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Abstrakt 

Povodňové jevy patří mezi hlavní katastrofické jevy, ohrožující existenci a trvale 

udržitelný rozvoj lidské populace. Rizika povodňových škod se zvyšují se změnami 

půdně-vegetačního pokryvu povodí a globální změnou klimatu. Cílem této diplomové 

práce je aplikace přístupů katastrofického modelování povodňových situací v povodí 

řeky Chao Phraya v Thajsku. V úvodní části této studie je diskutována geneze 

povodňových jevů v povodí, jejich příčiny a dopady. Dále je pozornost věnována 

možným opatřením snižujícím rizika povodňových škod: technickým a obecně 

melioračním z hlediska ochrany a obhospodařování povodí. Mezi netechnická opatření 

patří také pojištění obyvatel a majetku proti přírodním katastrofám, které využívá postupů 

katastrofického modelování. Zájmové povodí Chao Phraya. bylo zasaženo extrémními 

povodněmi v roce 2011. Následné obrovské hmotné škody iniciovaly vznik několika 

katastrofických modelů, posuzujících riziko povodní z finančního hlediska. V této 

diplomové práci je provedena analýza povodňového rizika v povodí Chao Phraya na 

lokální a národní úrovni. Výsledky práce jsou diskutovány s ohledem na aplikaci různých 

vstupů do modelového řešení a možnými rozdíly ve výsledcích řešení. V závěru jsou 

uvažovány dopady případných variant komplexních protipovodňových opatření ke 

zmírnění výskytu katastrofických povodní a povodňových škod v zájmové oblasti.  

 

Klíčová slova 

Povodňové jevy, riziko povodňových škod, pojištění, industriální pozemky, 

katastrofické modelování. 
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Abstract 

Floods are among the most important catastrophic events, limiting the concept of 

sustainable development of human society. Flood risk has been increasing by changes 

in the soil/vegetation complex in watersheds as well as by the global climate change. 

The aim of this thesis is application of catastrophic modelling principles in the catchment 

of the river Chao Phraya in Thailand.      In the first part of this study, flood events are 

discussed upon their catchment conditions, causes and impacts. Special attention has 

paid to the possible technical measures to decrease the flood risk and damages, as well 

as general amelioration practices in the frame of watershed control. The concept of 

insurance and catastrophic modelling belongs between the technical measures 

decreasing the flood damages.  The Chao Phraya watershed was seriously affected by 

extreme floods in 2011 and significant damages at that time initiated development of 

several catastrophic models to quantify monetary impact of flood risk.  In this study, flood 

risk in the Chao Phraya region was solved at both local and national levels. Results are 

discussed with respect of different inputs to the model and variety in outputs. In 

conclusions, also effects of general amelioration strategy within the watershed are 

considered.  

 

Key Words 

Flood events, risk of flood damages, insurance, industrial estates, catastrophe 

modelling. 
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1 Introduction 

Year 2011 saw the worst flood in modern Thai history. Chao Phraya River basin, 

the most important basin in Thailand, was hit by a combination of unforeseen weather 

conditions, which resulted in historical downpour on the area of the river basin. This, 

combined with unsuitable land use in the flood plains and mismanagement of the floods, 

led to 813 casualties and costs of at least 46.5 billion USD in second part of year 2011. 

[01] This event set a new economic loss record, not only making it the country’s most 

expensive catastrophe in the last five decades, but also the world’s most expensive flood 

disaster.[02] The insurance industry, which plays an important role in the aftermath of 

catastrophic events,  suffered - according to Thailand’s Office of Insurance Commission 

– at least 10.8 USD billion in losses from this flooding. [03] 

Such alarming numbers precede new steps of actions or potentially new ratings 

for clients of the insurance companies. In order to survive in the industry, not become 

insolvent and reasonably rate their clients against flood risks, the insurers must have 

developed their own models which would quantify flood risk losses in realistic amounts. 

That is why natural catastrophe modelling has become an invaluable part of their 

practice. As the risk assessing models are designed in a very complex way, they can 

provide accurate information about floods for various types of input portfolios. 

This thesis seeks to assess the flood risk from insurance perspective in the Chao 

Phraya river basin on two levels, on national and on local level. The national level will be 

performed by modelling losses from two perspectives, with a real portfolio representing 

entire Thai insurance market and a flat portfolio. The local level of risk assessment is 

carried out by using three previously flooded industrial estates, which represent 

extremely high sums insured risk. 

