Enhancing Adaptation to Climate Change

by Impact Assessment of the Flood in Bangkok
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Abstract

Bangkok is not only Thailand’s political, economic and administrative capital, but also a regional and
global hub. In recent decades, it has transformed from a compact urban core into a sprawling megacity. Today,
in addition to the original centre, the city also extends into its five neighboring provinces and forms a single
agglomeration, the Bangkok Metropolitan Region: around 15% of the country’s population resides here. However,
alongside its economic and demographic vitality, Bangkok is highly vulnerable to climate change and other
environmental issues. In particular, due to the ‘three waters’ of runoff, rain and sea rise, together with its low-
lying topography of 1.0-2.0 meters, much of the capital is prone to inundation. This research draws analysis
on the 2006 and 2010 flood and profiles the causes of the 2006 and 2010 flooding and presents four case
study districts in the eastern suburbs of Bangkok: Min Buri, Nong Jork, Lat Krabang and Klong Samwa. Each
of them has distinct physical, social and economic characteristics, yet all were impacted to varying degrees
by the flooding and reflect Bangkok’s rapid urbanization in their mix of agricultural, industrial and residential
uses. The areas also illustrate the experience of residents living outside the inner city’s established polder
system.

The results highlight the importance of a localized analysis of the impacts of flooding, as both the
intensity and the nature of its effects vary considerably from district to district. Of the four, Minburi was the
worst affected, particularly as residents suffered loss of livelihood as a result of the economic disruption and
health threats. As with the other districts, the indirect costs of the flooding at times exceeded the direct physical
damage, though this is not generally recognized in official assessments. The research findings highlighted the
significance of work absence as a major indirect cost: while the impact on individual households was relatively
moderate, the agricultural sector was severely affected. Medical care was another indirect expense for inundated

communities with the spread of diseases such as dengue fever and foot-and-mouth disease.
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Introduction

Bangkok’s vulnerability to flooding and other
environmental challenges, such as heat waves, is
projected to increase substantially in the coming
decades. Some of the likely impacts, such as shifts
in sea, temperature and precipitation levels, will result
from climate change. There are other significant
environmental issues beyond this, however, including
the spatial pattern of future urban development and
the accumulating effects of land subsidence. In terms
of climate change, Bangkok is already one of the
most vulnerable areas in Southeast Asia and has
been identified by the IPCC as a future ‘hotspot’ due
to the destabilizing effects projected on the city’s
hydrometeorology. Much of Thailand’s 2,615 km
coastline is at risk, including Bangkok. Global warming
has already resulted in Thailand’s rivers becoming
increasingly unpredictable: flows are already becoming
lower in the dry season and higher in the rainy season
(ADB/JICA/World Bank, 2010; Chantavanich &
Vungsiriphisal, 2005). Moreover, Bangkok’s rapid
urbanization is expected to continue, with a larger
population and a more developed city fabric, the
city’s exposure is therefore forecast to be substantially
higher even without climate change, land subsidence
or other major environmental issues. The combined
effect of these various factors is that not only will
Bangkok be increasingly flood-prone in the future,
due to climate change and other environmental issues,
but it will also have more to lose as the city continues
to develop and expand. A global assessment of port
cities, conducted by the OECD, estimated that by
2070 Bangkok would be the seventh most vulnerable
city in the world to coastal flooding in terms of
population, and the tenth most vulnerable in terms
of assets (Nicholls et al., 2008; Bangkok Metropolitan
Administration, 2009).

This paper presents the background to
Bangkok’s flooding in 2006 and 2010. The research

was conducted in the beginning of 2011 and that

was before the largest flood of about 70-year return
period which inundated agricultural and urban land
in Chao Phraya River Basin. However, the localized
impact analysis of the past impacts of smaller flooding
remains necessary because an assessment of losses
suffered by residents is crucial to a better plan for
and respond to future flood. Impact assessment of
the flood in 2006 and 2010, begins with an overview
of the available secondary data on the impact of the
flooding. Damage assessments should be holistic,
reflecting not only the economic costs but also the
environmental, social, psychological and health
effects. Yet the official data is generally technical in
nature, concentrating on infrastructure damage and
compensation disbursements, and national in focus
with little disaggregation at the district or community
level. As a result, the local and non-physical impacts
of the flooding are largely overlooked. Consequently,
the research team on this study selected a total of
380 sample households, businesses and industrial
estate to develop a more comprehensive picture of
the flood. Household and business samples were
randomly selected from 9 flood-prone communities
in the selected 4 districts. These samples are ranged
from lower to middle income levels. Using semi-
structured surveys in sample communities within the
districts, the team employed a series of sub-proxies,
including physical damage, health costs, transport
and work absence, to assess the direct and indirect
flood-related costs to communities, businesses and
individuals in the 2006 and 2010 flood. This was with
the aim of developing a more fine-grained understanding
of the true costs of the flooding, particularly to socially
vulnerable groups. The team also analyzed the flood
protection measures of Bang Chan Industrial Estate,
Minburi, and hosted a community workshop with
stakeholders, researchers and a hydrological expert
from the Ministry of Natural Resources and the

