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Abstract 

Many communities in low-lying coastal cities around the globe already live with threats from 
sea level rise, coastal flooding and the impact of climate change. Likewise, Bangkok, the 
capital of Thailand, one of the low-lying coastal mega-cities in Southeast Asia and also the 
most populous city with its population of more than 10 million, already faces flooding driven 
by heavy rain and other events. Without doubt, climate change impacts on Bangkok may now 
be unavoidable. Over decades, the rapid changes of urbanization and human activities have 
made Bangkok more vulnerable to the risks of flooding both directly and indirectly; this has 
been significantly proved in the past decade of extreme weather influencing the big floods. 
The Great Flood of 2011, which was Thailand’s worst flood in decades, caused the highest-
ever economic loss from a freshwater flood disaster worldwide, especially Bangkok and its 
vicinity which was inundated for two months. This research aims to evaluate the socio-
economic impacts and future flood risks due the impact of climate change’s induced sea level 
rise in Bangkok Metropolitan region (BMR), Thailand. 
 
This research purposefully highlights the importance of flood risk management in BMR. In 
order to minimize the impact of floods to the population, an effective flood management is 
needed. Flood risk management helps to reduce the risk to people from flood events; it helps 
to ensure that they understand the nature of the risks, are prepared and learning to live with 
this risk. For more frequent extreme weather, an effective plan will be crucial to enable more 
practical and effective adaptation in the changing of climate. Therefore, to achieve proactive 
planning and flood management, hydrodynamic models have a high potential to contribute a 
statistical analysis for better decision making for policy makers. In this study, LISFLOOD-
FP model was constructed to simulate the 2011 Great Floods in Bangkok, Thailand under the 
scenarios of sea level rise; 2030, 2050, 2100 and 2150 with different river flow rates. The 
impacts caused by the rise in sea level along with the changes in river flow velocity were 
examined in the scenario results. Flood impact was analysed to determine the areas of flood 
extent and hazard with the projected sea level rise, and how likely the population in the diverse 
aspects of the society will be affected if this 2011 flood event reoccurred, particularly, those 
vulnerable populations and communities who may have a significant impact of flooding. The 
scenario results signify that the extent of flooded areas is strongly influenced by sea level rise, 
not the change in flow velocity. The result with no changes in flow velocity in the upcoming 
sea level rise projection of 0.39m by 2050 shows an increase in the extent of flooded areas by 
14.56% or 628.7 km2. Especially, under the highest scenario of global sea level rise by 2100, 
about 87% of the study area will be inundated. 

All in all, this study reveals that flood risks in Bangkok will be increased given that the 
projection of sea level rise will make the city more vulnerable to flood risks by :(i) highlight 
the socio-economic impact to diverse population across 50 districts of Bangkok and its 
vicinity, particularly, the residents with lower income will more likely be affected by the 
impact of sea level rise; (ii) identify the population who will be most at risk in flood. 
Additionally, along with the ongoing subsidence problems in Bangkok, this will increase the 
magnitude of the problems. Although the flood protection in Bangkok has been significantly 
upgraded since the great flood in 2011, it is not proven that these changes would be able to 
protect or reduce the impact of flooding in BMR. Especially, BMR and its vicinity, taking 
into account multiple key risk drivers if coinciding with severe flooding, it will exacerbate of 
SLR, as there is no significant policy available to mitigate the impact of SLR for both short 
and long terms. 
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Chapter 1 Introduction 

1.1. Research background 
 

Globally, floods cause enormous damage every year. Floods are one of the disasters that 
people in society are afraid of as the large amount of water discharge caused by floods 
could inundate for a long time. This is no doubt, flooding also has a significant impact to 
the quality of clean water in a region as it contains and carries waste material (Sholihah, 
Kuncoro, Wahyuni, Puni Suwandi, & Dwi Feditasari, 2020). In general, there are range 
of physical and human factors that influence flooding; physical factors such as natural 
conditions and phenomena (topography and precipitation), geographical condition, and 
human factors that result in changes in land use such as urbanization, deforestation, land 
subsidence and building of levees. In most cases, severe flooding is caused by 
atmospheric conditions that lead to heavy rain or the rapid melting of snow and ice. 
Inevitably, connecting climate change to these circumstances can exacerbate the 
situation. Considering the current situation, many big cities around the world (especially 
in Southeast Asia) are facing big floods. According to the World Bank, the three Asian 
Coastal Megacities: Bangkok, Ho Chi Minh City and Manila were examined the impact 
of climate change under a range of different scenarios through to 2050 in the report 
Climate Risks and Adaptation in Asian Coastal Megacities (World bank, 2010). Each of 
these three megacities have population over 10 million and are centers of national and 
regional economic growth that contribute substantially to the GDP of the respective 
countries. Being coastal megacities, these cities face increased climate change induced 
risk such as rising sea levels and an increase in the intensity and frequency of extreme 
weather events. Although commendable measures to reduce flooding impact have already 
been applied by these cities, there is still a lot more to be done to help reduce the impacts. 
For instance, floods in parts of Indonesia, like DKI Jakarta that normally occur in January 
and February are caused by very heavy rainfall intensity greater than 500 mm (Sholihah 
et al., 2020). Similarly, Bangkok: the capital of Thailand currently faces severe climate 
challenges, the severe flooding which occurred in 2011 significantly cause 
estimated economic losses of US $30 billion and insured losses of US $12 billion which 
is the highest-ever from a freshwater flood disaster worldwide (Swiss Re, 2012). 
However, in terms of ranking by flood magnitude, this event compared to the ten largest 
Thailand flood events for the period of 1985-2012, as documented by the Dartmouth 
Flood Observatory, this event is only fifth with flood magnitude of 7.5 and the area 
affected of 97,000 km2, but if ranked by flood duration (at 158 days), it would rank first 
(Brakenridge, 2012). 

 
Thailand is one of the most developed countries in Southeast Asia. However, Bangkok, 
the capital, which is the most populous city with a population of more than 10 million 
people, is sinking and prone to floods. This is due to its geographical location at the 
southern end of the Chao Phraya River Basin (CPRB), the low-lying terrain (topography) 
of about 1.5 metres average elevation above mean sea level (MSL) and the influence of 
seasonal monsoon rains. In fact, floods are regular natural disasters in Thailand which 
happen every year from May to October. In addition, the ongoing land subsidence that is 
threatening the city is likely to exacerbate the situation. With the future projection of sea 
level rise (SLR), the relatively flat topography along with the tropical monsoon climate 
in Thailand, will make the country become more vulnerable to the impact of climate 
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change. The 2011 flood ranks as the country’s most damaging flood to date. A consensus 
of three different estimates of the Dartmouth Flood Observatory Global Active Archive 
of Large Flood Events satellite-derived river flows at two locations on the Chao Phraya 
River and a return period for annual precipitation data from pan-Thailand historical 
weather station indicates a return period of 10-20 years for the 2011 Thailand flood. 
However, due to the limited 20–30 year extent of the historical data used for model 
building, these estimates may be biased low (Gale & Saunders, 2013). In summary, this 
report will be using LISFLOOD-FP; hydraulic modelling approach to assess the 2011 
Thailand flood event to find out if this event can be reproduced and use it for flood risk 
prediction, also, if this modelling approach can be used to assess the likely impact of 
future SLR on fluvial/coastal flood risk in CPRB and to the residents of Bangkok 
Metropolitan Region (BMR). 
 
 
1.2. Problem statement 

 
Generally, the lower CPRB is usually flooded, and severe flooding always happens every 
3 to 5 years. However, at the present day, human factors like urbanization, land use and 
irrigation systems play an important part on flooding in the Chao Phraya River plain. 
According to Engkagul (1993), Bangkok and vicinity including Samut Prakan, 
Nonthaburi and Pathum Thani and South of Chao Phraya River delta has flooding 
occurred every year as some of these areas are lower than MSL. Especially, during the 
spring tide, flooding situation get more serious due to the poor drainage system.  
 
The historical studies of Bangkok floods include the study of Nedeco (1987), who studied 
the flood protection and Drainage of Thonburi and Samut Prakarn (the West of Bangkok), 
has outlined the factors influenced flooding including the high river level caused by high 
river flow from the north, tide induced high river level and the high frequency of extreme 
storm events. Whereas, in the Eastern suburbs of Bangkok, the study of a Flood Protection 
and Drainage Project in the Eastern suburbs of Bangkok done by the Japan International 
Cooperation Agency (JICA 1985) summarized the factors influence flooding in this area 
that include extreme rainfall, high water level and high tide in the Chao Phraya River, 
river flow from the north and the east, land subsidence problems, unsystematic and low 
efficiency drainage system, and run-off increase due to rapid growth of urbanization. In 
addition, the geographical analysis of flooding done in 1980 in the East suburbs of 
Bangkok stated that the two main causes of flooding are 1. An inflow from heavy rainfall 
in the north in rainy season (September, October and November) and tidal effect 2. The 
unplanned urban sprawl, land use problems resulting in inadequate retention areas for 
flood water in Bangkok. Flooding can occur with the amount of rainfall at 50mm or high 
in Bangkok area (Engkagul, 1993; Vittayarut, 1980). 

 
1.2.1. Perennial flooding 

Flooding in Bangkok brings challenges to the well-being of the residents as the city is 
situated in the low-lying flood prone area. It is important to understand the resident’s flood 
risk perception and the causes of perennial floods in Bangkok.  The study done by 
Thanvisitthpon, Shrestha, & Pal (2018): Urban Flooding and Climate Change: A Case 
Study of Bangkok, Thailand	examined daily precipitation change over the last 30 years 
on eight indices and the characteristic of Bangkok that make the city prone to floods. The 
documentary and research findings illustrate three influencing factors of flood 



 3 

vulnerability and ineffectiveness of the flood alleviation and prevention measures in 
Bangkok. The main causes that likely influence the persistent flooding include: - 

• The geography of the capital; Geographically, Bangkok is situated in the low-
lying area with an average of 1.5 metres above MSL which contributes to its 
vulnerability to persistent flooding with an addition of the rainy season lasting six 
months yearly.  Additionally, Bangkok is significantly affected by tidal bores due 
to its closeness to the Gulf of Thailand 

• Tidal bores: The discharges into the ocean are very constrained during the high 
tides making the city prone to floods. Especially in rainy season, this situation is 
aggravated.   

• Soil subsidence: Generally, Bangkok has been subsiding 5–10 cm on a yearly 
basis. This subsiding has become a critical trend of the Bangkok (Syvitski, 2008) 

 
 
 

 
 

 
Figure 1-1 Increasing Annual Rainfall from 1981-2014 (Department of Drainage and 
Sewerage, 2013) 

 
1.2.2. Flood mitigation and management in BMR 
 
Considering ways to overcome the problems, it is important that we need to understand 
all the causes of flooding, as well as the collaboration from government and related 
authorities (for policies and measures). Some studies suggest their findings that may 
potentially diminish the impact of flooding such as the study of Zachos et al. (2016) 
suggested the geographic information system (GIS) and the flood vulnerability index 
(FVI) with a weighted sum of separate indicators be used as a strategy to mitigate 
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vulnerability to urban flooding by monitoring and warning the inhabitants of the floods. 
Likewise, Ahmadisharaf, Kalyanapu and Chung (2016) states the use of computerized 
monitoring technologies could be effectively reduced the vulnerability of urban flooding. 
Particularly, due to the influence of tidal bore as the location of Bangkok close to the Gulf 
of Thailand, during the period of high tides, flood water discharges into the ocean are 
restricted and may cause river to overflow. This situation is exacerbated in the rainy 
season which make the city vulnerable to floods (Thanvisitthpon, Shrestha, & Pal, 2018). 
 
To overcome this problem, Thai government has implemented a water-retarding measure 
by diverting and keeping the water from the north in temporary water detention areas 
known as the “Monkey Cheek”. Later the stored water is discharged into the Chao Phraya 
River and then to the Gulf of Thailand during the low tide (Thanvisitthpon et al., 2018). 
However, during the 2011 Bangkok flood, the overflowing of river occurred in the 
downstream parts of the Chao Phraya River as a result of the compound effect of the Chao 
Phraya river confronting Bangkok’s flood wall during the hide tide of 2.5 metres above 
sea level whist the flood water from the north of the city flows into the inner city. This is 
to confirm that the accuracy of the river water and sea level forecast is crucial especially 
in the tidal bore influenced areas for the effectiveness of water management planning and 
flooding mitigation (Kuklicke & Demeritt, 2016). In addition, along with this coincident 
with the high tide of 2.5 metre, there was also a lack of coordination among provincials 
and local authorities. Furthermore, with regards to flood control measures in BMR, the 
capacity of sewerage and cannel systems are not planned for flood discharge, but only for 
rain water.  

Thailand’s floods are complex with not only geographical factors but also political factors 
behind the crisis. The water management problems are sensitive political matters in 
Thailand in terms of the change of Thai Government policies after elections. Besides, 
water management in Thailand involves 16 organisations from four major Ministries. This 
sector-based system makes collaboration problematic, compounded by a new government 
with new officials. For instance, the water management problem such as the direction in 
which excess water is drained became a seriously political matter. Moreover, flood water 
is not always diverted to the canals(klongs) as it should be, due to political issues to keep 
the certain areas dry.  

During the 2011 Bangkok flood, the Governance structure of Bangkok, the BMA’s 
existing (2010-2014) Disaster Prevention and Mitigation Plan (DPMP), the centers of 
emergency command on flood prevention and mitigation were established at both BMA 
and district levels with the governor acts as the center director at BMA level. While, at 
the district level, the director of each districts acts as the center director. The agencies 
supporting flood prevention and mitigation include the Ministry of Defense which is 
comprised of army, navy and air force (Singkran & Kandasamy, 2016). Whereas, after 
the 2011 flood, the responsibility of developing plans to prevent future floods was carried 
out by the Royal Thai Government’s Strategic Committee for Water Resources 
Management (SCWRM), under the Secretariat of the Prime Minister. The Japan 
International Cooperation Agency (JICA) was assigned by the committee to conduct a 
comprehensive flood management plan for the CPRB (JICA 2013) under a supervisory 
panel the Royal Irrigation Department (RID) and the Department of Water Resources with 
the plan focused on structural measures to mitigate the floods in the CPRB. However, this 
plan did not look at the impacts on neighbouring areas. For instance, the proposed project 
to construct a water diversion route from the Sakae Krang River Basin, located in the 
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Northwest of the CPRB, to the Tha Chin and Mae Klong River Basins, located in the West 
of the CPRB. This project had a negative response as this might adversely affect people 
living in those areas and potentially lead to public controversial issues. Instead, an 
existing, continuing, and future flood risks should be considered and mitigated in a 
holistic manner with the local community engagement supported. 

