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Abstract 
 

Thailand has been often affected by severe flood events over the past century. The 2011’s 

Thailand Flood Catastrophe was the costliest in country’s history, and it was ranked to be the 

second most damaging natural hazard in the world in terms of economic losses. The Chao 

Phraya River Basin was noted to be the most vulnerable area prone to flooding in Thailand. 

The dynamics of flood risk in the river basin have changed drastically over the past fifty years. 

In particular, flood exposure increased due to rapid urbanization and population growth. Since 

2012, integrated flood risk management has been addressed to be the major framework of 

water-related disasters with the goal of losses and damage reductions. However, there is 

currently little research in Thailand on how to quantify flood risks and mitigate flood 

inundation damage on the relation between the occurrence of flood events and their 

consequential socio-economic implications. In this study, a tradition method in flood risk 

assessment is implemented by integrating 2D hydrodynamic modelling and the assessment of 

socio-economic impact of floods into the Chao Phraya River Basin. More specifically, the fully 

2D version of the LISFLOOD-FP model code was used to model flood inundation processes. 

The output of the model was then used to map inundation depth and assess the levels of 

physical/environmental risk associated to flood hazards on multiple receptors/elements at risk. 

The European Flood Directive and the KULTURisk methodology were applied to quantify 

flood risks in monetary terms for residential, industrial, and agricultural sectors. The 2011 flood 

event was used for model calibration, while a hypothetical flood event with a return period of 

100 years was simulated to identify the potential flood losses. Depth-damage functions 

comprising of JRC-ASIA, the Flemish, and JICA models were used to estimate potential 

damage for residential and industrial structures.  

 

The results showed that LISFLOOD-FP could satisfactorily reproduce the flood inundation 

extent obtained from satellite imagery in 2011. The model performance (Critical Success Index 

or F1) was of 56%, with a Bias of 112%. The latter meant the total inundated area was 12% 

larger than flood extent’s observation. Moreover, the model could simulate flood levels with 

overall Root Mean Square Error (RMSE) and Mean Absolute Error (MAE) of 2.03 m a.s.l. and 

1.78 m a.s.l., respectively. For the estimation of flood damage and losses, the Flemish model 

showed the strongest agreement with the reported flood damage in the residential sector, while 

JICA-ASIA model underestimated flood damage for industrial sector by just 1%. The 

KULTURisk methodology also well-estimated crop losses in the 2011 event which an 

overestimation about 21% from the reported value. Apart from that, fully 2D numerical method 

could not perfectly represent 1-in-100 year flood inundation due to non-consideration of 

important features such as the precise river channel topography, hydraulic infrastructures, and 

flood protection schemes in the river basin. Lack of such features results in an overestimation 

of flood damage and losses for 1-in-100 year flood comparing to the national flood hazard map 

and damage assessment which are simulated and estimated by JICA’s study. Such features can 

be better handled by using a coupled 1D/2D numerical method in order to simulate flood 

inundation extent more realistically and estimate flood losses. This could help the Thai 

government to better prepare a budget for flood risk prevention. In addition, even if the Flemish 

model indicates a good representation of relative flood damage to housing structures, the 

government should establish depth-damage curves specific for Thailand. 

 

Key words Chao Phraya River Basin; flood risk assessment; 2D hydrodynamic model; fully 

2D and coupled 1D/2D numerical methods; KULTURisk methodology; depth-damage 

functions 
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CHAPTER 1 
 

Introduction 
 
1.1 Statement of the problem 
 

Floods are natural phenomena that cannot be prevented. To mitigate their adverse impacts, 

strategic flood risk assessment can reduce the potential risks by consideration of flood hazard, 

exposure, and vulnerability and it shall take management of floodplains according to European 

Flood Directive (2007/60/EC). However, the framework of flood risk assessment might be a 

challenge in developing countries. The recently recorded people civilizations e.g. 

Mesopotamia, Egypt have settled in floodplains because they offer favourable conditions for 

agricultural, industrial and economic developments (Di Baldassarre et al., 2010). Further, a 

large proportion of the urban population in developing countries lives on sites inappropriate to 

housing, for instance floodplains, which are areas prone to flooding or affected by seasonal 

storms, or other weather-related risks (UN-HABITAT, 2012). 

 

In Thailand, flooding is the most serious hazard in which its impact occurs annually between 

June and November (CFE-DM, 2015). The severe floods had been observed in 1917, 1942, 

1959, 1964, 1972, 1975, 1980, 1983, 1995, 1996, 2002, 2006, and 2011 (Singkran and 

Kandasamy, 2016). The 2011 Thailand Flood was the worst floods which caused USD 46.5 

billion of the total damage and losses (World Bank, 2012), and the most severely flooded areas 

were in the Chao Phraya River Basin situated in the central plain of Thailand. In addition, the 

populated flood-prone settlements have been largely situated in floodplains of the Lower Chao 

Phraya River Basin where rapid urbanization and land development has been increasing since 

1970 (Hungspreug et al., 2000).  

 

According to Thailand's water management strategy 2015-2026, flood risk management has 

been addressed to be the major framework of water-related disasters with the goal of losses and 

damage reductions. Consequently, in order to understand the pressures and stresses on flood 

risk in the Lower the Chao Phraya River Basin, this study is to generate and apply a traditional 

method for flood risk assessment to the basin including hazard assessment and identification 

of flood exposure and vulnerability. Such the traditional method has been initiated by European 

Flood Directive (2007/60/EC) to all member states since 2007 and the framework of flood risk 

has been defined as the combination of the probability of a flood event and of the potential 

adverse consequences for human health, the environment, cultural heritage and economic 

activity associated with a flood event. Consequently, flood risk assessment includes the study 

of flood hazard map showing the spatial distribution of flood and its intensity with specific 

scenarios such as flood extent and water depth of a low, medium, and high probability. 

Additionally, consideration of the risk as the combination of hazard, exposure, and 

vulnerability can be included into the framework by quantifying the indicative number of 

inhabitants and type of economic activity of the area which are potentially affected by floods 

(Ronco et al., 2014). 

 

In addition, as adopted from KULTURisk project (see details in appendix A) that aims to 

develop a culture of risk prevention within European countries, flood risk can be presented in 

monetary terms as economic measure. Flood hazard is identified using hazard metrics e.g. flood 

velocity, water depth, flood extension derived from numerical models e.g. hydrodynamic 

deterministic or probabilistic models and the scenarios to be investigated in the baseline or 
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alternative analysis. Flood exposure requires the analysis of land use/land cover datasets for 

the localization of people, environmental resources, infrastructures, social, economic or 

cultural assets that could be adversely affected by a flood event.  

 

For flood vulnerability, it can refer to the relationship of flood hazard properties to economic 

losses and can be represented with an inundation depth–damage function. The function 

indicates for a particular land-use category i.e. residential and industrial building structures, 

how much of a fraction (‘damage factor’) of the maximum value at risk is reached at a particular 

inundation depth is (De Moel et al., 2014). 

 

1.2 Significance of the study 
 

The Chao Phraya River Basin is the largest river basin in Thailand and accounts for 31% of the 

total country’s land area (513,120 square kilometers for country’s area). It is also known 

colloquially as the rice bowl of Thailand since rice cultivation here accounts for one-third of 

the country’s overall food production (OAE 2014). Furthermore, the Chao Phraya River Basin 

is home to 42% of the country's population (NSO 2010).  

 

Flood protection in the lower basin relies heavily on flood control infrastructures e.g. dykes, 

barrages and canal networks for preventing inundation of cultivated, residential and industrial 

areas (Hungspreug et al., 2000). This strategy has managed to reduce the impact of flooding; 

nonetheless it has resulted in a higher overall flood risk as water reaches the flooding elevation 

much faster (FDMT, 2015). Therefore, many studies have recently suggested that flood 

management in the lower basin should be combined both structural- and non-structural 

measures e.g. integrated flood defences and irrigation systems (ENW, 2012), increases of flood 

retention and storage capacity by adjustment of upstream reservoir water released and 

accommodating floodplains in the lower basin (Fixsen et al., 2015), and reducing flood peak 

and volume by employing nonstructural flood countermeasures with engineering solutions 

(Jamrussri and Toda, 2017). 

 

Apart from that, there is currently a few researches on how to quantify flood risk and mitigate 

flood inundation damage on the relation between the occurrence of flood events and the 

consequent economic implications. To fill this knowledge gap, this research will use inundation 

modelling technique to identify flood-prone areas and subsequently estimate the potential 

economic losses and damage for 100-year flood. As a consequence, applied flood risk 

assessment of the basin can assist river managers, policy makers and institutes involving in the 

Chao Phraya River Basin to better improving and increasing effectiveness of flood risk 

management in different time-scale planning. 
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1.3 Research question and objectives 
 

In this research, the overall research questions be answered are the following: 

 

▪ How can we identify flood-prone areas and quantify their risks in the Lower Chao 

Phraya River basin? 

▪ How much should Thai government prepare the budget to mitigate flood damage and 

losses for another extreme event like the 2011 flood?  

 

To answer the questions written above, the following research objectives are defined: 

 

▪ Modelling flood hazard and mapping inundation depth for the 2011 flood and 1-in-100 

year flood in the Lower Chao Phraya River Basin by using two-dimensional 

hydrodynamic model, namely, LISFLOOD-FP (developed by University of Bristol, 

United Kingdom) which was widely used in European framework of flood risk 

assessment. 

▪ Application of depth-damage functions derived from literature reviews as a relation of 

flood vulnerability for the Lower Chao Phraya River Basin. 

▪ Estimation of economic damage and agricultural losses of floods adopted from 

KULTURisk methodology for the 2011 flood and 1-in-100 year. 
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CHAPTER 2 
 

Background/ Literature Review 
 

In this chapter, background and literature review are presented as history of flood management 

in the Chao Phraya River Basin, flood inundation modelling, and flood risk assessment 

 

2.1 Flood management in the Chao Phraya River Basin 

 

Thailand has had a long history of flood management and many of flood protection schemes 

had been implemented since 1960, which were further described in the below sections. Thirteen 

severe floods have occurred during the past century (Singkran and Kandasamy, 2016) and the 

2011's Thailand mega-flood was the worst flooding. The most vulnerable areas prone to 

flooding were noted to be in the Chao Phraya River Basin situated in the central plain. 

According to Fig. 1, the area of the river’s upper-basin is mountainous and supports major 

tributaries to the total catchment area while in the lower-basin the land here is mainly low-lying 

consisting of the river floodplain, flat land and delta areas (Figure 1). The central plain of the 

lower river basin is vulnerable to flooding due to geo-morphological condition in which the 

area is formed as a young delta portion including fluvial part, deltaic flat, and coastal zone in 

the upper, middle, and lower area respectively (Yoshikazu and Ya, 1985). Furthermore, due to 

intense precipitation during the monsoon season (August to October), inundation is a common 

occurrence. It subsequently takes long time to flow to the river mouth because of the low 

altitudes and gentle gradient of plains (Haruyama, 1993).  