The analysis will be carried out with the use of Impact Forecasting Flood Model 

for Thailand which is developed by engineers in Aon, plc. Possible anti flood measures 

are touched upon at the end of the thesis as the primary objective of the thesis is to 

discuss and assess the flood risk from insurance perspective rather than to design 

measures in the Chao Phraya river basin. 
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2 Flood 

Flood is a natural phenomenon which is characterized by temporary significant 

elevation of water level, leading to overflow of inland or tidal waters and partial or 

complete inundation of usually dry land areas. [04]  

Most floods fall into three major categories: coastal, fluvial and pluvial flooding. 

Some other include groundwater flooding, flash floods or semi-permanent flooding. 

Fluvial flooding is the most common type of flooding. It occurs when water in the river 

channel rises to such level that it overtops the riverbanks. Natural type of river flooding 

is caused by surface runoff, which is intensified by a long-lasting rainfall, ice or snow 

thawing or by a short-term heavy rainfall.  It can occur in upper or lower basin. Its duration 

varies from few hours to days. Pluvial or surface flooding occurs because of heavy 

rainfall which lands on a surface that is unable to drain the water. Either the water falls 

onto hillsides which are unable to absorb the water and it runs-off to valleys. Or the rain 

saturates urban drainage system, which thereafter becomes overwhelmed and water 

flows out onto the streets. This type of flood is more likely to occur in urban areas 

because of the prevalence of impermeable surfaces. Coastal flooding occurs along the 

edges of oceans. It generates from a combination of high tides and stormy weather. 

Earthquakes, submarine volcanic eruption, subsidence and coastal erosion are its 

natural drivers.  This thesis deals with fluvial (riverine) type of floods. 

2.1 Flood Factors 

Natural fluvial floods are affected by different types of factors. First, it is the 

meteorological elements (e.g. rainfall), the topography (e.g. land surface slope, river 

longitudinal profile). The next is soil information (e.g. soil type, hydraulic conductivity, 

capacity). Human activities affect land use (agricultural or urban areas, change of land 

cover), which is a strong flood factor in recent times. 

2.1.1 Rainfall 

Rainfall is a liquid form of vertical precipitation and plays a vital role in flood 

formation. It can be described by its amount, duration in time and intensity. Prolonged 

rainfall and intense rainfall are two most common types which increase surface runoff 

and lead to flooding. Prolonged rainfall saturates the soil. Water is no longer able to 

infiltrate into it and it is forced to flow over the soil. Moreover, during the heavy rainfall, 
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raindrops hit the ground with a force. This may cause them to bounce off instead of 

infiltrating into it. [05] 

2.1.2 Topography & River Characteristics 

Size, shape and gradient of a drainage system have a direct impact on time distribution 

of the discharge.  The streamflow undergoes retardation, acceleration, or other changes 

that are closely related to the physical characteristics of the basin. Geography and 

topography are based largely on certain horizontal and vertical dimensions. Geographic 

characteristics include water bodies, direction of stream flow, latitude, and longitude. 

Topographic characteristics include horizontal dimensions of the basin area, stream 

length, area-distance distribution, vertical dimensions of the land or stream slopes, and 

basin altitude. [06] 

 

Figure 1:Different conditions and their hydrographs [07] 

The total area of basin affects flood magnitude, the larger the catchment area, 

the larger the volume of the runoff in the lower water basin. A stream density is another 

factor affecting the runoff. Stream or drainage density is the ratio between the total length 

of all streams and the total area of the basin. The runoff from an area is discharged by 

streams, thus the time required for the water to flow is directly related to the stream 

density.  

 
DD=

ΣLc

A
 

( 1 ) 

DD – drainage density; Lc – length of stream; A – basin area 

After landing on the ground, rainfall becomes a direct runoff and travels over the 

surface to enter the stream. The speed at which the water flows into the stream channel 

is greatly dependent on the slope of the land. This land surface characteristic can be 
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generally associated with channel slope and both are important variables in the 

hypothetical flood equation. There are thus two parameters which can be used to 

describe the slope. 

 Sg=
h∑L

A
 ( 2 ) 

Sg – mean land surface slope; h – difference in elevation; L – 
horizontal distance between contours on a map; A – basin area 

 i =
hmax- hmin

A
 ( 3 ) 

i – channel slope; hmax – elevation of the highest point of the basin; 
hmin – elevation of the lowest point of the basin; A – basin area 

The concentration of runoff may also be largely affected by the distribution of the 

area with respect to distance from the river outlet. All factors aside, the runoff from areas 

close to the outlet reaches it sooner than water from remote areas. 

The shape of the basin has a direct effect on the runoff discharge after rainfall or 

snow thawing. The aspect ratio is a numerical representation of the shape and can be 

calculated with a simple formula.  