1.2.3. The projected of sea level rise due to climate change  
 
One of the major consequences of climate change is rising global sea levels. Over the last 
100+ years, high-quality sea surface water level data has been recorded at tide gauges 
around the world documenting a significant globally averaged acceleration in mean sea 
level rise (MSLR) since 1880 of about 0.009 mm/year and 0.022 and 0.022 ± 0.0015 
mm/year between 1952 and 2011, and a globally averaged MSLR of ∼2.8 mm per year 
during 1993 and 2009. Between 1993 and 2014, the analysis of satellite altimetry records 
indicates a SLR rate of 3.3 ± 0.4 mm per year (Moftakhari et al., 2017).  
 
According to an IPCC special report on the oceans and cryosphere in the changing 
climate, the future SLR is projected to be faster under all scenarios at the end of century. 
Global Mean Sea Level (GMSL) will rise between 0.43 m (likely range of 0.29–0.59 m - 
RCP2.6) and 0.84 m (likely range of 0.61–1.10 m - RCP8.5) by 2100 (medium confidence) 
relative to 1986-2005. Due to ongoing deep ocean uptake and the Greenland and Antarctic 
ice sheets mass loss, sea level will continue to rise beyond 2100 for centuries (high 
confidence). Under RCP8.5, the rate of SLR will be 15 mm per year (10-20 mm per year, 
likely range) in 2100 (Oppenheimer & Glavovic, 2019). 
 
In the past over the twentieth century, the global sea level rose approximately 17 cm. 
Although, it may not look significant, it will cause major impacts especially related to the 
return period of extreme water levels (Zhang et al., 2000; Menéndez and Woodworth, 
2010), particularly, the global trend in coastal erosion has been extensively observed 
(Bird, 2000). Globally, the coastal zone was subjected to change due to multiple drivers 
(Nicholls et al., 2009), for example rapid population growth, infrastructure, an increase in 
coastal flood defenses. However, due to the lack of reliable data collected on SLR as it 
has only been done in some locations. Therefore, relative sea level changes may not be 
applied in the design in some areas (Tol et al., 2008). 
 
In the gulf of Thailand, over the last 25 years (1985-2009), the annual local MSL at 13 
tide gauge stations bordering the Gulf of Thailand in Thai waters was used to investigate 
the apparent SLR by using the average of the whole year hourly tidal data at each station. 
Compared to the Thailand MSL, which was set up over a century ago, the data at 11 
stations signified a higher average annual local MSL with the data from most stations 
indicated rising trends of sea level at different rates depending on the station location. In 
addition, at the river mouths where tide gauge stations are located, land subsidence also 
plays a significant role in the observed increase in annual local MSL (Sojisuporn, 
Sangmanee, & Wattayakorn, 2013). Evidently, BMR may face severe flooding combined 
with the impact of future SLR in the near future 
 
1.2.4. Compounding effects of increased rainfalls and a rising sea levels  

 
Climate change is predicted to lead to major changes. Inevitably, the severe climate 
challenges caused by climate change is the major issues that BMR is currently facing. In 
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recent years, the compound effects of multiple hazards have increased worldwide 
especially in the coastal areas. Generally, these compound effects correlate to events 
multiple concurrent or consecutive drivers such as coastal flooding, severe storms, high 
tides and sea level rise (Rahimi, Tavakol-Davani, Graves, Gomez, & Valipour, 2020). 
However, previous analysis relating to the drivers of the compounding effects mostly 
limits to interdependencies between storm surge, extreme precipitation and the 
meteorological drivers (Ganguli & Merz, 2019). Significantly, SLR due to climate change 
increases coastal inundation which causes extensive social and economic impacts on 
coastal communities.   
 
1.2.5. Tropical cyclones/Storm surges 

Storm surge is an unusual high sea level occurrence caused by very low pressure along 
with very strong wind that piled up sea water on the shore and spilled over lands. A 
moving tropical cyclone is an intense source of surface wind stress and sea level pressure 
that causes many substantial changes in ocean wind-wave, storm surge and current (WSC) 
characteristics (Wannawong et al., 2010). As a result, it causes serious coastal hazards 
such as coastal flooding, erosion and damaging lives and properties in those areas. 
Generally, storm surges hardly occurs in the Gulf of Thailand, however, due to the 
geographical location this will make Thailand one of the countries most exposed to the 
impact of storm surges due to climate change. Various studies related to storm surges in 
Thailand have been conducted, including, by the Aschariyaphotha et al. (2011), I-soon et 
al. (2011), and Wannawong and Ekkawatpanit (2012). Normally, the tropical cyclones 
that affect Thailand generated from the Western North Pacific Ocean or the South China 
Sea. According to Worldbank (2009), tropical cyclones in Thailand normally occur during 
September and October. During 1962-2000. The previous severe typhoons that passed 
through the Gulf of Thailand include Typhoon Vae in 1952, Tropical Storm Harriet in 
1962, Typhoon Gay in 1989, Typhoon Becky in 1990, Typhoon Fred in 1991, Typhoon 
Forrest in 1992 and Typhoon Linda in 1997 (Wannawong & Ekkawatpanit, 2012). Three 
storm surges were recorded and the highest storm surge of 0.61 m at the Chao Phraya 
River mouth was caused by Typhoon Linda induced in this region in 1997. Therefore, it 
is an urgent need for the warning WSC systems for people who live in these risking coastal 
areas (Wannawong & Ekkawatpanit, 2012). 

  
Figure 1-2 Bathymetry in a three dimensional perspective with depth (in metres) 
(Wannawong & Ekkawatpanit, 2012) 
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Furthermore, during Typhoo Linda (1-4 November 1997), Aschariyaphotha et al. (2011) 
investigated sea level elevation and ocean circulation patterns in the Gulf of Thailand 
forced by the wind fields using the three-dimensional Princeton Ocean Model). The result 
indicates a forecast of a 68.5 m of maximum water level at the Cha-Am station, 51 cm at 
Huahin station, 33 cm at Rayong station, and 34.9 cm at Ko Chang station  
 

 
Figure 1-3 Storm surge height due to Typhoon Linda along the Gulf of Thailand 
(Supharatid, 2009) 

 
1.3. The Bangkok 2011 floods 

 

 

 Figure 1-4 (A) Maps of the Chao Phraya Delta   (B) 2011 Thailand flood in the Chao Phraya Delta              
Source: 2011 Thailand Flood.Pitchapa Jular (2017).  

 



 8 

The severe flooding which occurred in 2011 or the Mega 2100 flood was the worst flood 
ever experienced in more than half century in Thailand – signifying massive loss of life 
and properties across socio-economic sectors (Jular, 2017). The estimated economic 
losses of US $30 billion and insured losses of US $12 billion that caused by this flood, is 
the highest-ever from a freshwater flood disaster worldwide (Swiss Re, 2012), which was 
ranked as the world’s fourth costliest disaster and the country’s most damaging flood to 
date. During mid-October 2011, the majority of areas in Bangkok were inundated except 
some districts in the southern part of Bangkok metropolis. The highest amount of 2011 
flood was estimated by the total rainfall amount of 1,449 mm, which was 143% higher 
than the average of rainfall during rainy season recorded in the two decades between 1982 
and 2002. Forty two out of the fifty metropolis districts were declared by BMA to be 
emergency disaster areas. (Singkran & Kandasamy, 2016). The main causes of 2011 flood 
are: - 

Natural Causes : - 

• June to October 2011: Previous 5 tropicalstorms: Haima, Nock-Ten, Haitang, 
Nesat and Nalgae  

• The mid-May to October 2011: Influences of the Southwest monsoon  
• January to October 2011: Excessive precipitation accumulated  

Human Causes: - 

• Water runoff from the major rivers 
• The failure of flood control significantly in the water storage of the Bhumibol and 

Sirikit dam located upstream of CPRB 

1.3.1. The starting of flood (2011 flood timeline) 
 

\ 
Figure 1-5: The 2011 Thailand Floods (Bangkokpost, 2011) 

North: Due to the extensive amount of flood water from the north, flooding started from 
the broken dikes that allowed the floodwater to flow into a northern suburb of Bangkok 
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in Pathum Thani’s Rangsit District. A floor defense dike was built beside the Rangsit 
Canal by the BMA’s Department of Drainage and Sewerage (DDS) to prevent the flood 
water from inflowing into Bangkok’s districts, as well as sandbags were used along 
Phaholyothin Road or the northern Highway 1, which is a major road in Bangkok and one 
of the four primary highways in Thailand. 

East: A temporary dike with 8.2 km long and 3 metre high above MSL built by DDS 
aimed to protect floodwaters from Rangsit area. However, the dike was unable to prevent 
the floodwaters spreading to the eastern districts like Bang Khen, Bueng Kum, Lad Phrao, 
and Khlong Sam Wa districts (Singkran & Kandasamy, 2016) 

West: The compound effects of inflow floodwaters from the north towards Bangkok and 
backwater effect of high tide (back water that occurs during high tide) caused the water 
from the Chao Phraya river overflowed into private areas in Bang Phlat district., although, 
DDS built a temporary dike to protect the overflow of water. In addition, many areas in 
the west of Bangkok were inundated from floodwater flowed through 14 destroyed water 
gates and dike. Floodwater flowed onwards to Taling Chan and Thawi Watthana districts 
(Singkran & Kandasamy, 2016). 

1.4. Research Aims and Objectives 
 

1.4.1. Research Aims 
 

Academic literature has argued that common flood hazard assessment practices in low-
lying coastal regions around the globe normally account for one driver at a time, either 
fluvial flooding or ocean flooding only. However, future SLR projection will increase 
flooding vulnerability to these coastal cities from multiple drivers such as extreme coastal 
high tide and storm surges instead of one (Moftakhari et al., 2017). Moreover, previous 
studies indicate that for extreme events, the univariate analysis may not correctly estimate 
the likelihood of a given hydrologic event (De Michele, Salvadori,2004; Canossi, 
Petaccia, & Rosso, 2005). Hence, it is important to consider the compounding effect 
between flood drivers and multivariate analysis of extreme events in low-lying coastal 
systems (Moftakhari et al., 2017). This signifies a gap in which many previous studies do 
not imply the impact of SLR on the estimated flood hazard. Therefore, to address this gap, 
the scientific question in this paper is: “Impacts of future sea level rise on fluvial 
and coastal flood risk in Bangkok, Thailand” This research question aims to assess 
the compounding effect of projected SLR and fluvial flooding in Bangkok using the 
hydraulic modelling approach to simulate the 2011 event flood conditions. Significantly, 
the objective of this research is to measure the likely impact of climate change on flood 
risk in Bangkok Metropolitan Region (BMR) using the scenarios with projection of SLR 
and increase in rainfall. The aim of this study is to gain a better understanding of flood 
risk-governance system in Thailand and to build climate change resilient to to help reduce 
impacts of climate change to the residents of BMR. 

 
1.4.2. Research Objectives 

 
The following specific objectives are identified to achieve the above aims: - 
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Overall objectives 
 

• To measure the likely impact of SLR on flood risk in BMR to Thai residents in 
Bangkok. 

• To assess the compounding effect of projected SLR and fluvial flooding in 
Bangkok using the hydraulic modelling approach to simulate the 2011 events 
flood conditions. 

• To gain a better understanding of flood risk-governance system in Thailand 
specifically in BMR. 

 
Specific objectives 
 

• Carry out flood impact assessment using modelling method to measure the likely 
impact of climate change on flood risk in BMR by using the scenarios of the 
projected SLR.   

• To identify areas across BMR which may be susceptible to flooding and/or coastal 
hazards. 

• Examine variables of population affected by flooding based on demographic and 
disparity in risk between districts based on economic status. 

• To explore flood risk perception awareness and preparedness by collecting 
opinions on flood risk management from government officials, researchers , 
professionals and insurance company.  

 
1.4.3. Research questions 

 
• What impact might future SLR cause on the fluvial flood risk and coastal flood 

risk in Bangkok, Thailand? 
• What areas in BMR is highly exposed and vulnerable to floods? 
• What are the impacts of flooding on the socio-economic status of BMR residents? 
• How Bangkok to become a resilient city and how climate change adaptation 

creates resilience in Bangkok? 
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Chapter 2 Literature Review 

2.1. Introduction 
 

This chapter will provide an overview flood risk internationally and in BMR, key factors 
that influence flooding, how to build flood resilience, hydraulic modelling approach for 
the assessment of flood-prone areas, and flood resilience with climate change challenges. 

 
2.2. Flooding, Flood Risks, and Flood Risk Managements 

 
The purpose of flood risk management is to reduce the human and socio-economic losses 
caused by flooding. It is important to understand the relationship between physical 
systems, framework and socio-economic environment. The study done by Singkran & 
Kandasamy (2016): Developing a strategic flood risk management framework for 
Bangkok, Thailand. This study describes weaknesses of the Bangkok’s existing flood risk 
management and suggests a possible strategic flood risk management framework to be 
used. A preliminary assessment of flood risk to get quantitative insight (to support the 
2011 flood’s observations) and reveal the motivation behind an existing Bangkok’s flood 
management practice, was conducted in 50 districts of Bangkok. The estimation of flood 
risk over 12 years from 1999-2009 and 2011 showed 10 districts of BMR were at a very 
high flood risk. The major finding obtained are: 

 
v Bangkok’s current flood risk management practices are ineffective and need to be 

improved. The evacuation plan in the existing Disaster Prevention and Mitigation 
Plan 2010-2014 of BMA that highlighted the management of ongoing flood risk 
could be strengthened by including the results obtained from others flood studies. 
Community flood education such as warning systems is crucial.  

v The land values are affected by the existing flood risk and flood protection 
procedures. 

v The local community’s involvement in the flood risk management framework is 
important in order to reflect insights from the community perspective. 

v An integration of land use planning/development and floodplain management 
plans is crucial to manage the future flood risk under climate change for an 
effective future flood risk management. 

v Further research should be carried out to define the uncertainties of future flood 
risks associated with urban expansion and land values across BMR in the future. 