 

2.1.1 First phase development of flood protection – the upper basin 
 

The first phase was the development of the upper river basin comprising of construction of two 

multi-purposed storage dams: the Bhumibol dam on Ping River (in 1964) and the Sirikit dam 

on Nan River (in 1974), and the Chao Phraya barrage with canal networks and levees both for 

east and west sides of the Chao Phraya mainstream in the 1970s. The latter had the main 

purpose of serving water for irrigation, cultivated lands and navigation (Hungspreug et al., 

2000; Molle, 2005). For the upstream two storage dams, they were operated by EGAT which 

had an important storage capacity of approximately 10 billion m3 each and first designed for 

hydropower generation and flood control. Accordingly, these allowed the government to store 

a large amount of river flowing from upstream tributaries and to attenuate floodwaters volume 

for an area of about 1.2 million ha in the lower part of the river basin. However, these flood 

protection schemes could not attenuate the major flood occurred in 1983 due to unusually 

heavy rain. The damage accounted for this event was approximately 48 million USD. Apart 

from the unusual rainfall, the other main cause of the event was owing to a large reduction of 

the forest area in the upstream approximately by 36% since 1943 (Hungspreug et al., 2000).  

 

2.1.2 Second phase development of flood protection – the lower 
basin 
 

Since the major affected areas of 1983 flood event was in Bangkok and vicinity, the master 

plan for flood protection in this area was launched in 1984. The main scheme consisted of 74-

km of king dyke around Bangkok, pumping stations along the Chao Phraya River and the 
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construction of regulators and drainage systems in Bangkok metropolitan areas such as 

Nonthaburi and Samut Prakan. 

 

2.1.3 Third phase development of flood protection – The 1995 flood 
 

The 1995 flood was the worst event of the country’s history during the 20th century and the 

damage was 10 times higher than that of the 1983 flood. Further, the event was considered as 

a severe flooding event affecting the entire country (Hungspreug et al., 2000). The main causes 

included unusually heavy rain covered the northern part of country. This contributed to large 

floodwaters flowing from the upper river basins. The reservoir water level of the Sirikit dam 

on Nan river was exceed its capacity and spill water was released which resulted in many 

locations of dyke breaches in downstream areas. Accordingly, widespread inundation with a 

combination of overflow from Chao Phraya river at Nakon Sawan. 

 

As a consequence, the master plan for flood protection had been additionally adjusted. Overall, 

the overbank flow protection scheme was implemented by construction of 300-km dykes along 

the Chao Phraya river (Hungspreug et al., 2000). This was mainly to protect the agricultural 

areas. For the urban areas, heightening of king dyke was conducted to protect inundation for 

Bangkok and economic zones and river and drainage systems were improved in order to 

increase drainage capacity of floodwaters for Bangkok metropolitan areas. Moreover, the 

Monkey’s Cheeks project initiated by His Majesty the King Rama IX was implemented on the 

coastal area both east and west of Chao Phraya estuary as small flood retention areas 

(Hungspreug et al., 2000). This was to avoid inundation affected by tidal level and the project 

can temporarily store floodwaters during high tide and release during low tide. 

 

 
 

Fig. 1 Map showing the Chao Phraya River Basin’s characteristics including altitudes, flood 

protection schemes (dams, dykes, river and canal networks), and major cities. 
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Fig. 2 A chronology of the Chao Phraya River Basin and the development of flood protection 

schemes during 1960 and 2000. 

 

 

2.2 Flood inundation modelling 
 

Flood inundation modelling is controlled by the floodplain topography, friction slope and water 

slope as a function of river channel flow. The simplest channel flow solvers are the one-

dimensional (1D) hydrodynamic models (Fig. 4) which are based on the continuity equation 

and assume all terms except the friction and bed gradient are negligible. The most widely used 

1D hydrodynamic models are, for instance, MIKE-11 and HEC-RAS which use the full Saint-

Venant equations and cross-sections to describe the flow of river channel and floodplains 

(Kalantari et al., 2015, 2014a). However, the major limitation of 1D models is the accurate 

determination of the maximum flood inundation extent due to poor representation of flow 

patterns in more complex terrains i.e. urban environments (Benjankar et al., 2015; Betsholtz 

and Nordlöf, 2017; Kalantari et al., 2017).  

 

Fully two-dimensional (2D) hydrodynamic models are another approach to represent 

floodplain inundation. Fully 2D models take a raster Digital Elevation Model (DEM) and water 

inflow details (location and rates) to simulate inundation dynamics. These models exploit 

hydraulic continuity principles to calculate the water depth in each cell of the raster grid (Fig. 

4). These give 2D models capability to represent more accurately inundation extent (Cook and 

Merwade, 2009). In other words, one of the drawbacks of fully 2D models is the limitation of 

their abilities to accurately simulate flood inundation patterns affected by hydraulic structures 

e.g. bridges and weirs since flood inundation’s prediction is mainly based on topographic and 

geometric features (Frank et al., 2001). 

 

Coupling one- and two-dimensional (1D-2D) models have been developed to overcome those 

issues. The flow in river channel is treated as 1D numerical method as approximation of 

shallow water equations and the flow spilling in floodplain is described as 2D numerical 

method (Fig. 4). As a consequence, coupling 1D-2D models can precisely link the water 

1st Phase - 1960s & 
1970s

•Two multi-purposed 
dams

•The Chao Phraya barrage 
and canal networks

2nd Phase - 1980s

•King dyke around 
Bangkok

•Pumping stations

•Regulators and 
Drainage system

3rd Phase - Late 1990s

•Heightening king dyke

•300-km dyke in length 
along the river

•The Monkey’s Cheeks 
project 

•Improvement of river 
and drainage systems

1983 flood 1995 flood 
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flowing between channel and floodplain laterally and better predict overland flow paths and 

flood inundation extent (Kourtis et al., 2017). 

 

2.3 Flood risk assessment 
 

Floods can have an environmental impact by their physical damages to sensitive habitats or a 

social impact due to loss of recreational or culturally important sites. According to Flood 

Directive of a European Commission (2007/60/EC), human activities e.g. human-settlement or 

economic activities in floodplains and climate change are major contributions to increase or 

alter flooding likelihood with adverse impacts of flood risk. Traditional method for calculating 

flood risk involves the identification of specific hazards (e.g. flood inundation), their severity 

(e.g. water depth and velocity of inundation) and their receptors (e.g. people or the 

environment). Information needed for the preliminary assessment are the exposure of receptor 

to hazards (e.g. land-use or data on where the receptors are located) and their vulnerability or 

susceptibility to damage (Kalantari et al., 2014b; Michielsen et al., 2016; Karlsson et al., 2017). 

Accordingly, those elements can be described according to Klijn et al., (2009) which can be 

seen in Fig. 3 and as the definition as followings; 

 

risk = (flood) hazard * (exposure) * vulnerability (of the society/ area) 

or 

risk = probability (of the flood) * consequences 

 

From mentioned above, if flood event occurs where there is no vulnerability or no exposure, 

then there is also no risk (Di Baldassarre, 2012). Hazard is defined as the probability, chance 

or likelihood of different magnitudes of damaging flood conditions whereas exposure and 

vulnerability could be combined as consequences of flood. Exposure is values or assets located 

at the location where floods occur e.g. land-use, economic activities in flood-prone areas 

(Florina, 2007). For vulnerability, there are several arguments relating to its definition and 

approach. Gheorghe (2005) gave a definition of vulnerability as a function of exposure, 

susceptibility, resilience, and state of knowledge. According to KULTURisk methodology 

(appendix A), resilience and state of knowledge are the analysis of aspects related to the human 

dimension of vulnerability i.e. adaptive and coping capacity that are part of the social 

assessment, whereas susceptibility refers to physical/environmental risks associated to floods 

for different receptors located in the analysed region. 

 

Apart from the dynamic of flood risks, the common practice for the framework of flood risk 

assessment in the most European countries is quantified as economic measure which is the top-

down approach (Ciullo et al., 2017). This approach considers the impacts of flooding and how 

the consequences of flooding may affect the areas as damage cost in monetary terms. In 

general, according to Dutta et al., (2003), flood damage can be classified into two categories: 

tangible and intangible damages. Tangible flood damages which can be measures as monetary 

terms are further divided into two types: direct and indirect damages (Table 1). Direct damages 

are caused by physical contact of floodwater, whereas indirect flood damages are those caused 

through interruption and disruption of economic and social activities as a consequence of direct 

flood damages (Dutta et al., 2015). Consequently, flood damage/ impact modelling has been 

presented and widely used for calculating the potential damage. The damage is then estimated 

by translating the depth-damage function which is the mathematical relationship between 

maximum flood depth and corresponding absolute or relative flood damage (between 0 and 1). 

This function focuses on physical damage referring to direct tangible costs such as damage to 
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buildings, private assets, contents, etc. and associates with maximum values at risk which is 

assigned to each land use and building type.  

 

According to Dutta et al., (2003), depth-damage functions are usually derived by two methods: 

one is based on damage data of past floods, and other is from hypothetical analysis based on 

land cover and land use patterns, type of objects, and information of questionnaire survey. 

 

Table 1: Flood damages category and loss examples (Dutta et al., 2003). 

 

 

 
 

Fig. 3 Flood risk and its components (Klijn et al., 2009). 

 

 
 

Fig. 4 Types of numerical models used for flood inundation modelling (Klijn et al., 2009). 

Category Examples 

Tangible Direct Primary Structures, contents, and 

agriculture  
Secondary Land and environment recovery  

Indirect Primary Business interruption  
Secondary Regional and national economy 

Intangible 
  

Health, Psychological damage 
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CHAPTER 3 
 

Study Area and Data Collection 
 

3.1 Study area - Chao Phraya River Basin 
 

The total catchment area of the Chao Phraya is 158,587 km2 which encompasses twenty-nine 

provinces (each with separate administrations) in the Northern and Central regions of Thailand. 

In this study, the focus will be on the area situated on the Chao Phraya mainstream in its lower-

basin. This area comprises 54,437 km2 (as shown in Table 2). The selected area in this study is 

also downstream of the two multi-purpose dams operated by EGAT: 

 

• Bhumibol dam (reservoir capacity 13,462 Million m3) and  

• Sirikit dam (reservoir capacity 9,510 Million m3) 

 

The Chao Phraya River is formed in Nakhon Sawan province by the convergence of four 

tributaries from the upper-basin (Fig. 1 and Table 2), namely 

  

1. Ping River (34,499 km2),  

2. Wang River (10,794 km2),  

3. Yom River (23,948 km2), and  

4. Nan River (34,908 km2).  

 

Moreover, these tributaries contribute 79% of the average annual discharge for the entire 

catchment basin (Table 2 and Fig. 5). 

 

Table 2: Annual average runoff and area in each sub-basin. Source: RID. 

 

No. Sub-basin 
Annual average runoff 

(Million m3) 
Area (km2) 

1 PING 8,725 34,499 

2 WANG 1,618 10,794 

3 YOM 3,657 23,948 

4 NAN 12,015 34,908 

5 CHAO PHRAYA 1,732 20,266 

6 SAKAE KRANG 1,125 5,056 

7 PA SAK 2,897 15,623 

8 THA CHIN 1,364 13,492 

  Total 33,133 158,587 
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Fig. 5 The percent of annual average runoff generated in upper and lower basins 

 

Thailand usually experiences a long period of warm weather each year as the country is situated 

in the tropical latitude zone and is close to equator (especially the northern and central parts of 

the country). As such the average temperature in the river basin averages around 27 degrees 

Celsius (Table 3). This is similar to the average temperature for the entire country (TMD). 

