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ABSTRACT: The Bangkok Metropolitan Region (BMR) is increasingly at risk from the impacts of climate 
change. The Southeast Asia region is projected to experience heavier precipitation, increased monsoon-
related precipitation extremes, and greater rainfall and wind speed associated with tropical cyclones. In 
terms of population and assets exposed, Bangkok is projected to be one of the top ten cities globally 
exposed to the impacts of coastal flooding. Flooding is considered the most critical hazard for the city, 
both from coastal and inland flooding, with potential for peak river run-off, high tide, and heavy cyclone-
associated rainfall to coincide towards the end of the year. Flooding caused by riverine run-off and rainfall 
is a reoccurring phenomenon, as recently experienced in 2011, when one of the worst flooding events in 
Thai history caused hundreds of mortalities, widespread displacement, and severe economic damage. 
This paper examines development of a research strategy and presents preliminary findings for assessing 
the impact of climate change on coastal and inland flooding of the BMR, which forms a central component 
of the five-year international Canadian-funded Coastal Cities at Risk project. Key challenges included the 
lack of spatial data, requiring development of creative methodologies for flood mapping and modelling 
impacts. Coastal flooding was modelled by integrating projected absolute sea level rise, land subsidence, 
and plate tectonic movement; inland flooding was mapped from multi-year historical radar data; and the 
utility of a digital elevation model (DEM) derived modified topographic index examined for delineating 
flood-prone areas. Future research will examine the impact of storm surge, rainfall-runoff modelling, and 
integrate flood hazard and other data into a system dynamics model to provide measures of city 
resilience. 

Key Words: climate change adaptation, disaster risk reduction, coastal flooding, riverine flooding, sea 
level rise 

1. INTRODUCTION 

The severity of flooding in the Bangkok Metropolitan Region (BMR) (or Greater Bangkok) can be 
attributed to a variety of hydrometeorological and development-related factors. Factors that cause 
flooding in the BMR include upstream runoff, locally heavy rainfall over Bangkok and its surroundings, 
such as caused by tropical cyclones, and high tide (Hungspreug et al. 2000; Tingsanchali 2000; Panya 
Consultants 2009; Trisirisatayawong et al. 2011). Flooding caused by these natural processes have been 
exacerbated by land use and land cover changes in the Chao Phraya River Basin (CPRB) including 
deforestation, ground water abstraction, urbanization, and dam construction (Hungspreug et al. 2000; 
UNESCO 2003; Saito et al. 2007; Panya Consultants 2009; Dutta 2011). Furthermore, projected climate 
change impacts for Southeast Asia look set to increase future flood risk. The Fifth IPCC Assessment 
Report (AR5) reports that it is very likely that monsoon-related precipitation extremes will increase in the 
region (IPCC 2014), and there is medium confidence in a moderate increase in rainfall, though due to 
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complex terrain, sub-regional 
variations are expected 
(Christensen et al. 2013). 
While both global mean 
tropical cyclone maximum 
wind speed and precipitation 
rates are likely to increase, 
there are likely regional 
variations but currently low 
confidence in regional 
projections (Christensen et al. 
2013). With regard to 
population and asset 
exposure, Bangkok was 
ranked as being one of the 
most vulnerable to future 
coastal flooding (Nicholls et 
al. 2008). 

Additionally, storm surge 
generated by tropical cyclone 
systems have potential to 
increase flood risk. 
Megacities such as Bangkok, 
located on river deltas in Asia, 
are particularly at risk to 
increased flooding from the 
impacts of climate change. 
IPCC’s AR5 (IPCC 2014) 
reports that low-lying coastal 
areas of Asia, home to a 
considerable proportion of the 
population, are especially 
vulnerable to climate change-related hazards including typhoons, storm surge and sea-level rise. 