 α =
L⊥

L∥
 = 

A

L∥
2
 ( 4 ) 

α – aspect ratio; L⊥– basin mean width; L∥ – basin length; A – area of the 

basin 

Other basin characteristics include symmetry coefficient quantifying the 

difference between the areas of the left and the right side of the river basin. Gravellius 

coefficient describes how narrow or circular the basin is.  

2.1.3 Land Use 

Land use has a huge impact on the peak discharge of floods. It modifies storage 

of rainfall and its runoff from the land surface into streams. In undeveloped areas such 

as forests, rainfall is stored on vegetation, in soil or in surface depressions. Once their 

capacity is filled, runoff slowly flows through the soil in the form of a subsurface flow. [08] 

On the contrary, constant expansion of urban areas involves covering land surface by 

roads and buildings. Permeable soil gets replaced by impermeable surfaces that store 
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little or no water. Direct consequence of lower water storage capacity is faster rise of 

urban streams, higher peak discharge rates and volumes during storms. Even in 

suburban areas, with an abundance of vegetation, rainfall can saturate thin layers of soil 

and produce overland flow, which runs off quickly. Dense networks of ditches and 

culverts in cities reduce the distance that runoff would have to travel overland. Once 

water enters a drainage network, it flows faster than either overland or even as 

subsurface flow.  

Furthermore, development along river channels and floodplains can alter the 

capacity of a channel. Structures that interfere on the floodplain can increase upstream 

flooding by narrowing the width of the channel and increasing its resistance to flow. 

Upstream of bridges, culverts and other structures, there is debris and sediment 

collected. It can further constrict a channel and increase flooding. Small channels can 

get clogged with debris or filled with sediment. Erosion is another consequence of urban 

development. As a result of straightened and vegetation-free channels, the velocity of 

the stream increases. This allows the stream to carry more sediment and erode channel 

banks, bed and any surrounding structures. 

2.1.4 Climate Change  

Climate change has a strong impact on Earth’s water cycle. The cycle continually 

distributes water from oceans to the atmosphere, land, rivers and lakes, and then back 

to seas and oceans. Water holding capacity of air increases by 7% per 1 ºC. [09] And as 

the global temperature has risen by about 0.8 ºC since 1880 [09], there are higher levels 

of water vapor in the atmosphere. Storms and other natural events including precipitation 

are supplied with increasing moisture which causes more intense rainfall. On the other 

hand, changes in climate do not affect winds in a similar way. Spatial distribution of the 

precipitation patterns thus doesn’t change much only their intensity. That creates even 

bigger gap between dry and wet areas as the drier areas become drier and wet areas 

get wetter. Seasonal changes are expected to become more distinctive, consequently 

droughts and water stress are expected to accumulate. 

Flooding events are anticipated to occur more frequently. Flood magnitudes will 

probably increase where floods result from increasingly heavy rainfall events. Many 

regions in Europe are already facing more extreme flooding and drought conditions. At 

the same time, climate-related extremes, such as heatwaves, heavy downpours and 

droughts, are increasing in frequency and intensity. More extreme heatwaves have 
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already been seen in the South of Europe, which is projected to be a climate change 

hotspot. Extreme heat leads to higher evaporation rates, further reducing water 

resources in areas that already lack water. Climate change has also increased the 

average water temperature of rivers and lakes and has shortened the length of ice cover 

seasons. Glaciers are melting; snow and ice cover is shrinking. These changes, along 

with increased river flows in winter and lower flows in summer, have important impacts 

on water quality and on freshwater ecosystems. [10] 

2.2 Flood Effects 

The hazard can affect developed as well as developing countries. It impacts both 

individuals and communities. The consequences vary greatly with the location, duration 

or magnitude of the phenomena, vulnerability and value of the environment where it 

strikes. Flooding disrupts the prosperity, safety and amenity of human settlements. 

Effects of floods can be categorized into direct and indirect ones. Moreover, they can be 

divided into tangible and intangible ones. From social perspective, the most severe 

consequences of floods are human casualties or deterioration of health. Other common 

impacts include loss of livestock, property or workplace. These often have repercussions 

on psychological state, described as post-flood trauma. Floods frequently damage 

infrastructure, which results in major transportation issues, disruptions to water treatment 

or electricity, communication, education and health care.  

From economic perspective, three main effects come into light. At first, 

businesses in the affected area of the floods may have to shut down temporarily, 

obstructing potential GDP growth through interruptions in the business chain. 