The study of Singkran (2017): Flood risk management in Thailand: Shifting from a 
passive to a progressive paradigm. This study aims to examine the Thailand 2011 flood 
and analyze and measure the current flood risk management plan, as it highlights some 
deficiencies in an existing practice, and it suggest a strategic flood risk management 
framework to be implemented. In addition, this study recommends the shift of the flood 
risk management from a passive to a progressive paradigm, promoting that collaboration 
among government agencies and stakeholders be included in all relevant plans and 
measures. It is important that stakeholders participate in a framework of decision making 
and ideas/views that are accounted for flood risk management, for example, a framework 
for multiple criteria decisions making for flood risk management of the Bac Hung Hai 
polder in northern Vietnam (Hansson, 2013). Another example is the strategic flood risk 
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management framework of the Australian Emergency Management Institute that was 
applied to CPRB. This framework has been used to manage flood risks in New South 
Wales and in the other parts of Australia. This framework highlights community 
participation, advanced measures and also planned improvement and preparations using 
monitoring and reviews at local levels.  

 
2.3. Review of Key Factors influencing to Flooding in BMR 

 

2.3.1. Sea level rise 
 

One of the major consequences of climate change is rising global sea levels. These 
impacts are already happening in deltas and subsiding coastal cities. For example, in the 
Mississippi delta, between 1978 and 2000, with relative SLR of 5 to 10 mm per year, the 
area of 1,565 km2 of coastal marshes and land disappeared (Nicholls, 2011). Human 
adaptation to these changes, like coastal defense such as seawalls and levees had been 
constructed. Connecting the projected SLR to the subsiding coastal cities, the study done 
by Nicholls (2011): Planning for the Impacts of Sea Level Rise points out the future impact 
of SLR will depend on the magnitude of SLR, physiography of coastal plains, the level and 
characteristic of coastal development and, how human adapted to these changes. 
 
On a global scale, the regions of South, Southeast, and East Asia and Africa appear to be 
most susceptible by SLR. The low-lying countries on deltaic plains like Vietnam and 
Bangladesh appear to be severely impacted due to their large populations. 

 

 
Figure 2-1 Coastal zones with dense population that are vulnerable to coastal flooding caused by sea level 
rise (Nicholls & Cazenave, 2010) 

 
The study of Javrejeva et al (2016): Coastal sea level rise with warming above 2 °C 
highlights the risk caused by over two degrees of global warming that likely to be reached 
between 2040 and 2050 for both under RCP 8.5 and RCP 4.5. The probabilistic SLR 
projection provided by this study signified that under RCP 8.5 scenario, more than 90% 
of coastal areas, especially along the Atlantic coast of North America and Norway, will 
experience up to 0.4 metre SLR instead of the global estimate of 0.2 metres. And with a 
5-degree rise projected by 2100 under the RCP 8.5 scenario, sea level will reach 0.9 
metres with 80% of the with 80% of the coastline will reach up to l.8 metres. 
 
The study of Ritphring, Nidhinarangkoon, Udo, & Shirakawa (2021): The Comparative 
Study of Adaptation Measure to Sea Level Rise in Thailand examines human activities 
and natural processes that make coastal areas extremely dynamic. With the GSLR, in 
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Thailand, the structural measures have been constructed to reduce beach erosion and deal 
with the impact of SLR. However, the coastal areas can negatively be affected by these 
structural measures. The aim of this study is to determine the suitable adaptation measures 
to protect and maintain sustainability in coastal areas. The historical shoreline changes 
were analyzed using satellite images and beach value was assessed using the hedonic 
pricing method. The advantage of using the benefit–cost ratio (BCR) analysis is to assess 
if it is beneficial implementing beach nourishment for the adaptation measure under all 
climate change scenario. Significantly, this finding will be useful for the policymakers in 
the process of preliminary decision making. 
 
2.3.2. Land subsidence 

 
The study of Land Subsidence Analysis in Urban Areas: The Bangkok Metropolitan Area 
Case done by Zeitoun & Wakshal (2013) reviewed the other major concern for Bangkok: 
the issue of soil subsidence as the city is situated on the flood plain and underlain by soft 
marine clay that is in the pre-consolidation stage. The 15-30 metre thick topmost 
sediments consist of soft marine clay overlying stiff clay called the “Bangkok clay”. In 
its natural stage with no human activities, the compaction of consolidation is a long-term 
process. According to soil scientist, a high rate of soil consolidation causes a soil matrix 
compression. The analysis of subsidence indicated a strong relationship between the 
human activities and a high rate of soil consolidation. Since 1978, two methods: periodic 
leveling of a network of benchmarks and measuring compaction of sediments have been 
used to collect the subsidence of land surface in the area of Bangkok. The study during 
1978 and 1981 indicated 10 cm per year of land subsidence rates in the eastern suburb 
and 5-10 cm per year in central Bangkok. Since 1983, the corrective measures were used 
to control the ground water pumpage. Consequently, in the eastern suburb, the annual 
subsidence rates during 1988 and 1989 were decreased to 3-5 cm and 1-2 cm in the central 
of Bangkok (Ramanrong & Buapeng, 1992).  

Land subsidence causes a severe risk to low-lying areas like Bangkok and its coastal areas 
as we can see from the major flooding that occurred in 1983 and 2011. Although the 
ground water extraction in now restricted, the maximum subsidence rates measured in 
2013 still up to 2 cm per year. The study of InSAR time-series analysis of land subsidence 
in Bangkok, Thailand done by Aobpaet, Cuenca, Hooper, & Trisirisatayawong (2013) 
using interferometric synthetic aperture radar (InSAR) time-series analysis to investigate 
subsidence in Bangkok from October 2005 to March 2010. This was due to the levelling 
results done by the previous study shows the levelling network rather sparse and 
potentially could underestimate the rates between benchmarks when creating interpolated 
spatial map. The combination of PSI and SB method applied for a multi temporal InSAR 
approach identified around 300,000 pixels and they can be performed as monitoring 
points which specified higher spatial density than levelling. As a result, the 30 mm per 
year maximum relative rate represents the estimated deformation rates for the period of 
2005-2010. This indicates that to levelling for monitoring deformation in Bangkok, 
InSAR approach should be beneficial technique to be considered. The method using pairs 
of SAR images or conventional InSAR has been utilized in the Bangkok metropolitan 
area. During February to October 1996, in the southeast and southwest alongside the Chao 
Phraya River, the maximum subsidence rate was 30 mm per year (Kuehn et al., 2004). In 
short, this InSAR time-series analysis can potentially be the beneficial technique to 
monitor land subsidence in the Bangkok Metropolitan area. 
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   Figure 2-2 (a) Subsidence rate (mm year -1 from InSAR time-series analysis (b) Standard deviations of mean 
rates (mm year-1) (Aobpoet et al., 2013) 

 

 
 

Figure 2-3 Subsidence rate (mm year-1). (a) Bangkok-Nongchok, (b) Samut Prakarn-Na Klua, (c) Samut 
Prakarn-Thepharak, (d) Suwarnabhumi Airport, and (e) Bangna (Aobpoet et al., 2013) 

 
2.3.3. Precipitation and flood risk 
 
Precipitation is a key factor of the hydrological cycle and variations in precipitation 
frequently affecting both human and the natural environment (e.g., Guan et al., 2014; 
Trenberth et al., 2003; Barretta & Santos, 2014; Trenberth et al., 2003). Over the last few 
decades, there is evident indicating an increase in the frequency and intensity of extreme 
rainfall events especially under the global warming (e.g., Min et al., 2011; Allan and 
Soden, 2008; Donat et al., 2013; Coumou and Rahmstorf, 2012). The study of Limsakul 
and Singhruck (2016): Long-term trends and variability of total and extreme precipitation 
in Thailand	 examined the long-term trends and variability of total and extreme 
precipitation indices from 1955 to 2014 using quality-controlled daily station data. The 
analysis signifies precipitation events nearly across Thailand are occurring less frequently 
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but are more likely to be intense. The magnitude of extreme rainfall events also shows a 
wetter condition trend that as a consequence will potentially result in more frequency and 
severity of flash floods in Thailand. Notably, a feature observed in this study indicates 
wetter and more extreme weather condition as well as an increase in the frequency and 
magnitude of heavy rainfall events in Bangkok Metropolis. 
 

 
Figure 2-4 Maps show Spatial distribution of trends of total precipitation. (a) annual, (b) May - Oct, and 9c) 
Nov-Apr (Limsakul & Singhruck, 2016). 

The study of Kirtphaiboon, Wongwises, Limsakul, Sooktawee, & Humphries (2014): 
Rainfall Variability over Thailand Related to the El Nino-Southern Oscillation (ENSO) 
This study using the Empirical Orthogonal Function (EOF) technique to analyze the 
monthly rainfall data of the Global Precipitation Climatology Centre (GPCC) across 
Thailand in a horizontal resolution of 0.5°×0.5° latitude and longitude during 1971-2010.    
The main results of the EOF analysis of rainfall over Thailand during this period indicates 
the principal component (PC) in the time series has the most dominant mode or positive 
in most parts of Thailand, which means there was more precipitation than normal. In 
contrast, when PC was negative, there was less rainfall. The ENSO events used in this 
study were divided into weak and strong intensity classes based on combinations of 14 
weak La Nina events and, 6 strong La Nina events, 12 weak El Nino events and 6 strong 
El Nino events. The results suggest that there was less precipitation in El Nino events but 
more rainfall in La Nina events. 

2.3.4. Compounding effects  
 
The purpose of this article: Compound inundation impacts of coastal climate change: Sea-
level rise, groundwater rise, and coastal precipitation done by Rahimi et al. (2020)  is to 
examine research evidence on knowledge gaps in relation to a recent report of inundation 
caused by SLR forced ground water rise in order to understand the compound inundation 
effects of this event. The novel analytical framework was developed to examine the 
changes of surface flow under normal rainfalls events with their interaction with uprising 
ground water and SLR. This modelling approach was applied to simulate the dynamics of 
compound flooding in two dimensions of the earth’s surface in a fine resolution which is 
very important for developing suitable flood management strategies. The aim of this study 
is to assess disadvantaged coastal communities that normally face disproportionate 
environmental injustices due to an insufficient drainage capacity in coastal infrastructure. 
The results indicate that the capacity of current drainage will be significantly exceeded 
under the scenario that there is compound effect of SLR, groundwater inundation and 
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precipitation flooding. This finding highlights the main point to not consider compound 
effect, or scenarios that consider inappropriate combinations of driving factors as there is 
also the significance of the role of ground water rise in the coastal inundation (Rahimi et 
al., 2020). 

Generally, in low-lying coastal area, the compound flooding (CF) may be caused by large 
runoff due to the co-occurrence of high sea level and precipitation. The results from these 
two hazards interrelating can be worsen. The study of Bevacqua et al. (2019) highlighted 
the fact that although the CF has become significance, an comprehensive hazard 
assessment in a broad locations is still unavailable and none of studies have investigated 
CF in future. So far, the future CF probability relating to future precipitation variability, 
storm surges, and astronomical tides, has not yet been examined. Hence, this study aims 
to analyze the CF hazard along the European coasts both in the present together with 
future climate under RCP8.5 scenario. The main findings of analyzing co-occurring 
extreme precipitation and high sea level in Europe, indicates the Mediterranean coasts are 
currently facing the maximum CF probability, whereas the future climate projection on 
the parts of the northern European coast shows developing peak CF probability. This 
means, in the future, some of European regions, CF should be taken into account as a 
possible hazard intensifying the risk that caused by projected SLR. Similarly, Ward et al. 
(2017) presented the first assessment of the dependence relating high sea level observation 
and high river discharge for estuaries worldwide. Even though, in some regions, sparse 
observations impeded the assessment.  

The study done by (Moftakhari, Salvadori, AghaKouchak, Sanders, & Matthew, 2017): 
Compounding effects of SLR and fluvial flooding focuses on coastal cities that are in 
need of flood hazard assessment because of exposure to multiple flood drivers like river 
discharge, coastal water level and precipitation. This study argues that the univariate 
approach may not appropriately characterize the flood hazard if there are compounding 
effects. In the United States, flood hazard assessment practices are normally based on 
univariate methods (Moftakhari et al., 2017), which may not correctly analyze and 
estimate the probability of a given hydrological event of an extreme flood. This indicates 
a potential importance of multivariate analysis of extreme events in coastal/estuarine 
systems and taking compounding effects between flood drivers into account, especially 
by ignoring SLR, may lead to underestimation of future coastal flood hazards. In fact, in 
the United Kingdom and Australia, bivariate flood hazard studies have been performed, 
however, the impacts of SLR have not been considered on the estimated flood hazard. 

 
2.4. Overview of Modelling approach 

The study of Boonya-Aroonnet et al. (2002): Modelling of urban flooding in Bangkok. 
The purpose of this study is to use the modelling approach to simulate urban flooding 
with the interaction between the pipe system and land surface in Bangkok. Firstly, 
advanced modelling of urban flooding was presented by Maksimovic (1999).  This 
modelling approach will be used to increase possibilities for managing urban flooding 
problems. Like other cities in Asia, Bangkok developed from old city in relation to 
varying historical needs and visions. Therefore, the design of infrastructure and layout of 
Bangkok have slowly developed into complex systems. In this study, three different 
models were applied in Sukhumvit urbanized area. The first model (A), using virtual 
reservoir operated with the pipe network model, was able to exchange the surface storage 
and surcharged water. The second model (B) was two layers model that combine pipe 
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network and street network model. The third model (C) was the Digital Elevation Model 
(DEM) linked with pipe network model. Among the three models, the result of simulation 
in comparison with flood field data, indicated that model C provided the best computed 
result. Whereas the extension of application of model A capability showed it can be 
applied for light rain and the two layered model can be used for moderate rain and also 
suitable for real time control. 

