rather than a one-size-fits-all, global action for climate change. For example, the actual

experiences of climate change impacts will vary significantly from one place to another because they are

the result of the interactions of different types of climatic exposure with a specific population, sector, or

system sensitive to that exposure, as well as the ability of that population, sector, or system to avoid,

prepare for, and effectively respond to the risk (National Research Council (U.S.), 2010). The same

climate-related hazard can lead to different climate change impacts based on the vulnerability and

capacity of local communities and institutions. Therefore, the community-based adaptation field



examines the ways in which CCA projects can be more site-specific by enhancing, as well as building,

local knowledge and capacity to reduce vulnerability to the risks and impacts of climate change.

Ties to development

DRR and CCA are both significant factors of development. Simultaneously development

influence DRR and CCA capacities. For example, mortality from disasters associated with natural

hazards is unequally concentrated in low-income regions due to their low disaster risk management

capacity (Schipper & Pelling, 2006). At the same time, the direct economic, physical, and human losses

caused by natural disasters makes cities incapable of allocating sufficient capital expenditures for relief,

rehabilitation, or DRR, thus hindering development.

Similarly, "climate change is frequently cited as one of the most serious environmental problems

confronting human development" (Schipper & Pelling, 2006). Climate change can be an additional

obstacle to achieving sustainable development, and therefore, developing countries are likely to have

higher vulnerabilities to climate change even though they have "generally contributed to little to climate

change is their lower adaptive capacity" (Fussel, 2010).

Key concepts: Risk, vulnerability, resilience, and capacity

Managing various risks in order to protect the safety, security, and well-being of people and their

environments is one of the primary aims and responsibilities of city governments worldwide. Reducing

vulnerability and enhancing resilience and capacities are approaches utilized to manage these risks.

These approaches are also used for cities to manage DRR and CCA. Currently, the general approach to

managing disaster and climate impacts is to reduce risks by identifying vulnerabilities, enhancing

resilience, and building capacity. In the disasters discourse, disaster risk has been defined in relation to

vulnerability and capacity and expressed as:

Disaster risk = (Hazard * Vulnerability)/Capacity'.

Similarly, from the climate change perspective, academics and practitioners have noted the

significant relationship between risk, vulnerability, resilience, and capacity. For example, Ensor and

Berger claim that principal adaptation activities include: vulnerability reduction, building adaptive

capacity, and strengthening resilience (Ensor & Berger, 2009).

Source: Yodmani, 2001

2 The number is from the National Statistics Office of Thailand based on their 2000 Census. However this figure does not
include unregistered residents.
3 A "100-year event" is estimated to be approximately a high flow of 3,500 m3 per second (Milliman & Haq, 1996)
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Despite the similarity in their basic approaches, the ways in which the two fields understand and

define risk, vulnerability, resilience, and capacity are slightly different. In the section below, I examine

some of the ways in which DRR and CCA fields define these key concepts.

Risk

Many efforts to plan and prepare for disaster and climate change through DRR and CCA are

based on a risk management approach (Allen, 2006). For example, most DRR approaches aims to reduce

disaster risks by enhancing local capacity. Climate change adaptation strategies are also based on the

estimation of how the climate will change in the future, what geophysical impacts it may have, and what

socio-economic risks it may cause.

Due to the awareness of community-level approaches for DRR and CCA, both fields recognize

that risks are not distributed equally among all regions and people. However, risk analyses for both DRR

and CCA often do not take into consideration the local social, economic, political, and environmental

capacities and vulnerabilities that influence climate change and disaster risks at the community level.

Although many DRR and CCA strategies are based on a risk management approach, there are

different views as to what types of risks the strategies are dealing with. For example, within the disaster

discourse, the role of perceived risks has been critically analyzed (White, 1942; 1945). White argues that

there is a correlation between people and society's risk perceptions and disaster management capacity,

where those with low risk perception adjust poorly to climate-related threats, while those with high risk

perception anticipate risk and respond to risks better (1942; 1945).

Another divergence of DRR and CCA in regards to risk is how you estimate the risk. Currently,

both DRR and CCA estimate future risks utilizing future projection models. However, DRR and CCA

tend to have significant differences regarding the perception of change of climatic trends; while DRR

tends to estimate disaster risks, and resulting impacts, based on historical data, projections for CCA tend

to utilize historical and future scenarios that estimate how climatic trends may change in the future due to

climate change.

In this way, although the DRR and CCA fields often utilize the risk management approach, there

is a significant difference in their perceptions of the future; DRR tends to assume that the "future" is an

extension of what has happened in the past, while CCA understands that the pattern of change can be

different from the past. Therefore, many scholars in the climate science perspective argue that climate

change presents new risks to society (Shaw et al., 2010), while others, especially those coming from a

disaster backgroud claim that "climate change is just an additional factor to consider, which can be

embedded in existing risk reduction strategies" (Van Aalst, 2006).



Vulnerability

Both DRR and CCA fields acknowledge that understanding vulnerability is crucial to estimating

risks as well as developing approaches to build resilience and capacity. However, there are differences in

the ways in which key agencies for DRR and CCA are defining vulnerability.

The IPCC defines vulnerability as the "degree to which a system is susceptible to, and unable to

cope with, adverse effects of climate change, including climate variability and extremes. Vulnerability is

a function of the character, magnitude, and rate of climate change and variation to which a system is

exposed, its sensitivity, and its adaptive capacity" (2007). On the other hand, the United Nations

International Strategy for Disaster Reduction (UNISDR) defines vulnerability as, "the conditions

determined by physical, social, economic, and environmental factors or processes, which increase the

susceptibility of a community to the impact of hazards" (2004). However, due to the considerations of

climate change adaptation, in their newest report, UNISDR redefines vulnerability as "the characteristics

and circumstances of a community, system or asset that makes it susceptible to the damaging effects of

hazard" (UNISDR, 2009).

Shaw, Pulhin, and Pereira claim that the definition of vulnerability in the climate change

discourse has been insufficient as it is described as a state or an existing condition rather than a process.

They argue that recognizing the long-term process of vulnerability, as the disasters field has done by

exploring and highlighting the reasons why certain disaster or climate risks exist, is better rather than

simply looking at the "snapshot view" of the existing risk (Shaw et al., 2010).

Others, instead, see the relationship between disaster and climate vulnerability. For example,

Hewitt (1983) and Wisner et al. (2004) explain, "Climate change is an extension of everyday hardships

for which the victims are marginalized geographically, socially, and politically." Therefore, the

integration of climate change adaptation into disaster risk reduction signifies the stronger need for

vulnerability reduction (Helmer & Hilhorst, 2006).

Resilience

Similar to vulnerability, although resilience is an integral component of both the DRR and CCA

discourse, the ways in which the term is defined and applied is different within and between the two fields.

First, there are distinct views as to whether or not resilience is the opposite of vulnerability (Shaw et al.,

2010). Paton and Johnston argue that "vulnerability is not the opposite of resilience" (2006). They

understand that vulnerability and resilience are addressing issues at separate scales. While vulnerability

reduction can be legislated by specific minimum standards and identifies areas of highest risks, resilience

is based on strengths and capacities that enable communities to mitigate their own hazards. Therefore,



they believe that communities and individuals can be vulnerable and resilient at the same time (Paton &

Johnston, 2006).

Second, some posit that social resilience exists at multiple levels. Handmer et al. describe the

three levels of social resilience: resistance to change, resilience through incremental change in the

margins, and resilience through openness and adaptability (1999).

Third, there is a discussion on whether resilience is a stable state or an adaptive capacity. IPCC

defines resilience as "the ability of a social or ecological system to absorb disturbances while retaining the

same basic structure and ways of functioning, the capacity for self-organization, and the capacity to adapt

to stress and change" (2007). On the other hand, UNISDR defines resilience as "the capacity of a system,

community or society potentially exposed to hazards to adapt, by resisting or changing in order to reach

and maintain an acceptable level of functional structure" (2004). They further elaborate that "[resilience]

is determined by the degree to which the social system is capable of organizing itself to increase its

capacity for learning from past disasters for better future protection and to improve risk reduction

measures." Therefore, while IPCC views resilience as the capacity to retain the same basic structure by

adapting to basic stress and change, UNISDR assumes that resilience requires transformation through

learning in order to improve disaster preparedness in the future.

Capacity

Both DRR and CCA view capacity building as a way to enhance resilience and potentially reduce

vulnerability against disaster and climate change risks. Capacity in the context of disaster and climate

change includes both increasing the ability of individuals, groups, or organizations to adapt to changes, as

well as improving the capability of implementing adaptation decisions and transforming the capacity into

action (Adger, Arnell, & Tompkins, 2005; Smit & Wandel, 2006). In addition, both the disaster and

climate change fields emphasize the importance of fostering local capacities to resist, cope with, and

recover from climatic and other hazards (Shaw et al., 2010). These resources are often internal to the

community and rely on traditional knowledge, indigenous skills and technologies, and solidarity networks.

Some academics have tried to articulate what exactly is considered as "capacity" in DRR and

CCA. For example, Prabhakar et al. summarizes that capacities that are targeted in DRR programs are

usually, "disaster risk management planning, rescue and evacuation planning, relief planning, emergency

communication, fire fighting, conducting risk and vulnerability assessments, hazard and vulnerability

mapping, disaster risk mitigation systems, etcetera" (Prabhakar, Srinivasan, & Shaw, 2008). Furthermore,

DRR needs to build on local knowledge and capacities because local communities are those that usually

carry out DRR. For CCA, there is a need to enhance existing capacities, but also to build new capacities

that enable cities to deal with future disasters and increasing uncertainty (Prabhakar et al., 2008).



Therefore the ability to understand not only the existing risk and vulnerability but also the capacity to

estimate and act upon future risk and vulnerability becomes important in the context of climate change.

Fundamentally, for both DRR and CCA, capacities refer to "institutional, technological, economic and

social capacities to plan and implement programs of change that could reduce the vulnerabilities and

increase the capacities of communities" (Prabhakar et al., 2008).

Summary

As described above, DRR and CCA have similar aims and mutual benefits (Weaver, 2009). Both

DRR and CCA acknowledge that climate and disaster risk reduction is a function of reducing

vulnerability and enhancing resilience and capacity. However, the review of existing literature in the

field shows that the definitions and understanding of the various concepts within the fields of DRR and

CCA cover a wide spectrum of theories and approaches. In order for government agencies and

professionals working in the field to manage disaster and climate risks and design DRR and CCA

programs that are effective, it is important to further explore what the challenges are for integration are.

2.1.3 Challenges for Integration

Urban decision-makers are starting to recognize the similarities and linkages between DRR and

CCA and beginning to explore ways that climate change can potentially influence the their capacity to

manage disasters. However, despite this awareness, many cities have struggled to integrate the two fields

in practice, including Bangkok and Tokyo. Although both cities consider climate change as a priority

issue, they have not yet been able to implement specific strategies to address climate impacts within their

city functions. Various researches in this field have identified that lack of institutional coordination and

capacities are major challenges for integration.

Institutional challenges

Some researchers have highlighted the difference in the institutions managing DRR and CCA as

the greatest barrier in integrating the two fields (Helmer & Hilhorst, 2006). Institutions in the broad sense

can be defined as "the rules that humans use when interacting within a wide variety of repetitive and

structured situations at multiple levels of analysis" (North, 2005; Ostrom, 2005). In this research, I refer

to institutions as organizations and their measures that represent a common approach, objective, or

perspective.

In the context of DRR and CCA at the city level, the separation of the political, institutional and

financial systems within each community has made the integration of the fields extremely complex

(Helmer & Hilhorst, 2006). Especially on the ground, DRR and CCA in local governments are often



supported by entirely different sets of institutions, individuals, methodologies and policy frameworks. In

addition, DRR and CCA initiatives have been designed to respond to different needs and issues.

For example, in Bangkok, the Fire and Rescue Department of BMA manages DRR while the

Department of Drainage and Sewerage is responsible for flood management throughout the city. On the

other hand, Department of Environment is the lead agency that is coordinating Bangkok's efforts related

to CCA by working on studies with international organizations and bilateral aid agencies. Although

financing for DRR is partially dependent on external support, international partners have funded most of

the CCA initiatives thus far.

Similarly, in Tokyo, the Bureau of General Affairs oversees the city's overall disaster

management planning. For the specific fields of disaster management, such as flood management, the

Bureau of Construction and the Bureau of Urban Development are the main agencies in charge of

enhancing general flood management capacities as well as extreme weather events. The Bureau of

Environment with the participation of various agencies across the Tokyo Metropolitan Government

coordinates and leads the CCA efforts. However, most of the funding for both DRR and CCA comes

from the city budget.

Schipper and Pelling (2006) explains that institutions that are responsible for DRR and CCA are

naturally separated in city governments because they deal with different types of hazard and the time and

spatial scales. Climate change policy deals exclusively with climate-related hazards and their impacts,

while the scope of disaster management covers all disasters including climate-related, non-climate related,

natural, and human-induced. In addition, the time scale is different. Disaster impacts tend to be

immediate and concentrated, while climate change impacts include severe and extreme events as well as

gradual environmental and social change over a longer time scale. Furthermore, due to the focus on

mitigation up until today, the discussions around climate change policy and science have predominantly

taken place at the global level, while DRR efforts have focused more extensively on local and national

scales.

Capacity challenges

Although capacity building is a significant approach to both DRR and CCA, some literatures

have highlighted that the difference in the types of capacity needed for DRR and CCA could potentially

become a barrier for coordination between the two fields. For example, Schipper and Pelling argues that

"the unpredictability generated by climate change places more emphasis on the need to identify and

support generic adaptive capacity along with hazard-specific response capacity" (Schipper & Pelling,

2006). Furthermore, while DRR is focused more on enhancing local capacities to localized natural

hazards, due to the global nature of climate change, national and regional capacity to deal with climate



variability as well as long-term climate change is important (Schipper & Pelling, 2006). Therefore, the

difference in the types and spatial scale of the capacity for DRR and CCA could make the integration

process difficult.

Furthermore, because the field of CCA is still new, there is very limited empirical research

regarding what types of capacities should be built in what way in order to successfully adapt to climate

change. In addition, in order to empirically test whether certain capacities are successful for CCA over

time, one may have to wait 50 or 100 years to complete the analysis. On the other hand, for DRR

capacities, empirical studies do exist on what types of capacities are most effective in reducing the risk of

disasters. Therefore, it is difficult to combine the two fields with unequal information regarding what

capacities are needed for DRR and CCA.

2.2 DRR-CCA Nexus in Practice

2.2.1 Existing Efforts

Due to increased attention on CCA at international climate forums since COPl3 in Bali in 2007,

as well as various incidences of climate-related disaster events around the world over the last few years,

several reports, manuals, and policy papers have been released that provide normative prescriptions on

how climate change adaptation ought to be included within disaster management. For example, the

Strengthening Climate Resilience (SCR) Program funded by the UK Department for International

Development released a report entitled, "Climate Smart Disaster Risk Management (CSDRM)" in 2010,

which identifies key pillars of action and provides guiding questions to identify gaps and opportunities for

new collaboration between the disaster and climate communities. From fieldwork conducted in

Cambodia, India, and Sri Lanka, the SCR Program argues that the institutional basis for managing

disaster risks with a "climate-smart" approach already exits. However, further collaboration on a cross-

sector strategic approach must be enhanced to better implement CSDRM (Mitchell, et al., 2010).

Similarly, in 2010, the UNDP published a Toolkit that can serve as a step-by-step guide that

attempts to illustrate the basic planning and designing of adaptation initiatives. The document articulates

the similarities and differences of DRR and CCA:

"Disaster Risk Management (DRM) strategies, policies, and measures are a good

starting place to address new, more intense, and frequent weather-related risks. For

example, integrating the findings of climate change risk assessments into planning

processes for disaster risk reduction and management, and enhancing existing early

warning systems and emergency plans are relevant for both adaptation to climate



change as well as DRM. However, adaptation is not simply about better risk reduction

or coping with a stochastic climate. The extent of vulnerability to climate change is a

function of changing risks as well as the levels of exposure, sensitivity, and adaptive

capacity to new and emerging hazards. Given the fundamental shifts in economies and

ecosystem boundaries that will result from climate change, upgrading existing or new

DRM measures alone, while necessary, will not be sufficient" (UNDP, 2010).

Other research has taken a more regional focus, such as the report published by the University of

New South Wales in 2010 that examines the DRR-CCA intersection in the Pacific Island context from the

perspective of Earth System Governance (Gero, Meheux, & Dominey-Howes, 2010). Drawing from

research on existing conditions, the study draws out guiding principles for integrating DRR and CCA.

These guiding principles include: (1) beware of agents operating in the DRR and CCA fields; (2)

familiarize yourself with exiting DRR and CCA architecture; (3) ensure genuine participation from the

outset so as to be accountable to all stakeholders; (4) be adaptive to local needs; and (5) ensure careful

consideration when allocating resources.

2.2.2 The Missing Link: A Comparative Analysis of DRR-CCA Integration in Local

Governments

Contrary to the recent increase of normative and practice-based reports regarding the DRR and

CCA nexus, descriptive research and analysis on the intersection in practice has been very limited.