According to the general annual rainfall pattern, the basin is under the influence of the seasonal 

monsoon winds i.e. southwest monsoon and northwest monsoon. TMD recognizes three 

seasons in Thailand: 

  

1. Rainy or southwest monsoon (mid-May to mid-October),  

2. Winter or northwest monsoon (mid-October to mid-February) and  

3. Summer or pre-monsoon season (mid-February to mid-May).  

 

Due to the actions of the monsoons, rainfall distribution over the basin varies between 1,200 

and 1,300 mm per year while the annual rainfall of the country overall is 1,572 mm per year 

(Table 4). 

 

Table 3: Seasonal and average temperature (degrees Celsius) across Thailand based on  

1981-2010. Source: TMD. 

 

Seasonal average temperatures (o C) in various parts of Thailand 

Region Winter Summer Rainy 

North 23.4 28.1 27.3 

Northeast 24.2 28.6 27.6 

Central 26.2 29.7 28.2 

East 26.7 29.1 28.3 

South 
   

 - East Coast 26.3 28.2 27.8 

 - West Coast 27.0 28.4 27.5 

Average in basin (North and Central) 27.2 

Average of country 27.0 

 

 

79%

21%
UPPER-BASIN (Ping,

Wang, Yom and Nan)

LOWER-BASIN (Chao

Phraya, Sakae Krang, Pa

sak and Tha Chin)
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Table 4 Seasonal and average rainfall (millimeters) across Thailand based on 1981-2010. 

Source: TMD. 

 

 

3.2 Study area - The 2011’s Chao Phraya Mega-Flood 
 

As defined in Fig. 6, the 2011 flood event mainly occurred between June and November. In 

late June, floods took place early in the upper basin under the influence of the tropical storm, 

Haima. Later, a typhoon and two tropical storms hit and brought heavy rainfall to Thailand 

during late September and early October. These contributed to a large amount of rainfall across 

the basin of which the precipitation was a 20-year return period (Gale and Saunders, 2013). 

These also affected the total rainfall to be higher than average by 35% (HAII, 2011). 

Meanwhile, this exceptional rainfall resulted in rapidly increase of two main reservoir water 

levels in the upper basin which finally closed to the maximum operating level (HAII, 2011). 

Spilled waters were then released more than 9 billion cubic meters (Aon Benfield, 2012) during 

that time. In addition, the Chao Phraya river reached its peak and began overflow in early 

October and eleven instances of dyke breaching subsequently occurred between Nakhon Sawan 

and Ayutthaya. Accordingly, a large amount of outflow volumes from two dams combined 

with dykes breaching consequently resulted in devastating inundation in mid of October (Aon 

Benfield, 2012; Guy Carpenter, 2013; JICA, 2013). 

 

Apart from that, the river water level at Bangkok recorded the maximum level during the spring 

tide on October 30. Bangkok was inundated by floodwaters at the beginning of November 

affected mostly by the overland inundation from the upper basin, not from the river flooding. 

 

According to the socio-economic impact, the 2011's Thailand mega-flood was the worst 

flooding and ranked to be the world’s second natural disasters by economic damages in 2011. 

It was also the world’s fourth natural disasters in terms of disaster mortality, causing 896 deaths 

(Guha-sapir et al., 2011). Furthermore, the industrial sector experienced widespread damage. 

More than 7,510 industrial and manufacturing plants were inundated, leading to a halt in 

production, particularly in Ayutthaya where many important companies are located (Toyota, 

Honda, Sony, Western Digital, etc.) (Guy Carpenter, 2013). 

 

 

 

 

Seasonal average rainfall (mm) in various parts of Thailand 

Region Winter Summer Rainy Annual 

North 100.4 187.3 943.2 1,230.9 

Northeast 76.3 224.4 1,103.8 1,404.5 

Central 127.3 205.4 942.5 1,275.2 

East 178.4 277.3 1,433.2 1,888.9 

South     

 - East Coast 827.9 229 680 1,736.9 

 - West Coast 464.6 411.3 1,841.3 2,717.2 

Average in basin (North and Central) 1,253.0 

Average of country 1,527.0 
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Late June

•Flood occured in 
the upper basin

Late September

•Heavy rainfalls across the basin

•Floodwaters overflowed from the river 
at Nakon Sawan

•Upstream two reservoir water levels 
almost fulled

Early October

•Eleven dykes breaching

•Spilled water from two dams

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 Chronology of the 2011 Flood 

 

3.3 Data collection 
 

The data of river discharge, Light Detection and Ranging data (LiDAR) and Digital Terrain 

Model (DTM), land-use maps, and high water marks was collected with details and sources as 

defined is the Table 5. Daily river discharge is collected at C2, Nakhon Sawan province, where 

four major tributaries come together to form the Chao Phraya River. This data was used as an 

input to flood inundation modelling and specifically analysed for flood frequency and return-

period by using Log-Pearson type III distribution. LiDAR topography data was processed by 

using ArcMap 10.5.1. The process is further described in section 4.2.1.2.  

 

In addition, since land use maps were originally classified as five types as urban and build-up 

land, agriculture, forest land, water body, and miscellaneous land, they were re-classified by 

using ArcMap 10.5.1. This was to reasonably accurate estimation of flood damage related to 

flood exposure as physical/environmental risks and associated to floods for three main 

receptors; residential building, industrial building, and agriculture. Accordingly, the new land-

use types were as eight categories as rice/ paddy field, fruit trees, field crop/ horticulture, 

resident in rural area, city/ urban area, road, water body, industrial area, and others (see 

appendix B and C). In addition, high water marks were collected from the report provided by 

RID and literature review from previous studies (see details in appendix D and E). All points 

of them were shown in Fig. 1 across the lower river basin. These data were used to compare 

with the maximum flood water levels derived from flood inundation model in order to identify 

the model performance.  

 

Table 5: Details for data collection 

 

Data Product Resolution/ 

Type of data 
Period Source 

River discharge 
C2 station at Nakon 

Sawan 
Daily 1957-2015 RID 

Digital Terrain Model LiDAR 2x2 m Surveyed in 2012 RID 

Aggregated surface 

area based 
Land use maps 

Polygon file with 

scale of 1:25,000 
2010 and 2016 RID 

High water marks 
Peak water level  

in m a.s.l. 

Points data with 

GPS coordinates 
Surveyed in 2012 

RID, TDRI, and  

Literature reviews 

Tropical 

storm, Haima 

(21/6) 

Tropical storms: Nesat 

and Haitang (21-30/9) 

Typhoon, Nalgae 

(1-10/10) 
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CHAPTER 4 
 

Methodology 
 

In this chapter, the research methodology is described and divided into three parts as 

followings; 

 

 1) Section 4.1: Data analysis, a description of the method for analysis of flood 

 frequency derived from daily river discharge data 

 2) Section 4.2: Modelling flood inundation describing the model set up and calibration, 

 and the method for measuring model performance 

 3) Section 4.3: Application of flood damage modelling with the explanation of the 

 depth-damage functions referred to previous studies 

 

4.1 Data analysis – flood frequency 
 

Flood frequency analyses are used to predict design floods for river flooding relating to the 

probability distribution of floods of different magnitudes at a particular location. The technique 

involves using observed annual peak flow discharge data to calculate statistical information 

such as mean values, standard deviations, skewness, and recurrence intervals. The Log Pearson 

Type III distribution was selected for this study. The general equation is specified in the Eq. 

(1). 

 

log 𝑥 =  log 𝑥̅̅ ̅̅ ̅̅ + 𝐾𝜎log 𝑥   (1) 

 

where x is the flood discharge value of some specified probability,  𝑙𝑜𝑔 𝑥̅̅ ̅̅ ̅̅ ̅ is the average of the 

log x discharge values, K is a frequency factor, and 𝜎 is the standard deviation of the log x 

values. The frequency factor K is a function of the skewness coefficient and return period and 

can be found using the frequency factor table as defined in appendix F. 

 

Once return periods were estimated, 1-in-100 year return period was then used for establishing 

design flood hydrograph for 100-year flood simulation. The methodology was adopted from 

Alfieri et al., (2014). The 100-year flood hydrograph was derived from the 50-year historical 

discharge record and was estimated by daily mean discharges for any duration between 1 and 

365 days and a reduction ratio between the T-year peak discharge and the annual average peak 

discharge. Hence, flood hydrograph estimation is shown in Fig. 7 and the Eq. (2) and (3) as 

below; 

 

 
 

Fig 7. Schematic view of flood hydrograph estimation. Source: Alfieri et al., (2014) 
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𝑄𝑖  = 𝑄𝑑
̅̅̅̅  ×  𝜀𝑑 (2) 

 

where Qi is daily discharges of the design flood hydrograph, 𝑄𝑑
̅̅̅̅  daily mean discharges  

(m3 s-1), 𝜀𝑑 is reduction ratio. 

 

Eq. (2) was rearranged to give an explicit equation for a reduction ratio, 𝜀𝑑, as defined in the 

Eq. (3) as below:  

 

𝑄𝑖  = 𝑄𝑑
̅̅̅̅  ×  

𝑄𝑝 (100)

𝑄𝑝̅̅ ̅̅
 (3) 

 

Qp (100) is the selected peak flow as 100 years return period estimated by the Log Pearson type 

III (m3 s-1) and 𝑄𝑝
̅̅̅̅  is the annual average peak discharge (m3 s-1). 

 

Regarding the water bodies, the surveyed LiDAR contains the raster cells of water surface, but 

LiDAR does not show the bed elevation of lakes, canals, and rivers. These mean some 

discharge volume is implicitly considered. To account for this problem, this study applies the 

reduction ratio adopted from Alfieri et al., (2014) assuming that the river, canal and lake levels 

described by the LiDAR DTM correspond to average discharge conditions. Therefore, flood 

hydrograph is then reduced by subtracting the corresponding annual mean discharge (Qm) as 

calculated from the 50-year record as can be seen in Fig. 7. 

 

4.2 Modelling flood inundation 
 

In this study, LISFLOOD-FP was used to simulate flood inundation for the Lower Chao Phraya 

River Basin. The model is coupled 1D/2D hydraulic model based on a raster grid. The reason 

to use LISFLOOD-FP was that the model was specifically designed for channel and floodplain 

hydraulic routing problems over the complex topography, and the model could capture the 

routing flow two-dimensionally over the floodplain to enable simulation of floodplain water 

depths and inundation extent (Bates et al., 2010).  

 

For the main features of the model, water is routed across the floodplains by using a simple 

storage cell algorithm based on the difference in hydraulic head between adjacent cells (Fig. 

8). Further, the dynamic of water distribution over the floodplains area simulated by treating 

each cell in the domain as a storage volume. The volume that changes with each time-step is 

calculated by summing the water fluxes in and out of cell in each of the x and y Cartesian 

directions. 