Environment.
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Impact assessment of the flood in terms of direct

and indirect costs

The research team on this study selected a
total of 380 sample households, businesses and
industrial estate to gauge the impact of the flood. In
order to gauge the true effects of the flooding, the
researchers designed a series of proxies to better
measure the impacts, direct and indirect, on
livelihoods and the local economy (Table 1). This
involved synthesizing existing data at the national
level, together with the primary research gathered
through the fieldwork.

This allows us to develop a fuller picture of
flood-related costs to individuals and the community.
Table 2 below summarizes the average loss for each
household, business and farm in the sample
communities. While it includes repair costs to housing,
vehicles and other equipment, it also extends to the
intangible or indirect losses that result from illness
or work absence caused by flooding. Revenue
shortfalls or unpaid leave create an added burden
that conventional measurements of costs and losses
often fail to capture. While the difference in the sample
households for these other costs only comes to
around 1,400 baht, for businesses and farms the
additional expense of worker compensation lost
revenue represent much larger sums - 36,000 and
15,000 baht respectively. In the case of businesses,
the indirect costs exceed the direct cost of the

physical damage.

Table 1. Proxies for gauging flooding effects, by sector.

Table 2. Proxy measurements for flood-related costs of
flooding, by sector.

COST OF TOTAL LOSS
HOUSEHOLD SECTOR

Proxy Variables Sub Proxy Total
1 Loss Occurred House Repair Motor Repair Flood Protection
10.000 15,000 5,000 30,000
2 Work Absent Daily Income Day(s) Absent
300 3 900
3 Health Medication
500 500
Total 31,400
BUSINESS SECTOR
Proxy Variables Sub Proxy Total
1 Loss Occurred Office Repair Stock Damaged Flood Protection
10.000 5.000 5,000 20,000
2 Work Absent Compensation Day(s) Absent
12,000 3 36,000
Total 56,000
AGRICULTURAL SECTOR
Proxy Variables Sub Proxy Total
1 Loss Occurred Field Damaged (1 Rai) Flood Protection
30,000 12,000 42,000
2 Work Absent Daily Income Days
500 30 15,000
Total 57,000

Table 3 is a detailed breakdown of the total
costs, sorted by sector, month and district, of the
flooding between August and November. For the sake
of clarity, the effects on each sector and district is
color coded according to its intensity, from ‘no impact’
(no color) to ‘high’ (blue), as the legend below the
table explains. These measurements are used to
assess the relative flooding levels, economic loss,
physical damage, health effects and work absence
resulting from the 2006 flood. Data is also presented
for the less severe flood event of 2010 by way of
comparison. The results highlight the importance of
a localized analysis of the impacts of flooding, as
both the intensity and the nature of its effects vary
considerably from district to district. Of the four,
Minburi was the worst affected in 2006 and 2010.
The impact was particularly pronounced in September
and October, as residents suffered loss of livelihood

as a result of economic disruption and health risks.

Sector Proxies
Flood level / Flood duration / Cost of physical damage / Work absence / Health (physical and
Household
mental)
Agricultural Flood level / Flood duration / Cost physical damage / Work absence / Product price

Business

Flood level / Flood duration / Cost of physical damage / Work absence /

Stock / Custom and trade

Industrial

Household surveys. Flood prevention plan'
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Table 3. Intensity of costs by month, district and sector, August-November 2006 and 2010.