Therefore, through this study, I compare the various theories and perspectives regarding the DRR and

CCA links and similarities to how city government officials are understanding the intersection of DRR

and CCA. By focusing on how perceptions of risk, vulnerability, and resilience for DRR are similar to or

different from that of CCA, I aim to understand how different institutions and capacities shape and

influence the ways in which cities understand and implement DRR and CCA.

2.3 Climate-Smart Flood Management

In this study, I use the notion of climate-smart flood management as a framework to examine the

DRR and CCA intersection in municipal government flood management practices. I distinguish the

notion of climate-smart from concepts such as "mainstreaming" and "climate-proofing" by defining it as a

broader, more inclusive attitude or a concept, where cities are able to respond to climate change and

variability, through a process that builds on their existing institutional framework and capacities.



Mainstreaming is defined as "the integration of climate concerns and adaptation responses into

relevant policies, plans, programs, and projects at the national, sub-national, and local scales" (USAID,

2009). In other words, mainstreaming requires cities and departments to fit, or adjust, climate change

adaptation priorities and programs within their agendas or existing city functions. The strength of this

approach is that rather than conducting an isolated adaptation project, integrating adaptation into the

substantive city-government activities would foster ownership and departmental buy-in. However, the

potential challenge of mainstreaming is that "without a separate institutional structure with visible

champions and autonomous budgets, the mainstreamed agenda will get buried under the more pressing,

'dominant' agendas of individual line functions" (Farrell, 2010).

Likewise, climate-proofing is a risk-based approach to adaptation where the risks of climate

change and their impacts are estimated for a particular city function or activity, cross-checked whether the

existing system is capable of managing the risk, and adjusted if necessary. The concept of climate-

proofing is often used as an approach for adapting infrastructure, agricultural systems, or businesses to the

potential impacts of climate change.

By recognizing the opportunities and limitations of the various approaches to implementing CCA, I use

the framework of "climate-smart" to understand how cities define their own pathways to introduce and

implement CCA - whether it's mainstreaming, climate-proofing, or something else. For example, in the

case of flood management in Bangkok and Tokyo, although both cities have high exposure to flood

hazards, because of their difference in socio-economic conditions as well as existing institutional

capacities, what "adapting their flood management system to climate change" means and how to get there

can be significantly different. Therefore, analyzing the capacities and perceptions of existing institutions

working on flood management, defining what CCA means to them, and describing what challenges they

need to overcome to implement the CCA practices that they have defined, can inform cities on how to

formulate their own strategies for adapting and responding to potential impacts of climate change. I

describe this very process of cities defining and pursuing their own CCA objectives and pathways as

being climate smart.

In this study, I focus on the field of flood management in order to explore the ways in which a

city agency can move towards a climate-smart system. In city governments, flood management intersects

with the fields of disaster risk reduction, urban planning and development, and more recently, with

climate change adaptation. Mitigating and managing the impacts from extreme floods, through

evacuation, information dissemination, and relief, are often part of the DRR and disaster management

efforts of cities. However, mitigating and managing the impacts from smaller but more frequent floods,

through improving drainage systems, or larger-scale flood protection, through building dykes or landuse

control, are often a positioned as general urban planning and development efforts, rather than disaster



management. By analyzing how these four fields related to flood management currently manage future

challenges related to the change in climatic and weather patterns, I try to identify what climate-smart

flood management may look like in Bangkok and Tokyo. Figure 2 is a conceptual representation of the

climate-smart flood management nexus.

Figure 2. The Climate-Smart Flood Management Nexus
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CHAPTER 3: RESEARCH DESIGN

3.1 Scope of Research

This study aims to understand how cities are currently dealing with changes in climate and

weather patterns and how local, national, and international institutions shape these efforts by focusing on

flood management in Bangkok and Tokyo. By doing so, I explore the different processes and approaches

these cities are currently taking to manage these changes through flood management and how the

capacities of existing institutions influence the ways in which they envision their future directions.

3.1.1 Why Floods?

I examine flood disasters because, unlike earthquakes, floods are hydrological disasters that can

be significantly influenced by climate change. Non-climatic factors also affect floods, including

settlement patterns, land-use decisions, the quality of flood forecasting, warning and response systems,

and the quality and types of structures and properties located in vulnerable areas. However, a variety of

climatological factors such as precipitation, wind-storms, and sea-level rise that are likely to be affected

by climate change would influence the types, frequency, magnitude, and timing of flood disasters (Parry,

2007).

In addition, flood disasters usually affect a large number of people (EM-DAT, 2010).

Particularly in Asia, flood hazards have been the most frequent of all natural disasters in the past 10 years.

Although the total number of deaths is lower than the number of deaths that come as a result of

earthquakes or extreme temperatures, the total number of people affected by floods is greatest of all

natural disasters. In 2010, more than 170 million people were affected by flood disasters, accounting for

70% of all natural disasters in Asia (EM-DAT, 2010).

3.1.2 Why Asian Coastal Megacities?

Focusing on Asian coastal megacities for this research is valuable considering the significant

climate-related risks in the region, as well as the potential for large disaster and climate impacts due to

their rapidly growing urban population and economic activities. Coastal cities are vulnerable to climate

change and variability, and urbanized areas situated in the large low-lying deltas of Asia and Africa are

particularly susceptible to climate-related impacts (Pachauri, 2007). Furthermore, Asia is rapidly

urbanizing, with approximately 40 percent of its total population currently living in cities. In less than 20

years, this number is expected to rise to 50 percent. Compared to other regions, Asia hosts the largest

urban population in the world, although the annual population growth rate in Asia as a whole is declining;

it grew 3.8 percent in 1960s and 2.6 percent in 2008. In terms of economic development, the majority of



the largest cities in the developing world, those with more than one million inhabitants, are located in

Asia. Moreover, these cities are developing rapidly; 66 of the 100 fastest growing large cities are located

in Asia (UNHABITAT, 2008). Due to the unique urbanization and climate risks at this region, examining

how cities are managing climate variability and impacts within flood management efforts in Asian cities

can provide a significant contribution to development and sustainability at the global scale.

3.2 City Selection

Among the coastal megacities in Asia, I selected two large capital cities in Asia - Bangkok and

Tokyo - to conduct a comparative case analysis for this study. First, both Bangkok and Tokyo are

megacities, each with a population of more than 10 million people in its metropolitan area. They are both

political and economic capitals and contain key national and local government institutions.

Second, both Bangkok and Tokyo face significant threats from increasing hydro-meteorological

variability driven by climate change. Bangkok, located in the Chao Phraya Delta, has been identified as

one of the most vulnerable cities in light of climate change in Southeast Asia (Yusuf & Francisco, 2009).

Despite its high disaster management capacities, Tokyo's population and assets are at high risk. Due to

its high population density and its geography in low, flood-prone areas, its population and asset exposure

is extremely high (OECD, 2009). A recent study of 136 port cities by Nicholls ranks both Bangkok and

Tokyo among the top 20 port cities with the highest population and asset exposure to wind damages both

today (2007), and in light of climate change in 2070 (Nicholls et al., 2007).

Third, in spite of existing and potential risks of climate variability and impacts of climate change,

neither city has formally incorporated long-term climate change into their infrastructure and flood

planning. Neither have official citywide climate change adaptation strategies or plans of action.

Nevertheless, in terms of CCA, both cities have recently initiated a process to understand and define

adaptation strategies and plans at the city level. As the first step, they are undergoing or have completed,

impact assessments at the city level.

Despite these similarities, the social, economic, and political contexts of Bangkok and Tokyo are

distinct; Tokyo is one of the richest and most developed cities in the world, while Bangkok is a rapidly

developing urban center in Southeast Asia. By exploring the underlying reasons why these two cities

have not formally incorporated long-term climate impacts into their flood management efforts, I analyze

how different institutional roles, capacities, and resources can influence how cities conduct long-term

infrastructure and disaster planning as well as different approaches to make flood management climate-

smart in cities with diverse institutions and capacities.



3.3 Data Collection and Analysis Methods

3.3.1 Departments

To understand existing flood management approaches, I interviewed city-government officials

within various departments in Bangkok and Tokyo that were working on issues related to flood

management, disaster management, and climate change adaptation. Although the main focus of this study

is on existing flood management efforts, I also interviewed departments responsible for disaster

management and climate change adaptation. By asking each department about its involvement with DRR,

CCA, flood management and its relationships with other departments, I gathered data related to

institutional roles, capacities, and resources.

3.3.2 Interviews

I interviewed five city departments and organizations in Tokyo, four in Bangkok, and three other

related organizations during June 2010 and January 2011 (Table 1). I conducted semi-structured

interviews with city-government officials from departments working on issues related to flood

management, disaster management, and climate change adaptation in each city. Interviews ranged from

50 minutes to 1.5 hours, all of which were recorded with the permission of the interviewees. I

interviewed each department separately, except for the Department of Sewer and Drainage and the

Department of Environment in Bangkok where officials representing both departments were jointly

interviewed in a longer, 1.5 hour interview. Native Thai and Japanese speakers transcribed each interview

and translated them into English.

Table 1. List of Interviewees

BANGKOK,
Department of Sewer and Drainage
Department of Environment
Department of Fire and Rescue
Department of Public Works

TOKYO
Bureau of Urban Development
Bureau of Environment
Bureau of General Affairs, Disaster Prevention Department
Bureau of Contruction, Rivers Department
Bureau of Waterworks

OTHER
Edogawa Ward, Tokyo
Japan International Cooperation Agency, Tokyo
Rockefeller Foundation Asia Office, Bangkok



3.3.3 A Cross-Case Analysis

In this study, I conduct a cross-case analysis between Bangkok and Tokyo to deepen the

understanding and explanation of the findings. As a method of analysis, I compared and contrasted

interview responses along key variables. To systematically compare the descriptive data that I gathered

across cases, I created a partially ordered meta-matrix as described by Miles & Huberman (Miles &

Huberman, 1994).

Using this method, I constructed matrices of: (1) the ways in which Bangkok and Tokyo are

currently managing climate variability and change within their flood management efforts; (2) how these

cities are starting to address and incorporate future climate variability and change within flood

management; and (3) what the challenges and barriers exist in moving towards climate-smart flood

management. By doing so, I organize and analyze the data around the issues of perceptions, institutional

roles, capacities, and resources.



CHAPTER 4: FLOOD MANAGEMENT AND CLIMATE

CHANGE ADAPTATION IN BANGKOK

4.1 Background

4.1.1 Geographical Context

Bangkok, the economic, political, and cultural center of Thailand, with a population of
2approximately 6.4 million , is a city defined by its waterscape. Situated on the banks of the Chao Phraya

River, a network of historic canals weave through the city. Canals served as Bangkok's major

transportation arteries until the late 1800s. Although Bangkok has since transformed itself into a more

land-based society, the Chao Phraya River and systems of canal and sewer channels that extend

throughout the city remain integral to the city - not only as cultural spaces and public infrastructure to

manage sewer and drainage, but also as sources of flooding and water disasters when it overflows.

The Bangkok Municipal Region, located at the mouth of the Chao Phraya River basin, is virtually

flat. Its average elevation is one to two meters above mean sea level, and along with issues of land

subsidence, Bangkok is naturally prone to flooding (Bangkok Metropolitan Administration, Green Leaf

Foundation, & United Nations Environment Programme, 2009; The World Bank, Asian Development

Bank, & Japan International Cooperation Agency, 2010). Stretching from north to south over 370

kilometers from the central plains of Bangkok to the Gulf of Thailand, its watershed is the largest in

Thailand, covering over 30 percent of the country's total land area with a drainage area of more than

157,000 km2

4.1.2 Causes of Flooding

Both climate and non climate-related factors cause flooding in Bangkok. Within the climate-

related factors, flooding can occur from river overflow, tidal surges, and heavy localized rainfall

(Milliman & Haq, 1996). According to the Department of Drainage and Sewerage (DDS) of the Bangkok

Metropolitan Administration (BMA), non-climatic factors also make the city vulnerable to major flooding

such as: land subsidence caused by groundwater pumping; decreases of permeable surfaces due to

urbanization; and deforestation and removal of natural attenuation basins such as wetlands in the northern

regions of the Chao Phraya Watershed (Department of Drainage and Sewerage, Bangkok Metropolitan

Administration, 2010). For example, localized heavy rainfall in Bangkok, especially during the monsoon

The number is from the National Statistics Office of Thailand based on their 2000 Census. However this figure does not
include unregistered residents.



season, can cause low-lying areas to be inundated without sufficient pumping stations to drain the water

out of city. The annual average rainfall in Bangkok is up to 1,500 millimeters, however, as these rainfalls

are often concentrated during September and October, precipitation in these two months alone can reach

up to 150 to 300 millimeters (Department of Drainage and Sewerage, Bangkok Metropolitan

Administration, 2010).

In addition, heavy rain in the northern regions of the watershed can cause water levels in the Chao

Phraya River to rise rapidly. If the runoff from the north exceeds 3,500 m3 per second, it overstrains the

water detention capacity of the Chao Phraya River, thus causing water to flow out of the river into the city

(Department of Drainage and Sewerage, Bangkok Metropolitan Administration, 2010). Finally, high tide

in the estuary, which can rise up to approximately 2.1 meters above mean sea level, can also cause

inundation. The impacts of these tidal surges are significant as they can rise to levels up to 2,500

millimeters per day and increase the river flow well above the 3,500 m3 per second capacity3 . This is

considerably above the so-called "50-year rainfall," which is usually 280 millimeters per day (Milliman &

Haq, 1996).

Rapid urbanization is a major concern for city government officials working on flood

management for the DDS of BMA (2010). Studies have found that in Bangkok and its surrounding areas,

the percentage of urban and built environment increased by 115 percent between 1988 and 2002

(Vibulsresth, 2003) and that Bangkok Metropolitan Region saw a 74 percent increase in urban

development between 1998 to 2003 (The World Bank et al., 2010). Furthermore, the spatial distribution

of housing developments, which has doubled in the last decade, has moved outward from the urban

centers of Bangkok, leading to problems associated with suburbanization and urban sprawl (The World

Bank et al., 2010).

In addition, the Action Plan to Prevent and Resolve Floods in Bangkok, released in 2009, also

mentions the lack of effective urban planning as a significant cause of floods (Department of Drainage

and Sewerage, BMA, 2009). The plan highlights that the lack of adequate land use control is causing

uncontrolled growth of communities without water discharge solutions due to water pipes being smaller

than main requirements.

4.1.3 History of Flood Disasters

Bangkok is known to some as the "wet city" due to the heavy rain and sudden downpours during

the rainy season that result in frequent flooding and inundation of streets. Although most of these are

common, seasonal inundations usually last for only few hours, when major flooding occurs, often caused

3 A "100-year event" is estimated to be approximately a high flow of 3,500 m3 per second (Milliman & Haq, 1996)



by the Chao Phraya River overflowing, it could take several weeks to over a month for the city recover

(The World Bank et al., 2010).

The oldest recorded flood in Bangkok dates back to 1785 during the reign of King Rama I, which

not only inundated the entire city, but also caused severe famine. Throughout the years, major floods

have caused significant damages to the city, leading to death, disease, and significant economic loss.

Since the reign of the current King Bhumibol Aduljadej, major floods have continued to occur in

Bangkok in 1975, 1977, 1980, 1982, 1983, and 1995. The most severe flood in Bangkok's history, which

occurred in 1983, submerged most parts of Bangkok and lasted for three months. Economic damage was

estimated to be over 6.5 billion Thai Baht. More recently, in October 1995, severe flooding occurred due

to water overflow from the Chao Phraya River, which reached 2.27 meters above mean sea level due to

severe storm, causing property damage of over US$ 400 million (Asian Disaster Reduction Center, 2009;

Department of Drainage and Sewerage, Bangkok Metropolitan Administration, 2010). According to the

DDS, this great flood was caused by the combination of three phenomena: northern runoff, high tide, and

heavy downpours (Department of Drainage and Sewerage, Bangkok Metropolitan Administration, 2010).

4.1.4 Current Impacts and Future Exposure to Flood

Flood impacts in the context of other disaster impacts

Flooding is not the only disaster Bangkok prepares for within its disaster management efforts.

Fires and hurricanes are also major disasters that impact the Bangkok Metropolitan Region every year. In

terms of disaster relief, fire is the most frequent hazard, according to the Fire and Rescue Department

(FAR) of BMA (Fire and Rescue Department, BMA, 2011). Disaster relief statistics collected by the

BMA Data Center confirms that between fiscal years 2004 and 2009, the most frequent disasters were

fires with an average of 329 fires per year, costing the city approximately US $49 million in relief.

By contrast, regarding disaster frequency, there were only 32 major flood events in the six-year

period with a total relief cost of approximately US $3.5 million. However, compared to other disasters

that threaten Bangkok, statistics show that flood disasters are low frequency, high impact disasters.

Though they occur with less frequency, the total number of households influenced is and the average cost

of relief per event can reach up to US $110,600 per flood, compared to an average of US $25,000 per fire

(Bangkok Metropolitan Administration, 2011).