It is within this context of climate change and rapidly growing low-lying coastal megacities, that this paper 
presents ongoing research and findings on the impacts of coastal and inland flooding on the BMR, a key 
component of the five-year Canadian-funded Coastal Cities at Risk (CCaR) project that integrates 
research and capacity building across four cities of Manila, Lagos, Vancouver and Bangkok (McBean 
2014). CCaR aims to build knowledge and capacity of megacities to adapt to climate change-related 
impacts in the context of rapid urban development, and is one of the projects supported under the 
International Research Initiative on Adaptation to Climate Change (IRIACC) of the Canadian International 
Development Research Centre (IDRC). A central output of CCaR is development of a Coastal Megacity 
Resilience Simulator to model city resilience, of which developing a measure of flood risk is a key 
component, together with economic, social, health and organizational inputs (Simonovic & Peck 2013). 
The system dynamics model is based on Vensim simulation software and is designed to visualize and 
analyze adaptation options with the aim of advancing megacity resilience to the impacts of climate 
change (Simonovic & Peck 2013). 

1.1 Flood history 

Flooding is not a new phenomenon for Bangkok, the city is situated on the Chao Phraya River flood plain 
(Figure 1) and historically has frequently experienced significant flooding episodes going back to the late 
eighteenth century. Past notable events include 1785, 1819, 1831, 1942, 1975, 1978, 1980, 1983, 1986, 

 

Figure 1. Three-dimensional view of BMR located in the Chao Phraya River basin 
and adjacent Sa Keo sub-basin (basin boundaries derived from AQUASTAT 
programme of UN FAO (2009)) (by Cooper 2014, under review). 
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1995, 1996, 2002, 2006 and 2011, with reports attributing heavy upstream runoff, as well as locally heavy 
rainfall over Bangkok and environs, and high tides as chief causes (Yong et al. 1991; Enters 1995; 
Hungspreug et al. 2000; Suvanpimol 2004; Sroikeeree & Bannatham 2005; Panya Consultants 2009; DHI 
2011; Hill 2011; Gemenne et al. 2012). However, the most recent flood of 2011 was unprecedented in 
terms of losses and damage, resulting in over 800 mortalities, millions of displaced people, and economic 
losses estimated at almost 46 billion USD (World Bank 2011, Asia Foundation 2012). Whereas flood 
heights in 1785 and 1819 were reported as perhaps at least twice that of 2011 (Hill 2011), the key 
difference nowadays results from extensive development and urbanization of the river basin, significantly 
increasing exposure and vulnerability to flooding, and culminating in 2011 with the most expensive 
disaster on record for Thailand and seventh most costly natural disaster globally since 1980 (Economist 
2012).  

1.2 Hydrometeorological factors influencing flooding 

The impacts from upstream river discharge, heavy rainfall over the city and its environs, and high tides 
are responsible for frequent major flooding of Bangkok, with heightened risk toward the end of the year 
when all of these phenomena have potential to co-occur (e.g., Engkagul 1993, Tingsanchali 2000, Dutta 
2011). Thailand’s climate is dominated by the southwest monsoon (May to October) and northeast 
monsoon (October to February) (Phantuwongraj et 
al. 2013), and influenced by the El Niño/La Niña 
Southern Oscillation (ENSO), Indian Ocean Dipole 
(IOD) and aerosol pollution (Bridhikitti 2013). 
Approximately 90 percent of the annual rainfall in 
the CPRB occurs during the southwest monsoon 
(Hungspreug et al. 2000), with the average annual 
rainfall over the basin of 1,130 mm (Panya 
Consultants 2009), varying from 1,200 to 1,600 mm 
in the upper basin and 1200 mm in the north and 
west areas of the lower basin (Wattayakorn 2006), 
and 1500 mm in Bangkok (Dutta 2013). Peak river 
discharges at Nakhon Sawan occur during 
September to October (Mikhailov & Nikitina 2009; 
JICA 2013), peak flow usually reaches Bangkok in 
November (Weesakul & Thammasittirong 2000), 
and combined with high tide at this time, may 
contribute to serious flood damage (e.g. Weesakul 
& Thammasittirong 2000; Panya Consultants 2009). 

The maximum tidal range of the Chao Phraya River 
delta is 2.3 to 2.8 m (Chaimanee et al. 2000 cited in 
Tanabe et al. 2003) and the tide is highest from 
November to December (Weesakul & 
Thammasittirong 2000). Monsoonal winds drive a 
difference in sea level in the Gulf of Thailand of 
approximately 0.4 m in height between monsoon 
seasons, increasing above mean sea level during 
the northeast monsoon and decreasing during the 
southwest monsoon (Phantuwongraj et al. 2013). 