 

To simplify flood inundation extent for the Lower Chao Phraya River Basin, fully 2D 

floodplain solver was selected in this study. The reason was that two-dimensional models were 

best employed in conjunction with Digital Elevation Model (DEM) of the channel and 

floodplain surface (Bates et al., 2000). Moreover, since most of the basin area is low-lying 

floodplains, the inundation processes appear to be dominated by the floodplain topography. 

Consequently, fully 2D numerical method is theoretically able to cope with this issue (Di 

Baldassarre, 2012). The main characteristics of the solver used to calculate water fluxes 

between cells on the floodplains are approximations of the full shallow water equations derived 

by continuity and momentum equations as respectively defined in Eq. (4) and (5). 
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𝜕𝑄

𝜕𝑡
  +    

𝜕

𝜕𝑥
(

𝑄2

𝐴
)  +   𝑔𝐴

𝜕(ℎ+𝑧)

𝜕𝑥
  +    

𝑔𝑛2𝑄2

𝑅4/3𝐴
 = 0 (4) 

 

 

 
𝜕𝐴

𝜕𝑥
  +   

𝜕𝑄

𝜕𝑥
 = 0 (5) 

 

where Q [L3 T-1] is the discharge, A is the flow cross section area [L2], z is the bed elevation 

[L], R is the hydraulic radius [L], h is the flow depth [L], n is the Manning friction coefficient 

[L1/3 T-1], and g is the acceleration due to gravity [L T-2]. 

 

 
 

Fig. 8 Figure describing how water flows across the domain by storing water (blue color) in 

cells and then allowing water to flow to neighboring cells in the x-y Cartesian directions over 

each time-step. 

 

For the governing equation, the acceleration model is used to overcome the hydraulic problems 

under the complex geometry. The advection term is neglect since advection in many 

floodplains is relatively unimportant (Bates et al., 2010), and the flows are calculated between 

cells as a function of the friction slope, water slope and water acceleration. The river channel 

is assumed as a rectangular channel and divided through by a constant flow width, w [L], so 

the discharge is obtained as flow per unit width, q [L2 T-1]. Accordingly, Eq. (4) and (5) is 

discretize to Eq. (6) as the approximation of shallow flows with respect to the time step; 

 

𝑞𝑡+∆𝑡   +    (
𝑞𝑡−𝑔ℎ𝑡∆𝑡

𝜕(ℎ𝑡+𝑧)

𝜕𝑥

1+𝑔∆𝑡𝑛2|𝑞𝑡|/[ℎ𝑡
7/3

]
)  +   𝑔𝐴

𝜕(ℎ+𝑧)

𝜕𝑥
  +    

𝑔𝑛2𝑞𝑡
2

𝑅4/3𝐴
 = 0 (6) 

 

In addition, the time step, ∆𝑡, is defined as adaptive model using the Courant–Freidrichs-Levy 

(CFL) condition. This is to optimise and allow the volume of water flowing between cells 

during a single time step as a function of flow depth and grid size as defined in Eq. (7). 

Furthermore, the CFL condition is to use a time step based on theoretical considerations of 

model stability (Hunter et al., 2005). 

 

∆𝑡𝑚𝑎𝑥  =  𝛼
∆𝑥

√𝑔ℎ𝑡
 (7) 

 

water slope friction slope acceleration advection 



Integrated hydrodynamic and socio-economic damage modelling for assessment of flood risk in large-scale 

basin: the case study of Lower Chao Phraya River Basin in Thailand | Phat Pumchawsaun 

  

16 

 

where α is a coefficient varying between 0.2 and 0.7 used to produce a stable simulation for 

most floodplain flow situations. In this study, α was equal 0.7 as the default value of the current 

model version (De Almeida et al., 2012). 

 

4.2.1 Model set up 
 

For calibrating LISFLOOD-FP, the model was calibrated based on the 2011 flood event. Input 

files were created via notepad as followings;  

 

 1) Parameter file (.par file),  

 2) LiDAR DTM (.dem.ascii file) 

 3) Boundary conditions (.bdy and .bci files) 

 4) Stage output file (.stage file).  

 

The procedure on how to create the input files is explained in the LISFLOOD-FP user manual 

(code release 6.0.4) by Bates et al., (2013).  

 

▪ 4.2.1.1 Parameter file 

 

The model was controlled by the .par file contained the information necessary to run the 

simulation including file names and locations and the main model and run control parameters. 

Here, the LiDAR DTM file, boundary condition file and stage file were defined. Further, the 

root for naming results files (resroot), the directory where results files were to be saved 

(dirroot), the saving interval (saveint), the interval in seconds at which the mass file was written 

to (massint), the total length of the simulation in seconds (sim_time), the initial guess for the 

optimal time step (initial_tstep), time in seconds (s) at which an observed flood image was 

available for model validation (overpass), the roughness coefficient for the floodplain (fpfric), 

name of file identifying floodplain boundary condition types and name of file containing 

information on time varying channel and floodplain boundary conditions (bcifile and bdyfile), 

name of file containing x, y locations of points at which stage values were to be written to a 

text file (stagefile), numerical diffusion to the inertial model (theta), and option to change the 

stability coefficient used to determine the model time step (cfl) were defined. 

 

The initial time step was chosen to be 10 s. The total duration for a simulation time was 

3,024,000 s followed 36 days of flood simulation in 2011 and a save interval of 86,400 s (1 

day). In other words, the model gave 10 images of the flood extent developed as the model run 

and wrote results to a text file every 302,400 s (3.5 days). The key words of theta and cfl were 

set as default values of 0.7 specified in the user manual of the model so as to improve the 

accuracy of the solution scheme and maintain the model stability (Crowder et al., 2004). In 

addition, since the acceleration model was selected as floodplain solver, the keyword 

acceleration and adaptoff were defined. 

 

▪ 4.2.1.2 LiDAR DTM processing   

 

The LiDAR DTM provides the general topography with the pixel resolution of 2x2 m. The data 

needs to be rescaled in order to reduce computation time compatible with the size of study area 

of 25,000 square meter. The aggregate tool in Arc GIS software was used to obtain coarser 

LiDAR DTM resolution with the rescaling factor of 25, 50, and 125. The aggregation technique 

was done by the median in order to remove noise and avoid influence of outliers of the domain.  
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The new resolutions of LiDAR were 50, 100, and 250 m respectively. The projection of LiDAR 

DTMs was projected as coordinate system of WGS84 UTM Zone 47N and the DTMs were 

used to ascertain the effect of spatial resolution on flood inundation extent. 

 

▪ 4.2.1.3 Collected the river bed elevation 

 

Since the LiDAR survey could capture only the water surface of rivers and streams, the raster 

cells values needed to be lowered to the corresponding bed elevations from RID’s bathymetric 

survey. To modify the original raster cell values, river polygons collected from RID were first 

created within each river channel. The polygons were then converted into rasters, and the 

channel raster cell values were extracted from the bathymetric surveyed points and derived by 

using raster interpolation technique, Inverse Distance Weighting (IDW), given the river 

channels as a rectangular cross-section. According to previous studies (Cutamora et al., 2016; 

Santillan et al., 2016), IDW technique was performed well for interpolating river cross-section 

and river bed topography. 

 

▪ 4.2.1.4 Roughness coefficient 

 

Based on the land use map, roughness coefficient was set up. According to the standard values, 

roughness coefficient of river channel and floodplain were referred from previous studies 

(Hossain et al., 2009; JICA, 2013; Werner et al., 2005; Yang et al., 2016) as shown in Table 6. 

Moreover, roughness coefficient was assumed to be homogeneous across the river basin and 

calculated in the proportion to the ratio of area followed by land use category as defined in the 

Eq. (8). Accordingly, roughness coefficient varied between 0.03 and 0.06 m1/3 s-1
. 

 
 

Table 6: Calculation of roughness coefficient (m1/3 s-1) for the Lower Chao Phraya River 

Basin. 

 

 

 

 

Land use category 
Area in 

percent 

Area in 

km2 

Manning roughness by 

Werner et al., 2005 

Manning 

roughness 

by Hossain 

et al., 2009 

Manning 

roughness 

by Yang et 

al., 2016 

Manning 

roughness 

by JICA, 

2013 
Min Max Avg. 

Paddy fields/ 

Cultivated crops 
52.37% 7,756.08 0.025 0.05 0.0375   0.06 

Field crops/ 

Horticultures 
0.34% 50.91 0.025 0.05 0.0375 0.035 0.035  

Orchards/ Fruit trees 3.93% 581.69 0.025 0.05 0.0375    

Rivers/ Lakes 4.31% 638.89 0.025 0.06 0.0425 0.025 0.027 0.032 

Open water 10.72% 1,587.38       

Urban areas 

(concrete/finished) 
20.15% 2,984.91 - -  0.015 0.016 0.095 

Roads/ Highway 1.43% 211.83 - -  0.016 0.016 0.047 

Others 6.75%        

Roughness 

Coefficient of river 

and floodplain 

    0.033 0.029 0.029 0.063 
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Area 8 

Area 7 

Area 6 

Area 5 

Area 4 

Area 3 

Area 2 

Area 1 

 

 

 

 

 

 

 

 

 

 

 
      

 

 

𝑛 =  
(𝑛𝐴𝑟𝑒𝑎1 ×𝐴𝑟𝑒𝑎1)+(𝑛𝐴𝑟𝑒𝑎2 ×𝐴𝑟𝑒𝑎2)+(𝑛𝐴𝑟𝑒𝑎3 ×𝐴𝑟𝑒𝑎3)+ …..  +(𝑛𝐴𝑟𝑒𝑎8 ×𝐴𝑟𝑒𝑎8)

𝐴𝑟𝑒𝑎1 + 𝐴𝑟𝑒𝑎2 + 𝐴𝑟𝑒𝑎3+ …..  +𝐴𝑟𝑒𝑎8
 (8) 

 

 

▪ 4.2.1.5 Boundary conditions 

 

The daily discharge data between September and October 2011 at C2 river gauging station 

situated on the Chao Phraya mainstream (Fig. 1) was defined as upstream boundary for 

calibration. The estimation of flood frequency and return period as explained in section 4.1 was 

used for 1-in-100 years flood simulation. For calibration, the hydrograph was then selected as 

36 days covered flooding period in 2011 as well as rising and falling limbs of the hydrograph 

as shown in Fig. 9. For the splitting rivers, Noi and Tha Chin, they were neglected due to 

automatically calculation of river discharges into those rivers performed by the model. In 

addition, the other tributaries namely Sakaekrung and Pasak Rivers were not taken into account 

since the river discharges were not available during the 2011 flood event. For the downstream 

boundary, free boundary condition that specified the free surface slope was applied to the 

downstream end of the model to allow water to leave the model domain freely. Accordingly, 

this boundary condition did not consider the influence of tidal effect on flood inundation pattern 

at the river mouth and/or delta area. 

 

▪ 4.2.1.6 Stage output file 

 

This file was used to specify the coordinates of points where the maximum water depth values 

were written out at each time interval. The total of 34 points (Fig. 1) was used to compare with 

high water marks data for evaluating the model performance. 