Furthermore, damage in the economic infrastructure may generate either a reduction in 

the capital available for production or temporary disruptions of infrastructure services, as 

previously mentioned, which also impacts negatively potential GDP. However, 

reconstruction efforts and additional maintenance measures operate in the opposite 

direction. These activate investment-oriented activities (e.g. construction sector), which 

start more vigorously after the flood periods. [11] 

The environment also suffers when floods happen. River network can get 

contaminated due to leakage of chemicals from damaged plants and factories. Changes 

in the flood volume will clearly have an impact on the floodplain as a habitat, hence on 

wildlife. Animals may lose their natural shelters or even die. Large scale flooding 

undisputedly distorts the balance of ecosystem. However, same as in the case of 
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economy, the flood effect on the environment need not be purely negative. Small scale 

seasonal flooding is regarded as a natural feedback mechanism.  Inundation from 

flooding maintains some key ecosystem functions and biodiversity. [12] Among other 

important benefits of floods is the recharge of groundwater systems, wetlands filling, 

improved connectivity between aquatic habitats or sediments and nutrients movement 

which affect the fertility of floodplains. [13] 

2.3 Flood Risk 

Flood risk is a frequently pronounced term. However, it can be tricky to define 

what exactly it stands for. Some incorrectly confuse it with the term hazard. Which is a 

vital constituent of risk but does not fully equal to it. There are different ways of 

conceptualizing and quantifying risk. Hence there are multiple frames of flood risk 

contributors and how they could be tackled. 

 

Figure 2: Different consistuents of flood risk [14] 

Natural scientists and engineers tend to define flood risk by its probability and 

consequences. Their aim is to reduce the probability of flood loss by means of flood 

protection. To calculate the risk of floods, probability of a defense breach is multiplied 

with its consequences. Vulnerability, exposure and flood extent are the determinants of 

the “consequences“ factor in the hypothetical formula. Vulnerability is the capacity of a 

society to deal with the event. Usually it is the physical vulnerability of structures and 

goods. Social vulnerability is commonly concerned as homogenous for the entire society. 

Exposure describes the assets and their value exposed to the threat of flooding. [15] 

An alternative is frequently recognized by planners and social scientists. They 

describe flood risk by hazard and vulnerability. In their view, hazard is a given matter 

and spatial planning and influencing behavior is the way to adapt to it. The term hazard 

stands for a natural phenomenon, i.e. floods, with a harmful potential. Hazard comprises 
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possible extent of flood and exposure. [15] Vulnerability accounts for susceptibility of 

people and their assets to the hazard of floods. Good risk analysis yields hazard, or risk 

maps based on surveys of vulnerability combined with topographic maps. [16] 

It is apparent that these two definitions overlap, and the important difference is 

where the definitions of flooding are incorporated. Generally speaking, risk quantifies 

and classifies potential consequences of hazardous events on the investigated areas 

and receptors. It can be expressed in probabilistic or relative quantitative terms. Good 

understanding of all factors of or at risk is vital for any further course of action in flood 

risk estimation. It is necessary to take the various factors into consideration.  

2.4 Mitigation of Flood Risk 

Since flood risk is a very complex issue with many factors affecting it, its 

successful mitigation requires a broad scope of measures. Mitigation is a long-term and 

ongoing process. It commences prior to the occurrence of a disaster and is directed at 

reducing future flood damages of the community and the nation [17] Technically 

speaking, there is no flood risk that cannot be mitigated through engineering measures, 

but the cost is the determining factor of their use. [17] For purposes of this thesis, 

structural, nonstructural measures and institutional, governmental and financial aspects 

of flood risk mitigation will be briefly discussed. 

2.4.1 Structural Measures 

Commonly adopted measures of flood mitigation are divided to structural, also 

called hard, measures and non-structural, soft, measures. Structural measures as a 

class have a longer tradition in flood disaster management. They range from hard-

engineered structures to more natural and sustainable complementary or alternative 

measures. [18] The idea behind their usage is to prevent inundation of the floodplain and 

prevent direct contact with property. Most typical structural measures are the intensive 

types: dikes, levees, floodwalls, dams or reservoirs. They alter the streamflow of rivers 

and channels. By modifying peak discharges of the floods, structural measures reduce 

the frequency and severity of floods of certain return periods. Conventional structural 

measures have certain disadvantages and negative ecological impacts. As these 

structures are engineered technical measures, they impose unnatural morphological 

changes to the landscape, they cause land subsidence or reduction of floodplain fertility. 