Storm surge caused by tropical cyclones has been reported on a few occasions along the Thailand coast 
since the 1960s (Harriet in late October 1962, typhoon Gay in early November 1989 and typhoon Linda in 

 

Figure 2. Tracks of cyclonic systems tracking across 
mainland Southeast Asia and Gulf of Thailand since 1951. 
Map and data output from Digital Typhoon (circle colours: 
red, typhoon; yellow, severe tropical storm; green tropical 
storm; blue, tropical depression; cyan, unknown). Data 
source and image generated from http://www.digital-
typhoon.org 
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early November 1997) (Phantuwongraj et al. 2013; Digital Typhoon 2014
1
), including an estimated surge 

of about 0.61 m at the Chao Phraya river entrance due to Typhoon Linda (Panya Consultants 2009). 
October is the peak month for cyclonic storms closest to Bangkok tracking from the east across mainland 
Southeast Asia and the Gulf of Thailand (Figure 2).  

A combination of factors are seen responsible for past floods. The recent and unprecedented 2011 flood, 
described as being a 100-year, or more than a 100-year event (DHI 2011, JICA 2013), was attributed to 
above average rainfall over the CPRB, with a total of 1,439 mm during the rainy season, representing 
143% of the average for the period 1982–2002 (Komori et al. 2012). In 2011, rainfall began at the end of 
March (two months earlier than usual), was the heaviest for 30 years for the months of May, July and 
September, and two typhoons, Haima and Nock-Ten, strongly influenced rainfall in June and July (Komori 
et al. 2013). The flood's duration was one month longer than previous events and total river discharge 
(from June to October) at Nakhon Sawan, located toward the centre of the basin, was 232 percent of the 
mean value for 1956–1999 (Komori et al. 2011). 

Other recent major floods include those of 1983, 1995 and 2006. The flood of 1983 was attributed to a 
culmination of heavy rainfall upstream, two tropical storms over the basin's floodplain, runoff from the 
east, a high spring tide, and unusually heavy rainfall over Bangkok (Panya Consultants 2009, 
Hungspreug et al. 2000). The 1995 flood, described as a 25 year event, caused extensive city-wide 
flooding and was a consequence of heavy rain upstream caused by multiple storms from July to 
September, heavy rain over Bangkok, with high water levels resulting from peak flows intersecting with 
spring high tide in October (Panya Consultants 2009, Hungspreug et al. 2000). 

1.3 Current status of flood management in the basin 

An outcome of Bangkok's long flooding experience has been the step by step development of flood 
defences across the CPRB, including construction of dams and reservoirs, canals, dikes (levees) and 
polder systems, installation of pumps and other infrastructure to reduce impacts (e.g., Hungspreug et al. 
2000, Panya Consultants 2009). Following the 2011 flood, further structural and non-structural 
recommendations were proposed from the “Project for the Comprehensive Flood Management Plan for 
the Chao Phraya River Basin” (JICA 2013). The collaborative project engaged the Japan International 
Cooperation Agency (JICA) and Thai government agencies, including the Office of National Economic 
and Social Development Board (NESDB), Royal Irrigation Department (RID), Ministry of Agriculture and 
Cooperatives (MOAC), Department of Water Resources (DWR) and Ministry of Natural Resources and 
Environment (MNRE) to prepare a 
comprehensive flood management plan for the 
CPRB (JICA 2013). The suite of structural and 
non-structural measures recommended as the 
most cost efficient for protecting the lower Chao 
Phraya basin are shown in Table 1. The 
estimated total cost for structural measures alone, 
ranges from 143 to 190 billion Thai Baht (4.8 to 
6.3 billion USD) (depending on the capacity of the 
outer ring road diversion channel). Alternative 
measures were also evaluated by the latter 
authors, including construction of new dams, 
improving retention areas, and a 223 km western 
diversion channel, but their flood reduction impact 
was considered limited and the combined 
proposal valued much greater at 508 billion Thai 
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Table 1. Priority recommendations proposed in JICA (2013) 
study for protecting lower Chao Phraya basin 

Structural measures Non-structural measures 

Effective operation of 
existing dams 

Reforestation 

Bypass channel at Ayutthaya Land use control of 
inundation areas 

Outer ring road diversion 

channel (500 or 1000 m3/s) 

Flood forecasting system 

Improvement of river 
channel and dikes 
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Baht. The Thai government has allocated substantial financial resources for major flood protection works, 
but as of writing no decision had been made as to when and which projects are to be implemented. 