 

▪ 4.2.1.7 Performance evaluation of the model 

 

The performances of the model were evaluated both for flood extent and water levels as shown 

in Table 7. The measures of flood extent were the score statistics comprised of Bias, Predicted 

Correct (PC), and the Critical Success Index (F1). These measures were adopted from 

(Schumann et al., 2009). Bias is to summarising aggregate model performance for 

underprediction and overprediction. For PC and F1, these divide the number of pixels correctly 

predicted as wet and dry by the total number of ‘floodplain’ pixels as defined in Table 8. PC 

provides optimistic assessment of model performance calculating the area correctly classified 

as flood inundation extent both for wet and dry cells. In contrast, F1 is recommended for both 
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deterministic and uncertain calibration of the model since it accounts only for the predicted as 

wet with the indication of how the model simulation reproduce the observed flood inundation 

extent. As a consequence, they indicate how well the observed versus predicted flood extent 

correlate and the value ranges from 0 to 1. The closer the value is to 1, the higher the accuracy 

is of the model.  In other words, the water levels use quantitative statistical metrics for the 

model evaluation which are another example of spatially distributed and continuous point data 

(Di Baldassarre, 2012), including Mean Absolute Error (MAE), and Root Mean Square Error 

(RMSE) as can be seen in Table 9.  

 

 

Table 7: Performance measures for model calibration. 

 

 

 

 

 

 1See Table 8 

 

 

Table 8: Contingency table for analysis of the relative number of floodplain pixels 

 

 

 

 

 

 

Table 9: Performance measures for simulated and observed high water marks. 

 

 

 

 

 

 

 

 

 

 

Names Equations1 

Predicted Correct (PC) 
 

 

Critical Success Index (F1) 
 

 

Bias 
 

 

 
Benchmark as wet Benchmark as dry 

Modelled as wet A B 

Modelled as dry C D 

Names Equations Definition 

Root Mean Square Error 

(RMSE) 
𝑅𝑀𝑆𝐸 =  √

1

𝑛
∑(𝑍𝑠(𝑥) −  𝑍𝑜(𝑥))2

𝑛

𝑥=1

 
where Zs(x) and Zo(x) are the 

simulated and observed water levels 

at the river chainage x, and N is the 

number of points where high 

water marks are available. 

 

Mean Absolute Error 

(MAE) 𝑀𝐴𝐸 =  
∑ |𝑍𝑠(𝑥) −  𝑍𝑜(𝑥)|𝑛

𝑥=1

𝑁
  

𝐴 + 𝐷

𝐴 + 𝐵 + 𝐶 + 𝐷
 

𝐴

𝐴 + 𝐵 + 𝐶
 

𝐴 + 𝐵

𝐴 + 𝐶
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Fig. 9 Selected flood hydrographs for the 2011 flood and 1-in-100 year flood covering the 

entire period of model simulation. 

 

 

4.3 Flood damage modelling 

 

In this section, flood damage was estimated in three aspects of flood risk which was distributed 

as hazards, exposure and vulnerability. Hazards were the representation on flood 

characteristic(s) at specific locations under one flood event which derived from the two-

dimensional modelling including flood extent (flood hazard zones), water depth and velocity. 

Exposure was referred to receptors or element at risk i.e. population and economic activities 

that subjected to potential damage in flood hazard zones. In this study, exposure was focused 

on physical/environmental risk to economic activities following KULTURisk methodology 

framework (Marcomini et al., 2013), which was divided into two main receptors; buildings, 

and agriculture. The category of buildings used this study was residential and industrial 

buildings. The damage of buildings was then calculated according to market value as 

depreciated cost which was assumed to be 60% of construction cost for all buildings at risk in 

the study area (Table 10). Further, since collected land-use map contained a mixture of houses, 

roads and empty space between individual buildings, the factors as defined in Table 11 were 

used to represent the percentage of area covered by building footprint.  

 

In addition, the other two important factors for adjustment of flood damage were the 

undamageable part of buildings build of resistant material i.e. concrete and masonry and 

residential zone build in different region e.g. urban and rural areas and maximum damage 

adjustments (Table 11). The former was around 40% according to Huizinga et al., 2017 while 

the latter was 0.33 and 0.125 for houses build in rural area and informal houses respectively 

which were constructed by inhabitants as non-planned neighborhoods (Table 11). In addition, 

damage to contents of building was assumed to be 50% and 150% of the structural losses for 

residential and industrial buildings according to Huizinga et al., (2017). 

 

In other words, damage for agricultural sector was estimated by using crop yields (kg per m2), 

farm price (Euros per kg), and hazard metrics (flood depth and velocity). According to Citeau 

(2003), thresholds of the identified floods metrics (flood depth and velocity) for several 
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agricultural typologies (e.g. vegetables, vineyards, trees) and characterized by different 

susceptibility to flood were used in this study and were shown in Table 12. 

 

Vulnerability was represented by a relationship between flood characteristics (water depth and 

velocity) and intensity of damage. Since vulnerability had a broad meaning relating to 

susceptibility and resilience, this study applied susceptibility to stand for vulnerability aiming 

to the degree to which the f the complete range of all possible flood events. Thus, flood damage 

and losses can be estimated by using the unit loss method which is the relations between flood 

characteristics and damages to a unit (Egorova et al., 2008; Wagenaar et al., 2016;) and is 

shown as following equation; 

 

𝐹𝑙𝑜𝑜𝑑 𝑑𝑎𝑚𝑎𝑔𝑒 =  ∑ 𝑠𝑖 ∑ 𝑓𝑖𝑗(𝑑𝑗)𝑛𝑖𝑗
𝑛
𝑗=1

𝑚
𝑖=1   (9) 

 

where 𝑠𝑖 is the maximum damage for each category, 𝑑 is the flood characteristics or flood 

hazard metrics (such as water depth, flow velocity, etc.) at all locations 𝑗, 𝑓(𝑑) is the damage 

functions for all categories that determine the damage fraction and the number of objects 

affected 𝑛. Flood damage of an area is assessed as the sum of all damage categories 𝑖 for all 

grid cells 𝑛. 

 

 

Table 10: Construction and depreciates costs used for estimating flood damage and losses. 

Construction cost for a single house is collected from the Treasury Department, MOF in 

Thailand and the cost for industrial building is collected from international construction cost 

of EC Harris (2010). 

 

 

 

Table 11: Building footprint factors used for transforming the aggregated-based land use to 

the density of buildings. 

 

 

 

 

 

 

Type of building Construction cost (Euros/m2) Depreciated values 

(Euros/m2) 

Rural Urban Rural Urban 

Single house 160.90 166.57 96.54 99.94 

Industrial building 484.00 290.40 

Depth-

damage 

function 

Building footprint 

factors 
Undamageable part 

Maximum damage 

adjustment 

Rural Urban Urban and 

Rural 

Informal Rural Informal 

The Flemish 

model 
0.15 0.20 0.6 0.6 - - 

JRC-ASIA 0.20 0.20 0.6 0.6 0.125 0.33 
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Table 12: Thresholds for the flood metrics (water depth and flow velocity) for different 

agricultural typologies (adopted from Citeau, 2003). 

 

 

 

 

 

 

 

 

 

 

 

 

4.3.1 Depth-damage curves for estimating flood damage  
 

Since depth-damage curves for the Chao Phraya River Basin was not available, they were 

referred to previous studies comprising of the models of JRC-ASIA, Flemish, and JICA as 

shown in Fig. 10 and 11. 

 

▪ 4.3.1.1 JRC-ASIA model 

 

In support of European policy on climate and strategy on adaptation to climate change, the 

Directorate General Joint Research Centre (DG JRC) has developed a global flood depth-

damage curves. The curves have been normalised based on an extensive literature survey and 

have been developed for each continent, while differentiation in flood damage between 

countries has been established by determining maximum damage values at the country scale. 

The Asia continental curve was established by normalised functions. The normalisation 

allowed assuring validity of taking a mean value of all damage curves to represent the ‘average’ 

continental curve. The curve was developed for aggregated land use data. The maximum 

damage values used for establishing the curve were collected from Bangladesh, Cambodia, 

Taiwan, China, Indonesia, Thailand, Vietnam, Laos and Japan and the data were referred to 

2010. The curve is available for residential, commercial and industrial buildings.  

 

▪ 4.3.1.2 The Flemish model 

 

A model for flood damage estimation developed for the Flemish Environmental Agency in 

Belgium is described by Vanneuville et al., (2006). The Flemish methodology is specifically 

designed for assessments on a regional and national scale using aggregated land use data. The 

maximum damage values in the Flemish model are based on national averages of housing 

prices, surface areas and market values.  

 

▪ 4.3.1.2 JICA model 

 

The model is described in the Manual for Economic Analysis for Flood Control Projects 

developed by Japanese Ministry of Infrastructure, Land and Transport. Flood depth over floor 

level and damage rates have been surveyed and collected differently for factory and housing 

buildings.  Houses are generally of higher floor levels than factory. Therefore, it is assumed 

that the floor level is as high as 50 cm above the 5-year return period inundation level, 

Agricultural 

typologies 

Spring, summer and autumn 

thresholds 

Maximum depth 

of flood waters 

(m) 

Maximum flow 

velocity (m/s) 

Rice/ Paddy fields - 0.25 m/s 

Field crops 0.5 m 0.25 m/s 

Fruit trees 1 m 0.5 m/s 
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regardless of in or out of the Protection Area. In other words, for factories, the 2-year return 

period and inundation water level that is 50 cm above are assumed. 

 

 
Fig. 10 Depth-damage curves for residential sector. 

 

 

 
Fig. 11 Depth-damage curve of JRC-ASIA for industrial sector. 
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CHAPTER 5 
 

Results and Discussions 

 

This chapter presents the results in five different sections: data analysis including flood 

frequency and 1-in-100 flood hydrograph (Section 5.1); effect of spatial resolution on flood 

extent (Section 5.2); model performance and calibration (Section 5.3); estimation of flood 

damages for the 2011 event (Section 5.4); flood simulation for the 1-in-100 year event and 

potential damage estimation (Section 5.5) 

 

5.1 Flood frequency and return period 
 

The results of flood frequency analysis, return periods and 1-in-100 flood hydrograph are 

shown in Table 13, Fig. 12 and 13 respectively. As shown in Fig. 12, return periods calculated 

by the Log Pearson type III distribution function are compared with the ones collected from 

RID and calculated by the Gumbel distribution. For high probability events, i.e. return periods 

between 2 and 25 years, the estimations provided by the Log Pearson type III tends to be lower 

than the ones provided by the Gumbel distribution (about 4% on average). Conversely, for 

medium-to-low probability events, i.e. return periods between 50 and 200 years the estimations 

provided by the Log Pearson type III tend to be higher than the ones provided by the Gumbel 

distribution (about 5% on average). Therefore, in order to consider the uncertainty in case of 

estimation of peak discharges for 1-in-100 year flood, the Log Pearson type III seems 

reasonable to use as a flexible distribution since the occurrence of flood of extreme events is 

difficult to explicitly determine. According to Karim and Chowdhury (1995), it had been found 

that the Log Pearson type III was desirable for calculating peak discharges for 31 river gauging 

stations in Bangladesh and fitted the array of observed data better than Gumbel and the log 

normal distribution. 