MINBURI

Household Impact (2008)
Manth Community Home Work |Health
Level | No. [Loss | Level | No. |Loss

August
September
October
November

NONG JORK

Household Impact (2006)
Manth Community | Home Work |Health

Level | No. [Loss | Level | No. |Loss

August
September
October
November

KLONG SAMWA

Household Impact (2008)
Manth Community Home Work |Health
Level | No. [Loss | Level | No. |Loss

August
September
October
November

LAD KRABANG

Household Impact (2008)
Manth Community Home Work |Health

Level | No. [Loss | Level | No. |Loss

August
September
October
November

Remark: color coding for Table 3 and 4:

Household Impact (2010)
Manth Community Home Work |Health

Level | No. |Loss | Level | No. |Loss

August
September

October
November

Household Impact (2010)
Manth Community Home Work |Health

Level | No. |Loss | Level | No. |Loss

August
September
October
November

Household Impact (2010)
Manth Community Home Work |Health
Level | No. |Loss | Level | No. |Loss

August
September
October
November
Household Impact (2010)

Manth Community Home Work |Health
Level | No. |Loss | Level | No. |Loss

August
September

October
November

30cm >month >10,000 >week Admission

15 cm 1-4 week 5,000-10,000 3-5days District Officer

Low 5cm <week <5,000 1-2 days Store Purchases
No Impact No impact No impact No impact No impact No impact

The results also illustrate the significance of
absence from work as an indirect cost in the flooding.
In Klongsamwa and Ladkrabang, the two most densely
populated districts, many residents were unable to
travel to work, especially in October when the
inundation was at its peak. Ladkrabang in particular
is a major agglomeration economy, with an industrial
estate and the then recently constructed Suvarnabhumi
Airport, opened in September just before the 2006
flooding hit. The composition of the work force, and
consequently the nature of their economic loss, is
different to a largely agricultural district such as Nong
Jork, where the labor is primarily self-employed. As

much of the area is farmland, the district is less

exposed when inundated. Nevertheless, it experienced
protracted flooding, with some areas submerged in
over a foot of water for more than a month. As a
result, its generally low income population were faced
with a variety of health issues, such as dengue fever
and foot-and-mouth disease. The survey results also
illustrate that the costs of the flooding, through lost
income and damaged infrastructure, is generally more
severe for the community as a whole than its individual
residents. This is also the case for the analysis of
flood levels and numbers of flood days where major
access in and main areas of the communities were
submerged. This suggests a different perspective on

the effects of flooding and the value of viewing its
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impacts at a community level: the conventional
measurements used in official data, besides national
aggregations, is typically the unit of the individual
household. If the impacts at a community level are
more severe, as these results suggest, then this would
reinforce the importance of collective adaptation and
mitigation strategies at a community level. Currently,
preparedness in the event of extreme flooding is
generally undertaken privately by individual households,
with government encouragement focusing on self-
reliance and personal initiative. But to minimize the
very substantial community-wide costs of the flooding,
there needs to be a platform for collective action.

It is also interesting to rank the impacts
according to different income levels, as in table 4.
This helps identify the social vulnerability dimensions
within the community and the varying challenges that
households experience, depending on their income.
The results are illuminating. While the general
consensus is that the poor people are the worst
affected by flooding, the study findings suggest that
this only holds true if general non-flood-related issues
such as poor health, lack of sanitation and income
insecurity are included in the calculation. These are
the chronic afflictions of poverty that cause
widespread misery on a daily basis, but are not
necessarily flood-specific. The differences between
the work absence levels of poor and affluent
households, for example, while not statistically
significant, are in fact more favorable for the lowest
income (<10,000 Baht/month) households (80.4%)
than the highest income (>50,000 baht/month)
households (84.3%). Of course, the true costs at an
individual or national level may be open to
interpretation. While a low income household is likely
to experience the effects of work absence more
sharply, especially if employed in a non-salaried
position, the net loss may be higher for the work
absence of more affluent households as the cost in

lost earnings in their case is higher.
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The results also show that work attendance
remained relatively unaffected through the flooding,
suggesting a comparatively high level of adaptation.
Nevertheless, within the agricultural sector work
absence was a major problem as fields and land were
inundated, in the worst cases potentially extending
into weeks. Within the agricultural sector, farmland
was the worst affected by flooding in both 2006 and
2010, with levels in excess of a foot lasting over a
month. Therefore, from one perspective, farmland is
arguably the most vulnerable to flooding. Nevertheless,
it is important to note fisheries were the most affected
by the increasing cost of production. As for small
businesses, the impact is less straightforward and
depends in particular on the product of the enterprise.
For instance, while the service sector is likely to be
weakened by flood-related disruption, demand for
basic consumer goods could actually rise among
residents who rely more on local shops to provide
them with food and other provisions.