The flood impact assessment using hydrodynamic modelling approach done by Chen 
(2007) focuses on developing a procedure for flood impact assessment in Bangkok using 
an 1D2D hydrodynamic model to examine the effect of building structures in the terrain 
for urban and suburban areas at different flooding scenarios (5, 10 and 25 years return 
period) and a methodology for multi-parameter developed for flood impact assessment. 
Because the severe floods in 1983 and 1999 created great disturbance to social and 
economic activities, after these two devastating events, flood mitigation projects were 
established to defend the city (Bangkok Metropolitan Administration, 2004). However, 
the impact of global warming and the rapid urban development have increased flood risk 
(Chen, 2007). The key finding of this report signifies the manner in which buildings are 
represented in modelling approach has a significant impact on the flooding characteristics. 
The data used in this report including the Digital Elevation Model (DEM), discharge, 
rainfall, ASTR Global Elevation map, cross section and road network were obtained from 
different sources. This study pointed out an importance of data being used in the study 
that the more quality and quantity of data, the greater the reliability and accuracy of the 
model. Moreover, as the data scarcity restricts the application of the model in this study, 
if this problem is solved in the future, adopting the model for predictive as well as 
indicative purposes is recommended, and a longer time duration of simulation is required 
to achieve the proposed methodology perfectly.  
 
The study of Zerger and Wealands (2004) highlighted the importance of spatially explicit 
hydrodynamic flood models in flood risk reduction measures and their ability to provide 
inundation information about the onset, duration and passing of a hazard event. Such 
information can be crucial for mapping evacuation routes, landuse planning and locating 
suitable emergency shelters. The model results that allow disaster manager to assess and 
mapp to examine the consequences of different hazard scenarios, can potentially enhance 
an effective risk reduction. Additionally, the role of flood modelling becomes increasingly 
important due to an increase in computation capacity and understanding of the 
hydrological system. In this paper, the authors examine the technical challenges by 
coupling GIS and a hydrodynamic model; it examines the relational database management 
system for handling the vast amount of geospatial hazard data and provides the results for 
a hypothetical scenario for Cairns, Australia. This framework is well-suited to riverine 
flood risk that creates similar risk management challenges. 

 
2.5. Studies of flood resilience and climate change 
 
Climate change and natural disasters are the significant treats to development. While 
natural disasters cause risks, climate change intensifies those risks by adding a greater 
level of uncertainty. The compound effects of natural disasters and climate change can 
force people into chronic and temporary poverty and push them to adopt negative coping 
strategies (World Bank, 2013). Generally, economic losses caused by natural disasters 
and man-made disasters are costly in both human and financial terms. According to 
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Maplecroft, among 50 cities globally are exposed to extreme risk of climate change 
induced disasters (The Rockefeller Foundation, 2014).  

 
The study of Thanvisitthpon, Shrestha, & Pal (2018) investigated the causes of perennials 
floods in Bangkok. This research examined the 30 years daily precipitation change in 8 
indices (R10, R20, R25, CDD, CWD, RX5day, PRCPTOT and R99p) during 1985-2015. 
The result demonstrates an increase in number of days and more rainfall. Significantly, 
the R20, R10 and CWD data indicated the effect of water from the north flow into Chao 
Phraya River which will definitely influence higher risk of natural disaster in Bangkok 
and other cities. The questionnaire survey of 400 residents of 20 flood-prone localities in 
4 districts (Figure 2.5) was carried out and statistical analysis method was performed. The 
findings of the survey show three influencing causes or factors of perennials floods in 
Bangkok: lack of public participation, lack of interprovincial cooperation and the 
geography of Bangkok. 
 

 
 

Figure 2-5: Location of study in BMR (Thanvisitthpon, Shrestha, & Pal., 2018) 

In addition, this study also points out the problem of soil subsidence that exacerbates the 
flood situations particularly during rainy season and tidal bore. The BMA annual report 
2016 states the Bangkok ground has subsided 5-10 cm per year, significantly in the eastern 
districts of Bangkok: Bang Kapi, Huay Khawng and Pra Khanong. Furthermore, on the 
flood plain, the current local drainage capacity is only limited to handle a rainfall of 60 
mm per day. Under the circumstances of the high rainfall over 100 mm per day (that can 
occur more often especially with any storms from the south or the gulf of Thailand), could 
potentially cause flash flood over BMR (Lautze & Kirshen, 2009). 

The study of Promchote, Wang, & Johnson (2016) examined and compared the Thailand 
flood 2011 with historical floods. The Meteorological condition and climate forcing were 
assessed to understand the causes that led to the magnitude and duration of this flood. It 
shows that a series of unusual conditions, together with the monsoon rainfall and the 
tropical cyclone frequency anomalies influenced the intensity of the 2011 flooding event, 
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particularly, a record of high soil moisture content during March, the highest sea level 
height in the gulf of Thailand, poor flooding management combined with anomalously 
high rainfall in the pre- monsoon season. Attribution analysis using the CMIP5 single-
forcing experiments using in this study signified anthropogenic Green House Gas (GHG 
) have a major role in creating an increase of premonsoon rainfall over the CPRB. This 
study also indicated that climatic causes is not the only factors but also the other factors 
involved human activities and civil engineering such as land-use change and types of land 
cover (Sriwongsitanon and Taesombat 2011; Jothityangkoon et al. 2013), interactions 
between a river channel and flood plain for both natural and/or constructed measures 
(Trigg et al. 2013), and also, the impacts of reservoir operation (Mateo et al., 2014). Water 
management factors such as inefficient drainage canals and broken dikes appeared to 
intensify the scale of the 2011 flood along with problems encountered in managing dams 
of the Bhumibol and Sirikit Reservoirs (Aon Benfield 2012; Rakwatin et al. 2013; 
Haraguchi and Lall 2014; Mateo et al. 2014). Importantly, this study suggested the benefit 
of monitoring the pre-monsoon and its onset rainfall, soil moisture and sea level height 
that could help evaluate and manage the timing and volume of flood water to be released 
from reservoirs in order to mitigate flooding on the earlier or at its onset stage.  

The study of Laeni, van den Brink, & Arts (2019): Is Bangkok becoming more resilient 
to flooding? A framing analysis of Bangkok's flood resilience policy combining insights 
from both insiders and outsiders aims to understand and examine flood resilience policy 
development, especially in cities in developing countries like Bangkok.		Bangkok as one 
of the cities participating the 100 Resilient Cities Programme (100RC) and other countries 
in developing countries are recommended to manage to have a more comprehensive 
resilience building process that addressing social problems particularly to low-income 
communities together with fostering flood safety and protection. This study argued the 
previous studies on Bangkok's flood risk management that they are mostly focused on 
understanding the existing institutional arrangement (Lebel et al., 2011; Kamolvej, 2014; 
Roachanakanan, 2012; Saito, 2014; Marks & Lebel, 2016). Instead, the centralization of 
policy and the institutional fragmentation of flood risk management should concentrate 
on the prioritization of structural flood protection. This study suggests the development 
of resilience policy to become a new policy solution to deal with the urgent problems. 
Hence, to understand this policy, the critical dimension of flood resilience building has 
been assessed by insiders and outsiders. The results indicate: - 

1. To reinvent its flood risk management strategy. Apart from investing on the 
structural flood protection measure, it should also focus in developing spatial and 
adaptive measures. 

2. Collaboration between the involved departments within the BMA and other 
national government authorities, stakeholders, civil society organization and local 
communities is crucial 

3. The potential social impact should be identified as well as the necessary solutions 
such as compensation for affected communities, especially for disadvantaged 
communities 

In short, although, the insights from both insiders and outsiders on flood resilience 
building combined in this study, however, they only demonstrate the economic growth 
frame played an important part in reinforcing existing flood resilience strategies and 
process rather than leading to more adaptive ways of dealing with flood risks.  
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Chapter 3  Study area 

3.1.  General descriptions of BMR 
 
The study area is Bangkok, the capital of Thailand (13° 45’ North 100° 31’ East) 
geographically located in the low-lying Chao Phraya River Delta with a total area of 
approximately 1,568.7km2. Bangkok is administratively divided into 50 districts. The 
terrain elevation is generally flat and just 1.5 metre above MSL. In addition, the capital is 
greatly influenced by tidal bores due to its close proximity to the Gulf of Thailand. 
Therefore, the discharges into the ocean are very limited during the period of high tides. 
Remarkably, Bangkok has been subsiding 5-10 cm on a yearly basis (Thanvisitthpon, et 
al., 2018; Jular, 2017). According to the National Statistical Office of Thailand, the total 
registered population is 5.5 million with a large non-registered population approximately 
about 40% more. The Greater Bangkok (GBK) agglomeration comprises Bangkok and its 
five surrounding provinces with a total area of 7762 km2 and a population of over 10 
million (Thanvisitthpon et al., 2018) 

 

 
 
Figure 3-1: Bangkok Metropolitan Region (BMR) (DDS, n.d.) 
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        Figure 3-2: Chao Phraya River Basin (CPRB) (Cooper, 2014). 

 
3.2.  Topography 

 

3.2.1. Low-lying topography 
 

Bangkok is sinking and prone to floods. This is due to its geographical location Like most 
of megacities in South East Asia that were built within a delta’s boundaries. The Chao 
Phraya River Delta, which is located in the Bangkok and Samut Prakan provinces 
(Hogendoorn, Zegwaard, & Petersen, 2018), is affected by flood related risks exaggerated 
by the compounding effects of extreme rainfalls and high tide levels (Vachaud et al., 
2019). Bangkok itself is situated in the southern end of the CPRB with the low-lying 
terrain (topography) of about 1.5 metre average elevation above MSL and directly 
affected by the influence of seasonal monsoon rains. Therefore, the three factors 
influencing Bangkok flooding situation include its low elevation topography, rapid and 
extensive urban growth induced land subsidence and increasing of impervious areas cause 
excessive runoff (Tran Ngoc et al., 2016). Generally, the coastal mega-cities like Bangkok 
have been predominantly prone to human-enhanced land subsidence (Vachaud et al., 
2019) which is likely to exacerbate the situation. The observed rates of modern deltaic 
anthropogenic subsidence globally vary from 6-100 mm yr–1 (Bucx et al., 2015; Higgins, 
2016). Over the last few decades, the observed rates over the same interval have been 
increased at least twice the 3 mm yr–1 rate of GMSL. (Higgins, 2016; Tessler et al., 2015). 
 



 22 

 
Figure 3-3: Bangkok land Elevation (Designing resilience in Asia, n.d.) 

3.2.2. Flood-prone areas in Bangkok  
 

Twenty flood prone localities in 4 flood-sensitive districts of Bangkok; Don Mueang, 
Bang Khen, Nangkapi and Wattana. 

 

             Figure 3-4: Flood Situation Map of Bangkok on 16 November 2011(DDS, 2013) 
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Figure 3-5: Bangkok Canal Network (DDS, 2013) 

 
3.3. The role of Bangkok  
 
Bangkok, the capital of Thailand (13° 45’ North 100° 31’ East) geographically located in 
the low-lying Chao Phraya River Delta with a total area of approximately 1,568.7 
km2. Bangkok is administratively divided into 50 districts. According to the National 
Statistical Office of Thailand, the total registered population is 5.5 million with a large 
non-registered population approximately about 40% more. The Greater Bangkok (GBK) 
agglomeration comprises Bangkok and its five surrounding provinces with a total area of 
7762 km2 and a population of over 10 million (Thanvisitthpon et al., 2018). Overall, 
before the 1960s, Thailand’s economy was growing slowly. During 1958 and 1973, it was 
the crucial period of the transition of the country into a modernizing and fast-growing 
economy (Ayal, 1992). Generally, Thailand’s economic activity are mainly export 
oriented; in the past these were primarily agricultural and mining products. Over the last 
two decades, produced manufactured products including various type of machinery has 
played the significant role and become a growing part of export instead (Ayal, 1992). 
Remarkably, during the 1980s, Thailand demonstrated its increasing integration into the 
world’s capitalist economy. The 1980’s were not only recorded as experiencing a drastic 
economy change, but also constituted volatility in terms of social, political and cultural 
transformation (Ayal, 1992). During the course of this economic growth, metropolitan 
Bangkok also continued to grow. Changes include the vast majority of the new factories, 
accelerating stream of a constant and migrants to Bangkok form throughout the country, 
with the majority of them are employed by the private sector , which indicates the 
characteristic of a dynamic economy. Additionally, the population in Bangkok also 
rapidly increased when industrialization was accelerating. Notably, the average annual 
growth rate of migration to Bangkok was dramatically increased from 7 percent between 
1960 and 1980 to 9 percent during 1975-1981.  
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 Table 3.1:Populations in Bangkok Metropolitan Area during the last three decades. 

Year 1960 1970 1976 1978 1980 1988 
Population 2136000 3186000 4343000 4736000 4816000 5717000 
 
 

3.4.  Bangkok’s urban evolution 
 

3.4.1. Megacities Urban Form  
 

Bangkok is both a megacity and a primate city. It's a megacity because it absorbs cities 
and towns surrounding it. It's a primate city because it's not only the capital and the largest 
city, but also dominates the rest of the country culturally, socially and economically 
(Petersen, 2015). As of 2020, the estimated population of country population was 10.539 
million. In addition, within the surrounding BMR, the 2010 census shows over 14 million 
(around 22.2% of the country population) of people lived in BMR. Therefore, this makes 
Bangkok an extreme primate city. After the decades of unprecedented economic growth 
in Thailand, in which the majority of that growth materialized in Bangkok in terms of 
intense urbanization that expands to adjacent provinces (Hamilton, 2000). Without doubt, 
the surrounding rural farmlands, plantations and the pre-existing agrarian lifestyles has 
been replaced by this growth with the industrial which causes significant environmental 
and social impacts throughout the country. Because Bangkok’s impact is national or even 
supernational, activities and practices related to sustainability or any specific factors in 
Bangkok need to be identified, investigated and addressed (Petersen, 2015). It is 
interesting to know how Bangkok arrived at its current unsustainable state. Starting from 
a “water-based” settlement with floating houses or houses on stilts using rivers and canals 
as the lifeline, to roads, spaghetti-like motorways and highways, Indigenous Bangkok has 
totally changed and never be the same. During 1968 and 1979, the residential area of the 
BMA increased from 41.5 to 114.3 km2 with total industrial land-use expansion also 
increasing by 7.6 percent. According to National Housing Authority, this development 
pattern of BMA has been virtually unplanned. (Centre for Housing and Urban Settlement 
Studies, 1985). Although, the construction of roads has played the most important part in 
terms of the spatial orientation of development of all kinds in BMR, the agencies still has 
not paid enough effort and responsible for road design and construction to evaluate the 
growth-inducting effects of planned projects.  
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Figure 3-6: (a) Bangkok's urban expansion during 1950-1990, (b) Land use change in the 
study area from 1994 to 2009 (Srivanit, Hokao, & Phonekeo, 2012) 

 
3.4.2. Bangkok’s Superblocks 

 
• Patterns of Lateral expansion 

 
The Superblock is the mode of road and land development extending 30-40 km from the 
original city center, which can be as large as 20 km2. A typical feature has the dead-end 
side roads (sois) within large areas surrounded by major roads. This pattern still continues 
to the present. The beginning of the “superblock” starting when road development rapidly 
accelerated around Bangkok in 1950s. BMA has indicated that to solve the superblock 
problem, the main concern is to minimize the number of dead-end sois (Kaothien and 
Webster, 2000). 
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• Patterns of Movement: From Fluid Khlongs to Clogged Roads  
 

Bangkok’s road network and meandering patterns of thanons and sois are developed from 
the patterns of Khlongs/canals supplying water to the plantation agriculture (rice paddies); 
this pattern was designed to suit the agricultural lifestyle using small paddle boats in 
which long distance is rare. Therefore, Bangkok’s road system is lacking 
secondary/alternative routes through the city, resulting in Bangkok fairly heavy traffic 
conditions throughout the day, especially in peak period of travel.  