It should be noted that the JICA (2013) study based flood 
modelling on an equivalent 2011 flood, calculated as a 100-
year return event, a similar benchmark used in other 
countries, but did not evaluate potential climate change-
related effects on rainfall intensity and variability. 
Furthermore, the JICA (2013) study considered the effect of 
storm surge based on historical typhoon Linda, which 
entered the Gulf of Thailand in 1997, and the 2011 flood, 
indicating that the combined impact of a 2m storm surge 
would be considerable, requiring infrastructural investment 
including construction of sea walls, elevated roads and river 
improvements. This finding demands future study and is a 
focus of ongoing CCaR research. 

2. MODELLING COASTAL AND INLAND FLOODING 

The overall aim of CCaR project-related flood research is to 
assess the impact of climate change on coastal and inland 
flooding of the BMR. Specifically, to identify areas affected 
by flood caused by sea level rise and rainfall runoff/local 
precipitation; classify the affected areas by flood depth and 
duration; and integrate these physical hazard data with 
socio-economic, health and organisational data into the 
Coastal Megacity Resilience Simulator to examine city 
resilience and explore possible adaptation options. 
Preliminary research, as presented in this paper, examines 
the impact of sea level rise on coastal flooding, and 
generation of a flood extent/hazard map based on historical 
radar data collected during the rainy season, and explores 
the utility of a modified topographic index for mapping flood-
prone areas. Ongoing and future research will examine the 
impact of storm surge on sea level, hydrological impacts of 
climate change over the CPRB, and city resilience 
modelling. 

2.1 Modelling coastal flooding caused by sea level 
rise 

Coastal flooding impacts focused on the southern part of the 
BMR, with modelling of sea level rise (termed the SLR 
model) integrating a number of factors, including absolute 
sea level rise, plate tectonic motion following the 2004 
Sumatra–Andaman earthquake, land subsidence resulting 
from groundwater abstraction, and monthly mean sea level. 

An absolute rate of sea level rise of 5mm/yr was 
incorporated into the SLR model (Trisirisatayawong and 
Cheewinsiriwat 2013). Compared to the global average, sea 
level is rising significantly more in the Gulf of Thailand 
(Trisirisatayawong et al. 2011). In the northern part of the 

 

Figure 3. Geographical distribution of absolute 
sea level rise rates derived from 1993–2009 
multi-satellite altimetry (by Trisirisatayawong et al. 
2011) 

Figure 4. Subsidence rate (mm/year) from 
InSAR time-series analysis (by Aobpaet et al. 
2013) 
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Gulf, the rate of absolute sea level rise was calculated as 4.5 to 5.0 ±1.3 mm/yr (Trisirisatayawong et al. 
2011) compared to the global average of 1.8 ±0.3 mm/yr (Church et al. 2004) (Figure 3). According to 
IPCC’s Fifth Assessment Report (AR5), it is described as likely that from the early 20

th
 century the rate of 

global sea level rise has accelerated (Church et al. 2013). 

Relative sea level rise could be significant in the near-term for the coastal BMR following the Sumatra-
Andaman earthquake. Post downward plate motion of −3.9 ± 2.1 mm/yr and −12.7 ± 4.2 mm/yr were 
recorded at two stations in the Gulf following the earthquake (Trisirisatayawong et al. 2011). According to 
Satirapod et al. (2013), post-seismic 
movement should continue for the 
next couple of decades at a reducing 
rate and not exceed 10 cm in the 
Bangkok area. The SLR model 
incorporates predicted future vertical 
subsidence for periods of the seismic 
cycle equal to 500 years from a visco-
elastic model (see Satirapod et al. 
2013), the plate downthrow 
diminishing with time from 1.9 mm/yr 
in 2010 to -0.2 mm/yr in 2060, and 
assumed to be uniform over the study 
area. 