Figure 3. Statistics of Disaster Relief Provision in Bangkok from FY 2004 - 2009
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Projections of future flood exposure

Both climatic and non-climatic conditions influence Bangkok's exposure to future flooding.

Climatic factors include temperature, seasonal precipitation, sea-level rise, and storm surge. Non-climatic

factors include population, economic development, landuse, and land subsidence.

Various studies have looked at how flood exposure could change in the future due to impacts of

climate change. The study conducted by the World Bank, Japan International Cooperation Agency

(JICA), and the Asian Development Bank (ADB) estimated climate change impacts in Bangkok in 2050.

The study utilized two scenarios from the Intergovernmental Panel on Climate Change (IPCC) assessment

reports, Al F 1 and B 1. It projected changes in climatic condition in 2050, including changes in

temperature, precipitation, sea-level rise, and storm surge. Their findings show that under both scenarios

climate variability, flood frequency and inundation area were to increase (The World Bank et al., 2010).

In addition, findings indicated that Bangkok's population exposure to flooding would to rise significantly

under both scenarios; the number of persons affected in 2050 by a l-in-30-year event would rise 47.2

percent in BI and 74.6 percent in A1FI scenarios (The World Bank et al., 2010).

Table 2. Estimated Climate Change and Land Subsidence Parameters and Impacts in Bangkok
(Parameters and Impacts in 2050)

ESTIMATED PARAMETERS ESTIMATED IMPACTS
Mean Seasonal Population Exposure

Temperature Precipitation Sea Level Rise Land subsidence
IPCC Scenario increase ('C) Increase (%) (m) Storm Surge (m) (m 1-in-100 year flooding 1-in-30 year flooding

B1 1.2 2 0.19 0.61 0.05 to 0.3 1,187,803 805,055
A1F1 1.9 3 0.29 0.61 0.05 to 0.3 1,271,306 954,389

The World Bank et al., 2010, pp. 27-30



A report by Nicholls et al. has also shown similar results in their analysis of exposure and

vulnerability to climate extremes in large port cities (2007). By examining climatic and non-climate

factors such as population and economic growth, natural and human-induced subsidence, sea-level rise,

and storm surges, Nicholls estimated cities' exposed population and assets at a 100-year return period

extreme water level event. By comparing existing exposure to the projected exposure in 2070, the study

finds that both exposed population and assets will increase in Bangkok significantly from 2005 to 20704.

However, there is a significant difference between flood exposure and flood risks. Both of these

studies indicate exposure rather than risks and their prediction models do not sufficiently take into

account the various flood management efforts, such as infrastructure and urban planning measures

currently in development by the BMA, the King's initiative, and the national government. Furthermore,

these studies do not adequately address how exposure to flood hazards may lead to different levels of

risks depending on the particular population's access to resources and information. The following section

discusses existing and planned flood management efforts in Bangkok.

4.2 Existing Flood Management Efforts

4.2.1 Institutions

The Department of Drainage and Sewerage (DDS) of the BMA, established in 1977, leads the

hard, infrastructural flood prevention and mitigation efforts in Bangkok, such as building dykes and

improving drainage capacities. DDS coordinates with the national government, Royal Irrigation

Department, and district governments, as well as foreign consultants and aid agencies in planning and

implementing various flood management efforts throughout the city. These actors work together to

maintain, develop, and enhance a system of flood infrastructures in and around Bangkok City.

Disaster relief and urban planning also play crucial roles in flood management in Bangkok. The

Fire and Rescue Department (FAR) is the leading agency for disaster relief efforts in Bangkok. FAR was

formed under the BMA in 2003; until 2003, managing, preventing, and mitigating crises in Bangkok was

managed by the Royal Thai Police, a national-level authority (Fire and Rescue Department, BMA, 2011).

According to FAR, based on the Fire Disaster Prevention and Mitigation Act B.E.2550, FAR formulates

the annual Disaster Prevention and Mitigation Master Plan. Every year, statistics and information are

updated to reflect the experiences of disaster management in the 35 Fire and Rescue stations located

throughout the city.

4 The study estimates that exposed population to a 1/100 flood in Bangkok City was 907,000 and exposed assets were US$38.72

billion in 2005. With changes in both climatic and non-climatic conditions, these numbers are estimated to increase to 5,138,000
(exposed population) and US$ 1,117.54 billion (exposed assets) in 2070 (Nicholls et al., 2007).



4.2.2 Capacities

Infrastructure Development

Recognizing the devastating impact of flooding on the city's economic development, enhancing

flood management capacity in Bangkok is a city, national, and royal priority. After a succession of major

floods in the 1970s and 80s, significant progress was made in the 80s to strengthen and improve flood

management capacity in the city through establishing of flood management plans and infrastructures.

Bangkok's flood management system is an integrated polder system that consists of dykes and

embankments, drainage systems, and temporary water detention areas (Department of Drainage and

Sewerage, BMA, 2011). This system has been planned and implemented in inner Bangkok as well as in

areas surrounding the city through a series of master planning and large-scale infrastructure projects.

Figure 4. Section of Dyke System in Bangkok
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Source: Department of Drainage and Sewerage, Bangkok Metropolitan Administration, 2010

In terms of their overall strategies for infrastructure development, DDS says that they "have the

master plan done by the consultants" (Department of Drainage and Sewerage, BMA, 2011). Therefore,

BMA's main overall strategy for flood management efforts are based on the recommendations made in

the master plan, updated over 15 years ago in 1996 by foreign and local consultants (Department of

Drainage and Sewerage, BMA, 2011). According to DDS officials, due to various factors, such as the

current "situation" and "budget, " there are no current plans of conducting research and studies to update

the master plan (Department of Drainage and Sewerage, BMA, 2011). The following figure illustrates

major plans, infrastructures, and institutions related to flood management efforts in Bangkok between

1960 and 2000.

. . ..... ....... ... ...... ...... .................. - . ........ . .... .....



Figure 5. Major Floods, Plans and Infrastructure Development in Bangkok
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Disaster Relief and Urban Planning

Since fire is the most frequent hazard in Bangkok, FAR centers its disaster preparedness and

relief efforts on this. Chemical hazards from factories and industries are their second priority, followed

by flood hazards as their third priority (Fire and Rescue Department, BMA, 2011). Nevertheless, FAR

staff are trained for water crisis management, and managing and mitigating flood disasters, working

closely with BMA's DDS in planning for flood prevention and relief.

Department of Construction also works closely with DDS to construct and implement flood

management infrastructures throughout the city (Fire and Rescue Department, BMA, 2011). When the

city builds or reconstructs major highways and roadways, these are often coupled with DDS efforts to

construct sewer pipes with better drainage capacity (Fire and Rescue Department, BMA, 2011).

Furthermore, with the enforcement of zoning regulation through the permitting process and the

requirement of environmental assessment for new construction, the Department of Construction has the

capacity to enforce flood management strategies by controlling and regulating new developments in the

city. However, there is currently no department-led policy to make sure all new developments are flood-

resilient. Instead, the Department of Construction works with, and in accordance with the master plan set

forth by the DDS (Department of Construction, BMA, 2011).

Managing Flood Risks

The national government and the DDS of BMA work closely together to plan and implement

flood management in Bangkok. While around 40 percent of infrastructure projects implemented in

Bangkok are subsidized by the national government, most of the flood management projects in Bangkok

are funded through the city's budget (Department of Drainage and Sewerage, BMA, 2011). However, in

terms of flood management standards, BMA designs and constructs flood management infrastructure,

such as dykes, levees, and drainage systems based on targets established by the city itself. Currently,

sewer pipes are designed to manage 60 mm per hour rainfall, or rainfall that occurs once in two years,

with future plans of increasing that to 100 mm per hour.

Within BMA, the DDS creates and oversees plans to mitigate and mange flooding in the Bangkok

Metropolitan Region. With the completion of the flood dyke system along the Chao Phraya River in

2010, DDS now focuses on increasing "Monkey Cheeks," or water detention facilities to avoid river

overflows.

"In 1983 water level in the Chao Phraya River was 2.27 meters. And we built the dykes, so that

the top of the dykes were 2.8 meters" (Department of Drainage and Sewerage, BMA, 2011). Currently,

5 In the interview, officials from DDS said, "Our present governor wants to develop the capacity of the drainage system in
Bangkok, from 60 mm per hour to 100 mm per hour" (Department of Drainage and Sewerage, BMA, 2011).



the levee system along the Chao Phraya River is built according to the highest water level of the river

from the flood in 1983. A 53-centimeter buffer was established with considerations to expected

commuter boat traffic and land subsidence. However, with discharge from the north likely to

significantly increase water levels, combined with potential risks of sea level rise, and because the World

Bank study estimates a 32 cm increase in sea-level by 2050, engineers from DDS say that the 2.8 meter

dykes are, "not high enough." Due to these factors, the DDS estimates that the lifetime of existing levees

along the Chao Phraya River, which are made of concrete, is about 20 years, not because they lack

durability, but because of subsidence and discharge from the north.

Despite this recognition, the DDS does not see constructing higher dykes and levees as the

solution for managing the increasing risks of flood because doing so will cause considerable social impact.

An official from the DDS says,

"For our department, it is very difficult to construct the dyke... If we want to heighten

more, like by 50, it would be really difficult... We have to protect the city from

inundation. But people who live along the bank, they do not care. In the evening, they

want to sit along the Chao Phraya River, so they can see very nice sceneries. But now,

they have the walls... (In 1983) we built the dyke at 2.8 meters already. Ifwe want to

heighten more, like by 50, it would be really difficult."

Therefore, the DDS is pursuing alternative ways to manage floods, such as extending the "Monkey

Cheeks project" to the north and establishing water detention areas.

4.3 Existing Climate Change Adaptation Efforts

4.3. 1 Institutions

Until today, climate change efforts in Bangkok have focused on mitigation, rather than adaptation.

The Department of Environment (DOE) has been the main coordinating agency involved in climate

change mitigation efforts and has formulated action plans and assessments in cooperation with various

academic institutions and international organizations.

The Action Plan on Global Warming was developed in 2007 after Governor Apirak Kosayodhin

participated in C40 Large Cities Climate Summit held in New York that year (Department of

Environment, BMA, 2011). At the meeting, he made a commitment to create a plan of action for climate

change, and upon returning to Bangkok, tasked the DOE to develop an action plan on global warming.

According to officials of the DOE, the process of developing this report was mainly to compile all



existing efforts for greenhouse gas reduction and climate change mitigation in Bangkok to report to the

public "what the government has done" for climate change (Department of Environment, BMA, 2011).

With the recognition that there was a need to take further efforts to plan and implement actions

for climate change in Bangkok, in 2009, BMA, working with the support from Green Leaf Foundation

and UNEP, conducted the Bangkok Assessment Report on Climate Change in 2009. This report took an

inventory of greenhouse gas emissions, assessed climate impacts, and explored both mitigation and

adaptation policy options for Bangkok. More than half of the research was conducted by UNEP,

consultants, and academics from local universities, and BMA participated in the process by providing

data and information (Department of Environment, BMA, 2011).

In terms of existing projects related to adaptation, officials from the DOE have mentioned that

while cooperating towards green development with the JICA, civil engineers from BMA working on

flood management are participating in capacity development and training courses to understand how to

make flood infrastructures in Bangkok more resilient to climate change6 (Department of Environment,

BMA, 2011). As plans related to climate change thus far have been funded mainly through international

and bilateral aid agencies, a similar process is expected to push adaptation planning forward in Bangkok.

In fact, DOE is currently asking for funding and assistance from JICA to enable the development of the

next, updated plan for climate change in Bangkok. Officials of DOE say that "in the next plan, adaptation

will likely be included" (2011).

4.3.2 Perceptions

Why Adapt?

For the DOE, which is leading Bangkok's formal climate change initiatives as the liaison agency

for international climate change adaptation efforts, funding and human resources seem to be the main

limitation as well as the key driver for adaptation. Outside funding sources have supported assessments

and studies conducted thus far on climate change adaptation in Bangkok. In addition, these organizations

have provided technical expertise to gather and analyze the data. Bangkok is likely to continue working

with external organizations to obtain both the financial and technical resources needed to understand and

develop climate change adaptation efforts. For example, officials of DOE describe that the next climate

change plan, which will likely include an adaptation component, will "use information from the World

Bank research" (2011). Regarding who will conduct the research to develop the adaptation plan, an DOE

official says, "I think we will consult the university. For example, Chula Longon or Mehidon University"

6 The referred project is "Bangkok City climate change mitigation and adaptation implementation capacity improvement project"
which is a 3 year partnership between BMA and JICA from 2009 to 2012. The ways in which adaptation capacity is built
through this program is unclear. Source: http://www.jica.go.jp/project/thailand/006/outline/index.html



(2011). Furthermore, the DOE is now submitting a proposal to JICA to develop their next Action Plan

for Global Warming, in which they plan to incorporate strategies for both mitigation and adaptation

(Department of Environment, BMA, 2011).

"Forget climate change, you know, we have to now, protect the coming water in the next one or

two years" (Department of Drainage and Sewerage, BMA, 2011). From the perspective of the DDS,

there is a recognition that climate change is an important issue that needs to be addressed. However,

considering the range of other vulnerabilities and risks that they still must understand how to manage,

they feel that there is not enough evidence to take on the added risks of future climate impacts. Instead,

from the perspective of the DDS, the reasons why they should change and adapt their existing flood

management efforts is to be able to manage existing, urgent risks of flooding caused by discharge from

the north. DDS says that, "the high discharge from the north, it is really important. It's not five years or

ten years, but it's really really soon" (Department of Drainage and Sewerage, BMA, 2011).

Adapting To What?

Department of Drainage and Sewerage

Therefore, more than climate change, discharge from the areas north of the city is an immediate

challenge that Bangkok needs to face to protect the city from severe flooding. "Last year, there was a big

inundation in Thailand... 50 percent of the country was under the water, except Bangkok... [After this

experience of flooding] Up north of Bangkok will do the confinement and build dykes along the rivers to

protect their cities" (Department of Drainage and Sewerage, BMA, 2011). In 2010, due to Bangkok's

flood protection systems that attenuated flood peaks by allowing agricultural lands in the north to flood,

the city was protected from severe inundation, while the area surrounding Bangkok experienced

significant flooding. However, devastation in areas outside of Bangkok caused regions in the north to

now construct drainage and dyke systems to protect themselves from flood events. This could potentially

increase the water levels of the Chao Phraya River in the future, and increasing the risks of flooding of the

lower basis in Bangkok. Therefore, DDS believes that finding ways to manage the expected increase of

discharge from the north is one of the major issues to protect Bangkok against flooding in the future.

"Uncertainty for the climate change is very difficult, but the urbanization is not so difficult...

With very strong enforcement, it's okay" (Department of Drainage and Sewerage, BMA, 2011).

Urbanization, or land use change, is another change Bangkok faces for increased flood risks, much faster

than climate change. Compared to the level of uncertainty surrounding different climate change scenarios

and potential impacts, such as change of precipitation patterns and sea-level rise, city government

officials in Bangkok see urbanization as a more certain change, which they can potentially control and

find effective solutions through urban planning.



However, this does not mean that engineers at the DDS believe that climate change adaptation

efforts would be the same as doing more flood management. The study conducted by the World Bank,

which estimates climate change impacts to Bangkok in 2050, was a first step towards understanding

climate change adaptation strategies in Bangkok. However, it was not enough for Bangkok to figure out

what they needed to do to make their existing flood management plans adaptive to long-term climate

change. According to the DDS, one crucial aspect missing was "no long-term plan of the flood protection

[was incorporated] to compare with the study" (Department of Drainage and Sewerage, BMA, 2011).

Although Bangkok's exposure to flood hazards may potentially increase due to climate change, the city's

flood management capacity is expected to improve considerably, through the implementation and

improvements of various flood management efforts. Similarly, the DDS thought that the World Bank

study did not successfully identify the risks or issues Bangkok was already addressing through its existing

flood management and urban planning measures. Therefore, in order to move towards a climate-smart

flood management system, "first, they have to look at the problem, the new problem. The problem it

could not solve in the past time" (Department of Drainage and Sewerage, BMA, 2011).

Department of Environment

By contrast, officials from the DOE seem to believe that improving flood management

infrastructure and DDS operation is climate change adaptation. "Now we are doing the adaptation... such

as building infrastructures, supporting staff to join the training project of adaptation in overseas, and

promoting the way to practice for resolving the climate change" (Department of Environment, BMA,

2011). Furthermore, the DOE currently views climate change adaptation as a step that comes after

mitigation. They say that, "mitigation [is] first. And then after that, we improve adaptation" (Department

of Environment, BMA, 2011). They see adaptation as an issue that they will deal with only after

implementing their climate change mitigation strategies.

Apart from these general perceptions towards adaptation, the DOE is still in the process of

exploring what climate change adaptation means to Bangkok. It is likely that similar to climate change

mitigation efforts that have previously taken place, the definition and framework for adaptation will be

developed collaboratively between BMA, consultants, universities, and international and bilateral

agencies. However, ultimately, the DOE says, "we will integrate [the various definitions and approaches

of adaptation that it is] suitable for Bangkok" (Department of Environment, BMA, 2011).