Also, structural measures tend to neglect protection of streams against pollution which 
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is another negative factor caused by flooding. [19] Hard measures are usually a very 

costly option for dealing with floods. The biggest issue of them lies in a false sense of 

security which they tend to create. Belief that such structures reduce the probability of 

flooding leads to intensive development on the floodplains. However, these measures 

do not provide complete protection against flooding. They only reduce the expected 

value of loss. But with higher development in close vicinity of streamflow the losses might 

even increase. For these reasons non-structural measures are a necessary complement 

in flood disaster mitigation. [20] 

2.4.2 Non-Structural Measures 

Non-structural or soft measures are all the measures which deal with floods 

without physically interfering with the channel or streamflow. In history they used to be 

neglected to the exclusion of structural measures, but it became apparent that soft 

measures play just as important role in flood management as hard measures.  

There are different ways of achieving this goal and some of them include 

reshaping of land surface, increase of infiltration or certain urban works. These measures 

are rather extensive and contribute to the flood mitigation by delaying the surface runoff. 

Reforestation or creating retention areas are two examples of delaying runoff by 

improved infiltration. 

The simplest and most effective way to avoid flood losses is, however, to 

completely avoid their contact with property. Floodplains are very attractive for urban 

development and thus it is impossible to stop the ongoing urbanization in these locations. 

Careful land use planning and zoning is a smart way to deal with flood risk.  Land 

use planning is aimed at optimizing the use of land based on its geographical, 

topographical, climatic and soil characteristics. In the context of flooding, it means 

outlining all the flood prone areas and delineating land for residential, business, industrial 

and natural uses.  Output of the analysis of various land use options on the floodplains 

[20] is a classification into zones based on the frequency and severity of flooding. This 

is followed by appropriate regulations to ensure that highly flood prone areas are spared 

from intensive capital investments and current dwellers of that area are covered by flood 

insurance. [21] Another very important soft protective measure is flood forecasting and 

flood warning.  Forecasting which is based on mathematical modelling allows experts to 

convert the information about the past rainfall into a river flow forecast. [22] Flood 

warning is an effective measure because of the flood to peak interval. That is the time 
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between “flood stage” and “flood peak” which denotes bank overflow and successive 

inundation. If the occupants of a floodplain are warned in time, precautionary measures 

can be adopted and only a portion of property is exposed to flooding and thus value of 

flood losses is significantly reduced.  

Directly linked to flood warning are preparedness and emergency responses of 

the afflicted communities. Community flood preparedness is an analysis of possible 

disaster scenarios for determining how authority and responsibility for action should be 

delegated, what local human and material resources exist and how these can be 

deployed. [17] Emergency response comprises of plans which deal with communication 

and information management, rescue, shelter management, additional flood proofing, 

stockpiling etc.  

2.4.3 Legal and Institutional Aspects of Flood Mitigation 

It is universally accepted that the national government with some degree of 

shared responsibility with regional or local authorities must bear the main responsibilities 

for managing disasters. [17] Each of the bodies operates on their administrative level. 

Government usually develops technical guidelines and makes decisions on a national 

level. The municipal governments adopt and implement ordinances for flood zoning, 

building construction, subdivision of land, etc. City authorities establish goals, policies 

and program development objectives. These must be following the country guidelines 

and ordinances. As basins are not bounded within one administrative area, multiple 

regions and cities ideally cooperate on their flood policies and use a holistic view on the 

flood mitigation of their shared basin. 

 Local authorities are the main point for urban flood management. They have the 

best knowledge of local conditions and thus are capable of apposite decisions 

corresponding with needs and requests. These authorities play a vital role in 

communicating all the flood information to the public. Local flood management 

professionals propose the levels of acceptable risk derived from the local conditions. 

Based on this adequate flood protection measures will be proposed. Many authorities 

adopt a uniform flood risk, in other cases, flood authorities may adopt the highest 

recorded flood as the appropriate standard. Also, non-governmental organizations make 

important contributions in disaster relief, rehabilitation and reconstruction, as well as in 

raising public awareness and providing training.  
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Effective flood fighting is systematic and well-planned. A set of protective 

measures and activities needs to be formalized through local and national legislation. 

National and local regulations should cover the following items: areas of responsibility, 

duties, patrols and watches along dikes, communication and transportation facilities, 

procedures for operating water works, mobilization procedure, co-operation procedure, 

supplies and depots with equipment and material needed for operation, identification of 

the existing flood management capabilities of the communities (status of warning 

system, levees that provide only partial protection, etc.), initiating process for a public 

education program, alternative plans. Legislation that needs to be enacted in order to 

provide legal basis for implementation of rain directives and programs should include: 

regulations for pollution control, regulations for storage of excess runoff, provisions for 

floodplain zoning, regulations for development of a compatible and coordinated water 

drainage system, etc. [17] Every authority should have at its disposal documents to 

support management of different stages of potential floods. They should deal with urban 

water drainage & flood & pollution control, flood preparedness, flood disaster and flood 

recovery. [17] 

2.4.4 Flood Insurance and Reinsurance 

Post-flood recovery is a vital part of flood disaster mitigation scheme. Floods can 

cause tremendous financial losses and insurance is the tool which compensates for 

losses when the damages are not avoidable at any acceptable cost. Insurance is a key 

factor in reducing the financial risk for individuals, enterprises and even whole societies. 