The survey also illustrated some interesting
dimensions to flood preparedness at a household
level. The results highlighted poor levels of preparedness
in 2006: for instance, only 26% of households had
stocked food and only 31% drinking water before the
flood. However, this proportion rose substantially for
the 2010 flood (to 37% and 41% respectively),
suggesting that many households had learnt important
lessons from the previous event and prepared more
effectively. And when respondents were asked
whether in future they would be willing to stock up
on food and water supplies before flooding, for both
goods around 75% of households stated that they
were willing to do so. This suggests that local
communities have the capacity to develop better
preparation strategies and that there is still further
potential to improve on these responses. This is where
a well-coordinated strategic partnerships could be

very effective.



Table 4. Intensity of flood impact by sector and income level, 2006 and 2010.

FLOOD 2006

Business Sector(30)

Household Sector (300HH) Agricultural Sector(50)

PROXY PARAMETERS community

Livestock

<10,000 >50,000 | <10,000 Fishery Consumer Good Service

Level of Flood 57.14%  54.07% 52.22%  63.16% 32.14% 41.48% 47.78%  42.11% 45.45% 66.67% 60.00% 68.75% 57.14%

TRl 6250% = 47.41%  52.00%  52.63% 57.14% 38.52%  44.44%  42.11% = 78.79% 80.00% 56.25% 57.14%
Loss Occurred 44.64% 43.70% | 45.56% |31.58% BRI 36.84% 42.42% 43.75% 50.00%
Work Absent 80.36% | 87.41% | 85.33% 90.91%  91.67% 80.00% 56.25% 42.86%

Health I * *

Production Price

66.07%  59.26% 74.44%  68.42%
*

75.76% 58.33% 100.00%

Stock

wf % %]
wf % %]
wf % %]
wf % %] =

Customer

FLOOD 2010
Household Sector (300HH) Agricultural Sector(50) Business Sector(30)
PROXY PARAMETERS community hotnel
10,000- 30,000- 10,000- 30,000- . . .
<10,000 >50,000 | <10,000 >50,000 Farm Livestock Fishery Consumer Good Service
30,000 50,000 30,000 50,000
Level of Flood 9.29% 8 9.00% 4 % 4% 00% 36.84% % 0.00% 60.00% 56.25% 50.00%
Number of flood day 4% 0.37% 00% S 32.14% 4.07% 4.00% 8% 58.33% 60.00% 43.75% 42.86%
Loss Occurred 42.86% | 41.48% 41.00% | 36.84% | 33.83% | 35.56% 36.00% | 31.58% 39.39% 9 9 31.25% %
Work Absent * * * * 87.50% | 85.93% 85.56% | 89.47% 81.82% 00% 56.25% 50.00%
Health * * * * 66.07% 65.939 Q0, ) * * * * *
Production Price * * * * * * * * 90.91% 66.67% 60.00% * *
Stock * * * * * * * * * * * 18.75% *
Customer * * * * * * * * I * * * 50.00% 78.57%

Conclusion

The results highlight the importance of a
localized analysis of the impacts of flooding in 2006
and 2010, as both the intensity and the nature of its
effects vary considerably from district to district. Of
the four, Minburi was the worst affected, particularly
as residents suffered loss of livelihood as a result of
the economic disruption and health threats. As with
the other districts, the indirect costs of the flooding
at times exceeded the direct physical damage, though
this is not generally recognized in official assessments.
The research findings highlighted the significance of
work absence as a major indirect cost: while the
impact on individual households was relatively
moderate, the agricultural sector was severely
affected. Medical care was another indirect expense
for inundated communities with the spread of diseases
such as dengue fever and foot-and-mouth disease.

Another important finding was that that the
costs of the flooding, through lost income and
damaged infrastructure, was generally more severe

for the community as a whole than individual

households. If the impacts at a community level are
more severe, as these results suggest, then this would
reinforce the importance of collective adaptation and
mitigation strategies at a community level. Currently,
preparedness in the event of extreme flooding is
generally undertaken privately by individual households,
with government encouragement focusing on self-
reliance and personal initiative. But to minimize the
very substantial community-wide costs of the flooding,
there needs to be a platform for collective action.
The research also disaggregated its findings
by income group and occupation to develop a clearer
picture of the effects of the flooding on different
groups. One significant finding was that the work
absence levels of the poorest households were, as
for more affluent households, relatively low. This
suggests that, contrary to what might be expected,
the poorest households demonstrated a relatively
strong adaptive capacity. Economic insecurity may
be a significant element in this, however, and further
research is required to ascertain the nature of their