4.3.3 Capacities

How to Adapt?

Within BMA, discussions on what the adaptation process and strategy could or should look like

in Bangkok have not formally taken place. However, there are various views as to what kinds of research

or approaches could or should be explored as first steps towards figuring out what capacities necessary for

adaptation.

Department of Drainage and Sewerage

DDS believes that, before they can start to incorporate the risks of climate change into their work,

they need more studies similar to that of the World Bank, which look at the long-term impacts of climate

change in Bangkok. The problem of the World Bank study, according to DDS was that it "was just one

year. Twelve months is not enough to do that kind of study. So the problem that we found was the

uncertainty of the predictions" (Department of Drainage and Sewerage, BMA, 2011). Furthermore, "they

had no long-term plan on the flood protection to compare with the study. So they cannot predict exactly

about what will occur in 40 years" (Department of Drainage and Sewerage, BMA, 2011). Bangkok is

currently improving their flood management systems in order to manage the likely non-climatic risks of

urbanization and subsidence. Therefore, before they can formulate their climate change adaptation

strategies, the DDS feels that they need to have a better understanding of the climate impacts in relation to

their existing flood management efforts and plans.

Department of Environment

The DOE sees adaptation as the step that follows and builds upon mitigation and disaster

management. "Because adaptation is quite a new project for us, we try to do mitigation first. After that

we will move onto adaptation" (Department of Environment, BMA, 2011). Furthermore, they see climate

change to "include disasters and also another environment problems in Bangkok" (Department of

Environment, BMA, 2011). Therefore, describing the capacities necessary for adaptation, an official of

DOE says, "I think flood protection is a kind of adaptation. Therefore, the [adaptation] projects must

relate to infrastructures, doing the research, encouraging people to study and implement flood protection,

and supporting the staff to be trained in adaptation overseas" (Department of Environment, BMA, 2011).

In addition, there is an understanding that "adaptation, for Bangkok, also includes the [perspective of]

long-term management" (Department of Environment, BMA, 2011).

Building on existing efforts, the DOE understands that measures to implement climate change

adaptation include capacity building of BMA staff and raising awareness. "For adaptation, it will involve

protection of flood, and we will need some of our staff to do capacity building" (Department of



Environment, BMA, 2011). They understand that the JICA training programs to build city officials'

capacities on flood management and city greening both contribute to enabling Bangkok's climate change

adaptation efforts. In addition, raising public awareness about climate change, which is also a strategy

they employ for mitigation, is also a potential approach for climate change adaptation in Bangkok. By

"publish[ing] about the knowledge [and] the method to resolve the problem of climate change to the

general public, they can [build the capacity to] help themselves" (Department of Environment, BMA,

2011).



CHAPTER 5: FLOOD MANAGEMENT AND CLIMATE

CHANGE ADAPTATION IN TOKYO

5.1 Background

5.1.1 Geographical Context

The Tokyo Metropolis, located in the eastern coast of Japan's main island of Honshu, is one of

the largest urban centers in Japan and in the world. With a population of more than 12 million living in a

Metropolitan Area that stretches across 2,100 km2 (844 miles 2), its geography is diverse, ranging from

islands off the Tokyo Bay to ridges 2,000 meters high in the west and zero-meter low-lands by the coast

in the east. There are five major water systems7 in Tokyo flowing from the mountain ridges in the west

into the Tokyo Bay to the east of the city (TMG, 2007a). Rainfall in Tokyo is heaviest in June during the

rainy season and in September during the typhoon season.

5.1.2 Causes of Flood Damage

Characteristics of storms in Tokyo are changing due to changes in climatic and non-climatic

factors. The increase of the number of storms, the concentration of storms in localized areas, and the

change of the type of storms are climatic factors that have made Tokyo more susceptible to flood

exposure. Observations reveal that the number of heavy rain of more than 50 mm per hour has increased

since 2000, and these rains tend to be concentrated in the northeastern regions of the urban centers of

Tokyo. Heavy rain in Tokyo can be categorized into typhoon-type and thunderstorm-type storms. While

the per hour rainfall for typhoon-type storms is much less than thunderstorm-type storms, thunderstorms

can last longer thus leading to larger total rainfall volume per storm. On the other hand, while

thunderstorm-type heavy rain has smaller total rainfall volumes, it can cause more sudden concentrated

rainfall in a short period of time, thus triggering stormwater to rush into sewers and rivers. Generally,

thunderstorm-type heavy rain is more frequent than typhoon types, however, both types of storms have

increased in the past 20 years (TMG, 2007b). Figure 6 illustrates the changes in the types and frequencies

of heavy rain in Tokyo from 1986 to 2006.

Tonegawa River, Arakawa River, Tamagawa River, Tsurumigawa River, and Sagamigawa River systems.



Figure 6. Changes in The Types and Frequencies of Storms
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In addition, changes in the urban structure and socio-economic environment, such as increasing

urbanization, concentration of capital, and an aging population make Tokyo more vulnerable to flood

damages. Prior to rapid economic development of Japan and urbanization of Tokyo, almost 50 percent of

stormwater runoff was captured and infiltrated underground (TMG, 2007b). However, due to the rapid

increase of the built environment starting in the 1960s and 70s, the current stormwater management

capacity in Tokyo has declined to an average of about 20 to 30 percent.

Furthermore, Tokyo is developing upward to the sky, and downward into the ground. Areas

along the rivers are heavily built with extremely high floor area ratios in downtown Tokyo, with most

buildings having many floor levels above and below ground. An extensive underground subway system

runs densely throughout the city. This is causing much of Tokyo's, if not Japan's, financial resources and
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capital to be concentrated within buildings and developments located in high flood-exposure areas in

central Tokyo. These factors make the potential impact of Tokyo's flood disasters more extensive and

costly (TMG, 2007b).

Finally, Tokyo along with the rest of Japan, is aging quickly, with close to 20 percent of the

population above the age of 65. With an increase in vulnerable populations, the capacity of citizens to

help themselves and others during disasters is likely to decrease as the proportion of elderly population in

Tokyo increases the future.

5.1.3 History of Flood Disasters

In the 1940s and 50s, Tokyo experienced many typhoons that led to major wind and water

disasters. Although basic dykes already existed along major rivers, Typhoon Kathleen in 1947 and

Typhoon Kitty and 1948 caused dykes along major rivers, such as Edogawa River and Tamagawa River,

to burst, leading to severe flooding, loss of lives, and damage to the social and economic capital of the

city (TMG, 2007a). After these experiences, in the 1960s, the national government implemented

significant efforts to increase water flow capacity, reinforce dykes, and construct breakwaters, and reduce

flooding from major rivers in Tokyo and throughout the country. Due to these efforts, large-scale

"exterior flooding" from river overflow decreased significantly in Tokyo.

However, flood disasters continued in the city, as rapid urbanization caused stormwater runoff to

overflow from small and medium rivers that run throughout the city. Urbanization not only decreased

pervious surfaces, causing stormwater to rush into rivers and pressure water levels in rivers to increase

rapidly, but it also led to heat island effects that likely caused concentrated heavy rain. With a lack of

pumping and water detention capacities, Tokyo now suffers from "inner flooding." As economic

development prompted the city to expand above and below ground, risks of flooding as well as the cost of

flooding continues to increase in the most densely developed urban centers of Tokyo (TMG, 2007a).

Since the 2000s, with the emergence of concentrated heavy rains of more than 100 mm per hour,

Tokyo is now experiencing new types of flood disasters (TMG, 2007a). In 2005, Typhoon Yagi, which

caused 100 mm per hour rainfall to hit the western regions of central regions of the Tokyo Metropolis, led

eight rivers in the city to overflow, inundating more than 6,000 houses and requiring disaster rescue teams

to deploy after 12 years without major flood-related disasters (TMG, 2007a). These floods were different

from floods in the past because the damage emerged from the difficulty of predicting when and where the

concentrated heavy rainfall might occur. The lack of time to prepare for the storm is causing new

challenges for TMG, ward governments, and citizens who want to prepare for and mitigate flood impacts,

thus resulting in large flood damages.



5.1.4 Current Impacts and Future Exposure to Flood

Flood impacts in the context of other disasters

Regarding disaster preparedness and planning, Tokyo concentrates primarily on earthquakes,

although wind and water disasters, volcanic eruption, and large-scale threats such as terrorism and nuclear

accidents are also major disasters for which TMG plans and prepares within its Regional Disaster

Prevention Plan. Within this plan, TMG treats all disaster events equally, building the capacity to

respond adequately to any of the disasters previously listed. However, the Regional Disaster Prevention

Plan is a plan for large-scale emergency events. While earthquake, volcanic eruption, and large-scale

accidents, are low-frequency high impact events, wind and water disasters can be both large-scale

emergencies, and smaller-scale high-frequency events. Recognizing the diverse spectrum of wind and

water disasters, TMG has developed a separate Flood Management Plan in order to address these disasters

more comprehensively beyond the realm of emergency management which is covered within the Disaster

Prevention Plan.

Projections of future flood exposure

At the national level, studies to examine future flood exposure have been led by the Ministry of

Environment and the Ministry of Education, Culture, Sports, Science, and Technology, in collaboration

with research institutions and universities. Reports generated by these studies show that flood exposure

in Japan is estimated to increase, particularly due to the increase of concentrated heavy storms and further

urbanization and development in city centers such as Tokyo (TMG, 2010a).

However, apart from the climate change impact assessment that TMG is currently conducting,

until today, there have been very few studies that incorporate future projections of flood exposure and

disasters at the local scale. Tokyo, along with Bangkok, was one of the case cities in the study on large

port cities conducted by Nicholls et al. in 2007. Through examining climate and non-climate factors such

as population and economic growth, natural and human-induced subsidence, sea-level rise, and storm

surges, this study estimated Tokyo's exposed population and assets at a 100-year return period extreme

water level event. The study found that by comparing existing exposure to projected exposure in 2070,

both Tokyo's exposed population and assets will increase significantly from 2005 to 20708.

The study estimates that exposed population to a 1/100 flood in Tokyo was 1,110,000 and exposed assets were US$174.29
billion in 2005. With changes in both climatic and non-climatic conditions, these numbers are estimated to increase to 2,521,000
(exposed population) and USS 1,207.07 billion (exposed assets) in 2070 (Nicholls et al., 2007).



5.2 Existing Flood Management Efforts

5.2. 1 Institutions

In accordance with TMGs disaster management principles of "Jijo (self help)" "Kyo-jo (helping

each other)" and "Ko-jo (public assistance)," existing flood management responsibilities in Tokyo are

divided not only between public institutions, but also rely on capacities of communities and individuals in

the event of extreme disasters. A collaboration of various public agencies implement infrastructural

efforts for flood management in Tokyo Metropolitan area, including the national government, TMG's

Bureau of Construction Department of Rivers, Bureau of Urban Development Flood Management

Department, Bureau of Sewerage and local governments at the ward and city levels.

Tokyo also relies on non-infrastructural efforts to enable communities and individuals to protect

themselves and their neighbors in the event of major flooding. These efforts are called "Jijo (self help)"

and "Kyo-jo (helping each other)." TMG's Bureau of General Affairs Disaster Prevention Department

leads this implementation as well as Bureau of Urban Development Flood Management Department, local

governments at the ward and city levels, and watershed management offices.

5.2.2 Capacity

The overall strategy to mitigate flood disaster in Tokyo is to combine both hard, infrastructural

efforts and soft, non-infrastructural initiatives. As mentioned above, the importance of integrating the

structural and nonstructural flood management efforts is emphasized in TMGs disaster management

principle of "Jijo (self help)" "Kyo-jo (helping each other)" and "Ko-jo (public assistance)."

Infrastructure Development: "Ko-jo (Public Assistance)"

National and local public agencies implement the hard, infrastructural measures to manage floods

in Tokyo. These efforts include river management through construction of dykes and levees, sewer

management, watershed management, improving coordination between river and stormwater systems by

stepping up the levels of infrastructure standards (TMG, 2007b).

River management

The public responsibility of prevent flooding from rivers is shared between the national

government, TMG, and local ward governments depending on the size and category of the river. Efforts

to manage rivers include widening river channels, constructing levees and dykes, and controlling water

levels by building reservoirs to temporarily store stormwater runoff. For the large, first-class rivers

located in Tokyo, such as Arakawa River, Edogawa River, and Tamagawa River, the national government

manages its development and protection in collaboration with TMG and local governments. For example,



in case of Edogawa River, located in Edogawa Ward where more than 70 percent of its residential areas

are located in zero-meter lowlands, the Ministry of Land, Infrastructure, Transportation, and Tourism

(MLITT) is constructing Super Levees that are designed to manage one-in-200-year floods. Although

MLITT leads the Super Levee project, Edogawa Ward is responsible for developing and implementing

urban planning projects that accompany the national government's Super Levee projects such as rezoning

of residential areas and establishing green spaces in highland areas for disaster preparedness and

mitigation (Infrastructure Department, Edogawa Ward, 2011).

For the 46 small-and-medium-sized rivers extending a total of 324 kilometers across the city of

Tokyo, TMG's Bureau of Construction, Department of Rivers is responsible for managing exterior floods

(TMG, 2007a). Based on the level of urbanization and flood exposure, the Department of Rivers has

identified 13 rivers to prioritize the implementation of flood management efforts such as river widening

and construction of diversion aqueducts and stormwater detention ponds. Tokyo's current goal for

stormwater management, established in 1986, is to manage 50 millimeters per hour rainfall. In the 13

priority rivers, TMG has completed about 73 percent of the projects that are needed to meeting this goal9 .

Figure 7. Section of Flood Management Infrastructure in Tokyo
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Source: Department of Rivers, Bureau of Construction, 2011

Storm water management

TMG's Bureau of Urban Development (BUD) and Bureau of Sewerage leads the effort to protect

stormwater systems from floods. In order to make sure that the drainage systems are able to manage up to

50 millimeters per hour rainfall, TMG has promoted flood-proofing major facilities by increasing

capacities of pumping stations and main drainage canals. By the end of 2005, 50 percent of planned

projects were completed, and projects continue to be implemented towards reaching completion at a rate

of 1 percent per year (TMG, 2007b). Recognizing this slow pace of implementation, TMG has initiated a

9Every year, TMG completes about 0.5% of their entire planned projects for flood protection (TMG, 2007b)

............ ..............



"Stormwater Management Quick Plan" which identifies priority areas for quick, small-scale efforts. It

has also designated large-scale underground shopping areas for stormwater management strategies that

would enable these vulnerable areas to manage storms at 70 millimeters per hour (TMG, 2007b).

Watershed management

The BUD of TMG also leads watershed management. Watershed management consists of two

major approaches: improving water detention and infiltration. Water detention is an effective approach to

stormwater management as it can store rainwater temporarily in tanks and detention ponds near and under

buildings, and pump the water out back to the river and drainage system once the water levels are lower.

Infiltration is a strategy to permeate water underground in order to avoid stormwater runoff to rush into

rivers and sewer pipes. In Tokyo, infiltration strategies include implementing infiltration inlets and

trenches as well as pervious pavements (Bureau of Urban Development, Tokyo, 2011).

For small-and-medium sized rivers in Tokyo, TMG, in collaboration with municipalities along

various watersheds, has created "Comprehensive Water Management Transitional Plan" in which they

designate all public facilities and large-scale private development of over 1,000 m2 to build certain (500

to 950 m3 per hectares) stormwater detention and infiltration facilities. To implement this commitment,

80 percent of municipalities in Tokyo have established "Housing Development Guidelines," and

"Guidelines for Establishing Stormwater Runoff Prevention Facilities," and they are instructing private

developments to implement these measures. Furthermore, approximately half of the municipal

governments in Tokyo have made available subsidies for homeowners to implement infiltration inlets in

their homes (TMG, 2007b). Despite these efforts, by the end of 2005, only 15 to 38 percent of planned

stormwater runoff management capacity was achieved (TMG, 2007b).

Efforts to Support Community Resilience: "Jijo (self help)"and "Kyo-jo (helping each

other)"

Awareness raising and data provision

To raise awareness among citizens regarding flood disasters, TMG has created and distributed

flood prediction maps of the entire city. Taking this information, ward and local governments within the

Tokyo Metropolitan Area have created flood hazard maps specific to their own districts and have

distributed them to their citizens. The rainfall level of the Tokai Storm 0 , a large storm that caused

significant damage to the Nagoya region (south west of Tokyo) in 2000, is utilized to generate the flood

prediction maps in Tokyo. By applying the parameters of the Tokai Storm, change in flooding depth per

10 Maximum rainfall of 114 millimeters per hour, total rainfall volume of 589 millimeters (TMG, 2007b)



location is estimated through a simulation model and the expected inundation depths are mapped. Based

on the flood prediction maps produced by TMG, 15 wards have created and published their own flood

hazard maps by combining information of flood-prone areas with evacuation locations and routes. To aid

citizen's decision-making for evacuation, TMG is providing real-time data on rainfall volumes, as well as

water levels of rivers and major sewer channels on its website.