 
• Patterns of Suburbanization: Villages in the city   

 
As the modern city spread into the agricultural and villages, the rural becomes the city 
The economic benefits of urbanization as a consequence of the decentralization of 
industry are significant (Bello et al.,1998), especially in terms of proving affordable house 
for the fast-growing middle class. This pattern of suburbanization caused by 
decentralization of industry delivers more employment opportunities as well as increasing 
household incomes, especially for young women from rural areas which contribute a vital 
part of the economic strength of the country (McGee & Robinson, 1995). On the contrary, 
the adverse social and environmental are generally resulted by the sprawl. We can see that 
the specific problems of this expansion are compounded by an insufficient of effective 
land-use and environmental (Petersen, 2015). 

 
 

3.5. Precipitation and flood risk (Climate conditions) 

A key component of hydrological cycle is precipitation. In general, the significant impacts 
on human, society and natural environment are caused by significant changes in 
precipitation (Pielke and Downton, 2000; Barretta and Santos, 2014; Guan et al., 2014; 
Trenberth et al., 2003). The study analysis done by Limsakul & Singhruck (2016) which 
examined the long-term trends and variability of total and intense precipitation indices 
between 1995-2014 based on quality-controlled daily station data, showed lesser frequent 
precipitation events almost across Thailand, however, the events have become more 
intense with a trend toward wetter conditions and heavy rainfalls contributing towards a 
great total annual precipitation. The observation reveled the significant relationship 
between of the variability of precipitation indices and the indices for the state of El Niño–
Southern Oscillation (ENSO) and Pacific Decadal Oscillation (PDO), which provide 
additional indication that large-scale climate phenomena in the Pacific Ocean are remote 
drivers of variability in Thailand's total and intense precipitation. During La Niña years 
and the PDO cool phase, Thailand is likely to have greater amounts of precipitation and 
more severe events, and during La Niña years and the PDO cool phase, and conversely 
during El Niño years and the PDO warm phase. Similarly, the study of Kirtphaiboon et 
al. (2014) using ENSO events based on composites of fourteen weak La Nina events, six 
strong La Nina events, twelve weak El Nino events and six strong El Nino events. It shows 
high rainfall in La Nina Events and low rainfall in El Nino events. It has shown that in La 
Nina events, there was high rainfall, while it was less rainfall in El Nino events.  

Thailand, is located in the tropics in the center of mainland Southeast Asia and its climate 
is under the influence of two prevailing monsoons: the summer (southwest) monsoon and 
the winter (northeast) monsoon (TMD, 2007). Particularly, over the central and northern 
regions of Thailand, it was found that the eastern Pacific sea surface temperatures in 
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ENSO have a negative relationship with the summer monsoon rainfall over Thailand. 
(Kirtphaiboon et al., 2014). In the past, most of the previous studies mostly focused on 
climate features that were influenced by rainfall rather than considering the rainfall 
variability and the mechanism related to the variability. The aim of this study is to 
examine the rainfall variability of Thailand using Empirical Orthogonal Function (EOF) 
analysis. Also, the mechanism of large-scale features and the rainfall variability at the 
country scale caused by the ENSO forcing are examined. The main findings in this study 
indicated the teleconnection between rainfall in Thailand and ENSO. It showed the 
differences between the La Nina and El Nino rainfall anomalies were greater in the weak 
ENSO period than in the strong ENSO periods as there were twice as many weak-ENSO 
events as strong-ENSO events. 
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Chapter 4 Data and Methodology 

4.1. Introduction 
 

The essential data used in this study for both socio-economic analysis and flood risk 
analysis is from the government departments. They were obtained from different sources. 
See Table 4.1. 

 
4.2. Socio-Economic methodology 
 
4.2.1. Social science data collection 

 
Table 4.1: Sources of social and economic data 

Data Source Description 
Census National Statistic Office 

Thailand 
Population & Housing data 

WorldPop www.worldpop.org Population Count 
Personal Income tax The Revenue Department, 

Thailand 
Monthly Personal Income 
tax 

Household 
Expenditure 

Office of the National Economic 
and Social Development Council 

Monthly Household 
Expenditure 

Land Value Department of Land, Thailand Maximum, Minimum Land 
Value by Districts 

 

4.3. Hydraulic modelling approach 
 

This chapter aims to provide an overview of the study area and modelling approach. A 
LISFLOOD-FP hydraulic model was provided for the Bangkok area by Wilson (2021, 
pers. comm.). This was used to assess a range of flood levels and sea level rise scenarios. 
LISFLOOD-FP flood modelling was undertaken to simulate the 2011 flood extent at the 
study area of approximately 4,800 km2 which includes Bangkok, Nonthaburi, Pratum 
Thani and coastal provinces (Samut Prakarn and Samut Sakhon). LISFLOOD-FP model 
was mostly performed and tested for floodplain inundation in many test sites (Bates et al., 
2010; Neal et al., 2012). This two-dimensional flood modelling tool is suitable for the 
topographically complex of the Chao Phraya River floodplain, and the flood model was 
developed at basin scale using available historical flow data. The model provides 
discharge and water depth for each time step in each cell on the raster grid. The aim of 
this study is to simulate the 2011 floods to produce flood risk maps to assess flood 
protection measures and flood risk management in BMR. The simulation period was set 
for 141 days from 11 July 2011 to 30 November 2011 to cover the peak period of 2011 
floods. Nowadays, although a 2D hydraulic modelling system can be developed promptly, 
the application might be limited by its high data requirement, especially the river bed 
profiles that in most cases, are not available (Chen, 2007). In this study, the 12m 
TanDEM-X resolution is used to represent the complex Chao Phraya River and canal 
network in BMR. The impacts of flooding to the residents of Bangkok were analysed to 
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assess the flood risk, especially the areas that are more susceptible to flooding. The 
framework of hydraulic modelling is presented in Figure 4.1 

 
 

 
         Figure 4-1: Framework of Hydraulic Modelling 

 
4.3.1. Study area  

 
Figure 4-2: Study area 
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Thailand’s capital, Bangkok is the most populous city with an estimated population of 
10.539 million as of 2020 (National Statistic Office, 2021). There has been rapid growth in 
the past decade and it has expanded into the enamouring provinces : Nakhon Pathom, 
Pathum Thani, Nonthaburi, Samut Prakan and Samut Sakhon. Overall, approximately 14 
million or 22% of Thailand’s total population live in the BMR area of 7,760 km2. 
 
4.3.2. Data collection 

 
   Table 4.2: Summary of data required and availability for the modelling approach 

Data types Description Source 
Geometry DEM TanDEM-X  12 m resolution 
 River cross-section DDS 
 Flood defence DDS 
Boundary 
condition 

Data type Royal Irrigation Department 

Discharge Maximum discharge 2011 Royal Irrigation Department 
Tide gauge Hourly tide data Hydrographic Department 

 
 

4.3.3. Data and preliminary procession 
 

• DEM pre-processing 

“TanDEM-X (TerraSAR-X add-on for Digital Elevation Measurements) is an Earth 
observation radar mission that consists of a SAR interferometer built by two almost 
identical satellites flying in close formation. With a typical separation between the 
satellites of 120m to 500m a global Digital Elevation Model (DEM) has been 
generated.”(Zink et al., 2017). In this study, based on Potapov et al. (2020), the TanDEM-
X data used was 12 m, which was processed onto an 84 m grid after removing vegetation 
effects. This is to represent the complex Chao Phraya River and canal network in BMR.  
after removing vegetation effects. The topography input was tested.   

• River and canals 
 

The large and complex canal network in BMR is being used partly as transportation and 
partly as drainage. In general, the domestic waste water is transported to the Chao Phraya 
River through canals. The water control gates were constructed to avoid the backflow 
water from river to the city during monsoon season when the water level from the Chao 
Phraya River is high (Chen, 2007). However, during an extreme flood event like in 2011, 
these control gates were used as flood protection for the inner districts of Bangkok. 

 
• Discharge data 

The discharge data used in this study was the maximum Peak Discharge of 6,857 m3/s 
estimated at about 30-120 years of return period based on the runoff volume exceeding 
the flow capacity of 2,500 m3/s at Nakon Sawan (JICA, 2013). 
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4.3.4. Scenario design for flood modelling 
 

• Sea level rise projection 

The SLR scenarios were obtained from IPCC sea level projection based on the assessment 
presented in the IPCC Sixth Assessment Report (IPCC, 2021). The projections can be 
made with at least ‘medium confidence’. This study uses SSP 3-7.0, which is a medium 
to high reference scenario, resulting from a no additional climate policy under the SSP3 
Socio-Economic development narrative, and has high non-CO2 emission (IPCC, 2021). 

 
  Table 4.3: Sea level rise projection (in metres) for four scenarios 

Confidence Scenarios 2030 2050 2100 2150 

Medium SSP 3-7.0 0.39m 0.74m 1.79m 2.9m 

 
• Flow velocity 

For the model simulation and application, the four flow velocity was simulated, which 
represents the variation of river discharge with flow rate which has been increased by the 
proportion of SLR. (0.1 add 10%, 0.2 add 20% and 0.3 add 30%) respectively. The flow 
scenarios were based on values shown in Brunner et al., 2021. 

 
Percentage increase Flow rate value 

10% 0.1 

20% 0.2 

30% 0.3 

40% 0.4 

 
4.3.5. Flow boundary condition 

 
Two boundaries in the model are upstream (gauging station C29), and downstream of the 
Chao Phraya River. Discharge input node was selected for the upstream boundary, and 
for the downstream boundary the water levels were affected by the influence of tides in 
the Gulf of Thailand.  
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Chapter 5 Social-Economic Data Analysis 

5.1. Population facts & data 
 

5.1.1. Thailand Census data 
 

The Thailand 2010 population and housing Census (see Figure 5-1) compared to the 2010 
world population data (see Figure 5-2)  has been used to verify the accuracy of the world 
population data. Both data sources indicate similarity in population size for the population 
of BMR in 2010 with 0.38% difference (See Table 5.1, Figure 5.3) 

 

 
Figure 5-1: 2010 Census Populations by districts 

 
Figure 5-2: 2010 WorldPop Population by districts 
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Figure 5-3: Comparison of 2010 Census and 2010 WorldPop Population data 

 
Table 5.1: Percentage difference between 2010 Census data and 2010 WorldPop data 

2010 Census data 2010 WorldPop data % Difference 
 

8,305,305 
 

8,336,990 
 

0.38% 
 

 
5.1.2. World population data 

 
The world population data retrieved from www.worldpop.org uses Zonal Statistics in 
QGIS to calculate the population size for each district of BMR. With new data sources 
and advanced methodologies, this WorldPop dataset provides high resolution distribution 
with accurate population data distribution across national and regional scales. The units 
of dataset used in this report are the number of people per pixel with country totals 
adjusted to match the United Nations population estimates that have been prepared by the 
Population Division of the Department of Economic and Social Affairs of the United 
Nations Secretariat (2019 Revision of World Population Prospects). The result shows 
significant changes in population size of 17.31% (see Table 5.2) in BMR and 56.60% in 
coastal zones (see Table 5.4). We can see that the population size in the coastal zone on 
the left of the Chao Phraya River shows remarkable changes. This indicates an increase 
in vulnerability of the population in these areas to climate change impact. 

 
There is a significant change in populations by districts between 2011 and 2020 for both 
in BMR and coastal zone (see Figure 5.4 and Figure 5.5). In BMR, overall, there was an 
equally increase in populations size in all districts (see Figure 5.6), while in coastal areas, 
there was a significant increase in population in coastline districts especially in Mueng 
Samut Prakan and Mueng Samut Sakhon which are the capital districts of coastal areas in 
the Gulf of Thailand (see Figure 5.7). 
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Figure 5-4: Distribution of 2011 BMR WorldPop populations by districts 

 
 
 
 

 
Figure 5-5: Distribution of 2020 BMR WorlPop Population by district 
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 Table 5.2: BMR population growth from 2011 to 2021 

BMR 2011 population BMR 2020 population BMR % difference 

8,555,797.92 10,037,153 17.31% 

 

 

Figure 5-6: Bangkok population change between 2011 and 2020 by districts 

 
 

Table 5.3: Comparison of 2011 and 2020 coastal population 

Dirstrict 2011 Population 2020 Population 
Bang Bo 158,212.60 242,452.75 
Bang Phli 259,433.48 401,165.26 
Phra Pradaeng 408,360.77 626,436.60 
Bang Sao Thong 127,254.28 194,830.96 
Mueang Samut Prakan 785,768.95 1,214,759.08 
Phra Samut Chedi 154,088.03 236,988.69 
Mueang Samut Sakhon 443,417.34 721,996.33 
Krathum Baen 326,454.88 513,562.47 
Ban Phaeo 198,935.45 329,645.95 

 
 

Coastal 2011 population Coastal 2020 population % difference 

2,861,925.77 4,481,838.08 56.60% 
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Figure 5-7: Costal population change between 2011 and 2020   

 
5.1.3. Flooded area – Populations 

 
During the 2011 flood, the extensive flood extents across wide areas of BMR and coastal 
area show in Figure 5.8 with total of 37.01% of populations were affected (see Table 5.3, 
Figure 5-9). The coastal flooded population in 2011 by districts shows in Table 5.5 and 
Figure 5-10). 