 

Table 13: Flood frequency and return period by Log-Pearson type III 

 

 

 

 

 

 

 

 

Return Period 

(years) 
Discharge Q (m3 s-1) 

2 2,162 

5 3,204 

10 3,973 

25 5,034 

50 5,887 

100 6,796 

200 7,768 
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Fig. 12 Comparison of flood frequency analysis 

 

 
Fig. 13 Flood hydrograph for 1-in-100 year. 

 

5.2 The effect of spatial resolution on flood extent  
 

Flood inundation processes were firstly simulated using various resolutions of LiDAR DTMs 

with the same roughness coefficient of 0.2 m1/3 s-1. This was to identify the effect of spatial 

resolution on flood inundation extent and to seek the most capable resolution concerning for 

the model’s computational time. According to Fig. 14, the performance of the model is similar 

for 50m and 100m of pixel resolution of LiDAR DTM with the F1 of 41 %, whereas the model 

performance drops to 36% when simulation is done with LiDAR DTM 250m of pixel 

resolution. This fact-finding agrees well with the previous study of Horritt and Bates (2001) 

which indicates that the optimum calibration of inundation extent is constant with respect to 
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changes in scale between 10m and 100m and the model reaches the maximum performance at 

a resolution of 100 m. As a result, the spatial resolution of 100 m is selected as an input for 

flood inundation modelling in order to reduce the computational time for model simulation. 

 
 

Fig. 14 The effect of spatial resolution on the model performance. 

 

5.3 Model performance and calibration  
 

The model was calibrated based on the 2011 flood event and roughness coefficient was varied 

between 0.2 and 0.6 m a.s.l. both for the river channels and floodplains. As shown in Fig. 15, 

roughness coefficient of 0.6 gives the best performance with the overall accuracy (PC) of 85%, 

critical success index (F1) of 56%, and Bias of 112%. These mean the model performance is 

satisfactory and the total inundated area is 12% larger than flood extent’s observation. In 

addition, the model performance to simulate spatially flood extent is indicated in Fig 16. RMSE 

and MAE appear to be good performance. However, high error of simulated maximum flood 

levels is found with RMSE for river channels of 2.22 m a.s.l. This indicates that simulated 

flood levels are underestimated by 2.22 m a.s.l. along the river channels. In contrast, they are 

simulated slightly better for floodplains with RMSE of 1.93 m a.s.l. In addition, the mean errors 

(MAE) reduce to 2.18 m a.s.l. and 1.57 m a.s.l. along the river channels and floodplains 

respectively. 

 

5.3.1 Limitation and recommendation 
 

The overall predicted flood inundation extent is overestimated which can be further explained 

as three main reasons. Firstly, the absence of hydraulic infrastructures such as the barrage and 

weirs could affect flood inundation patterns. As shown in Fig. 17, the Chao Phraya barrage was 

not implemented in the model, thus this might cause overestimation of flood inundation 

upstream of the barrage. According to the operation rules of the Chao Phraya barrage during 

high flow condition, operating water level upstream the barrage’s intakes was controlled as a 

safety water level threshold which was equal to the normal operating level of the barrage. If 

the upstream water level appears to be higher than normal operating level, all gates of the 

barrage must be fully operated to attenuate floodwaters from upstream to downstream in order 

to prevent the negative impact of upstream flooding (Visutimeteegorn et al., 2007). 
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Fig. 15 Model performance measures of flood extents with different n-values including; (a) 

Predicted Correct or overall accuracy, (b) Critical Success Index, and (c) Bias.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 16 Observed and simulated peak water levels; blue squares are inside or near the river 

channels, and red crosses are on floodplains or inlands. 
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Fig. 17 Comparison of flood hazard mapping of the 2011 flood including the model 

calibration and the observation obtained from satellite imagery. The period covers 36 days of 

the 2011 Chao Phraya Flood. 
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Secondly, according to flood protection schemes of the Lower Chao Phraya River Basin, more 

than 50 flood control gates or regulators were installed on Tha Chin River and its canal 

networks since 1980 in order to propagate flood volume from Chao Phraya mainstream 

(Hungspreug et al., 2000). Yet, these flood protection schemes were not specified in the model 

and the model calculated the flow into Tha Chin River automatically. Consequently, this 

resulted in overestimation of flood inundation extent in upstream and underestimation in 

downstream for the west side of Chao Phraya mainstream. Lastly, the major overestimation 

covers the vast areas in the east side of the lower part of basin due to non-consideration of canal 

networks into the model. Since these areas are Bangkok and vicinity which are the major 

economic zone of the country, canal networks which serve for irrigation, water transportation, 

and drainage systems has been interconnected with the Chao Phraya mainstream since 1984 in 

order to increase drainage capacity of the Chao Phraya river and attenuate floods outside from 

these areas (Hungspreug et al., 2000; Wongsa, 2014). 

 

Apart from that, the reason the simulated maximum flood levels along river channels are worse 

than along the floodplains might because fully 2D method used for flood inundation modelling 

treated the flow within river channels as floodplain cells instead of the actual channels. Further, 

cross sections did not apply for the model application. The geometry was therefore less smoot 

comparing to the coupled 1D/2D model and this could affect to water surface profile resulted 

in the predicted water levels (Gharbi et al., 2016). According to Sayama et al., (2017), the 

additional information of detailed river cross-sections could improve the locations and sizes of 

flood inundations. In addition, the fully 2D method could not well capture the dominant main 

river channel flow which resulted in poor representation of the main river channel-floodplain 

interaction (Werner, 2004). Moreover, roughness coefficient applied in this study is assumed 

as a single value across the study area which can affect water surface elevations. According to 

Hossain et al., (2009), distributed Manning’s roughness coefficient had a potential to improve 

hydrodynamic model simulation in which the constant Manning’s roughness coefficient was 

nearly a half meter differ from the measured water surface elevation. 

 

5.4 Estimation of flood damages for the 2011 event  
 

Table 14 presents the modelled inundation details and flood damage in the 2011 flood event 

estimated by different depth-damage curves. For the residential sector, the Flemish model’s 

result shows the strongest agreement with the reported flood damage, i.e. 36% higher than the 

observation, whereas the others give substantial overestimation, i.e. 198% and 810% more than 

the reported flood damage for JICA and JRC-ASIA models respectively. The main reason is 

the relative flood damages derived from depth-damage curves are markedly different one 

another corresponding with flood depth between 0 m and 1 m. JRC-ASIA provides 0% to 50% 

of relative damage for theses depths (Fig. 6) and the average modelled flood depth is meanwhile 

0.74 m. Consequently, these make JRC-ASIA overestimates the damage in residential sector 

higher than the others. Apart from the total flood damage estimated by the Flemish model, 

damages accounting for buildings and assets of the houses are not well-represented with the 

reported damages as can be seen in Fig. 18. The portions of damage to building and asset 

account for 18% and 82%, whereas they are 67% and 33% respectively for the estimated 

damages. Moreover, estimated damage to house’s structure is approximately 5 times larger 

than the reported value while it underestimates 36% for the house’s asset.  

 

For agricultural sector, estimated loss was followed by Regional Risk Assessment (RRA) and 

adopted from KULTURisk methodology. Calculation of flood loss is estimated at the meso-
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scale for agriculture which defines the percentage of the harvest loss due to a flood event 

(without any consideration about the damage to agricultural buildings). Accordingly, the loss 

is presented without using the depth-damage curves. Overall, the total estimated loss agrees 

well the reported value of which it is just 21% higher than the observation (Table 14).  

 

For industrial sector, since the depth-damage functions of the Flemish model didn’t provide 

the percentage of building footprint and JICA model calculated the damage based on individual 

objects of buildings, JRC-ASIA model has been only used for estimation of flood damage. 

According to Table 13, the estimated damage is just 1% underestimated from the reported value 

accounting for 6,430 Euros. 

 

Table 14: Results of the model simulation for 2011 Chao Phraya Flood including the 

inundation details and the modelled and reported damages.  

 
Notes for (a); Total estimation included KULTURisk, (b) and (c); Total estimation included damage 

in industrial and agricultural sectors calculated by JRC-ASIA and KULTURisk respectively. 

 

 
Fig. 18 Flood damage observation on the left and estimation of the 2011 flood on the right for 

housing sector, with the distribution of damages for housing buildings and assets. 

 

5.4.1 Limitation and recommendation 
 

The major difference between estimated and reported damages are in residential sector. The 

results of estimated damage indicate that major portion of the damage is belong to housing 

structure while the actual damage is for the housing assets. The reason could be explained that 

the relative flood damages used by the Flemish model related to the type of residential building 

of the western countries. The plinth levels of the houses (floor height above ground level) 

between developed and developing countries may be different (see more detail in appendix G). 

Building

18%

Asset

82%

(a) Reported damage

Building

67%

Asset

33%

(b) Estimated damage

Inundation 

Avg. 

depth 

(m) 

Inundated 

area (km2) 

Modelled damage (M Euros) Reported 

damage 

(M Euros) 
JRC-

ASIA 
FLEMISH JICA KULTURisk 

Resident 0.74 1,336.79 9,448.73 1,407.37 3,092.90 - 1,037.96 

Industry 0.55 100.03 6,430.18 - - - 6,492.91 

Agriculture - Rice 0.89 6,741.47 - - - 79.18 53.87 

Agriculture - Fruit 

trees 
0.62 443.03 - - - 90.67 123.60 

Agriculture - Field 

crops 
0.75 208.64 - - - 101.82 76.37 

Total 0.71 8,829.96 16,150.58a 8,109.22b 9,794.75c - 7,784.71 
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According to Thanvisitthpon (2017), the elevation of the houses in the flood-prone areas of the 

lower basin e.g. the communities in Ayutthaya province were raised a few meters above ground 

level thanks to the local livelihood of Thai people. This could allow the local communities to 

cope with natural disasters with their own self-reliance. Therefore, the reported damage to 

house’s structure was just one fifth of the total damage for the residential sector (Fig. 17). In 

contrast, the large portion of damage to residential sector in 2011 was reported to the housing 

assets. The estimated damage is opposite to the reported damage value. The reason is because 

the people could not keep their own assets in time when floods occurred due to ineffective 

flood warning system and poor communication from the government. In the 2011 flood event, 

the study of Koontanakulvong and Santitamnanon (2013) revealed that lead-time flood 

forecasting was not provided and included for the warning system. This in turn resulted in less 

flooding awareness of agencies and people. 

 

For losses in agricultural sector, there are significant differences between the estimated and 

report losses in each crop type particularly fruit trees (Table 14 and Fig. 19). This is because 

the estimated losses have been calculated based on the values of farm price and the total 

production of harvested area at 10-year record (OAE, 2011), while the reported values have 

been estimated based on the actual survey of crops’ damage which consisted of three 

components; the total production losses, higher production cost, and losses due to forced early 

sale (World Bank, 2012). In other words, the least losses are found in rice crops of which the 

estimated and reported values are similar and they account for 21% and 29% of the total losses 

respectively. This is because some of the farmers already harvested their rice crops and sold to 

the market before flood started (World Bank, 2012). 