Promoting flood mitigation through housing and town development

There is a limit to what TMG can do to protect individual communities and households from

flooding, while there are various opportunities for individuals and communities to implement strategies

on their own to minimize damages in case flooding occurs. These strategies include: building housing on

raised floors, installing water-sealing devices to prevent water from entering homes, and conducting

evacuation trainings (TMG, 2007b). Therefore, in accordance with the "Housing Development

Guidelines" created by many municipalities in Tokyo, local governments work with developers and

private homeowners to implement these strategies by making subsidies and consultations available.

Frameworks for disaster and flood management

Tokyo's framework for disaster and flood management is explicitly described within TMGs

various plans and policies. Below is the overview of major plans related to disaster and flood

management.

Disaster Management Plans

The Tokyo Regional Disaster Prevention Plan (last updated in 2007) is established under the

national Basic Law for Disaster Management. The plan is divided into four sections by disaster type:

earthquake, wind and water disasters, volcanic eruption, and large-scale accidents such as terrorism and

nuclear disasters. The plan is updated as needed, based on the annual review conducted by the Tokyo

Disaster Management Committee, which placed under the Governor's office. The committee includes

representatives from regional government agencies (Kanto Region), self-defense force, board of

education, police, various TMG bureau and department heads, ward heads, local fire department heads,

and designated public agencies (i.e. Japan Red Cross, public broadcasting networks, highway, rail, and

other transportation companies, telecommunications, etcetera). The secretariat of this effort is under

TMG's Bureau of General Affairs (TMG, 2007a).

The Tokyo Flood Management Plan (updated in 2010) is established under the national Flood

Prevention Law (TMG, 2010a) and designates the institutional framework and responsibilities necessary

to conduct flood prevention and response efforts in Tokyo. It supplements the Tokyo Regional Disaster

Prevention Plan's section on wind and water disaster by providing more specific plans and guidelines to



manage flood disasters. TMG's Bureau of Construction is the leading agency in planning and

implementing the Flood Management Plan, while collaborating with the Bureau of General Affairs, Ports

and Harbors, Waterworks, Sewerage, Police Department, and the Fire Department in developing and

implementing the Plan. The Plan lays out the necessary monitoring, warning, communication,

transportation, and water-gate operation methods for flood prevention, as well as a basic framework for

collaboration and support between the various actors to respond to flood emergencies.

Flood Management Plans

Basic River Management Plans and Policies are developed under the national River Law. Under

this law, all first level and second level river systems in Japan are now required to develop a

Comprehensive River Management Policy and Plan. TMG's Bureau of Construction's Department of

Rivers is responsible for developing Basic River Management Policies and Plans for all second-level

rivers in Tokyo, as well as Basic River Management Plan for first-level rivers. The Basic River

Management Policies include the general principles that guide the comprehensive protection and use of

rivers, as well as the flood management strategies, based on data and information about water levels and

other relevant data. Guided by the Policy, the Basic River Management Plans identifies river

management goals and targets and plan construction and maintenance that are necessary to meet the goals.

Realizing that water management strategies require long-term strategic planning, the River Management

Plan is a long-term plan applied to a 20 to 30-year planning period.

Tokyo's Comprehensive Water Management Strategy is the central policy that guides Tokyo's

stormwater management efforts. The Director of the Urban Development Bureau initiated the

development of a Comprehensive Water Management Strategy in 1983. This effort led to the creation of

the "Report by the Comprehensive Water Management Committee" or the "61 Recommendations" and

the establishment of Tokyo Comprehensive Water Management Committee in 1986 (TMG, 2007b). In

addition to establishing Tokyo's stormwater management target of managing 50-millimeters of rainfall

per hour, the Committee developed the Comprehensive Water Management Transitional Plan in 1993. It

also identified priority rivers in Tokyo and encouraged TMG to develop watershed management plans for

flood and stormwater management.

As an update to and extension of the Comprehensive Water Management Transitional Plan, the

Tokyo Basic Policy for Stormwater Management emerged in 2007, which is now the most updated

guiding framework for stormwater management in Tokyo. This plan was developed in response to the

flooding in 2005 in Tokyo caused by a concentrated heavy storm that inundated approximately 6,000

11 The Council for Social Infrastructure River Management Division under the Ministry of Land, Infrastructure, Transportation

and Tourisms develops the Basic River Management Plan for first level rivers (Bureau of Construction, TMG, 2011).



households in the city center. Recognizing the changing characteristics of storms and flood disasters, the

Basic Policy for Stormwater Management adds onto the Comprehensive Water Management Strategy and

Transitional Plan by proposing ways to address the challenges TMG faces for storm management.

Highlighting the difficulties of managing concentrated heavy rains, increasing stormwater runoff, further

development of vulnerable facilities (i.e. underground, dense development, etcetera), and delay of

infrastructure development, the strategy reframes stormwater management approaches to include both

"soft" non-infrastructural approaches in addition to "hard" infrastructural approaches. It enhances

collaboration between municipal government, TMG, and national government, and provides tools to

engage local citizens to take part in helping themselves and others.

In addition, ideas of climate change adaptation have been introduced within Tokyo's 10-Year

Plan since 2009 under Goal 4, which is: to "Enhance Tokyo's resilience against disasters and increasing

the trust needed for a safe capital city12 ." To actualize this goal, in 2009, the plan included a measure to

"tnitiate climate change adaptation efforts to protect Tokyo (Measure 22)" (TMG, 2009). With the launch

of the climate change impact assessment in 2009, the measure was updated in 2010 under Goal 4,

indicating the need to "respond to climate change impacts" (TMG, 201 Ob).

Tokyo's Big Change: The 10-Year Plan

Since 2006, Tokyo's urban strategy has been established within the framework of "The 10-Year

Plan." It was developed as a tool to crystalize Tokyo's visions and strategies, and as the vehicle for

pushing forth efforts to bid to host the summer Olympics in Tokyo in 2016. The 10-Year Plan consists of

eight major goals. Each goal has an accompanying action plan on how to achieve the goal, and is updated

every year by the relevant department. The eight goals are:

1. Restore Tokyo's beauty as a city of water and greenery

2. Transform Tokyo through the three loop roads

3. Have Tokyo become the city with the lowest environmental load in the world

4. Strengthen Tokyo's disaster preparedness to enhance credibility

5. Create the world's first urban model for a super-aging society

6. Make Tokyo more prominent in culture, tourism, universal design and industry

7. Create a society where motivated individuals can pursue their ambitions

8. Promote sport to provide dreams to children

Tokyo's flood and disaster management efforts have been conducted under Goal 4.

12 Translated by author.



Managing Flood Risks

The level to which TMG is preparing its flood management efforts is based on the targets

established in 1986 in the "Report by the Comprehensive Water Management Committee" or the "61

Recommendations." Within this Report, four different target levels were established: transitional target

level (50 millimeters per hour), current target level (50 millimeters per hour), long-term target level (77

millimeters per hour), and basic target level (100 millimeters per hour). Figure 8 illustrates the flood

management goals that were set forth by the 61 Recommendations.

Figure 8. Flood Management Goals from the 61 Recommendations
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Despite its efforts to push forward flood management projects throughout the city, Tokyo has a

long way to go before the infrastructure of its river and sewer systems can achieve its goal of managing a

50 millimeter per hour flood. However, recent increases in the frequency of 50 millimeters per hour

rainfall have led TMG to develop more aggressive flood management targets within its Basic Policy for

Stormwater Management. In this Policy, TMG sets a target to reach 55 millimeter per hour management

capacity in 10 years (by 2017) and 75 millimeters per hour management capacity in 30 years (by 2037).



These target levels were determined based on balancing "effectiveness" with "feasibility" of

stormwater management efforts. In order to set an effective stormwater management level, TMG

analyzed historical data on flood disasters in Tokyo between 1986 to 2007, and examined the relationship

between per hour rainfall volume to the number of flooded households, as well as return periods of

different rainfalls. These analyses of historical data could lead to a significant increase in flood

management capacity and the number of floods they can now manage. Furthermore, managing a 55-

millimeter per hour storm would be the equivalent to having the capacity to manage floods with a 3 to 5

year return period. Similarly, managing a 75-millimeter per hour storm would be equivalent flood with

10 to 20 year return period.

Moreover, the Basic Policy for Stormwater Management organized different standards and

potential approaches for flood management based on varied levels of risks. For example, up to 55

millimeter per hour rainfall, TMG aims to avoid inundation and disturbance to economic and social

activities. For rainfall between 55 to 75 millimeters, TMG must accept some level of inundation and

adapt flood management accordingly. If homeowners and communities implement their own flood

management efforts, such as building above ground houses or utilizing water-sealing devices, they can

avoid flooding of households and commercial areas. In case of rainfall above 75 millimeters per hour,

TMG prepares the city to avoid injuries and loss of lives. In order to manage this type of large-scale

extreme event, disaster management framework and planning, awareness raising and information sharing

to citizens become crucial.

5.3 Existing Climate Change Adaptation Efforts

5.3. 1 Institutions

Climate change efforts in Tokyo have focused mainly on reducing carbon emissions through the

10-Year Project for Carbon-Minus Tokyo established under the Tokyo Climate Change Strategy in 2007.

The 10-Year Project for Carbon-Minus Tokyo is part of Tokyo's general 10-year policies, "Tokyo's Big

Change: The 10-Year Plan." Among the eight goals presented in the 10-Year Plan, Tokyo Climate

Change Strategy is an effort to achieve Goal 3 of the 10-Year Plan, which is: "Leaving a thriving

environment to our children through world-leading measures to combat climate change."

Although most existing climate change efforts in Tokyo are still focused on mitigation, TMG has

taken significant strides to understand and implement climate change adaptation. The need for adaptation

was first formally written into the 2008 update of the Tokyo Environmental Basic Plan, which recognized



Tokyo's need to enhance climate change adaptation measures as a way to mitigate potential risks from

climate change.

In October of 2008, TMG hosted a C40 Tokyo Conference on Climate Change on the topic of

climate change adaptation. At this conference, bureaus within TMG, such as the Bureau of Waterworks,

Bureau of Construction (Department of Rivers), Bureau of Sewerage, and Bureau of Environment

participated and led various sessions.

"Until then, there were no bureaus that were working on 'adaptation'... (At the

conference) the bureaus were not introducing adaptation measures, but just existing

measures... because the moment they say 'adaptation measures', they can't answer to

what impacts the measures were adapting to" (Bureau of Environment, TMG, 2010).

To follow through on the commitment made to implement climate change adaptation efforts

discussed in this 2009 meeting, TMG's Bureau of Environment initiated a three-year, metropolitan-

government wide effort to conduct a climate change impact assessment. In addition, climate change

adaptation has been acknowledged within Tokyo's 10-Year Plan since 2009 under Goal 4, which is

"Enhancing Tokyo's resilience against disasters and increasing the trust needed for a safe capital city'."

As a step towards actualizing this goal, in 2009, a measure to "initiate climate change adaptation efforts to

protect Tokyo (Measure 22)" was included (TMG, 2009) although in 2010, the measure was re-worded as

"respond to climate change impacts" rather than adaptation (TMG, 2010b).

While most of the bureaus within TMG are waiting for the result of the climate change impact

assessment to find ways to incorporate climate change adaptation efforts within their work, the Bureau of

Waterworks has initiated its own research and projects related to adaptation. In 2007, one year prior to

the C40 Tokyo Conference, the Bureau of Waterworks created an internal committee to analyze the

impact of climate change consisting of technicians and staff members within the Bureau. With C40

scheduled to be held in Tokyo in a year, the committee hired an outside consultant to first explore existing

studies on climate change, including reports by the IPCC, and gather information from Japanese

academics researching in this field. The objective of the research in 2007 was to first enhance the

understanding of the climate change context within the bureau. Based on this research, they developed a

brochure that compiled related activities from the Bureau of Waterworks. They presented this research at

the C40 conference in Tokyo in 2008 and in Seoul in 2009 (Bureau of Waterworks, TMG, 2011). While

continuing to actively participate in the climate change impact assessment efforts led by the Bureau of

Environment, the Bureau of Waterworks continues to conduct its own research for climate change

13 Translated by author



adaptation. In 2010, they conducted a study to collect data related to climate change. Through this study

they gathered current and historical data on temperature, rainfall, snow cover, and river flow near their

reservoirs to compare local data on Tokyo with global trends (Bureau of Waterworks, TMG, 2011).

Separate from the development of climate change adaptation at TMG, Edogawa Ward, which is

one of the 23 special wards in the dense urban center of Tokyo, has initiated its own adaptation efforts

since 2008. Due to severe land subsidence caused by extensive groundwater pumping during Tokyo's

rapid economic development from the 50s, more than 70 percent of total area in Edogawa Ward lies in

zero-meter regions that have elevations below high-tide levels. Due to its geographically high exposure

to flood disasters, Edogawa Ward has implemented innovative flood management strategies.

Recognizing that climate change has the potential to increase Edogawa's flood risk, Edogawa Ward

created a Committee to Analyze Water Management Strategies That Are Adapting to Climate Change in

Edogawa1 4 . The committee members included academics as well as officials from the national

government, TMG's Disaster Management Department under the Bureau of General Affairs, and

Katsushika Ward, which is a neighboring ward also with significant low-lying areas. After a research and

public comment process spanning two years, the Committee released the first climate change adaptation

report and recommendation in Japan produced by a local government, the "Final Report on Water

Management Measures Adapting to Climate Change in Edogawa: Recommendations for Edogawa Ward,

a Zero Meter City. 15"

5.3.2 Perceptions

Why Adapt?

Bureau of Environment

As illustrated above, various efforts have begun in Tokyo related to climate change adaptation.

The formal process for developing climate change adaptation measures in TMG is centered on the Bureau

of Environment's climate change impact assessment study, which emerged from the Governor's agenda

to take leadership within the international community. By hosting the C40 Tokyo Conference on Climate

Change on adaptation in 2008, officials of the Bureau of Environment knew that they had to initiate

serious efforts for adaptation in Tokyo because it was Governor Ishihara's strict principle to follow

conferences and events with concrete actions. Therefore, while planning for the C40 Conference in 2007,

the Bureau of Environment applied for internal funding to conduct climate change adaptation research in

the following fiscal year as a way to follow up on the outcomes of the conference and identify appropriate

14 Translated by author
15 Translated by author



actions. To manage this 38.7 billion yen budget16 and develop a study that could create a framework for

TMG's climate change adaptation, in 2009, Arata Ichihashi became the point person for climate change

adaptation in Tokyo. Formerly an engineer working in the Bureau of Ports and Harbors, Mr. Ichihashi

took on the responsibility to design a climate change impact assessment specific to the context of Tokyo

in order to help various bureaus in TMG formulate strategies for climate change adaptation.

Bureau of Waterworks

What drives the Bureau of Waterworks to initiate efforts towards adaptation is their familiarity

with long-term risk-management thinking, as well as the fact that many large-scale water facilities that

they manage are up for renewal.

"Our water facilities don't break after 10 years. Once you construct them, it would last

for more than 50 years or even 70 or 100 years. The renewal period is approaching right

now, andfor that, wefeel that it's very important to look at 50 and 100 years from now...

It might be a coincidence that it matches the perspective of looking at 50 years and 100

years fom now in the IPCC report" (Bureau of Waterworks, 2011, Interview).

Given the long lifetime of the major water facilities such as dams, treatment plants, and underground

pipes, the Bureau of Waterworks has always developed plans and visions of various scales, including

annual work plans, three year business plans, and 20-year Tokyo Waterworks Long-term Visions17 . Most

major water facilities in Tokyo were established in the 1950s and 60s. Therefore, plans to update these

facilities have taken place since the 1980s and 90s. With awareness, discussions, and studies on climate

change increasing in the 2000s, officials of Waterworks acknowledge the importance of "adding in"

potential risks of climate change to their process of planning and designing the new systems.

Edogawa Ward

Edogawa Ward's actions towards adaptation emerge from its acute awareness of its vulnerability

to water hazards and the citizens' strong commitment to protecting the ward from flood disasters. Due to

its low-lying geography along the coast, Edogawa Ward has historically been one of the areas most

devastated by floods in Tokyo. Recognizing the vulnerability of the area, Edogawa Ward was selected in

2006 as a site to implement the Super Levees, a high quality levees project, led by the MLITT to enhance

flood management capacity of major rivers. With the Super Levees, designed to be 30 times higher and

16 Approximately US$ 473 million (US$l = JPV 81.8). This figure is what was budgeted within TMG according to their 2009

budget (http://www.metro.tokyo.jp/INET/KEIKAKU/2009/02/7Oj2al24.htm). The research may be receiving additional

resources from Ministry of Education, Culture, Sports, Science and Technology and potentially other partners.
17 Last updated version was Tokyo Waterworks Long-term Vision: STEP II, released in 2006.



50 times wider than conventional levees, major rivers in Edogawa Ward would be able to manage one-in-

200-years floods.

Through engaging in this project, Edogawa Ward developed a strong awareness of the need and

importance of robust flood management, especially with the growing concerns of climate change. With

this mindset, after the devastation of Hurricane Katrina as well as other water disasters around the world,

officials of the Edogawa Ward felt the need to understand the risks of climate change, especially for cities

in low-lying areas, otherwise known as "zero-meter cities" (Infrastructure Department, Edogawa Ward,

2011).