adaptation strategies.
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The results also highlight the varying impacts
on different business and occupational sectors.
Farming, according to the survey results, was the
worst affected within the agricultural sector, with
levels in excess of a foot lasting over a month.
Fisheries, on the other hand, though less vulnerable
to direct physical damage was most exposed to the
rising production costs as a result of the flooding. As
for small businesses, the impact was less
straightforward and depended in particular on the
product of the enterprise. While the service sector
was weakened by flood-related disruption, demand
for basic consumer goods actually rose among
residents who were more dependent on local shops
to provide them with food and other provisions. Again,
these nuances potentially have important implications
for how post-disaster economic recovery strategies
should be targeted.

What is clear is that, if Bangkok fails to adapt
successfully in the future, flood disasters could
become a regular and recurrent problem for large
areas of the city. The costs will not only be the
substantial direct effects of damaged housing and
lost livelihoods, but also the longer term implications
for Bangkok as a national centre and regional hub.
In the wake of the 2011 flooding, some parliamentary
lawmakers have even proposed that the capital be
moved to the higher land elevation of Nakhon Nayok.
While Bangkok has successfully overcome the
challenges of its natural setting in the past, as its
economic and demographic vitality testifies, it needs
to develop a sustained and meaningful strategic
response to a future of climate change and
environmental instability if its strength as a global
city is to be maintained. It is not clear that infrastructure
alone will be able to provide residents of suburban
areas like the districts in this case study protection
from future flooding. It was clear during the 2011
flooding that some local communities considered that
the infrastructure protecting inner Bangkok was

making their own situation worse. Flood adaptation

38 | JARS 13(2). 2016

approach must be underpinned by a strategy of
collective adaptation. One of the key findings of this
study was that the damage caused by the 2006
flooding was typically higher at a community level
than for the average household. This suggests that
a platform for meaningful communal cooperation,
drawing on the middle ground between highly
centralized public interventions and the ‘privatized’
approach of household preparedness and self-

reliance, would be extremely valuable.

Remark

' It was not possible to access information in this
sector, either at the employer or factory worker
level, and so the impact could not be measured.
However, as most of the factory labor force resides
close to the industrial estate, the information
acquired through the household surveys was an
acceptable substitute. In addition, the researchers
were able to access information regarding the flood
prevention plan of both industrial estates to analyze

the gap in their adaptation strategies.



References

ADB/JICA/World Bank. (2010). Climate risks and adaptation in Asian coastal megacities (A synthesis report).
Washington, DC, U.S.A.: The World Bank.

Bangkok Metropolitan Administration, Green Leaf Foundation and United Nations Environment Programme.
(2009). Bangkok assessment report on climate change 2009. Bangkok: BMA, GLF and UNEP.

Chantavanich, S. & Vungsiriphisal, P. (2005). Bangkok, Thailand: Need for long-term national and municipal
policies. In M. Balbo (Ed.), International migrants and the city (pp. 17-52). Nairobi, Kenya: UN-HABITAT

Nicholls, R. J., Hanson, S., Herweijer, C., Patmore, N., Hallegatte, S., CorfeeMorlot, J. Chateau, J. & Muir-Wood,
R. (2008). Ranking port cities with high exposure and vulnerability to climate extremes. OECD Environment

Working Papers, 1, 62.

Bibliography

Department of Drainage and Sewage, BMA. (2009). Flood protection in Bangkok (Paper revised from
Vitoonpanyakij, C., 2007). Bangkok: Author.

Dutta, D., Doloi, H., Wright, D., Adeloju, S., Rahman, M. & Nakayama, K. et al. (2008). Climate perturbation
and coastal zone systems in Asia pacific region: Holistic approaches and tools for vulnerability assessment
and sustainable management strategy. Japan: ASIA-Pacific Network for Global Change Research-Lib

Dutta, D. (2011). An integrated tool for assessment of flood vulnerability of coastal cities to sea-level rise and
potential socio-economic impacts: a case study in Bangkok, Thailand. Hydrological Sciences Journal,
56(5), 805-823.

GISTDA. (2006). Summary report on satellite imagery of flooding in 2006. Bangkok: Author.