The industry goes beyond financial help in the event of a disaster. [21] They execute 

loss analyses and create loss databases. Furthermore, they conclude risk inspections 

and thus raise awareness of the risks involved with floodplains. Insurance has other 

benefits as is relatively less costly than erecting new structural measures and it does not 

directly interfere with environment [19] 

Why is there a need for reinsurance? Most insurance schemes work with the 

assumption that losses incurred by the insured subjects are statistically independent. 

That means the insured individuals would not incur loss and be claiming their 

compensation at the same time. However, this is not the case of flood event victims. 

Natural catastrophes, which are usually million-dollar-loss events, cause damage to the 

insurance industry. The burden from claims may exceed the capacity of insurance 

companies, they become insolvent and in extreme cases bankrupt. To prevent such fate, 
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insurance companies must assess the probable maximum losses they may be 

confronted with and prepare for them. A common preparation is to seek reinsurance. 

Reinsurance is the insurance for insurance companies. [23] While insurance companies 

usually concentrate on a particular country, reinsurance companies do business 

worldwide. By operating on a large area and preferably with different types of perils, 

desired statistical independency of the losses can be maintained, and the chance of 

bankruptcy is thus much lower. 

In 1992 Hurricane Andrew struck in Southern Florida causing losses of approx. 

$13 billion and insolvency of nine insurers. Insurers and reinsurers realized that, in order 

to remain in business, they needed to estimate and manage their natural hazard risk 

more precisely. [24] This example from history explains common concern of all insurers 

or reinsurers which deal with financial support of flood victims – their exposure – and 

how best to price the flood element of their insurance products. This understanding gives 

way to analysis prior to the occurrence of such events in an attempt to reduce the 

exposure to financial loss. [25] The industry uses models for two main purposes: 

insurance rating and exposure analysis. Insurers must use consistent basis of rating for 

their policyholders. They tend to rate risks at either a unit postcode or at an individual 

address level. Therefore, they prefer high resolution regional models. Reinsurers are 

primarily concerned with accumulation of risk, so they can work with lower resolution 

models. Desired outputs of the models are either flood risks for different return periods 

for all properties, or an event-based analysis based either on a single event or a 

probabilistic analysis based on historical and hypothetical events. [25] 
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3 The Chao Phraya River 

With its length, 379 km, the Chao Phraya River is the major river of central 

Thailand. It is located between 13°28'N, 99°33'E and 16°6′N, 101° 5′E. [26] Its basin 

takes up one third of the area of the country, approximately 163,000 km2 and is home to 

40% of Thai population. 

3.1 Flooding in 2011 

Chao Phraya river basin drew a lot of attention after flooding in 2011. Despite the 

anticipated set of meteorological events, Thailand was hit by four tropical storms in the 

period between June and October 2011. These storms brought historically 

unprecedented rainfall on the Chao Phraya river basin. Total amount of precipitation 

during the rainy season was 1,439 mm, which was 143% of the average rainy season 

rainfall in the period 1982–2002 [01]. This resulted in long lasting floods, filling the dam 

reservoirs, overflowing the river banks, and breaching the river dikes which led to 

extensive inundation. The river discharge at Nakhon Sawan reached its peak in the 

middle of October, and the river water level at Bangkok recorded the maximum level 

during the spring tide October 30. By the end of the year the capital became dry again, 

but some provinces, Ayutthaya, Pathum Thani, Nontaburi, Lopburi and Nakorn Pathom 

had to wait a few more weeks. [26] 

 

Figure 3: The flood situation in Bangkok (Source: The University 
of Tokyo) 

The impacts of 2011 flooding were the most severe Thailand has ever 

experienced from this type of event. More than 800 casualties and loss of THB 1.43 

trillion [01] were a triggering factor for experts to carry out multiple investigations, flood 
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risk analyses and design flood protection measures to avoid any similar disaster in the 

future.  