Edogawa Ward worked first with academics to conduct a study in 2008 and then organized a

conference of zero-meter cities around the world to learn from other's experiences. Without any previous

connections or networks to zero-meter cities outside of Japan, staff members of the Edogawa Ward

individually contacted embassies of various countries in Tokyo to create their own network of zero-meter

cities.

Adapting to What?

Most agencies in Tokyo do not see a direct relationship between their work and the issues of

climate change adaptation, despite the actions that many bureaus, such as waterworks, urban development,

and construction take to address the issues of climate variability and change. They do not feel

comfortable calling their existing efforts "climate change adaptation" because programs have not been

designed to respond to the impacts of "global climate change" specifically. Without the information

about the impact of climate change to Tokyo, agencies in TMG feel that they do not have any proof of

whether their existing efforts are capable of responding to climate change.

Nevertheless, there is a general sentiment within the bureaus of the TMG that once results from

the TMG-wide climate change impact assessment are released, they will be able to better establish their

levels of climate change adaptation. This way, each bureau and department can then adjust its existing

work if necessary.

"After checking the existing plans with the perspective of climate change, if the plan

already manages a sufficient level of climate impacts already, I think it's okay if don't

change anything. I think what we absolutely must do is to decide to what level TMG must

"adapt to" as a city. According to this level, if it turns out that the existing infrastructure

can already manage the added climate risks, or if the level of risk added can be managed

by non-infrastructural approaches, there is no need jor TMG to change their

infrastructure planning levels nor implement new planning processes" (Ichihashi, A,

Bureau of Environment, TMG, 2011).



However, if the existing plans do not meet TMG's necessary levels for climate adaptation,

adapting to climate change may also require a more fundamental shift towards a new planning paradigm.

This is particularly true for the long-term planning processes of large-scale infrastructures, such as levees,

sewer systems, and water infrastructures. Mr. Ichihashi, who leads Tokyo's climate change impact

assessment, explains that,

"Levees, once they are constructed, last for 50 to 100 years. Even before that, you need

several decades to construct it. In order to have a complete system, as well as to plan it,

you need start thinking in temporal scales of more than 100 years. When you try to think

at what meter [we] should design our system of levees that would be effective in 100

years, it is extremely difficult to decide now - 100 years before. However ifyou don't do

that, it won't be adapting to climate change. So, then, it is useful to think in terms of

planning theory. So, there needs to be a drastic paradigm shift from the existing

planning process to incorporate a new planning theory" (Ichihashi, A, Bureau of

Environment, TMG, 2011).

5.3.3 Capacities

How to Adapt?

Though many recognize that Tokyo may need to explore new long-term planning processes, there

are two key capacity challenges that Tokyo faces to move forward this planning: how to plan for climate

change under the uncertainty of science and how to allow for infrastructures with long lifespans to be

flexible enough to manage unforeseen events in the future. Mr. Ichihashi highlights London's Thames

Estuary 2100 project (TE2 100) to explore potential future planning process in Tokyo.

TE2 100 is a long-term flood risk management plan for London and the Thames estuary. By

dividing the century in short (25 years), medium (following 40 years), and long-term (until the end of the

century) periods, the plan addresses the issues of uncertainty and flexibility through (a) ongoing review of

decisions over time through new observation and scientific findings on climate variability and impact, (b)

implementation in stages based on urgency and necessity for adaptation, (c) flexibility of infrastructure

design, (d) early acquisition of land for space to implement adaptation strategies as needed, (e)

coordination between infrastructure plans, (f) mandated reporting on adaptation through policy, and (g)

consciousness raising by voluntary group of interdisciplinary stakeholders (Ichihashi, Baba, & Hijioka,

2010). Mr. Ichihashi believes that bureaus working on flood management and water management may

need to not only rethink the levels to which they are currently building and maintaining their

infrastructures, but also apply the new planning process, similar to that of London, for these agencies to



plan for the short, medium, and long-term impacts of climate change (Ichihashi, A, Bureau of

Environment, TMG, 2011).

Regarding existing disaster management efforts led by the Disaster Prevention Department of

Bureau of General Affairs, there is a general understanding that Tokyo needs to continue to enhance

existing disaster management efforts. "I don't think you should think of adaptation separately [from

disaster management]. Adaptation won't necessarily mean that there will be a plan called adaptation, but

it means to add the climate change perspective into disaster management strategies" (Ichihashi, A, Bureau

of Environment, TMG, 2011).

In the case of flood management, currently the Bureau of Urban Development, Bureau of

Sewerage, and Bureau of Construction are responsible for implementing the large-scale hard

infrastructures and plans, while the Disaster Prevention Office is responsible for shaping the ways that

soft, non-structural efforts, such as the Regional Disaster Prevention Plan which aim to enhance local

capacities for disaster preparedness and relief With climate change and the potential of having more

concentrated heavy rain, the ways that citizens protect themselves from flood disaster may change. For

example, traditionally, in the event of flood, citizens were encouraged to evacuate horizontally, by leaving

their houses to an evacuation site located in higher, safer grounds. However, as recent storms have

brought large rainfall volumes in short periods of time, there have been instances where people were

injured or killed while evacuating. Taking into account the changing characteristics of storms, disaster

management experts are now recommending "vertical evacuation," where citizens move to a higher level

of the building in the event of flood (Bureau of General Affairs, Disaster Prevention Department, 2011).

With climate change, changing characteristics of climatic hazards may mean the need for new disaster

prevention approaches. In addition, taking into account the impacts of climate change may alter agencies'

understandings of the probability of disasters and their magnitude. However, the general process of

implementing flood management through the disaster prevention plans is likely to remain, for example

raising awareness of disasters and sharing information and training people so that they can make informed

decisions and actions in the event of disasters.

Therefore, to make TMG's overall flood management approach more adaptable means shifting

from an infrastructure solution-based approach to focusing more on the "soft" approaches, such as

enhancing the capacities of citizens and communities to prevent, mitigate, and manage flood disasters

themselves. Because climate change can potentially increase the size, frequency, and unpredictability of

floods, flooding may be inevitable due to lack of resources to construct flood management infrastructure

at an extremely high and secure level. However, although flood events may increase in Tokyo, the city

could potentially prevent devastating flood disasters through the implementation of effective "soft"

approaches.



CHAPTER 6: FINDINGS

6.1 Climate-Smart Flood Management in Bangkok and Tokyo

In this study, I apply the framework of climate-smart flood management to better understand how

cities can prepare for the potential impact of climate change on flood management efforts in Bangkok and

Tokyo. By examining how these cities currently deal with change in climate and weather patterns within

their existing efforts and how the various institutions and their capacities shape these efforts, I explore

what the different approaches and pathways are in make city's flood management efforts more adaptable

to climate change. I define "climate-smart" flood management as a city's effort to respond to climate

change and variability, by building on their existing institutional frameworks and capacities.

By gathering data through research and interviews, I found that, despite significant differences in

socioeconomic conditions, Bangkok and Tokyo's flood management efforts are very similar in terms of

what they are managing and how they are managing it. For example, flood management systems of both

cities are designed to manage floods caused by overflow of rivers and lack of drainage due to heavy

storms and urbanization. Furthermore, both cities implement hard, infrastructural efforts as well as soft,

non-infrastructural projects, and utilize historical data to estimate flood risks and design management

levels.

However, perceptions of challenges and needs of future flood management in Bangkok and

Tokyo are very different. Bangkok's major concern for future flood management is how to control

potential increases of discharge due to uncontrolled urban development as well as development that may

happen along the watershed, outside of their city boundaries. Therefore, in order to enhance flood

management capacity in the future, Bangkok's priority is to improve their urban planning

capabilities. For Tokyo, the challenge is to deal with the potential increase of localized heavy rain, or

"guerilla storms." Therefore, Tokyo's strategy for future flood management is to improve drainage

capacity, develop better prediction techniques, and establish new evacuation strategies that can better

manage new types of climatic hazards.

In the following sections, I present my findings on how Bangkok and Tokyo are currently

managing climate change and variability, how they are starting to address and incorporate future climate

variability and change within their flood management efforts, and what the potential challenges and

opportunities are for the two cities to move towards more climate-smart flood management.



6.2 Existing Flood Management in Bangkok and Tokyo: What, Why, How,

and Who?

Table 3. Findings on Managing Climate Variability & Change in Existing Flood Management Efforts

How are cities currently managing to climate variability and change within flood management?

BANGKOK
What are they managing?

Direct causes of flooding Overflow of rivers and lack of drainae
Indirect causes of flooding Urbanization, subsidence, and uncontrolled

Why are they managing flood?
Key drivers To fulfill city responsibility to protect safety, security

and economic development of the city
Tjo rspond to flo diatrexein es

Everyday driver To follow & fulfill plans, policies and strateg
Management level

Saving life
Protecting private capital 60 mm/hr rainfall

Preventing any inundatiod
How are they estimating future climate variabilityandcane

Based on Dateaon dhistoricail trends
Thorough analysis conducted by master plan. DDS
& FAR monitor and update plan annually.

What are they doing to manage flood?

Hard measures Dykes & Levees
Construction of pumping stations and drainage
canals
Constructing water retention areas, or "Monkey
Cheeks"
Expanding sewer pipes and river widths
Protection with sandbags

Soft measures Enhance disaster awareness
Create and improve planning related to flood
prevention
Enhance local capacity for evacuation and rescue

(evacuation training, warning systems, etc)

Who are the actors involved? ............... .. ..... ....... .... .. .. .....sa s ......c...n .. .. ....... ... ..... . . .. ..... .......... ........e...e
Hard measures :Department of Drainage and Sewerage

Department of Public Work

Department of Urban Planning
Royal Irrigation Department (national government)

: ~~~~.. ...................................... ... ................... 6 X...- - ..... . . . . ..
Soft measures Bangkok Fire and Rescue Department, BMA

District government

Informal actors Indivii,Is iviian defense prevention vo unte ers,
international agencies, NGOs

TOKYO

1Overf low of rivers and lack of drainage
Urbanization and concentrated heavy rain

ITo fulfill city responsibility to protect safety, security
and economic development of the city
To respond to flood disaster experiences
fT  

|twI| |n ensrategiesJofollow & fulfill plans, policies and strtge

50 mm/hr rainfall
75 mm/hr rainfall

-Any rainfall

Data on historical trends
Thorough analysis conducted by regularly in
developing flooding and storm water plans and
policies. Bureau of Urban Development & Bureau of
Construction, Dept. of Rivers monitor and update

ananually ... ...........n. n

Dykes & Levees
Expanding river widths and changing river flows
"Watershed management
(Implementing permeable paving, constructing water
retention and water detention facilities, greening,
within the city/watershed public land)"
Expanding sewer pipes and river widths
Constructing water detention and retention ponds
adjacent to rivers
Encourage implementation of water detention in
private land
Encouraging building of high-flood houses
Encourage use of water-sealing measures
Enhance information content and communication
Create and improve flood prevention plan, etc

.Enhance local capaci!y for evacuation and rescue

Bureau of Construction, Department of Rivers
Bureau of Urban Development
Bureau of Sewer management
Ministry of Land, Transportation and Tourism
(national ernnt
Bureau of General Affairs Disaster Prevention
Department
Bureau of Urban Development
Local (ward, etc) government secto

I'ndividual s, ci t ize ns **g ro**u p s, p r ivat e s e ct'o r



6.2.1 Managing What?: Causes of Floods

Both Bangkok and Tokyo manage floods caused by the overflow of rivers and a lack of drainage

during heavy rainfalls. Furthermore, in both cities, floods caused by the overflow of major rivers have

historically been managed by the central government through the development of large-scale

infrastructure projects such as dykes and levees along major rivers. On the other hand, city agencies deal

with drainage issues by establishing drainage pipes, detention ponds, and green spaces for infiltration.

Regarding the indirect causes of flooding, or the factors that lead to river overflows and

inundation due to lack of drainage, Bangkok and Tokyo face different concerns. Both cities understand

that a key challenge to flooding is rapid urbanization, which leads to a significant reduction in permeable

surfaces and the concentration of capital in low-lying areas. However, Bangkok is struggling to manage

land subsidence due to uncontrolled groundwater pumping and unrestrained development, which it

believes are causes of its inability to fully manage inundation in low-lying parts of the city. By contrast,

in Tokyo, the lack of sufficient prediction and planning methodology to manage concentrated heavy rain

is the reason why recent, large-scale flooding has happened. Therefore, while both Bangkok and Tokyo

are similarly managing river overflows and drainage problems through their flood management efforts,

the indirect, root causes of these issues of their flood management strategies address are different.

6.2.2 Why Manage?: Key Drivers

The key drivers that motivate and shape flood management in Bangkok and Tokyo are similar.

Both cities are economic, political, and cultural centers of their countries, with high concentrations of

physical, economic, and social capital. Throughout history, due to their geographical location and

topography, both cities have experienced large-scale flood disasters, which resulted in devastating losses

of lives and capital. Learning from their experiences, they now regard flood management as a crucial city

function, not only to protect the safety and security of their citizens, but also as an integral risk

management strategy for economic development.

The implementation framework, strategies, and methods of flood management institutions in

Bangkok and Tokyo are coordinated by various plans and policies, usually in response to experiences to

major flood disasters. Therefore, the key drivers for flood management in Bangkok and Tokyo have

been the combination of the city's effort to manage the safety and security of the citizens and promote

economic development, as well as to respond to experiences of flood disasters in order to learn from them

and avoid and mitigate future disasters.



6.2.3 How to Manage?: Methods

Methods of flood management in Bangkok and Tokyo are similar, especially when there has been

significant collaboration and assistance provided by Japan to Thailand in planning and implementing

flood management efforts in Bangkok. As mentioned above, both cities generally manage two types of

floods: floods caused by overflow of rivers and floods caused by heavy rainfalls. In addition, both cities

differentiate levels of "acceptable risks" to prioritize where and to what level flood management

infrastructures should be implemented. Furthermore, neither city has achieved its target flood

management levels and both are still in the process of developing and enhancing their flood management

systems.

However, methods of flood management in Bangkok and Tokyo are significantly different in

where and how they set their levels of "acceptable" risks. For example, Tokyo's flood management

efforts aim to prevent inundation up to 50 millimeters per hour (approximately 3 year flood), avoid

above-floor-inundation up until 55 millimeters per hour 8 , and protect human lives under the historical

maximum rainfall level by 2017 (National Research Institute for Earth Science and Disaster Prevention,

2008; TMG, 2007b). On the other hand, Bangkok's overall flood protection strategy is to manage 60

millimeters per hour flood (approximately 2 year flood) by reducing inundation, depths of flooding, and

duration of flooding (Department of Drianage and Sewerage, BMA, 2007). While Tokyo differentiates

the levels of flood protection the city hopes to achieve for different rainfall levels, Bangkok's targets are

more general; there is no explicit distinction as to whether the 60 millimeter target management means

that there will be no inundation, properties will be saved, or lives are not lost at that level of rainfall.

Similarly, although both cities acknowledge the different levels of flood risks and impacts, the

ways in which they set and plan to achieve these targets are different. For example, Tokyo was at

approximately 50 percent capacity towards achieving its 50-millimeter per hour flood management

capacity goal in its target flood management areas in 2005 (TMG, 2007b). Bangkok has completed

several projects that have a management capacity of 60 millimeters per hour flood management capacity,

however, it is unclear as to how much more work remains to be able to manage (and at what level of

management) a 60 millimeters per hour flood within a given area or the entire city.

Aside from the infrastructural methods of flood management with clear targets, both cities also

depend on non-infrastructural measures to mitigate flood impacts. Nevertheless the types of soft

measures that they employ are different. In Bangkok, BMA, led by the Fire and Rescue Department,

conducts trainings in schools and communities to enhance their disaster awareness and evacuation

capacity, as well as to disseminate information on flood warnings. In addition, all departments related to

18 By 2037, the goal is to prevent inundation up until 60 millimeters per hour, avoid above floor and underground inundation up
until 75 millimeters per hour, and protect human lives under the historical maximum rainfall level (TMG, 2007b)



flood management create plans to ensure and enhance the city's disaster management framework (Fire

and Rescue Department, BMA, 2011). In Tokyo, in addition to these efforts, the Bureau of Urban

Development coordinates the comprehensive watershed management efforts that emphasize the

importance of combining soft and hard measures at the regional scale by involving both public and

private sectors. Furthermore, urban planning efforts, such as zoning, city guidance and subsidies to

incentivize the construction of high-floor housing are also within the scope of non-infrastructural efforts

that TMG implements in collaboration with municipal governments and the private sector (i.e. developers,

or home and business owners).

6.2.4 Who Manages?: Institutions and Their Capacities

In both Bangkok and in Tokyo, various levels of institutions are involved in flood management.