 
 
 

 
 

Figure 5-8: 2011 flood extents in BMR 
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Figure 5-9: Comparison of total population and flooded population in BMR 

 
 

 
 Figure 5-10: 2011 Coastal flooded population by districts 

 
 Table 5.4: Comparison of 2011 coastal flooded population 
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Mueang Samut Prakan 785,768.95 0.00 
Phra Samut Chedi 154,088.03 0.00 
Mueang Samut Sakhon 443,417.34 4,681.13 
Krathum Baen 326,454.88 109,123.32 
Ban Phaeo 198,935.45 1,759.20 
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 Table 5.5: Total population and flooded population by districts 

Districts Total population Flooded population % flooded population 

Pathum Wan 86716.03 0 0 
Phra Khanong 147548.8 0 0 
Ratchathewi 116836.4 0 0 
Bangna 157176.9 0 0 
Bangrak 72971.62 160.44 0.22 
Thung JKhru 151692.6 204.33 0.13 
Pom Prap Sattru Phai 39558.67 227.7 0.58 
Yan Nawa 127903 305.8 0.24 
Din Daeng 146122.8 339 0.23 
Phya Thai 144969.5 534.82 0.37 
Vadhana 172903.6 640.53 0.37 
Khlong Toei 173320.8 685.68 0.4 
Sathon 138063.7 1159.64 0.84 
Rat Burana 112827.5 2113.48 1.87 
Haui Khwang 167487.1 2560.73 1.53 
Prawet 198460.1 3893.15 1.96 
Bang Kho Laem 137357 4021.48 2.93 
Chom Thong 214999.1 6655.96 3.1 
Saun Luang 223098.4 6850.51 3.07 
Dusit 134998.3 9767.65 7.24 
Samphanthawong 16949.13 11346.79 66.96 
Bang Sue 164966 11507.15 6.98 
Saphan Sung 114592.1 15071.37 13.15 
Phra Nakhon 76980.42 17712.82 23.01 
Thon Buri 139517.8 36584.73 26.22 
Klong San 83444.75 45232.39 54.21 
Bueng Kum 145344.2 46311.72 31.86 
Bang Khun Thian 254208.7 55637.75 21.89 
Khan Na Yao 132650.6 56376.6 42.5 
Bangkapi 313876.7 59489.31 18.95 
Bangbon 151273.7 66431.4 43.91 
Wang Thongland 242949.8 69283.42 28.52 
Bangkok Yai 106708.1 69728.21 65.34 
Lat Phrao 177678.5 98305.39 55.33 
Min Buri 210161.6 100855.8 47.99 
Taling Chan 195892.2 102588.9 52.37 
Thawi Watthana 124284.5 105469.3 84.86 
Bang Phlat 176683.9 123139.4 69.69 
Nong Khaem 199279 123551 62 
Phasi Charoen 198470.8 124668.3 62.81 
Bangkok Noi 186924.5 128645.5 68.82 
Lat Krabang 281635.5 129870.1 46.11 
Nong Chok 170901.9 132818.5 77.72 
Lak Si 196901.4 133644.1 67.87 
Klong Sam Wa 230375.3 157185.8 68.23 
Sai Mai 201179.4 175015.7 86.99 
Bang Khen 253067.1 180916.2 71.49 
Don Mueng 256277.6 233381.8 91.07 
Bang Khae 312959.8 239717.1 76.6 
Chatuchak 374654.8 275580.8 73.56 
Total 8555798 3166188 37.01 
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5.2. Socio-Economic Data and Scenarios 
 

According to IPCC, the socio-economic data and scenarios have been used to assess the 
impacts on population, economic development, technology and natural resources. Due to 
the projected change in relation to future emissions and climate, it is important to define 
the vulnerability and adaptive capacity of social and economic systems as socio-economic 
changes are key drivers to these changes. Similarly, in BMR, climate change impacts 
could be strongly varied by future socio-economic factors, therefore, socio-economic 
factors are needed to be taken into account in any assessment (IPCC, 2019). In the 
assessment of climate impacts, the purposes of socio-economic scenarios are mainly to 
characterise the demographic, the sensitivity, adaptive capacity and vulnerability of socio-
economic systems related to climate change (Carter et al., 2001).  
 
The recent monthly household expenditure and the average local tax per person across 
BMR signifies the low-income populations will be seriously affected by the impact of 
climate change significantly in Nong Chok districts. Nong Chok district represents the 
low average monthly household expenditure of THB 10,928 in 2017 (see Figure 5-11, 
Figure 5-14) and low range of average local tax per person of THB 435-757 recorded in 
2019 (see Figure 5-12). In terms of land value, Nong Chok district also has the lower 
value of land compared to the other districts especially in the inner Bangkok (see Figure 
5-13). 

 
 

 

 
Figure 5-11: 2017 Monthly Household Expenditure per person (THB) 
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Figure 5-12: 2019 Average local taxes per person 

 
 

 
Figure 5-13: 2020 Maximum Bangkok Land Value by districts (THB) 
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Figure 5-14: Monthly household expenditure per person in Thai Baht 
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Chapter 6 Flood modelling results and risk analysis 

6.1. Introduction 
. 

In this chapter, the modelled maximum extent and flood depth outputs from the 2011 
floods simulation with four SLR scenarios will be analysed to identify and quantify the 
extent of flood areas and flood hazard in BMR, coastal and surrounding areas. 
 
6.2. Scenario results 

 
6.2.1. The 2011 flood simulation 
 
The result of modelled maximum extent of 2011 floods as shown in Table 6.2 indicates a 
spatial variability of flood areas except in the coastal areas. Overall, within the study area, 
the prediction of model output shows 24.26% area flooded higher than the flood extent in 
the 2011 Floods event from Gistda (Geo-informatics and Space Technology Development 
Agency). Simulation result indicates the model is over predicted in coastal areas. In fact, 
the coastal provinces along the inner gulf (Bangkok, Samut Prakarn, Samut Sakorn and 
Samut Songkhram , are known as the areas of shrimp aquaculture in Thailand (Table 6.1). 
The vast areas of shrimp farming and salt farms which represent as flooded areas in the 
model output mapping due to the nature of this aquaculture farming, which relies on salt 
water trucked in from the coast, are normally inundated due to the rapid expansion of 
shrimp farming (FAO, 1995), while a province like Pathum Thani in the central region of 
Thailand being known as the intensive areas of rice field and milling (Britannica, 2009). 
This can be seen in the TanDEM-X Digital Elevation Model for flood modelling, used in 
this research, which shows the areas inundated within the coastal and upper part of the 
study areas. This may cause the over-prediction of flooding extents in the simulation. 
Therefore, for the better accuracy of flood prediction, the existing inundated areas, those 
known as shrimp farming areas, are excluded.   

 
Table 6.1: Shrimp farm area (km2) along the coast of Thailand, 1987-1991 

Province District 1987 1988 1989 1990 1991 

Inner Gulf 

Bangkok 40.29 41.78 43.64 36.03 32.34 

Samut Prakarn 71.95 75.91 76.50 60.80 63.16 

Samut Sakorn 76.10 97.22 121.34 80.13 81.89 

Samut 
Songkram 56.84 60.21 71.14 38.57 26.54 

 
 

Table  6.2: Comparison of the spatial extents of floods between the 2011 flood events 
and the 2011 flood simulation. 

 Study 
area(km2) 

Sea area 
(km2) 

Land area (km2) Flooded area(km2) % 

2011 Flood event 4800 483.4 4316.6 1652.36 38.28% 
2011 Flood simulation 4800 483.4 4316.6 2699.61 62.54% 
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A simple aggregate performance measure is used to compare the flood extents 
simulated using the following measure of fit, F 

 
																						𝐹 = 	 !

!"#"$
                                                                       (1) 

Where A is the flooded areas correctly simulated by the model, B is the areas 
simulated as wet that is observed dry (over prediction) and C is the areas simulated 
as dry that is observed wet (under prediction). F ranges from 0-1 which higher is 
better (Aronica et al., 2002; Horritt et al., 2007). 

 
The result of the flood extent analysis, the best fit LISFLOOD-FP 2D model is 
characterised by an F value equal 0.61, which represents the good capability of the 
simulated model to reproduce the observed inundated area. 

 
Table 6.3: Result of prediction analysis of flood extents using LISFLOOD-FPmodel  

 Study 
area(km2) 

Sea area 
(km2) 

Land 
area 
(km2) 

Flooded 
area 
(km2) 

Existing 
inundated 

area 

Total 
flooded 
areas 
(km2) 

% 

Correctly predicted 4800 483.4 4316.6 1652.61 420.71 1231.10 74.5% 

Over predicted 4800 483.4 4316.6 1047 325.52 721.48 43.7% 
Under predicted 4800 483.4 4316.6 0 0 0 0 

 

 
 
 
 
 
 
 
  

 
 

 

  Figure 6-1: Comparison of 2011 flood extents with four SLR scenarios 
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LISFLOOD-FP hydraulic model provides 74.5% correctly predicted of the 2011 flood 
extent and 43.7% over predicted which include the areas that are existing inundated areas 
like shrimp farms and rice fields (see Table 6.1) and none of the flooded areas are under 
predicted (see Table 6.3 and Figure 6-1) while 43.7% over predicted and 0% under 
predicted.  

 
6.2.2. Sea level rise  

 
The projection of sea level rise used in the scenario design is based on the 6th Assessment 
Report (AR 6) of the Intergovernmental Panel on Climate Change (IPCC, 2021). The 
result without an increase in flow velocity suggests that the extent of flooded areas is 
strongly influenced by the changes of sea level rise. With the upcoming projected sea 
level rise of 0.39 m by 2050, the flood extent (excluding areas that are usually flooded) 
increased by 14.56% or 771.33 km2. Significantly, the highest scenario of global sea level 
rise by 2100, 77.5% within the study area will be inundated (see Table 6.4 and Figure 
6.2). 

 
 
Table 6.4: Scenario results flood extent 

Scenarios Flooded areas (km2) % Flooded areas 
2011 Floods 1652.61 38.28% 

SLR 0.39 2423.94 56.19% 
SLR 0.74 2529.64 58.64% 
SLR 1.79 2922.87 67.76% 
SLR 2.9 3342.88 77.5% 

 
 

 

 
Figure 6-2: Flood percentage with scenarios 
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6.2.3. Flow rates 
 

For the model simulation and application, the four flow rates were simulated, which 
represents the variation of river discharge where the flow rate has been increased by the 
proportion of SLR. (0.1 add 10%, 0.2 add 20% and 0.3 add 30%). Generally, the flow 
velocity is presumed to influence flood hazard. This variation of flow rates is designed to 
quantify the difference in flood extent and hazard caused by the sea level changes. The 
river discharge time series were recorded and the comparison of variation of flow rates 
combined with SLR scenarios are shown in Figure 6.3. The following map (Figure 6.4) 
from simulations signifies the minor spatial variability of maximum flood extent to an 
increase in flow rates. 

 

 
Figure 6-3: Compare scenario with different flows 

 

 
Figure 6-4: Map shows flood extents with different flow rates 
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6.2.4. Maximum flood hazard   
 

The maximum flood hazard map is aimed at defining areas which are at risk of flooding 
under extreme conditions if a flood event like the 2011 Thailand floods reoccurred again. 
The primary objective is to reduce the impact of flooding and coastal flooding. 

 
 

 
Figure 6-5: Maximum flood hazard with all scenarios 

 
Table 6.5: Comparison maximum hazard areas and maximum flooded areas 

Scenarios Maximum hazard areas Maximum flooded areas 
2011 flood simulation 62.58% 51.34% 
SLR 0.39 65.95% 65.90% 
SLR 0.74 68.40% 68.35% 
SLR 1.79 77.26% 77.20% 
SLR 2.9 87.23% 87.19% 
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       Figure 6-6: Comparison of maximum flood hazard areas and maximum flood area 

 
• Water depth. 

The water depth data for each stage from upstream (stage 5) to downstream (stage 1) 
along the Chao Phraya River channel consists of location information and bed elevation 
data. To compare the floodwater depth at two locations (Stage 4: in the center of Bangkok 
& Stage 5: in Nonthaburi province) with four sea level rise scenarios, the result shows 
stage 4, based on SLR 0.39 by 2050, the water depth could be as high as 4 metres and up 
to 5 metres in stage 5. Significantly, under SLR 2.9 scenario by 2100, the result shows 
the highest water depth of 6 metres might occur in stage 4 and 5. Figure 6.7 shows the 
maximum flood depth of all sea level rise scenarios at stage 4 and stage 5. This signifies 
the flood prone areas across Bangkok and Nonthaburi province. Water depth at all stages 
under the future SLR scenarios in Figure 6.8 shows the high water depth at all stages 
under SLR 2.9. 