Additionally, subsidence caused by 
groundwater withdrawal was 
integrated into the SLR model, 
varying spatially from -2 to -28 mm/yr, 
and assumed to be constant over 
time. Groundwater withdrawal is attributed as being a major cause of subsidence and coastal erosion 
over the last few decades in Bangkok (e.g., Dutta 2011). According to Aobpaet et al. (2013) subsidence 
at locations in the BMR reached up to 30 mm/yr between 2005 and 2010 (Figure 4);  subsidence rates of 
up to 120 mm/yr. from 1978 to 1981 were reported from levelling studies. Subsidence also extends sub-
tidally, facilitating wave-induced coastal erosion (Saito et al. 2007). The latter authors estimated a total 
subsidence of 1 m at the Chao Phraya 
River mouth and coastal erosion of 
greater than 1 km over the last 50 
years.  

The fourth component of the SLR 
model estimates future monthly 
average sea level, the variation of 
which is modelled as an annual cycle, 
from sea level observations from the 
1940-2002 time series of Ko Sichang 
tidal station. The robust fit of iteratively-
reweighted least squares is employed 
in the estimation. 

Current (2010) topography is generated 
from high resolution LIDAR data and 
future topography calculated from 
modelled plate motion and the height of 
each grid cell reduced by interpolating 
the subsidence rate from InSAR data. 
Through proximity analysis, starting 

 

Figure 5. Projected flooding for the peak high tide month of November 
2060. Red colour is greater than 1 m depth. 

Figure 6. Projected flooding in January 2060 with existing dike (top 
image) and simulated 0.75 m elevated dike (bottom image). Red colour 
is greater than 1 m depth (by Trisirisataywong and Cheewinsiriwat 
2013). 
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from coast, if cells are below sea level, the flood depth is determined. 

Preliminary research modelled topography for 2035 and 2060, monthly coastal flooding for 2060, and 
examined the adaptation option of raising a coastal dike by 0.75 m. Illustrative examples of model 
outputs, include projected flooding for the month of November 2060, as shown in Figure 5; and the effect 
of raising coastal dikes by 0.75 m for January 2060, as shown in Figure 6. 

2.2 Modelling inland flooding 

To model inundation patterns 
and flood depth in the BMR 
requires assessment of the 
whole Chao Phraya River 
basin including the BMR. 
Given considerable data 
needs for projecting flood 
forecasts and financial 
resources available to the 
project, the aim initially was 
to identify and build on 
existing methodology, models 
and data sets. One of the 
most recent and thorough 
investigations of climate 
impact and adaptation for the 
BMR was conducted by 
Panya Consultants (2009) for 
the Bangkok Metropolitan 
Administration (BMA) with 
financial support from the 
World Bank. They addressed 
future basin precipitation 
(A1FI & B1 scenarios), land 
subsidence, sea level rise 
(A1FI & B1 scenarios), and 
storm surge, utilising MIKE 
Flood/MIKE11 software and a 
comprehensive data set 
comprising river/canal network and cross-sections, water levels and discharges, hydraulic infrastructure, 
digital elevation model (DEM), rainfall/evaporation, and major (not all given its complicated nature) 
components of the flood protection system. Unfortunately for this study, neither MIKE software nor the 
data resources were available for conducting an equivalent detailed investigation and thus critical that 
alternative and more accessible approaches identified for flood mapping. 

A four step strategy was adopted to address this challenge by making optimal use of open data and open 
source GIS and modelling software, as follows: 

 generate a flood extent/hazard map for the BMR using multi-year historical radar flood data; 

 examine the utility of a DEM-derived Modified Topographic Index (TIm) for delineating flood-prone 
areas; 

 rainfall-runoff modelling for assessing climate change impacts at sub-basin level focusing on high 
resolution/downscaled general circulation model (GCM) data;  

 generate inundation extent and depth projections at fine/moderate spatial resolution in BMR 
(dependent on access to river/canal and hydraulic infrastructure data sets). 

Figure 7. Map shows spatial extent and frequency of past flood events from 2005 
to 2012 inclusive. Coordinate reference system: EPSG 32647 (UTM47N WGS84) 
(by Cooper 2014, under review) 
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A priority need for CCaR project resilience modelling was a flood map of the BMR, and this motivated 
research for the first step in generating a flood extent/hazard map. Fortunately, historical spatial flood 
data were available (and publicly accessible) from the Thailand Flood Monitoring System of the Geo-
Informatics and Space Technology Development Agency (GISTDA)