In both cities, large infrastructures such as levees and dykes involve central government for funding and

implementation, while small-scale, non-infrastructural, community-level efforts are mainly implemented

by ward or district-level governments. Nonetheless, while planning and implementing smaller-scale

infrastructural projects such as water-detention systems and city-wide, non-infrastructural measures such

as early warning and data communication systems, both BMA and TMG have significant autonomy from

the central government, as well as responsibility for planning and implementation of projects.

The key difference between Bangkok and Tokyo regarding flood management actors is that

Bangkok has stronger ties and involvement from foreign companies and organizations in shaping their

flood management strategies, while in Tokyo, strategies emerge through collaborations between various

departments within TMG. Although academics and consultants do play a significant role in conducting

research and providing expert knowledge in the development of flood management policies and plans,

resources for planning and implementation are generally domestically driven, by TMG's own budget or

by some support from the central government. On the other hand, although Department of Drainage and

Sewerage develops the annual action plans for flood management in Bangkok, they often work with Thai

academics, foreign consultants, and international aid organizations. This began with Camp, Dresser &

McKee Consulting and Engineers who worked on one of the initial plans for sewerage, drainage, and

flood protection in Bangkok in 1962, and includes JICA, who submitted a Master Plan Report on

Bangkok's Sewer System Project in 1981. Although officials of the Department of Drainage and

Sewerage and local academics and consultants are the lead actors in planning and implementing flood

management in Bangkok, limited funding and technical resources make Bangkok more dependent on

outside institutions than Tokyo.



6.3 Future Flood Management in Bangkok and Tokyo: What, Why, How,

and Who?

Table 4. Findings on Managing Future Climate Variability and Change within Flood Management Efforts

How are ciles starting to think of how to address future dimote variability and change within food management?
BANGKOK TOKYO

Adaptation to what?
What is the major future change
that they are concerned about?

How are they understanding the
change?

Formal assessments processes to
analyze climate variability and

change

Why adapt?
To future change

To climate change

How to adapt?
To future change

New flooding causd by dis cha rg e f rom th e n ort h 1More concentrated heavy rain
land urbanization
Recent flood experience & formal studies (need Recent flood experience & formal studies (ongoing)
more studies)
Climate change impact assessments conducted Cimate change impact assessment conducted by
mainly by international agencies national government - not relevant because it's not
Bangkok Assessment Report on Climate Change focused on Tokyo
2009 conducted by BMA in collaboration with TMG is currently conducting a city-wide climate
UNEP, Green Leaf Foundation change impact assessment
Climate Risks and Adaptation in Asian Coastal
Megacities: A Synthesis Report conducted by the
World Bank
Further impact/vulnerability assessment is
necessary, but no existing plans of future
assessments

.. ... . .... ................... ....... . . .............. ........................ . . ............ . . ........... . ..-.............................-.4

Because of potential increase of flood exposure Because of the potential increase in concentrated
due to urbanization, discharge from the north, and 'heavy rains in Tokyo (Bureau of Urban

isubsidence (DDS) Development)
Because there is support provided by the
international community (DOE)

Because they want to fulfill international commitment
!and establish leadership (Bureau of Environment)

Enhancing urban planning capacity in order to Adjusting drainage capacity and awareness raising
manage growth for concentrated heavy rain

Increasing capacities of "soft" approaches for
disaster management

To climate change Applying for support from JICA to update
Bangkok's adaptation Plan, which will likely
include climate change adaptation plan
Sending flood management engineers to JICA
training to enhance their in flood management
capacities under climate change

Who are the actors involved in CCA?

Conducting the impact assessment to define what the
impacts of climate change adaptation is and how
that is different from existing efforts
Develop new process for long-term infrastructure
planning including flood management and
waterworks facilities

Formal Actors [Department of Environment - action plan Bureau of Environment - impact assessment

0 Department of Drainage and Sewerage -

3pat es in international studies.. .. -.. ... . . . . . . . . .

Informal Actors World Bank, UNEP, JJCA, Universities Bureau of Waterworks - individual studies
... ..J ............. ...... ......................

6.3.1 Ada ptation to What?

In Bangkok and in Tokyo, the cities' current experiences and challenges related to flood

management shape their perceptions on how future flood management efforts should look in their cities.

In Bangkok, the change that the city perceives as the greatest challenge to the effectiveness of flood

management efforts in the future is the potential increase of water discharge from the regions north of

Bangkok and uncontrolled urbanization. Because of the large-scale flood damage that the northern



regions experienced in the 2010 flood, Bangkok projects that these regions will build dykes and levees to

protect their cities, which will increase the water level in the Chao Phraya River for future heavy storms.

This can increase the risks of flooding from river overflow in Bangkok, located downstream, at the mouth

of the river. Furthermore, due to a lack of sufficient urban planning measures, the city is uncertain about

the extent to which urbanization may happen and its impacts on Bangkok's flood risks.

On the other hand, for Tokyo, the potential increase of more concentrated heavy rain seems to be

the greatest challenge they face for flood management. They feel that concentrated heavy rains are

difficult to predict when and where it may happen, and therefore difficult to manage within the existing

warning and evacuation frameworks. Furthermore, although the total rainfall from these heavy rains is

not large, these rainfalls can reach up to 100 millimeters per hour or more for a short period of time. The

existing drainage systems are capable of managing high rainfall volume over a longer period of time.

Therefore, Tokyo is realizing the limits of its existing flood management infrastructure, thus

acknowledging the need for future improvement, particularly in its non-infrastructural measures.

The difference between Bangkok and Tokyo's greatest concern in adapting their flood

management efforts for the future disasters is significant. Especially when thinking about moving

towards climate-smart flood management in the two cities, this difference highlights the distinct issues

that need to be addressed in the future. While Tokyo identifies a climatic change, concentrated heavy rain,

as the key challenge, Bangkok identifies a non-climatic factor, the issue of discharge from the north.

6.3.2 Why Adapt?: Key Drivers

The key driver for both Bangkok and Tokyo to pursue their efforts to improve and adapt their

existing flood management systems to manage these potential future challenges is their public

commitment to fulfill flood management duties for their inhabitants. However, while Tokyo needs to

adapt to a phenomenon related to climatic change (increase in concentrated heavy rainfall), the change

that Bangkok feels an urgency to adapt is a non-climatic phenomenon (urbanization and discharge from

the north). Nevertheless, both Bangkok and Tokyo have now initiated a process to adapt to climate

change.

The key drivers that move forward Bangkok's efforts towards climate change adaptation are the

relationship, cooperation, and resources that are made available by international and bilateral agencies.

Similar to how previous climate change mitigation policies have been established and implemented in

Bangkok, assessments, plans, and projects for adaptation are being formulated and funded by

organizations such as UNEP, the World Bank, and JICA. Through this framework, efforts to make

existing flood management adapt to climate change are also being initiated, as exemplified by BMA's



participation in the JICA programs to train Department of Drainage and Sewerage staff on issues of

climate adaptation.

For Tokyo, although climate adaptation has been recognized as an area that needs much attention,

currently, these perspectives have not been directly integrated within the formal planning processes.

However, a formal climate change adaptation process has been initiated due to various political factors.

For Tokyo, becoming an environmental leader in the world is one of the top priorities for current

Governor Ishihara, and therefore, fulfilling the commitment made at the C40 conference to push forward

climate change adaptation is important. This top-level agenda has enabled Tokyo to have the funding and

human resources to develop and implement a framework for making Tokyo a climate-smart city,

including their flood management efforts.

6.3.3 How To Adapt?: Methods

Bangkok's current strategy for managing future climate variability is a combination of the need to

improve existing efforts as well as think of ways to address new potential issues in the future. Bangkok is

still in the process of controlling and managing the non-climatic factors of flooding. Therefore, it plans to

continue this effort by establishing a more comprehensive watershed management strategy and stronger

urban planning strategies. In addition, recognizing the potential increase of flood exposure due to these

non-climatic factors, the existing system has been set up so that it can manage some of the future

uncertainties surrounding these issues by allowing a buffer through over-designing flood infrastructures.

For example, when dykes were built along the Chao Phraya River in the 1980s, the aim was to construct

the dykes to manage the highest water level in history. However, assuming that various factors such as

subsidence and boat traffic were likely to cause water levels to reach even higher levels in the near future,

they designed the dykes 50 cm higher than planned, allowing them the capacity to manage unexpected

events, both climatic and non-climatic.

In the case of Tokyo, recent increases in the size and frequency of storms and the inability of

existing systems to manage the emergence of concentrated heavy rains have caused TMG to reevaluate

existing flood management methods in Tokyo. TMG is beginning to realize the necessity for existing

systems to better manage the potential changes in the types of storms and to adjust current infrastructure

accordingly. One way that they attempt to manage new types of storms in the future is through relying on

better evacuation and disaster mitigation techniques - these are more soft interventions than the

traditional engineering, hard solutions.

Those initiating the conversations about climate change adaptation within the two cities both

believe that climate change adaptation must be addressed within the process of planning and designing

flood infrastructures. The Department of Environment of BMA believes that flood management would be



most relevant in addressing climate change adaptation because they perceive that, "flood protection is a

kind of adaptation" (Department of Environment, BMA, 2011). Because doing flood management is

already, in a way, adapting to climate change, adaptation projects must fundamentally relate to existing

infrastructure efforts.

On the contrary, the Bureau of Environment of TMG views climate change adaptation as an

added perspective within existing flood management efforts. In Tokyo, flood management efforts are

already designed to manage uncertainty and change to some extent. However, if the results of the

climate impact assessments show that the existing flood management system does not sufficiently manage

the added climate risks, Tokyo believes that an introduction of a new paradigm of long-term flood

management process would be necessary. Therefore, conducting future climate projections to determine

the additional variability and change is important. Based on this information, in the short term, TMG can

compare this information to existing flood management efforts and determine whether the existing system

is capable of managing the potential climate change impacts or whether the system needs to be adjusted.

In the long run, however, in order to adapt the existing flood management system to long-term, gradual

changes of climatic trends, a new approach of infrastructure planning may be necessary. Similar to

London's TE2100, this would be a system that can be modified and adjusted along the way, to be

effective throughout the long lifespan of the water-related infrastructure. Such an approach would require

a paradigm shift from existing flood management and infrastructure planning.

6.3.A Who: Institutions

Formal institutions

In Bangkok, climate change adaptation is led by the Department of Environment as it is

positioned as an extension of their climate change mitigation efforts. Because water issues, particularly

flood management, appears to be the main issue of concern within adaptation, Department of Drainage

and Sewerage has also been one of the leading agencies within BMA, where they have been engaged in

international research projects on climate change adaptation.

For Tokyo, the Bureau of Environment leads the effort for CCA. However, unlike Bangkok,

there is a designated staff member that specifically works on CCA. This person is responsible of

determining how adaptation could be tackled by TMG through leading the city-wide climate impact

assessment. All bureaus across TMG participate in the formal impact assessment process, mainly by

providing data and information.



Informal institutions

In addition to these formal institutions, both Bangkok and Tokyo have "informal" actors who

work with, or work to fill the gaps of, the formal efforts for climate adaptation. In Bangkok, these actors

are international agencies, such as the World Bank, UNEP, JICA, and universities that create the

knowledge and analysis related to how the city can understand and implement climate adaptation, as well

as provide the necessary funding and capacity. For Tokyo, informal actors include the Bureau of

Waterworks, who is within the TMG but conducting a parallel and complementary process of climate

change impact assessment within their own agency while participating in the formal city-wide process.

Furthermore, activity at the ward level is also a unique contributor to the overall climate change

adaptation movement in Tokyo where the local government has worked outside the traditional

institutional hierarchies and collaborates directly with academics, the central government, and

international cities to develop their own climate change adaptation plan for flood management.

In adapting to climate change, academia plays a significant role in influencing cities' CCA

strategies because of the importance of its climate science research. In Bangkok, studies and projects

conducted in partnership with international agencies often involve research institutions and universities

such as Chula Longon or Mehidon University (Department of Environment, BMA, 2011). Furthermore,

various research institutions, such as the Asian Institute of Technology and Southeast START Regional

Center, located in Bangkok, work on climate modeling and impact assessment at the regional and

international levels.

Similarly, in Tokyo, universities and academic institutions have advanced research projects on

modeling climate impacts and downscaling these results to the local level. These institutions such as the

National Institute for Environmental Studies (NIES), Ibarki University, and Hosei University, work at the

international level, national level, and with communities overseas. Collaboration between municipal

governments and research institutions on adaptation has been limited due to the lack of institutionalized

funding or research grants available at the local level. Currently, Japan's national government is taking

the initiative to create a methodology for CCA for local governments by conducting pilot projects in

specific cities or prefectures 19.

6.3.5 Capacities

Flood management

There is a significant difference between Bangkok and Tokyo in their capacities to plan for and

manage future flood risks. In terms of existing flood management capacity, both cities rely on

19 Ministry of Environment of Japan is conducting a scientific research project on climate change adaptation impacts at the local
level under the S8 project. Academics and environmental officials from few prefectures are participating in the research project.



infrastructures designed to manage one in every two- or three-year storms based on statistical analysis

using historical precipitation data. Although Tokyo may be slightly ahead in achieving its targets, both

cities are still in the process of building new infrastructures to enhance its stormwater management and

flood protection measures.

Disaster management

In terms of disaster management capacity, both cities are enhancing their efforts to enable people

to help themselves. By establishing warning systems, strengthening information dissemination

mechanisms, and training for evacuation, both cities are making sure that in the event of a large-scale

unprecedented flood, citizens will have the capacity to protect their own lives and the lives of their

neighbors.

Urban planning

The difference in the urban planning capacities may be one of the main reasons why Tokyo and

Bangkok approach the management of future flood risks very differently. Due to lack of strong urban

planning policies and measures, Bangkok's priority for future flood management is to find ways to

manage and plan for non-climatic factors such as urbanization, discharge in the north, and subsidence.

On the contrary, TMG has various urban planning tools in place, including regulations, zoning and the

ability to work with private enterprises and ward-level governments in providing guidance and incentives

to control development as well as manage the types and locations of development. Therefore, although

Bangkok is similar to Tokyo in its flood and disaster management capacities, it faces uncertainty in future

patterns of urbanization and development. Conversely, once Tokyo understands the necessary levels and

patterns of urbanization and development, it has urban planning strategies and tools that it can implement

to guide public and private development to move in the right direction.



6.4 Opportunities and Challenges of Moving Towards Climate-Smart Flood

Management

Table 5. Opportunities and Challenges of Moving Towards Climate-Smart Flood Management

Opportunities and chalenges of moving towards climate-smart flood management

BANGKOK
What needs to be done to make flood management climate-smart?

Hard measures

Soft measures

Challenges and opportunities for m
Institutions

Capacity

Knowledge

Financial Resources

Biggest challenge

Implications

Approach to move towards
climate-smart flood management

TOKYO

Making it climate smart is not a priority. Adjusting Adjust current flood management levels
existing systems to be able to manage vulnerability Develop a new paradigm for long-term infrastructure
(from both climatic and non-climate factors) is the planning (like London) - Bureau of Environment
priority - DDS

Long-term planning and continuing flood
management - DOE

Building capacity of flood management engineers Soft measures will remain the same in terms of
and raising awareness about climate change - approach, but perhaps need to be more central,
DOE based on the likelihood that unpredictable disasters

are likely to occur more frequently - Bureau of

... ................................ .. ................... .. Envronm nt.. .... .... .... .... .....-..
oving towards climate-smart flood management
Existing institutions and structures for flood Existing institutions and structures for flood
management is clearly defined in plans, policies, management is clearly defined in plans, policies and
and strategies strategies
Only agency working on climate change Multiple agencies and levels of govern within Tokyo
adaptation in Bangkok is DOE. International working on climate change adaptation. Each
agencies are involved, but actual research is agencies actively participating in research and
conducted mainly by partners and less so knowledge creation
internally....Eni
High existing flood management capacity + High existing flood management capacity +

Low urban planning and regional watershed High urban planning and regional watershed
coordination capacity coordination capacity
= Lower future flood management capacity = High future flood management capacity
Low knowledge creation capacity High knowledge creation capacity

..Highainternatina collaboration caacit Low international collaboration capaitK
Availability of information about climate change Lack of information about climate change impact in
impact in Bangkok Tokyo
Knowledge created by outside acors Knowledge created by inside and outside actors
(International agencies, consultants, and (TMG, National Institute for Environmental Studies,
Universities) Ministry of Education, Culture, Sports, Science and

___________________________Techn__!ologyconltants, etc.)--
Flood management efforts funded mostly internally Flood management efforts funded mostly internally
(by BMA and national government) (by TMG and national government)
Climate change adaptation efforts funded Climate change adaptation efforts funded by TMG
externally (international and bilateral

Deali ng with vulnerability (non-climatic hazards & Dealing with uncertainty of long-term planning
climatic hazards)~ (loigt Lno o solution)

Challenges for Bangkok are: Challenges for Tokyo are:
It's lower future flood management capacity due to It's lower capacity to collaborate internationally.
the low urban planning and regional watershed Lack of information about climate change impact in
coordination capacity Tokyo
Adaptation research led/initiated by international
agencies with limited participation by the City in
the research. This is leading causing the outcome
to be not fully addressing the need of the city,
theref ore results are not actionable _________________

Therefore, important to think about how CCA Therefore, important to think about what you have
could address existing challenges for flood to do differently for flood management because o
management and enhance resilience/capacity in climate change and how that can be implemented
Challngesfor Bngko are:Chalenge methods

hNote: Law and hgh are relative terms and nat absa te indicatars



Neither Bangkok nor Tokyo currently take into account the potential impacts of climate change

within their flood management efforts. However, the opportunities and challenges they face in moving

towards climate-smart flood management in the future are significantly different. The challenge for

Bangkok is dealing with existing vulnerabilities that lead to frequent everyday disaster events that hinder

its economic development. Although climate change may be influencing these disaster events, their

priority is to address existing problems cause existing vulnerabilities. Therefore, rather than tackling

uncertain impacts of future climate change, addressing existing, certain causes of vulnerability seems to

be a more logical step.