 

 

 
 

Fig. 19 Distribution of flood losses in each crop type; left figure is the reported losses from 

the actual survey, and right figure is the estimated losses derived from the KULTURisk 

methodology. 

 

 

5.5 Flood simulation for 1-in-100 year with flood damage estimation 

 

For simulation of 1-in-100 year flood event, the period of 52 days was selected corresponding 

to the same initial and final conditions of the river discharges of calibration (Fig. 19). Since 

RID practically adopts 100-year of return period for structural measures for the Chao Phraya 

River Basin, 1-in-100 flood hazard is simulated in order to quantify the possible flood damage. 

The simulation is assumed that all of flood protection schemes is failed.  
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As shown in Fig. 20a, most of the study area is flooded. The total estimated flood damage for 

residential, industrial and agricultural sectors accounts for approximately 31,500 million Euros 

or 3 times of the total reported damage of the 2011 flood event (Table 15). Besides, the most 

damage is in industrial sector which is 4 times of the reported damage in 2011 while agricultural 

sector is the least damage which is about 4.7 times of the 2011’s reported damage. In addition, 

according to the comprehensive flood management plan studied by JICA (2013), the estimated 

damage for 100-year has been provided as shown in Table 14. The estimated damages are still 

substantial high even if they are compared with JICA report. The damages are larger than 

JICA’s estimation by 3.8 and 2.9 times for residential and industrial sectors respectively. The 

reason might because the 1-in-100 year flood hazard map done by JICA was simulated by using 

rainfall-runoff and coupled 1D/2D inundation models which included flood protection schemes 

e.g. dams, levees, canal networks and regulators. Consequently, the error of flood inundation 

pattern might be less than the simulation done by the model application in this study.  

 

5.5.1 Limitation and recommendation 
 

The reasons the generated 1-in-100 year flood map appears to be vast overestimation 

comparing with JICA’s simulation (Fig. 20 and red square in Fig .21) could be summarised in 

four main aspects. Firstly, the effect of roughness coefficient could be the main factor 

influencing the inundation extent dynamics. According to Fig. 22, floodwaters leaving the 

domain are accumulated for just 7 days and reach the maximum of 1,110 m3/s. This is due to 

setting roughness coefficient as homogenous condition and the flow within channel topography 

could not represent appropriately for the overall channel condition. Therefore, the floodwaters 

move more slowly resulting in large volume of floodwaters inundated inside inland. According 

to Ghimire (2013), the channel roughness coefficient was found to be the crucial model 

parameter affecting to the size of inundated areas.  

 

Secondly, the downstream boundary condition did not consider the effect of tidal level. The 

floodwaters could not reach the outlet of the river basin corresponding with the time of low 

and high tide level. The study of tidal influence on floods in urban areas of the Mekong delta 

revealed that tidal level determined water elevation 80 km upstream inland from the river 

mouth (Takagi et al., 2015). 

 

Thirdly, as defined in section 2.1 and 5.3, canal networks and regulators in the lower part of 

river basin including Bangkok and vicinity was implemented to attenuate and drain floodwaters 

to the east side. These schemes of flood protection could play an important role for modeling 

floods in the basin. Since the application of modelled 1-in-100 year did not represent these 

features, the operation of hydraulic structures could not also be handle. This is the same as the 

study by Ahmad and Simonovic (1999) explaining that fully 2D model could not capture and 

explicitly handle the operation of gated structure. Lastly, the main river channel-floodplain 

interaction was not considered in the model application as mentioned in section 5.3. 

Accordingly, lack of representation of this feature may affect the dynamics of floodwaters since 

the floodwaters might move back into rivers more slowly after they overflow out of the river 

banks. As a result, the simulated flood inundation extent for 1-in-100 year tends to be 

overestimated resulting in huge overestimated flood damages. 
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Fig. 20 Flood hazard mapping for 1-in-100 year flood simulated by LISFLOOD-FP.
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Fig. 21 The 100-year flood hazard map studied by JICA. Flood inundation was simulated by 

using rainfall-runoff and coupled 1D/2D hydrodynamic models. The red rectangle is the 

simulation for the same area as shown in Fig. 20. 
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 Table 15: Results of the model simulation for 1-in-100 year flood in the Lower Chao Phraya 

River Basin including the modelled damages (simulated in this research and JICA’s study) 

and reported damage of the 2011 flood. 

 

 

 

 
Fig. 22 Figure showing the mass profile of model simulation including inflow hydrograph or 

daily river discharges of upstream boundary (left axis) and outflow hydrograph or 

floodwaters leaving the domain at the river mouth of downstream boundary (right axis).

 
Modelled damages Unit: M Euros 

Inundation By this research By JICA's study 
Reported in 

2011 

Residential sector 4,872.90 1,288.59 1,037.96 

Industrial sector 26,269.99 9,019.30 6,492.91 

Agricultural sector 440.2 - 225.07 

Total 31,583.09 - 7,755.93 
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CHAPTER 6 
 

Conclusions and Recommendations 
 

6.1 Conclusions  
 

This study identified flood-prone areas in the Lower Chao Phraya River Basin with a focus on 

assessing the spatial distribution of flood risk. The objective of this study was twofold: (i) to 

map flood hazard and inundation depth for the 1-in-100 flood, and (ii) to illustrate flood risk 

(i.e. potential flood losses in case of a 1-in-100 year flood) in certain areas in monetary terms. 

To carry out this study, a simple hydrodynamic modelling technique, the fully 2D method of 

the LISFLOOD-FP model code, was used to simulate flood inundation characteristics based 

on the 2011 event: the worst flooding of Thailand’s history. Subsequently, the framework of 

flood risk assessment adopted from the European Flood Directive, and further developed by 

the EU project KULTURisk, was applied to quantify the potential flood losses in monetary 

terms. This can allow the Thai government to plan the budget for risk reduction measures 

aiming to cope with extreme events such as the 1-in-100 year flood. 

 

Based on the results found in answering the two objectives of the research, two main 

conclusions are summarized here. 

 

▪ Suitability of fully 2D hydrodynamic modelling 

 

This research indicates that the suitability of a particular hydrodynamic model depends on the 

scale of the study and the nature of the model output of interest, i.e. water surface elevation or 

flood extent. On the one hand, the simple input requirements and computational efficiency of 

LISFLOOD-FP was found to work well with an extreme event such as the 2011 flood event in 

Thailand, as the simulated flood extent matched well with the observed one derived from 

satellite imagery. On the other hand, when LISFLOOD-FP was used to model floodplain 

inundation to produce a simulated flood extent map for 1-in-100 year event, more widespread 

flood extent was found comparing with JICA’s simulation for 1-in-100 year. The raster-based 

floodplain flow routing using fully 2D method of the model might not be able to represent the 

flows split at different parts of the river channels due to non-consideration of river channel-

floodplain interaction. Moreover, simulation of 1-in-100 year flood could not lead to better 

representation of flood extent due to insufficient representations of hydraulic structures. This 

can further investigate in term of the difference of flood simulation between pre-flood and post-

flood because post-flood period may include the adoption of flood mitigation measures as a 

consequence of the effect during pre-flood period such as re-establishment of the damaged 

hydraulic infrastructures and the control of land use, which may affect the dynamics of 

floodwaters. 

 

▪ Choice of depth-damage curves for flood damage modelling 

 

For the estimation of flood damage in the residential sector, three different depth-damage 

curves, derived from the literature, were applied to this study. The Flemish model was found 

to be the one providing the best estimates of the total flood damage for the Lower Chao Phraya 

River Basin in Thailand. Since the Flemish model was specifically designed for estimating 

flood damage based on aggregated land use data, the advantage of the model is more easily for 

raid assessment and estimation of flood damage over such a large area in this research. 



Integrated hydrodynamic and socio-economic damage modelling for assessment of flood risk in large-scale 

basin: the case study of Lower Chao Phraya River Basin in Thailand | Phat Pumchawsaun 

  

37 

 

In other words, the absolute uncertainty is found in estimating the housing assets. Using the 

aggregate-area based data of flood exposure derived from land-use map of Thai authority might 

unable to quantify the exact housing densities and their assets within the areas classified as 

residents. Accordingly, to avoid overestimation of flood damage, object-based land use data 

may assist the consistency of the density of houses. Specifically, another depth-damage curve 

which is designed for the object-based data could be further investigated to ascertain sensitivity 

analysis of housing assets’ estimation.  

 

For the agricultural sector, flood loss estimation derived from the KULTURisk method 

(Marcomini et al., 2013) was found accurate. The approach is a good representation towards 

the assessment of the total estimated loss regarding to classified crop type as rice/ paddy field, 

field crop and horticulture, and fruit trees. Further, the data used for the estimation including 

the values of farm price and the total production of harvested area for 10-year record is 

reasonable of which the government can use for the distribution of the compensation to 

vulnerable farmers, and the estimation done by this method can also facilitate the limit of the 

maximum amount of compensation when flood occurs. However, in fact, loss of crops may 

differ from the estimation depending on the operational floodwaters over farmlands. 

 

Apart from both sectors, JRC-ASIA model estimates properly the damage to building in 

industrial sector. Using cost base calculated as depreciated cost and derived from international 

construction costs in 2010 is equitable. 

 

6.2 Recommendations  
 

This research has developed flood hazard mapping and quantified potential flood losses in 

monetary terms for the Lower Chao Phraya River Basin in Thailand. Yet, the study has some 

limitations and two recommendations are provided here which should be considered in the 

future. 

 

6.2.1 Scientific recommendation for future studies 
 

▪ In order to more accurately predict the flood inundation extent associated with a 1-in-

100 year flood event in the Lower Chao Phraya River Basin, a coupled 1D/2D model 

should be employed. There are some limitations with the fully 2D method used in this 

study caused by non-application of detailed necessary information e.g. river cross-

section, hydraulic infrastructures, tidal effect, etc. These features could represent the 

dynamics of floodwaters more realistic and could handle over- or under-estimation of 

flood extents, for instance, in urban areas the flood propagation is often complex to 

define thanks to dense buildings, houses, storm and drainage system, and roads. As 

studied by Betsholtz and Nordlöf (2017) and Kourtis et al., (2017), coupled 1D/2D is 

very useful tool when modelling flood inundation extent on the complex urban 

floodplains and 1D model is more suitable for modelling rivers where there are such 

many complex structures interacting with the river flow. Furthermore, application of 

finer spatial resolution can be further investigated since coarser resolution (100m of 

pixel resolution) done by the current simulation might not well-represent those features. 

Apart from the effect of those artificial structures, evapotranspiration may be the main 

factor affecting to the size of inundation. The previous study for a large-scale flooding 

in the Chao Phraya River Basin done by Sayama et al., (2017) was found that the 

evapotranspiration effects had the highest priority for the prediction of inundation. 
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Neglect of the evapotranspiration effect had made the prediction overestimated the river 

discharge by 40% and the inundation water level by 2 m. 