Items Contents 

Affected areas 
43,000 villages; 4,917 sub-districts; 684 districts of 
65 provinces 

Affected population 13,425,869 people 

Damaged houses 2,329 fully damaged; 96,833 partly damaged 

Agriculture damage 1.8 million hectare cultivated area 

Damages of infrastructures 
13,961 roads; 982 weirs; 142 embankments; 724 
bridges 

Damage of livestock 13.41 million livestock 

Damages of fish/shrimp/shell 
ponds 

over 37,107 ha 

Death toll 813 deaths nationwide 
  

Table 1: Flood Damages as of 01/12/2011 [26];  [01] 

3.2 Climate 

Thailand’s climate is majorly influenced by the Southwest and the Northeast 

tropical monsoon winds. Thailand climatic year is divided into Rainy (mid-May to mid-

October), Winter (mid-October to mid-February) and Summer season (mid-February to 

mid-May). Seasonal flash floods and river flooding occurs in various regions across 

Thailand despite 

In late spring, towards the end of May, the Southwest Monsoon wind brings a 

warm humid air from the Indian Ocean. On top of this, Inter Tropical Convergence Zone 

(ITCZ) and tropical cyclones appear in the South in the same time. Combination of these 

phenomena causes abundant rain over the country. This time of the year is called Rainy 

Season. In early June, the airmass flows in the northern direction and gets above 

southern China, which results in dry spell over upper Thailand. The ITCZ moves towards 

the south and lies over the Northern and the Northeastern parts of Thailand during 

August and later over the Central and Southern part in September and October. Rainfall 

reaches a maximum in August or September.  

Winter or Northeast Monsoon Season starts around the middle of October. The 

winds reverse direction and bring the cold and dry air from the anticyclone in China over 

the Northern and the Northeastern parts of Thailand. This results in cooler temperatures 

in most of the country. In the South of Thailand, the Northeast Monsoon causes 

abundant rain along the East Coast. This season lasts only until the middle of February, 

when the transitional period, also known as Summer or pre-monsoon season starts. Due 
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to stagnant air the weather becomes warmer, especially in upper Thailand. The hottest 

month is April. 

  

Figure 4: South west monsoon 
(Source: Impact Forecasting, Aon 
plc.) 

Figure 5 : North west monsoon 
(Source: Impact Forecasting, Aon plc.) 

Most areas of the country receive 1,200 – 1,600 mm rainfall a year. [27] Topology, 

especially the high lands, can cause significant differences in the precipitation. The 

windward western sides of the mountains receive up to four times the amount of 

precipitation than the rain-shadowed east side (Ranong – 4000 mm; Hua Hin – 1000 

mm). 85% of the rainfall occurs between April and October. Subsequently, peak river 

discharge is in October as it is the end of rain season. 

Region Winter Summer Rainy Annual rainy days 

North 100.4 187.3 943.2 122 

Northeast 76.3 224.4 1103.8 116 

Central 127.3 205.4 942.5 116 

East 178.4 277.3 1433.2 130 

South     

 - East Coast  827.9 229.0 680.0 145 

 - West Coast 464.6 411.3 1841.3 178 

          
Table 2: Seasonal rainfall (mm) in various parts of Thailand, based on 1981-2010 period [27] 

3.3 Topography 

The Chao Phraya River originates as a confluence of four rivers, the Ping River, 

the Wang River, the Yom Rover and the Nan River. The Ping River and the Nan River 

merge in Nakhon Sawan and form the Chao Phraya River. Moreover, the Sakae Krung 

River and the Pasak River join in the lower basin. The river meanders along a North-

South route passing cities Chai Nat, Ayutthaya, Bangkok and then pours into the Gulf of 

Thailand.  
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Figure 6:Map of Thailand with the Chao Phraya River Basin 

The river flows through three geographical parts of the country, highland, upper 

central plain and lower central plain. The main features of the highland are dissected 

terraces with sandy ground surface. Central plain is a 500 km long and almost 200 km 

wide area. [26] In the upper central plain there are well defined meander belts, 

abandoned river courses and small swamps. In the Nakhon Sawan area isolated 

mountains rise like monadnocks from the flat surface and the rest of the upper central 

plain mainly consists of riverine terraces and alluvial fans, as well as flood plain along 

the major tributaries of the Chao Phraya River. The lower central plain has the 

characteristics of a river delta. It has flat to slightly undulating depositional surface and 

many effluent branches, the Tha Chin River, the Noi River, the Lop Buri River etc. 



 

26 
 

3.4 River System 

The riverbed slope is low with a gradient of 1.5m per 100 km. [26] Including all its 

tributaries, the river is 866 km long. Its depth ranges from 5 to 20 m. The Chao Phraya 

becomes the deepest after the confluence of the Noi river. Sudden depth difference 

induces an intense erosion of the riverbed of the main stream.  The width ranges from 

200 to 1,200 m. The river is the narrowest near the city of Ayutthaya, 80 km North of 

Bangkok. Due to diversion of rivers and irrigation canals, the Bang Ban Canal, the Phong 

Pheng Canal, the Bang Kaew Canal and the Lop Buri River, the water level lowers and 

the river widens towards upstream.  