By contrast, for Tokyo, the key challenge to making their flood management system climate-

smart is the lack of understanding of whether or not their existing flood management measures already

addresses CCA, and if not, how adding climate change considerations to their existing risk management

framework would require them to change their existing flood management practices. In addition,

initiating the long-term planning without an accurate projection of the future climate is another major

concern. Particularly, when designing large-scale flood infrastructures with long lifetimes, it is difficult

to make sure that these systems will fulfill their functions, when 100 years may see completely different

climatic, social, and environmental conditions.

6A.1 Institutions

Institutions will play a significant role in making flood management climate-smart in Bangkok

and Tokyo. Existing institutions for flood management in both Bangkok and Tokyo are clearly defined

within their plans, policies, and strategies. In moving towards a climate-smart flood management, an

institutional challenge for Bangkok is that currently, the only agency within BMA working on climate

change adaptation is the Department of Environment, which coordinates international and bilateral

collaborations related to climate adaptation that take place in the city. While Department of Drainage and

Sewerage is involved in training and conducting assessments, existing climate change adaptation efforts

have not been shaped in the way that addresses the issues they tackle everyday in its work.

Tokyo, on the other hand, has an ongoing climate change impact assessment process that is taking

place with the involvement of various related agencies within the city. While the Bureau of Environment

is responsible for coordinating the needs and perspectives of the various agencies as well as envisioning

the overall direction and strategy for climate adaptation in Tokyo, their efforts are generally supported by

agencies throughout the city because they have already accepted the general need to adapt their existing

work depending on the outcome of the impact assessment. Furthermore, the Bureau of Waterworks, by



conducting its own research to identify ways to adapt its work to climate change, adds an additional layer

of support and feasibly to the formal adaptation process.

6.4.2 Capacity

What are the capacities needed to make flood management climate-smart? Both Bangkok and

Tokyo have clearly defined flood management institutions that enable them to have relatively high

existing flood management capacities. However, there is a significant difference between their land use

planning and regional watershed coordination capacities, which creates a significant difference between

Bangkok and Tokyo's ability to manage future flood risks. Bangkok's lower capacity for urban planning

and regional coordination causes it to focus on immediate non-climatic factors, thus making long-term

climate change planning less of a priority. On the contrary, because Tokyo has been able to manage non-

climatic factors of flooding through their strong urban planning and regional coordination capacities, it is

able to focus on changes in long-term climatic factors as their key future challenge.

The capacity that has enabled Bangkok to complete initial climate change assessments at the city-

level is its ability to collaborate and work with international institutions and agencies. Tokyo, on the

other hand, has less collaboration and interaction at the international level in conducting its assessments

and formulating their adaptation strategies. The fact that Tokyo is looking to the methodology of London

as a model for long-term flood management signifies the importance of exchanging ideas and know-how

across cities and countries. In Tokyo, international cooperation at the researcher and academic level is

extremely active. Through these indirect channels, TMG is capable of obtaining information regarding

leading technologies and ideas being discussed at the international levels. Nevertheless, compared to

BMA, TMG's existing capacity for international cooperation is limited.

Knowledge

Although knowledge of government officials on flood management and climate change are high

in Bangkok and Tokyo, the knowledge-building process of Bangkok and Tokyo is different. While

Bangkok has studies and information available regarding potential impacts of climate change at the city

level, the knowledge is not immediately actionable from the perspective of officials of the Department of

Drainage and Sewerage because the studies were led and conducted mainly by international agencies,

consultants, and academics outside of BMA. On the other hand, Tokyo currently does not yet have a city-

level climate change impact study completed. However, the city is currently in the process of conducting

its own impact assessment. This process involves experts from NIES that design and coordinate the study

with the Bureau of Environment, and researchers from the Japan Agency for Marine-Earth Science and

Technology (JAMSTEC) that conduct the downscaling of models. In addition, officials from various

bureaus, especially the Bureau of Environment, participate and shape the ways in which the data is



presented and analyzed so that the results can be utilized to adapt existing city functions to integrate,

respond, and adapt to the climate impacts.

These findings imply that to make flood management climate-smart, the assessment process to

define the approach is very important. Ultimately, the knowledge-gathering process shapes the types of

knowledge generated. The more engaged that city agencies are, the more likely that the city will generate

actionable findings.

Financial Resources

Most current flood management efforts in Bangkok and Tokyo are funded by the cities and their

central governments. However, funding for climate change adaptation efforts comes from different

sources. Until today, similar to previous climate change mitigation projects, international and bilateral

agencies such as UNEP, the World Bank and JICA have provided financial support for adaptation

planning and capacity building in Bangkok. On the other hand, Tokyo has allocated a budget of

approximately 38.7 billion yen over 3 years from the TMG.

Despite the difference in the funding sources, both cities currently do not have official adaptation

policies or plans. However they have both completed (or are working on) their initial assessment

processes. This shows that due to availability of financial support from international and bilateral

agencies, lack of financial resources in developing countries may not be the main driver or barrier for

cities to initiate climate change adaptation processes. Nevertheless, as indicated in the discussion, the

sources of financial resources may influence the process of how climate adaptation as a concept is defined

and developed. Therefore, funding sources can influence the approaches and policies of moving towards

climate-smart flood management.

6.4.3 Implications

The assessment highlights the various strengths and challenges of Bangkok and Tokyo to make

their flood management efforts climate-smart. The key challenge for Bangkok may be its lower future

flood management capacity due to scarce urban planning and regional watershed coordination capacity.

Furthermore, international agencies currently lead and initiate adaptation efforts with limited participation

by the BMA. This has enabled Bangkok to have a local-level climate impact assessment, but it may be

the reason why the climate change impact assessments are not followed by adaptation actions in Bangkok.

Because BMA has limited involvement in the process of designing and conducting the CCA study, the

outcome of the study may not seem relevant or actionable from the perspective of BMA. Bangkok's

20 Approximately US$ 473 million (US$1 = JPV 81.8). This figure is what was budgeted within TMG. The research is receiving

additional resources from Ministry of Education, Culture, Sports, Science and Technology and potentially other agencies.



strengths and opportunities are the availability of localized information and analysis regarding future

climate impacts and their ability to coordinate and collaborate with international agencies.

In the case of Tokyo, the main challenges are a lack of localized data on future climate change

impacts, and its lower capacity to collaborate internationally. Tokyo is moving forward in solving its first

challenge by conducting a TMG-wide climate change impact assessment planned to be completed in 2012.

Although the process is inclusive and collaborative within city agencies, at this point it has very little

collaboration with local governments, such as the wards, or the international community. Nevertheless,

officials of the Bureau of Environment are trying to engage and learn from other cities in the world. For

example, after learning about London's TE2 100 initiative, officials working on adaptation in TMG visited

London to learn about its adaptation methodology. Nevertheless, compared to Bangkok, the level of

collaboration and engagement is still limited. There are numerous opportunities, however, for Tokyo to

move towards climate-smart flood management, including the knowledge creation process involving

relevant departments across the city and the strong leadership role that the Bureau of Environment plays

in communicating with these agencies in order to shape the process and outcome of the assessment

meaningful to the city agencies' work.

Differences in their challenges and opportunities mean different approaches for Bangkok and

Tokyo to move towards climate-smart flood management. For Bangkok, it is most crucial to find ways to

address existing vulnerability that stems from both climate and non-climate factors of flooding in the

process of making existing flood management efforts climate-smart. A meaningful assessment in the case

of Bangkok, may be to conduct a vulnerability assessment that looks at the exposure, sensitivity, and

adaptive capacity of the city to both climate and non-climate hazards, rather than conducting a climate

impact assessment that only focuses on climate hazards.

On the other hand, for Tokyo, it is extremely important to focus on specific potential impacts and

risks of climate change, and how these differ from other risks that they already manage in their work. As

many city officials understand that a more long-term planning strategy may be required to address

climatic change impacts, there is a need to make long-term planning decisions based on uncertain

scientific data. Therefore, for Tokyo to move towards climate-smart flood management, completing their

climate change impact assessment, as well as finding ways to address the issues of uncertainty of future

climate impacts would most likely be their best next steps.



CHAPTER 7: CONCLUSIONS

7.1 Broader Lessons

How does the developed vs. developing country context influence the ways in which cities

move towards climate-smart flood management?

The comparative analysis of Bangkok and Tokyo, two cities that currently do not have formal

climate change adaptation policies despite their high exposure to current and future flood hazards, adds a

new perspective to the literature on the capacities and institutions needed for cities to adapt to climate

change that goes beyond addressing existing vulnerabilities of developing countries. By examining the

current practices of how cities are managing the change in climate and weather patterns today and the

perspectives on why they are doing so, I found that both Bangkok and Tokyo have various institutional,

technological, economic, and socio-political capacities to move towards climate-smart flood management.

However, who has these capacities and how they are built is significantly different between the

two cities, mainly due to differing development levels. For example, in Bangkok, the research and

implementation of projects related to flood management and CCA are usually conducted jointly with

external partners, such as international organizations and bilateral agencies for their technical and

financial support. This collaborative process on the one hand enhances Bangkok's capacity to access

knowledge and information from around the world. However, on the other hand, it may limit the local

governments capacity to build the knowledge and skills needed to move towards climate-smart flood

management themselves.

In contrast, because Tokyo is funding their own flood management and CCA efforts, their efforts

towards climate-smart flood management are more local rather than international. Therefore, they may

have limited collaboration capacities with international actors compared to Bangkok. However, the city's

internal capacities are strengthened as the knowledge and techniques of moving towards climate-smart

flood management are developed by the city government officials themselves.

What are the capacities cities need to do to move towards climate-smart flood management?

Regarding specific capacity needs to improve current flood management, perceptions in Bangkok

and Tokyo are very different. For Bangkok the priority is on their immediate need to manage

uncontrolled urbanization and discharge from the north. Therefore, what they would like to gain are

enhanced land use planning and regional planning capacities. The various urban planning policies and



tools to control land use and development, as well as the watershed-based approaches to managing

stormwater enables Tokyo to plan for the non-climatic factors of flooding to some extent. Therefore,

Tokyo can focus specifically on enhancing its technical capacity to determine the potential increase and

impacts of climatic factors in their city and preparing for the additional risk of climate change, if any.

As for institutions and knowledge, it is important not only whether or not they are available, but

also how institutions function and engage in the process of knowledge creation. The more engaged and

collaborative the actors are in the knowledge-building process, the more applicable the generated

knowledge becomes to implementing actions for climate-smart flood management. Similarly, the

availability of financial resources is important; however, funding sources and their influence on the

knowledge creation process can shape how cities define and move towards climate-smart flood

management.

7.2 Limitations & Areas of Future Research

The findings of this study are limited by the case selection and the comparability of the selected

cases. I selected Bangkok and Tokyo because of their similarities in their future exposure to flood and

lack of formal climate change adaptation processes. Both cities are coastal megacities in Asia with flood

impacts expected to increase significantly in the future due to climate change. Despite this potential

future impact, neither city has plans or policies for climate change adaptation yet. However, in a broader

perspective, other cities in Asia have high future flood exposure but have also not yet established climate

change adaptation policies. In addition, the number of interviews conducted within each case study was

limited, thus potentially reducing the applicability of the findings.

Furthermore, the comparability of the two cases is limited due to the imbalance in my ability to

access and understand information in the two countries. While I conducted interviews in Tokyo in

Japanese, my native tongue, I conducted interviews in Bangkok with the assistance of translators.

Therefore there was a difference in the volume of the data collected between Bangkok and Tokyo, and my

ability to understand the nuances and intentions between the two cultural contexts was much higher in

Tokyo.

Moreover, the comparative case study method focuses on similarities and differences between

Bangkok and Tokyo and assumes that flood management the two cities are completely independent of

one another. As Bangkok and Tokyo have considerable amount of interaction and exchange of people,

knowledge and information, technology, and financial resources in both public and private sectors, a

significant area of further research is to go beyond simply identifying similarities and differences between



the two cities and to further explore what lessons and approaches that Bangkok can learn from Tokyo and

vice versa.

Despite these limitations, findings of this research contribute to the understanding of how cities

are practically thinking about the intersection between disaster risk reduction and climate change

adaptation, and how they are moving towards a more cohesive and integrated system in the context of

flood management. In both Bangkok and Tokyo, and in many coastal cities throughout the world, flood

management is no longer simply a disaster or development issue. Cities' development levels may shape

the priorities that need to be addressed to move towards climate-smart flood management, but simply

doing more development will not lead to making future flood management systems climate-smart.

Similarly, doing more disaster management can enhance adaptive capacity in the short-term, but it may

not necessarily build the long-term capacities required for the city to move towards a climate-smart flood

management system.

In order to manage floods effectively, cities must use new approaches to planning and

implementation to address climate impacts. By comparing the similarities and differences between how

Bangkok and Tokyo are dealing with climate variability and change through their flood management

efforts, the research finds that the diverse institutions and their roles and capacities shape the ways in

which cities plan for future change. Therefore, rather than simply looking for a one-size-fits-all

methodology for climate change adaptation, examining the institutions and understanding their roles and

perceptions can enable cities to better address key challenges and build on their existing capacities to

move toward climate-smart flood management.



EPILOGUE
While writing my thesis, I was in Tokyo on March 11, 2011 and experienced the Great East Japan

Earthquake. Since then, being part of the process of relief and recovery from one of the largest natural

disasters in the history of Japan has significantly influenced my attitude and perception towards the two

key fields of theory and practice addressed in this thesis - disaster risk reduction and climate change

adaptation. More specifically, the experience of the earthquake has pushed me to further explore the

ideas of "resilience" and "planning for uncertainty" that I touch upon in this study.

Resilience

The substantial devastation of the Great East Japan Earthquake in the Tohoku region was due to

the fact that the earthquake led to two other large-scale disasters - the tsunami and nuclear accident.

Although Japan's government agencies, private sector, and citizens were well prepared and trained for

earthquakes, tsunamis, and nuclear disasters individually, the combination of these disasters and the

magnitude of these events made it challenging for the diverse institutions to adapt their existing disaster

plans and protocols to respond to the unexpected series of disasters.

Climate change can bring various types of impacts and disasters. Although scientific analysis and

impact assessments can provide a basis for cities to understand the various types of potential impacts -

including gradual changes and extreme events - when it comes to preparing for potential changes in the

patterns and magnitude of extreme events and disasters, it is difficult to rely on scientific estimates alone

to make decisions on how to plan and prepare for future disasters and climate change.

The experience of the "unexpected" magnitude and combination of disaster events in Japan has

created an opportunity and need for cities to think about building resilience and adaptive capacity, rather

than relying on conventional risk management approaches. Having plans and response strategies for

specific disasters and communities is important. However, at the same time, thinking about resilience

more broadly, by going beyond the disaster-specific plans, and finding ways to incorporate long-term

multi-hazard approaches at various scales of governance can enhance the adaptive capacity to respond to

potential unexpected disasters in the future.

Uncertainty

Another key challenge that the disaster events in Japan have highlighted is how to deal with

uncertainties. Compared to most countries, Japan was prepared for earthquakes, tsunamis, and nuclear

disaster; however, a magnitude 9.0 earthquake or the combination of disasters of tsunami and nuclear

events went far beyond the scope of its preparation. The Fukushima Nuclear Power Plant was designed



to manage earthquakes up to magnitude 8.0, based on analysis of future projections estimated from

historical data.

How can we plan for the unplanned? This question, which is also central to the discussion of

climate change adaptation, is all the more significant in Japan in light of these disaster events. In

designing large-scale infrastructures for flood management, transportation, and energy, how can we make

informed decisions regarding the future conditions and levels to which we design these systems?

Tokyo has started to think about these questions through its efforts to make the city adaptive to

long-term climate variability and change. Looking forward to future disasters and climate change, urban

planning will need to find ways to better address uncertainties. There is an urgent need for the fields of

disaster management and climate change adaptation to work together to advance our understanding of this

issue.

Therefore, building resilience and planning for uncertainty are key issues at the intersection of

disaster management and climate change adaptation that I feel have become even more relevant for cities

in Japan and throughout the world after the Great East Japan Earthquake. Utilizing the critical thinking

that I have acquired through writing this thesis, I hope to further explore these issues this summer while I

work with municipalities in the Tohoku region to develop their long-term vision for resilience and

reconstruction.
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