 

 
 

0.00%
10.00%
20.00%
30.00%
40.00%
50.00%
60.00%
70.00%
80.00%
90.00%

100.00%

2011 flood
simulation

SLR 0.39 SLR 0.74 SLR 1.79 SLR 2.9

Ar
ea

s (
%

)

Max hazard areas Max flooded areas

0

1

2

3

4

5

6

7

1 5 9
1
3

1
7

2
1

2
5

2
9

3
3

3
7

4
1

4
5

4
9

5
3

5
7

6
1

6
5

6
9

7
3

7
7

8
1

8
5

8
9

9
3

9
7

1
0
1

1
0
5

1
0
9

1
1
3

1
1
7

1
2
1

1
2
5

1
2
9

1
3
3

1
3
7

1
4
1

W
a

te
r 

d
e

p
th

 (
m

)

Days

Stage 4

0

1

2

3

4

5

6

7

1 5 9
1
3

1
7

2
1

2
5

2
9

3
3

3
7

4
1

4
5

4
9

5
3

5
7

6
1

6
5

6
9

7
3

7
7

8
1

8
5

8
9

9
3

9
7

1
0
1

1
0
5

1
0
9

1
1
3

1
1
7

1
2
1

1
2
5

1
2
9

1
3
3

1
3
7

1
4
1

W
a

te
r 

d
e

p
th

 (
m

)

Days

Stage 5

WD-4_5

SLR0.39_5

SLR0.74_5

SLR1.79_5

SLR2.9_5



 48 

Figure 6-7: (a)(b) Stage 4 and 5 water depth, (c) Map shows stage 1-5 along Chao 
Phraya River 

 
     Figure 6-8: Water depth at all stages under different scenarios 

 

 

Figure 6-9: Maximum flood hazard at each stage along the Chao Phraya River 
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Chapter 7 Assessment of current flood risk management 
practice in Bangkok       

7.1. Introduction 
 

The controversial issues of flood mitigation and management in Thailand are mainly due 
to the complex political and geographical factors behind the crisis. In BMR, over the past 
10 years since the great flood of 2011, there are evidences that indicate an improvement 
of flood management in both structural and non-structural around Bangkok. Nevertheless, 
due to Bangkok geography feature of low-lying area, climate change further complicates 
flood management. This study aims to assess the current practice using a stakeholder 
interview to gain deep understanding an overall urban flood risk in BMR. The 
unstructured informal interview method has been used to gain insights from relevant focus 
groups including: (i) Thai government officials (Office of the National Water Resources, 
Department of Drainage and Sewerage) , (ii) Professionals (Director of Climate Change 
and Disaster Center, Coastal Scientist of Department of Geography of  the top universities 
in Bangkok, and (iii) Insurance company (one of the largest flood insurance provider in 
Thailand). This is to identify similarities and differences and make comparisons where 
they are appropriate. According to Crawford (1997), the unstructured informal interviews 
is being used to get ideas related the investigation subject. Generally, the interviewers are 
guided by pre-set of problems/issues instead of controlled by a particular set of questions. 
Moreover, this informal interviewing aims to disclose how people think and react to 
problems by encouraging the respondents to talk openly but strict to the points of interest 
to the researcher. These interactions are a constituent part of social observations which 
aim to have deep understanding about specific phenomenon and to hear people “tell it as 
it is” in a more logical and genuine way (Hammersley & Atkinson, 2007; Swain & Spire, 
2020). 
  
7.2. Bangkok flood Risk Management/Plan 

 
Structural  

 
During the Great Floods of 2011, Department of Drainage and Sewerage (DDS), which 
is the part of the BMA played a crucial role in Bangkok Flood Control. DDS has been 
responsible for drainage, flood protection and waste water disposal in BMA since 19 
May 1977. Up to now, the current flood risk management systems mainly focus on 
increasing structural flood protection and drainage infrastructure (BMA, 2015a, 2015b).  
After the 2011 floods, according to the official on frontline of Bangkok Flood Control 
Center in a personal interview on 22 July 2021 said, “ After the 2011 flood event, there 
are relatively significant levels of development in the flood risk management in BMA 
which includes the elevated flood embankment of 30-50 cms along the Chao Phraya 
River, increasing the drainage capacity of 1682 canals, expanding more large drainage 
tunnels with a diameter of 5 metre, increasing the pumping stations and water gates in 
canals, upgrading drainage capacity for rainfall up to 60 mm per hours and heighten 
its efficiency with the underground water retentions in areas that are often flooded, soil 
water retentions around BMR, and the construction of pipe jacking to help reducing 
surface floods. Additionally, there is also an implementation of region plan to construct 
floodways and flood diversion mainly from the Chao Phraya River to Tha Chin River.”  
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However, despite, the significant structural flood protection can be seen along the Chao 
Phraya River and around BMR, in a personal interview on 6 August 2021, the Director 
of the Climate Change and Disaster Center          of the lead university in Bangkok argued  
“Structural measures are expensive and may give an illusion of security. The assessment 
processes are needed to apply against this improved flood protection control to quantify 
if flood hazard may be reduced through these structural measures. Instead, the 
resolution should be described in detail the possible risk reduction (in percentage) to 
the residents of Bangkok, and in what areas.” Without doubt, this unclear conclusion 
with non-scientific certainty means that there are not adequate solutions to determine 
the effectiveness of improved flood control measures to predict future risk.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7-1: Flood Protection in Greater Bangkok (DDS, 2013) 
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      Figure 7-2: Flood embankment elevated after 2011 flood event (DDS, 2013) 

 

 
Figure 7-3: Structural measures flood protection in BMR (DDS, 2013). 

Non-structural 
 
The frontline official of DDS stated over the past 10 years, the data sharing and integration 
become of significance in improving flood forecasting tools as it can facilitate data 
exchange between the government and public sectors so as to improve weather forecast 
accuracy, prediction of weather events and warning systems. According to Head of Water 
Watch and Monitoring System, Warning Division, the Office of the National Water 
Resources, an informed collaboration between the government agencies (Thai 
Meteorological Department, Royal Irrigation Department, Electricity Generating 
Authority of Thailand, Hydro-Informatics Institute and the Office of the National Water 
Resources) aims to monitor and examine water management situations by using a 
combined data to improve floods forecast for better preparedness. In addition, the Director 
of Hydro-Informatics institute confirmed the benefit of using Artificial Intelligence (AI) 
for data collecting, evaluating and processing is to ensure the accuracy in data collection 
process. This is so that the high accuracy data being utilized to predict the future events. 
At present, Big Data (real time) at Hydro-Informatics Institute is collected by 45 
government and public sectors. With this technology, it will provide citizen with more 
accurate and timely in flood forecasting to ensure better preparedness for future floods. 
Furthermore, coastal scientist from top university in Bangkok also shared past experience 
in facing difficulties in obtaining data from government sectors four years ago while 



 52 

working on a research project about coastal flood risk and climate change. It is clear that 
the great potential of Big Data will definitely help researcher in optimizing and advancing 
the effectiveness of research, which in turn will be beneficial to provide with more 
accurate floodplain maps and better flood risk predictions in the future. 

 
7.3. Bangkok resilience strategy 

 
Lessons learned from the 2011 Great Foods has developed a resilient mindset and attitude 
to the population. Generally, on the low-lying plains of the Chao Phraya River in 
Bangkok,  flooding is common. The Governor of Bangkok stated in 100 Resilient Cities: 
learning to live with water in new and different ways is one of the most urgent tasks with 
population growth, an increase in population density and under climate change (Resilient 
Bangkok, 2017). The conservation and development of the city’s blue and green 
infrastructure has been used as main initiatives to deliver this goal. As we can see from 
the DDS frontline official who described the use of soil water retention around BMR. For 
instance, the new property developments that excavated a huge lake in the swamp to 
obtain landfill for the housing scheme will be asked to allow DDS to use and manage their 
lagoons or swamps as flood ways or water retentions. Furthermore, the benefit of the 
integrated socio-economic, environmental and flood protections can be seen in the 
community flood defense project by upgrading drainage in residents of slums along the 
Lat Phrao canal. As a part of campaign to clear waterways illegal settlements that 
contributed to catastrophic floods in 2011, the residents moved into a brand-new 
community houses just a few metres away from the old ones along the Lat Phrao canal. 
This is one of the success projects along the canals first launched in 2015. The other 
important step to take from this is to raise awareness and preparedness among residents. 
The frontline official of DDS stated: after the past floods events, the resident of Bangkok 
has learned how to get an update on weather forecast, flood alert, heavy rainfall alert by 
using online and mobile applications, sharing the information, reporting the problems 
through social media and websites. DDS also has Facebook page that allows public access 
to the latest and real time weather forecast which includes updated data of rainfall, river 
flow and water level, as well as the real-time flooding situation. This information could 
raise awareness and preparedness to the communities and residents especially who live in 
flood prone areas.  
 

 
 

Figure 7-4: Campaign to clear waterways illegal settlements after 2011 floods event 
(DDS, 2013). 
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According to the coastal scientist of top university in a personal interview on Bangkok on 
26 May 2021 who studied coastal flood risk in BMR, she said, “In BMR, the urban 
planning is very important to reduce flood risk and increase resilience in the communities. 
Without an effective urban planning, it will increase social vulnerability to environment 
change. This can be seen at the waterfront retirement village in Samut Prakarn province 
which is situated on the extreme flood-prone areas.”  

 
7.4. Climate change 
 
Climate change intensifies weather and climate extremes. The study suggest the strength 
of the Southern Oscillation – La Nina conditions may have contributed to the Thai 
flooding in 2011(Gale & Saunders, 2013). Director of the Climate Change and Disaster 
Center at one of the top universities in Bangkok and a temporary advisor to Prime Minister 
during the 2011 floods event, observes the strong La Nina in early 2021 may influence a 
high possibility of having extreme rainfalls during September – October 2021. This ENSO 
states is quite similar to the 2011 floods event. Despite, flood protection infrastructure 
around BMR has been extensively upgraded and being in use, there is still an urgent need 
to have a non-structural measure implemented such as the effective emergency 
preparedness and disaster risk management, if this extreme event reoccurs. Another 
concern is the political problems as it has proven that the collaboration between public 
sectors in flood management during the 2011 floods event was so difficult and 
complicated, in which as a result has caused many controversial issues between 
government and citizens. Particularly, with the existing flood management measures, it 
will be harder to manage the big amount of flood water under the projected rising sea 
level. In an interview with the DDS frontline official on 22 July 2021, he stated, “Although 
the political issues may make the flood management very problematical and less effective, 
however, I trusted in the large investment in flood protection infrastructure, pumping 
systems and drainage tunnels that they have, will definitely help reducing the impact of 
flooding compared to the past floods events in 2011.”  

 
7.5. Coastal areas 
  
Climate change can affect coastal areas in a variety of ways. The likely impacts of climate 
change can make these areas become vulnerable to coastal hazards such as coastal 
flooding and erosion. This includes the coastal provinces in south of Bangkok, 
predominantly on the eastern side, which have the ongoing industrial activities rapidly 
expanded since the late 1980s. In a personal interview on Bangkok on 26 May 2021 with 
the coastal scientist who did the research of future flood risk in the BMR, she shared a 
concern, “The lack of required research about the impact of climate change on these 
coastal provinces leads to difficulties and limitation in implementing policy on climate 
change related impacts in these areas. This is due to many factors including an adequate 
information and insufficient of well-informed knowledge. Furthermore, the public 
awareness of coastal flooding and climate change is in these areas still very low, and the 
existing flood management plan does not imply the long-term coastal flooding and the 
impact of climate change. Without doubt, this industrialization is leading to a decrease in 
floodplains in the near future.” Notably, according to some studies, some of industrial 
estates on the eastern side of the Chao Phraya River may be affected by the coastal 
flooding due to the combined impact of SLR, land subsidence and storm surges by 2050. 
Further concern is the retirement and day care properties that have been assigned as the 
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evacuation shelters in the existing flood management plan, are actually situated on the 
waterfront, which may no longer exist due to the loss of floodplains caused by SLR.   

 

 
Figure 7-5: Coastal flood hazard map (Duangyiwa, 2019). 

 
7.6. Flood insurance 

 
In terms of financial resilience, the insurance companies play an important role to reduce 
financial problems caused by flooding. Generally, flood insurance covers losses directly 
caused by flooding which includes the properties and everything inside. Director of the 
Climate Change and Disaster Center at one of the top universities in Bangkok who also 
works as a consultant of Banks and Insurance Company pointed out the usefulness of 
flood risk home/business insurance. He mentioned in a personal interview on 6 August 
2021, “Flood risk insurance is affordable and worth buying it especially under climate 
change adaptation. Unfortunately, due to the majority of the population in Thailand are 
living on the poverty line at daily income of US $5.50 (165 Baht) per person (Worldbank, 
2019), the flood risk home insurance is still unpopular and unaffordable to most of 
population.” 
 
In general, Industrial All Risk insurance policies (IAR) in Thailand provide coverage for 
flood damage. However, flood risk home insurance will be different. According to the 
manager of an insurance company, flood insurance is available for homeowners who 
reside in flood zone. The flood cover options depend on the location of the properties in 
flood risk zone. Moreover, it is compulsory that property owners who want to by flood 
insurance must have already purchased fire insurance for that property. The floods risk 
zones as categorized by the Office of Insurance Commission can be identified as follows: 
- 

- Red: The flood insurance is limited for risk to THB 20,000 per property. 
- Yellow: Property owners can buy flood insurance at limit for risks depending on 

the current Industrial All Risks (IAR) policy. 
- Green: Property owners can buy flood insurance at the maximum cover 

depending on the current Industrial All Risks (IAR) policy. 

During a personal interview on 27 August 2021, the manager at the insurer shares thoughts 
and concerns about the repeated flooding in BMA that still happens after heavy rains, 
although flood control measures have already been upgraded around BMR. He said, “One 
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significant problem is garbage dropped by Bangkok residents blocks sewers and waterway 
and slows draining. Given that both sewage and rainwater go into the same drainage 
system, this makes flood management less efficient”. 

 
Concerning the insurance for coastal properties under climate adaptation, the Director of 
the Climate Change and Disaster Center at one of the top universities in Bangkok also 
raises concerns on how climate change related SLR impacts take a significant pressure into 
the insurance company. “In areas recognized as specifically vulnerable to climate change 
risks, there will be properties that become difficult to insure. Insurers have to make sure 
that the valuation of property and land within these areas are reliable. Particularly, 
coastal provinces at south of Bangkok that are already prone to annual flooding, are now 
facing more severe flooding problem caused by climate change. This problem will 
definitely affect the insurance companies who plays the key role in providing financial 
resilience in the future of climate change adaptation.” “Therefore, with the projected SLR 
in the near future, flood insurance for the properties at high-risk flood zones will be sub 
limit for risk (a limitation in an insurance policy on the amount of coverage) and 
potentially comes with higher premium”, stated the manager of one largest flood insurers 
during an interview on 27 August 2021. Additionally, a regular update of flood zoning 
from government authorities are crucial as they change along with new and intensifying 
weather patterns.  



 56 

Chapter 8 Discussion 

8.1. Flood impact assessment- modelling 
 

In this study, two parameters; sea level rise and flow rates are used as tools to assess flood 
impact in the broad scale which includes BMR and its surrounding provinces. The result 
without an increase in flow rates suggests that the extent of flooded areas is strongly 
influenced by sea level rise. 

 
8.1.1. Sea level rise 

 
Based on the sea level rise scenarios compared to the 2011 flood event, the flood impacts 
show significant change in the whole study area. The percentages of the total inundated 
area at each sea level rise scenario were calculated. With the 38.28% inundated areas 
during the 2011 flood event, the upcoming sea level rise projection of 0.39 m by 2050, 
shows there is an increase in the extent of flooded areas by 17.91% or 771.03 km2. The 
highest scenario of global sea level rise by 2100, 77.5% within the study area will be 
inundated. 