Hewison, K. (1996). Emerging social forces in Thailand: New political and economic roles. In R. Robinson &
D. Goodman (Eds.), The new rich in Asia: Mobile phones, McDonald’s and Middle Class Revolution.
London: Routledge.

IMAC. (n.d.). The intermodal service integration for the improvement of mobility, accessibility, sustainability
and livelihood for Bangkok Metropolitan Region (BMR) and surrounding area. N.P.: n.p.

IRIN. (2011, November 28). How to build a flood-resilient city. Retrieved from http://www.irinnews.org/

Jarupongsakul, T. (2000), Geomorphology aspects affecting the occurrence of floods and influencing the
drainage in the lower central plain, Thailand. In T. Jarupongsakul (Ed.), Analysis and preparation for
flood-risk map in the lower central plain, Thailand. As cited in McGrath, B. & Thaitakoo, D. (2008).
Changing landscape, changing climate: Bangkok and the Chao Phraya River Delta. In Places, 20(2),
30-35.

Lat Krabang District Office. (n.d.). Official data. N.P.: n.p.

Marome, W. A. (2011). Improving the characterization of impact variables to extreme flood events: A case
study of the flood 2006 in Bangkok. CARII: Building Adaptive Capacity for Managing Climate Change
Risks in Coastal Cities.

Marome, W. A. (2012). The urbanization of injustice. In Horayangkura, V., Jamieson, W. & Mallikamarl, P. (Eds.),
The design and development of sustainable cities : international and Thai perspectives on urban design
in the 21% century. Bangkok: G.B.P Center.

W. Ann Marome | 39



Minburi District Office. (n.d.). Official data. N.P.: n.p.

Murakami, A., Zain, A. M., Takeuchi, K. & Yokota, S. (2005). Trends in urbanization and patterns of land use
in the Asian mega cities Jakarta, Bangkok, and Metro Manila. Landscape and Urban Planning, 70(3-4),
251-259.

National Statistical Office. (n.d.). Official data. N.P.: n.p.

Nitivattananon, V. & Noonin, C. (2008). Bangkok assessment report on climate change 2009. As cited in
Bangkok metropolitan administration, Green Leaf Foundation (GLF) and United Nations Environment
Programme (UNEP). Bangkok: BMA, GLF and UNEP.

Panya Consultants. (2009). Climate change impact and adaptation study for Bangkok metropolitan region
(Final Report). Report commissioned by the World Bank. Bangkok: Thailand.

Phien-wej, N., Gial, P. H. & Nutalaya, P. (2006). Land subsidence in Bangkok, Thailand. Engineering Geology,
82(4), 187-201.

Sapphaisal, C. (2007). Planning and flood mitigation for the Chao Phraya river basin. Bangkok, Thailand: Thai
National Committee on Irrigation and Drainage (THAICID).

Sintusingha, S. (2011). Bangkok’s urban evolution: Challenges and opportunities for urban sustainability. In A.
Sorensen & K. Ogata (Eds.), Megacities: Urban form, governance and sustainability (pp. 133-161). Tokyo,
Japan: Springer.

Sitheechoke, N. & Napompech, K. (2010). Impacts of minburi district development on the turf grass businesses
of Bangkok, Thailand. International Journal of Arts and Sciences, 3(13), 82-94.

Tohiguchi, M., Denpaiboon, C., Matsuda, H. & Hashimoto, S. (2002). Transformation of the canal-side settlements
in Greater Bangkok. Journal of Architecture, Planning & Environmental Engineering, 55(1), 245-252.

UNDESA. (n.d.). World urbanization prospects: The 2009 revision population database. New York, USA.: Author.

UNESCO, World Water Assessment Programme. (2003). Chapter 16: Chao Phraya river basin, Thailand. In UN
World Water Development Report 1, Water for People, Water for Life (387-400). N.P.: Author.

Vongvisessomijai, S. (2007). Flood mitigation master plan for Chao Phraya delta. Paper presented at the 4"
INWEPF Steering Meeting and Symposium, Bangkok, Thailand.

World Bank. (2011, December 13). The world bank supports Thailand’s post-floods recovery efforts. Retrieved
from http://www.worldbank.org/en/news/feature/2011/12/13/world-bank-supports-thailands-post-floods-
recovery-effort.

Yusuf, A. A. & Francisco, H. (2009). Climate change vulnerability mapping for southeast Asia. Singapore:

Economy and Environment Program for Southeast Asia [EEPSEA].

40 | JARS 13(2). 2016