 

6.2.2 Practical recommendation for the government 
 

▪ The flood risk assessment performed in this research needs to be further developed for 

the future practice. Damage and loss estimation for all sectors indicates that the 

government can apply this method for preparing the budget as a baseline scenario in 

case of extremes floods similar to the 2011 event, and for carrying out cost-benefit 

analysis of strategies for flood risk reduction. High uncertainty was found for the loss 

estimation in the residential sector. The government can thus conduct field 

investigations to create depth-damage functions specifically for Thailand. Furthermore, 

the depth-damage function should also be considered in case of different residential 

buildings, such as wooden vs. concrete structures.
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Appendices 
Appendix A: KULTURisk’s Flood Risk Assessment Framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Integrated hydrodynamic and socio-economic damage modelling for assessment of flood risk in large-scale 

basin: the case study of Lower Chao Phraya River Basin in Thailand | Phat Pumchawsaun 

  

44 

 

Appendix B: Land use classification for 2011 
 

 
 



Integrated hydrodynamic and socio-economic damage modelling for assessment of flood risk in large-scale 

basin: the case study of Lower Chao Phraya River Basin in Thailand | Phat Pumchawsaun 

  

45 

 

Appendix C: Land use classification for 2016 

 

 



Integrated hydrodynamic and socio-economic damage modelling for assessment of flood risk in large-scale 

basin: the case study of Lower Chao Phraya River Basin in Thailand | Phat Pumchawsaun 

  

46 

 

Appendix D: Map showing the locations of high water marks 

surveyed of the 2011 flood 
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Appendix E: Details for high water marks data of the 2011 flood 

 

 

No Type Point names 
GPS Coordinates Flood 

marks 

(m a.s.l.) 

Sources/ 

Surveyed 

by 
X Y 

1 Channel C2 618905.48 1733151.74 26.87 RID, 2012 

2 Channel C13 628628.42 1677481.15 17.91 RID, 2012 

3 Channel C44 643054.05 1659445.43 15.38 RID, 2012 

4 Channel C3 650794.20 1647474.09 13.06 RID, 2012 

5 Channel C7A 656161.94 1613072.45 9.26 RID, 2012 

6 Channel C35 665374.52 1588670.96 5.92 RID, 2012 

7 Channel C.36 655628.20 1593989.30 6.54 RID, 2012 

8 Channel C.37 660041.00 1587809.40 5.51 RID, 2012 

9 Channel C.58 612635.50 1692701.80 20.70 RID, 2012 

10 Channel S.5 670795.80 1588003.80 5.90 RID, 2012 

11 Channel C.38 661444.50 1536773.10 3.98 RID, 2012 

12 Channel C.22A 667965.00 1552844.70 3.19 RID, 2012 

13 Channel T.13 621755.00 1565401.00 3.89 RID, 2012 

14 Channel T.15 626905.30 1553771.21 3.37 RID, 2012 

15 Inland Near C2 619346.60 1732838.70 27.10 
Sayama et 

al., 2017 

16 Inland Near C13 628557.40 1677326.60 20.10 
Sayama et 

al., 2017 

17 Inland Near C44 642992.80 1659308.80 15.80 
Sayama et 

al., 2017 

18 Inland Near C35 665277.00 1588888.50 4.20 
Sayama et 

al., 2017 

19 Inland RID20 618200.00 1684400.00 19.50 RID, 2012 

20 Inland RID21 619000.00 1694800.00 20.25 RID, 2012 

21 Inland RID22 623000.00 1604000.00 21.00 RID, 2012 

22 Inland RID14 670891.00 1587213.00 6.50 RID, 2012 

23 Inland RID15 670834.00 1589583.00 6.50 RID, 2012 

24 Inland RID4 610468.00 1691000.00 20.53 RID, 2012 

25 Inland RID3 611730.00 1689250.00 20.53 RID, 2012 

26 Inland PPM1 650404.00 1539414.00 1.15 TDRI, 2016 

27 Inland PPM2 647279.59 1541413.51 0.73 TDRI, 2016 

28 Inland PPM3 643563.39 1544083.04 2.07 TDRI, 2016 

29 Inland PPM4 642803.91 1544844.12 1.20 TDRI, 2016 

30 Inland PPM5 637683.96 1548311.04 1.14 TDRI, 2016 

31 Inland PPM6 630018.30 1545174.23 1.35 TDRI, 2016 

32 Inland PPM7 631012.96 1542750.40 1.30 TDRI, 2016 

33 Inland PPM8 638823.59 1526732.90 1.52 TDRI, 2016 

34 Inland PPM9 643171.65 1527324.93 1.41 TDRI, 2016 
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Appendix F: Frequency Factors K for Gamma and log-Pearson Type 

III Distributions (Haan, 1977) 
 

  
Recurrence Interval in Years 

1 2 5 10 25 50 100 200 

SKEW 

COEFFICIENT 
Percent Chance (>=) = 1-F 

Cs 99 50 20 10 4 2 1 0.5 

3.00 -0.67 -0.40 0.42 1.18 2.28 3.15 4.05 4.97 

2.90 -0.69 -0.39 0.44 1.20 2.28 3.13 4.01 4.90 

2.80 -0.71 -0.38 0.46 1.21 2.28 3.11 3.97 4.85 

2.70 -0.74 -0.38 0.48 1.22 2.27 3.09 3.93 4.78 

2.60 -0.77 -0.37 0.50 1.24 2.27 3.07 3.89 4.72 

2.50 -0.80 -0.36 0.52 1.25 2.26 3.05 3.85 4.65 

2.40 -0.83 -0.35 0.54 1.26 2.26 3.02 3.80 4.58 

2.30 -0.87 -0.34 0.56 1.27 2.25 3.00 3.75 4.52 

2.20 -0.91 -0.33 0.57 1.28 2.24 2.97 3.71 4.44 

2.10 -0.95 -0.32 0.59 1.29 2.23 2.94 3.66 4.37 

2.00 -0.99 -0.31 0.61 1.30 2.22 2.91 3.61 4.30 

1.90 -1.04 -0.29 0.63 1.31 2.21 2.88 3.55 4.22 

1.80 -1.09 -0.28 0.64 1.32 2.19 2.85 3.50 4.15 

1.70 -1.14 -0.27 0.66 1.32 2.18 2.82 3.44 4.07 

1.60 -1.20 -0.25 0.68 1.33 2.16 2.78 3.39 3.99 

1.50 -1.26 -0.24 0.69 1.33 2.15 2.74 3.33 3.91 

1.40 -1.32 -0.23 0.71 1.34 2.13 2.71 3.27 3.83 

1.30 -1.38 -0.21 0.72 1.34 2.11 2.67 3.21 3.75 

1.20 -1.45 -0.20 0.73 1.34 2.09 2.63 3.15 3.66 

1.10 -1.52 -0.18 0.75 1.34 2.07 2.59 3.09 3.58 

1.00 -1.59 -0.16 0.76 1.34 2.04 2.54 3.02 3.49 

0.90 -1.66 -0.15 0.77 1.34 2.02 2.50 2.96 3.40 

0.80 -1.73 -0.13 0.78 1.34 1.99 2.45 2.89 3.31 

0.70 -1.81 -0.12 0.79 1.33 1.97 2.41 2.82 3.22 

0.60 -1.88 -0.10 0.80 1.33 1.94 2.36 2.76 3.13 

0.50 -1.96 -0.08 0.81 1.32 1.91 2.31 2.69 3.04 

0.40 -2.03 -0.07 0.82 1.32 1.88 2.26 2.62 2.95 

0.30 -2.10 -0.05 0.82 1.31 1.85 2.21 2.54 2.86 

0.20 -2.18 -0.03 0.83 1.30 1.82 2.16 2.47 2.76 

0.10 -2.25 -0.02 0.84 1.29 1.79 2.11 2.40 2.67 

0.00 -2.33 0.00 0.84 1.28 1.75 2.05 2.33 2.58 

-0.10 -2.40 0.02 0.85 1.27 1.72 2.00 2.25 2.48 

-0.20 -2.47 0.03 0.85 1.26 1.68 1.95 2.18 2.39 

-0.30 -2.54 0.05 0.85 1.25 1.64 1.89 2.10 2.29 

-0.40 -2.62 0.07 0.86 1.23 1.61 1.83 2.03 2.20 

-0.50 -2.69 0.08 0.86 1.22 1.57 1.78 1.96 2.11 

-0.60 -2.76 0.10 0.86 1.20 1.53 1.72 1.88 2.02 

-0.70 -2.82 0.12 0.86 1.18 1.49 1.66 1.81 1.93 

-0.80 -2.89 0.13 0.86 1.17 1.45 1.61 1.73 1.84 
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Recurrence Interval in Years 

1 2 5 10 25 50 100 200 

SKEW 

COEFFICIENT 
Percent Chance (>=) = 1-F 

Cs 99 50 20 10 4 2 1 0.5 

-0.90 -2.96 0.15 0.85 1.15 1.41 1.55 1.66 1.75 

-1.00 -3.02 0.16 0.85 1.13 1.37 1.49 1.59 1.66 

-1.10 -3.09 0.18 0.85 1.11 1.32 1.44 1.52 1.58 

-1.20 -3.15 0.20 0.84 1.09 1.28 1.38 1.45 1.50 

-1.30 -3.21 0.21 0.84 1.06 1.24 1.32 1.38 1.42 

-1.40 -3.27 0.23 0.83 1.04 1.20 1.27 1.32 1.35 

-1.50 -3.33 0.24 0.83 1.02 1.16 1.22 1.26 1.28 

-1.60 -3.88 0.25 0.82 0.99 1.12 1.17 1.20 1.22 

-1.70 -3.44 0.27 0.81 0.97 1.08 1.12 1.14 1.16 

-1.80 -3.50 0.28 0.80 0.95 1.04 1.07 1.09 1.10 

-1.90 -3.55 0.29 0.79 0.92 1.00 1.02 1.04 1.04 

-2.00 -3.61 0.31 0.78 0.90 0.96 0.98 0.99 1.00 

-2.10 -3.66 0.32 0.77 0.87 0.92 0.94 0.95 0.95 

-2.20 -3.71 0.33 0.75 0.84 0.89 0.90 0.91 0.91 

-2.30 -3.75 0.34 0.74 0.82 0.86 0.86 0.87 0.87 

-2.40 -3.80 0.35 0.73 0.80 0.82 0.83 0.83 0.83 

-2.50 -3.85 0.36 0.71 0.71 0.79 0.80 0.80 0.80 

-2.60 -3.90 0.37 0.70 0.75 0.76 0.77 0.77 0.77 

-2.70 -3.93 0.38 0.68 0.72 0.74 0.74 0.74 0.74 

-2.80 -3.97 0.38 0.67 0.70 0.71 0.71 0.71 0.71 

-2.90 -4.01 0.39 0.65 0.68 0.68 0.69 0.69 0.69 

-3.00 -4.05 0.40 0.64 0.66 0.67 0.67 0.67 0.67 
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Appendix G: Resident building type and material in rural area of the 

Chao Phraya River Basin 

 

 
 

 