2
. Flood maps were derived from 

synthetic aperture radar (SAR) imagery acquired during the rainy season from 2005 to 2012 inclusive. 
The accuracy of the GISTDA data was 80-90% (perhaps lower in built-up areas) (GISTDA 2013), with a 
spatial resolution of approximately 100m. It was technically straightforward to create a composite flood 
extent/hazard map by combining the multi-year inundation layers (Figure 7). Shapefiles were clipped and 
transformed from EPSG 4326 to EPSG 32647 (UTM 47N/WGS84) and rasterized to a spatial resolution 
of 100 m using GDAL command line utilities (ogr2ogr and gdal_rasterize). A single compiled raster image 
was generated from the series of eight flood inundation images by summing grid cell values using the 
GRASS r.series module. The output layer contained cell values ranging from 1 to 8 representing areas 
with the lowest to highest occurrence of flooding; areas unflooded during the 8 year period were assigned 
a value of zero. 

The second approach to mapping flood-prone areas examined the utility of the modified topographic 
index (TIm), a method developed by Manfreda et al. (2011) and incorporated into the GRASS 
r.hazard.flood add-on extension module (Di Leo 2014). The module delineates flood-prone areas by 
calculating a modified topographic index from a digital elevation model (see formula 1 below), and 
categorises those cells above a given threshold value as exposed to flooding (Manfreda et al. 2011). 
Areas susceptible to inundation are determined by a TIm value above a calculated threshold (tau, τ). TIm is 
defined as: 

 










βtan

a
logTI

n

d

m
= ….................[1] 

where ad represents the drained area per unit contour length; β is slope; and n is a function of DEM 
spatial resolution. The method adopted in this study was to use CGIAR-CSI SRTM 90m DEM

3
 of the 

Chao Phraya River basin and the composite historical flood map developed previously as a reference for 
assessing the utility of the modified topographic index for defining areas as exposed to flooding. While the 
analysis depends on the accuracy of the multi-year flood maps (~80-90% as noted previously), these 
currently represent the best source of information available for the Chao Phraya River basin; detailed and 
accurate flood maps based on hydrological-hydraulic mapping were not available. 

Findings from the analysis indicated good correspondence between reference historical inundation data 
and the results of the TIm method for the four most northerly sub-basins of the Chao Phraya River basin 
characterised by higher mean slopes. However, performance of the TIm-based method appeared reduced 
in areas of low topographic relief including the BMR. Total minimum error was observed to decrease with 
increasing sub-basin mean slope. Selection of an appropriate tau threshold value is critical for generating 
an accurate flood map - the threshold value reflecting the return period to be presented and the mean 
slope of the sub-basin. The modified topographic index is potentially a highly valuable tool for delineating 
flood-prone areas and it is recommended that future research examine higher resolution DEMs and other 
drainage basins to further evaluate its utility and potential constraints. 

The third and ongoing step of research is to assess climate change impacts at sub-basin level through 
rainfall-runoff modelling. Studies conducted over the last couple of years have examined the use of high 
resolution GCM data for determining hydrological impacts in the CPRB (e.g., Kure & Tebakari 2012; 
Hunukumbura & Tachikawa 2012; Champathong et al. 2013) and it is envisaged that similar higher 
resolution data will be evaluated using open rainfall-runoff model(s). The final fourth step will depend on 
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accessibility of detailed spatial data on canal networks and hydraulic infrastructure; the authors are 
currently examining possible avenues for acquiring appropriate data and options for analysis. 

3. SUMMARY 

The CCaR project has contributed significantly to modeling of potential climate change-related impacts of 
coastal and inland flooding, and also generated spatial data layers that can be integrated into the CCaR 
project system-based Coastal Megacity Resilience Simulator to evaluate city resilience to hazards and 
explore potential adaptation options. The CCaR SLR model successfully integrated measures of ground 
subsidence (plate tectonic movement and subsidence caused by groundwater abstraction) into projected 
topography and flood impacts, and future research aims to model storm surge impacts generated by 
tropical cyclone systems and spatially extend the model further into the BMR from the coastal fringe. A 
flood extent/hazard map for the entire BMR based on multi-year historical data from river runoff/rainfall 
was generated, and future progress on inland flooding will focus on rainfall-runoff modelling of the CPRB 
to establish a more robust understanding of climate-driven hydrological impacts. The aim is then to 
develop the latter findings to model flood patterns and depths within the BMR. 
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