 
8.1.2. Flow rates 

 
The effect of river discharge with the variation of flow rates increased by proportion of 
SLR.(0.1 add 10%, 0.2 add 20% and 0.3 add 30%) shows small changes in flood extent 
with an increase in flow velocity. In fact, the flow velocity is presumed to influence flood 
hazard, however, in some areas with relatively deep flood water may have less flood 
hazard as the changes due to flood hazard are less significant in deep channels even though 
there is an increase in flow velocity. However, this might be an underestimation of flood 
impact which may need further study. 

 
8.2. Socio-economic analysis 

 
The results show that SLR will increase the vulnerability of the city and its surroundings 
to flood hazard by increasing exposure and vulnerability of the areas to flood hazards. 
This study applies GIS-based methodology to assess the areas of Bangkok and nearby 
coastal provinces to flood hazards caused by heavy rains and demonstrates how SLR 
increases the vulnerability of the citizen. Especially, for extreme events like the 2011 
flood, how this impact will be increased with the projected SLR. This study assesses the 
social-economic vulnerability to flooding of Bangkok and coastal population By taking 
into account factors focusing on income and housing conditions of the population. Later, 
we compare the outcomes from LISFLOOD-FP simulation with the WorldPop data 
analysis to create a picture of overall vulnerability including how this will change under 
climate change scenarios. The population data in this study uses 2020 data to assess the 
vulnerability of flood hazards to the population combined with projected sea level rise. 
The range of sea level rise: Low, medium and high scenarios and socio-economic factors 
have been used to evaluate. The results show that SLR will increase the vulnerability of 
the population to food hazards significantly by increasing the areas that are exposed to 
flood risk. Comparing the low, medium and high SLR scenarios indicates that inner 
districts of Bangkok could increase the vulnerability to flooding, although flood walls 
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have already been put in place. These results suggest that decision makers could reduce 
the vulnerability by enhancing community participation and involvement to ensure the 
well preparedness if the extreme event reoccurs. As shown in this study, SLR has a direct 
impact on flood risk in Bangkok and its surrounding areas. However, there are still large 
uncertainties in many other factors. To highlight the differences among the districts of 
Bangkok, (as shown in Table 8.1) Don Mueng which has the highest population and also 
represents the highest monthly household expenditure has 91% area flooded, while Saimai 
and Don Mueng have around 87-91% area flooded and represents the monthly household 
expenditure with the range of THB 10,620- THB 13,713. Without doubt, this is a big 
economic loss for Bangkok and the country. With a population of nearly 200,000, Phasi 
Charoen and Nong Kham districts provide the lowest monthly household expenditure, 
and have around 62% of the area flooded.  

 
Table 8.1: Comparison of flooded population, flood extent and monthly household 
expenditure 

District Total population % Flooded 
areas(km2) 

Monthly household 
expenditure (THB) 

Don Mueng 374,655 91.07% 13,713 
Saimai 201,179 86.99% 12,886 
Thawiwattana 124,284 84.86% 10,620 
Nong Chok 170901.9 77.72% 10,928 
Bang Khae 312,960 76.6% 10,168 
Chatuchak 374,655 73.56% 16,361 
Phasi Charoen 198,471 62.81% 9,632 
Nong Kham 199,279 62% 9,880 

 
Coastal areas 
 
The result shows the small amount of flooded population in coastal districts caused by the 
2011 flood event. However, under climate change scenarios, especially combined with 
high tide, the coastal districts along the Gulf of Thailand will be directly impacted by the 
change in sea level, significantly, the Mueng districts of Samut Sakhon and Samut Prakarn 
that show a rapid increase of the population. As a result, this rapid population growth and 
distribution will affect a significant change in urbanization, which will definitely increase 
the vulnerability of coastal populations to the impact of climate change. 

 
 

Table 8.2:: Coastal flooded  population by districts 

District Total population Flooded population % flooded population 
Bang Bo 158,212.60 43,355.29 27.40 
Bang Phli 259,433.48 6591.82 2.54 
Phra Pradaeng 408,360.77 8,031.03 1.97 
Bang Sao Thong 127,254.28 31,564.80 24.80 
Muang Samut Prakan 785,768.95 - 0 
Phra Samut Chedi 154,088.03 - 0 
Mueng Samut Sakhon 443,417.34 4,681.13 1.05 
Krathum Baen 326,454.88 109,123.32 33.43 
Ban Phaeo 198,935.45 1759.20 0.88 
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          Table 8.3: Shows total flooded population predicted with sea level rise scenarios 

Scenarios Total Flooded Population 
2011 flood event 3,212,143.85 
2011 Flood simulation 5,576,562.15 
2011 Flood simulation (exclude prior inundated area) 3,602,932.73 
SLR 0.39 6,261,416.16 
SLR 0.74 6,816,249.27 
SLR 1.79 9,545,267.27 
SLR 2.9 13,254,489.72 

 
 
 

 

Figure 8-1: Flood extent prediction in Bangkok with future sea level rise scenarios 

 
8.3. Conclusions 

 
The prolonged flooding problems that citizens of Bangkok and the coastal area face will 
be heightened due to rising sea level caused by climate change. Without doubt, the changes 
in climate system and socioeconomic processes, which are drivers of vulnerability, 
exposure and hazards, the future socio-economic impact of flooding under the future SLR 
scenarios, would be unavoidable and continue to increase. In this study, the range of flood 
extents in different future SLR scenarios expands more rapidly under SLR 2.9 with the the 
highest water depth of 6 metres might occur in stage 4 and 5. This signifies the major flood 
prone areas in inner Bangkok and Nonthaburi province. In Bangkok itself, the highest 
water depth in stage 4 implies that the likelihood of serious flooding within the districts of 
Bangkok Noi, Phrakhon and Bang Plat seems unavoidable. This may signify that these 
three districts will have the highest sensitivity to the impact of climate change. According 
to DDS officials in an interview on 22 July 2021, under the current flood management 
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practice, the structural measures including the elevated flood embankment along the Chao 
Phraya River, an increased drainage capacity/pumping stations and large drainage tunnels 
may protect the populations withing these sensitive areas at the certain level. However, an 
implementation of region plans to construct floodways and flood diversion mainly from 
the Chao Phraya River to Tha Chin River will be a practical and efficient measure to reduce 
a future impact of flooding in these areas and BMR. In terms of the affected populations, 
compared SLR 0.39 with the 2011 flood event, the affected population of severe floods 
would increase by at least 3 million in 2050 and 10 million by 2150 under SLR 2.9 scenario 
(based on the current populations being calculated). The highest affected populations and 
flood extents in Bangkok shows in Don Mueng, Saimai, Thawiwattana, Nong Chok, Bang 
Khae and Chatuchak districts with the highest flood extents of 91.07%, 87%, 84.86%, 
77.72%, 76.6% and 73.56% respectively. The current flood management practice within 
these five districts need an urgent action to achieve practical level of the flood prevention 
and control to minimize the impact of flooding to the populations. Likewise, in the coastal 
areas, according to the coastal scientist in an interview on 26 May 2021, the flood 
management practice needs to be improved urgently due to the lack of research in 
implementing policy on climate change related impacts. Importantly, the public awareness 
of coastal flooding and climate change is in these areas still very low, and the existing 
flood management plan does not imply the long-term coastal flooding and the impact of 
climate change. 
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Chapter 9 Conclusions and Recommendations 

9.1. Conclusions 
 

In this study, population data comparisons were made between World population data and 
Housing Census data. The outcome reflects the similarity between these two data sources 
with only 0.38% difference. Because of this comparability, the WorldPop data was chosen 
using the QGIS Zonal statistics to analyse and make predictions about future outcomes. 
However, the prediction used in this study was based on the 2020 WorldPop data, which 
suggests expected changes in population in the future. It shows that the BMR 2020 
population increased by 17.31% compared to the BMR population 2011. Within the study 
area, the modelling outcome signifies that with SLR 2.9 m in 2150, 13 million people or 
maybe more if Bangkok continues to grow, will be affected by flooding if an extreme 
event like the 2011 floods reoccurred. In the near future, with the SLR of 0.39 m by 2050, 
6.2 million people will be affected. This is almost double the number of affected 
population compared to the 2011 flood event. An especially significant change in 
population can be seen in the coastal areas above the Gulf of Thailand; this indicates an 
unavoidable vulnerability of the coastal population to climate change impact. In addition, 
in Bangkok itself, the highest water depth in stage 4 implies that the likelihood of serious 
flooding within the districts of Bangkok Noi, Phrakhon and Bang Plat seems unavoidable. 
This may signify that these three districts will have the highest sensitivity to the impact 
of climate change. In terms of socio-economic factors, the residents living in these three 
districts provide the highest level of monthly expenditure and contribute the highest tax 
revenue compared to other district areas of Bangkok. This is due to the fact that inner 
Bangkok has become stronger in terms of institutional and commercial entities over time, 
while the outer city represents more residential and industrial entities. The land value 
within this prime inner Bangkok is the highest compared to other districts of Bangkok. 
Because of this, it is important that the residents and communities who live in these areas 
will need to understand the reality of the high flood risk situation they are currently facing 
and learn how to live with floods and how to stay safe when a flood threatens. Even though 
the modelling results show some non-flooding areas within the high water depth zone, it 
still signifies the high risk of severe flooding.  

 
According to the modelling result, in the near future, a sea level rise of 0.39 metre by 
2020 will contribute the highest water depth of 4 metres. Undoubtedly, the local 
government’s approach and applicable measures are crucial to reduce the impact if an 
extreme event reoccurs. In terms of flood extent analysis, the LISFLOOD-FP hydraulic 
model provides 74.5% the extent of a real flood event (see Table 6.3). The majority of the 
land and population in upstream and downstream areas of the basin are highly susceptible 
to floods. Especially, with the projected sea level rise, the flood inundation extents could 
likely be increased. This could be confirmed an accuracy of LISFLOOD-FP -2D 
modelling result with the best fit of F value at 0.61 that represents the good capability of 
the simulated model to reproduce the observed inundated area. Because of this, it is 
important to raise the community awareness and preparedness of the possible flooding 
expectations in the areas in the near future. Viable measures may include the plan to 
increase the flood walls and embankment to ensure it can protect these sensitive districts 
to flooding. For coastal areas like Samut Prakarn, Samut Sakhon, the significant change 
in population since 2011 indicates that sea level rise will definitely increase the 
vulnerability to the population living in these areas.  Additionally, sea level rise will 
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increase the vulnerability to flood hazards by increasing the areas that are exposed to 
flood. Although the physical flood control measures like the protective construction could 
keep the city safe at certain levels, they also simultaneously reduce the self awareness of 
citizens which may result in increasing flood risk in the communities. By integrating the 
exsisting structural measures: flood walls, embankment in a simulation model, the results 
signify the effectiveness of this structure measure, which is potentially helpful in 
reducing the flood extent in some areas of inner Bangkok. Therefore, an efficient way 
to get prepared for future climate change-related disasters is to integrate the existing 
countermeasures with the non-structural flood countermeasures by raising awareness 
and warning systems to develop resilience among the population to ensure the constant 
stage of preparedness if the extreme events occurred again 

 
 

9.2. Limitation of study 
 

For the modelling approach, the reliability and accuracy of the model relies on the high 
quality and quantity of the data. The limitation of this study could be summarized as 
follows:- 

 
• The resolution of TanDEM-X and the image used in this study only simply meets 

expectations. The higher resolution of TaxDEM-X will definitely provide more 
clearer and accurate images which are an important influence on the result of 
flooding characteristics. For this reason, the further study required the higher 
resolution of DEM data for the better prediction and forecast. 

 
• Data collected by gauge stations represents a fundamental influence in most 

hydrological studies. However, due to several reasons, data from some of the main 
gauge stations is not available during the 2011 floods event. Generally, a lack of 
high-quality hydrological data at the main gauge station used in the modelling 
simulation is also a challenge of the study. The limitation of the outcome may 
arise as a consequence of the accuracy of statistical analysis performed.  
 

• The flood simulation in this study does not combine flood gates or adjustable gates 
in the main channel: the Chao Phraya River. The purpose of using flood gates is 
to control water level or delay the water discharge into canals. In fact, during the 
2011 flood events, flood gates were used as one of the flood controls by the 
government. Without the floodgates, the flood extent in Bangkok may be over 
predicted in some areas while under predicted in some areas. For the future study, 
to increase the accuracy, the flood simulation should include flood gates or water 
gates for predictive and indicative purposes. 

 
• The socio-economic analysis in this study only focuses on the present-day 

population and assumes this doesn’t change. However, in fact, populations are 
growing in flood prone areas as well as the economy of the country. Consequently, 
the number of populations exposed to floods will definitely increase across BMR. 
Similarly, the economic impact of flood will be much greater due to the population 
growth. Future study should include the population estimates and projections to 
increase the accuracy in retrieval a better flood risk management plan and forecast 
 



 62 

• Assessment of current flood risk management practice in Bangkok based on 
interview can present a range of views, however, it is not comprehensive. For 
future study, to include the formal interview method would be able to gain more 
comprehensive insights.  

 
9.3. Recommendations 

 
LISFLOOD-FP model broadens the options for effective strategic flood mitigation and 
management by predicting future flood hazard due to the impact of climate change. 
Flood risk assessment using flood simulation models can be used as a decision making 
tool to develop an effective flood management plan. In this study, the results show a well 
performed of flood simulation model, the model’s results should be useful indication for 
flood mitigation plans in the future. The areas highly susceptible to floods suggested in 
this study could provide more insights that need to be considered. Decision-making for 
managing community flood risk under climate change should consider these sensitive 
areas and ensure the community safety and public awareness of flood hazard. Importantly, 
in any future study, the better resolution of DEM is recommended to enhance visualisation 
and provide effective forecasting/prediction to reduce overestimate or underestimate 
flood impact. Furthermore, it is strongly recommended to improve community and citizen 
engagement in flood risk decision making which is the key to increase disaster resilience 
among the citizens, and within the communities particularly, an effective warning system 
in the areas that are susceptible to flooding could provide warning time and essential 
information for the better preparedness of the citizen. 
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