The river delta is created by bifurcation of the Tha Chin River. It has an area of 

11,329 km2. [28] The front of the delta is rather smooth. It is a result of a vast load of 

fine-grained sediment. At the very end, the river mouth is quite embayed. Offshore slope 

is considerably low, only 0.0041 degrees along the delta front. [28] 

3.5 Hydrology 

Flows in the river are very dependent on the monsoon rains. Yearly variations 

determine the availability of the basin’s water resources. The hydrological cycle starts in 

April when the discharge is typically at its minimum. From May to August the discharge 

gradually increases, while from August to October the increase is much faster, peaking 

in October. The discharge then decreases rapidly during November and December, with 

the rate of decrease then slowing down until minimum flow conditions are again 

experienced in April. During the low flow periods from January to April the discharge 

typically ranges from 50 to 200 m3 /sec. [29] Annual average river discharge is 883 

m3/sec and 85% of the runoff occurs in the months between July and December. Natural 

flows are much smaller during the rest of the year, January to June period. Annual 

average runoff in the upper basin varies from 250 mm (the Ping River: the Bhumibol 

Reservoir) to 450 mm (the Nan River: the Sirikit Reservoir) [30]. Annual average runoff 

in Nakhon Sawan, the area where Chao Phraya tributaries join, is 226 mm. [30] 

Depending on the stream flow conditions, sea tides intrude the watercourse to certain 

depth inlands. During low stream flow the intrusion extends up to 175 km and up to 75 

km upstream during high stream flow. [30] 
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3.6 Population and Economy 

Chao Phraya River Basin is the most important basin in Thailand. It is home to 

40% of the country’s population.  [28] The basin can be divided into 8 sub-basins based 

on the natural distribution of its river system. About half of the population lives in the 

lower basin. This is a logical allocation as Bangkok Metropolitan Area and its environs 

of Samut Prakan, Nonthaburi and Pathum Thani are located there. The Second largest 

city, Chiang Mai, lies in the Upper Ping River basin, consequently large concentration of 

people can be found there as well. 60% of the total basin population is rural. [30] Average 

population density is 135 ppl/km2, however it varies greatly across the sub-basins and 

metropolitan areas, i.e. Bangkok – 1,497 ppl/km2, the Chao Phraya sub-basin – 533 

ppl/km2, the Nan sub-basin – 44 ppl/km2. [30] 

The area of Chao Phraya river basin employs 78% [26] of the nation’s workforce, 

it generates over two-thirds of the country’s GDP. Manufacturing with 33% is the 

dominant industry in the basin, followed by wholesale and retail trade, while only 5% of 

GDP lies in the agriculture. [26] North and South are more prosperous than the middle 

section of the river basin. This is due to the two biggest cities: Bangkok and Chiang Mai. 

Health services, education and formal employment are concentrated there. This 

understandably leads to a higher provision per capita. The sub-basins can be divided 

into three groups based on their economic growth rate: Tha Chin, Chao Phraya and 

Upper Ping –have higher growth rates than the national average, Pasak and Wang – at 

about the national average and the Lower Ping, Upper Yom, Lower Yom, Upper Nan, 

Lower Nan and Sakae Krang sub-basins – all have lower growth rates. [30] 
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4 Natural Catastrophe Modelling 

Comprehensive natural catastrophe modeling is crucial for understanding, 

assessing, and mitigating risk. Modeling extreme events is a well-established practice in 

the atmospheric and hydrological sciences and in the insurance industry. Flood risk 

assessment relies on the existence of relationship between intensity of hazard, exposure 

and the consequences of the hazard. Within the assessing model there are several 

modules embedded which deal with the individual factors included in flood risk. 

To ensure that the derived natural catastrophe model is robust and yields stable 

results which are quantitatively and qualitatively accurate representations of real-world 

properties, it is necessary to verify, calibrate and validate its outputs once the model 

development is completed. During development the modeler defines the purpose, the 

degree of fulfilment of the requirements, the constraints of the model and the modelling 

approaches. The purpose and the constraints are determined together – they both 

determine to which extent model requirements are fulfilled – these three define modelling 

approaches. Afterwards comes verification, calibration and validation of modelled 

outputs. Verification is the process during which the accuracy of governing equations, 

parameters and assumptions as well as statistical methods and computer coding is 

tested. Calibration necessitates the availability of input data and corresponding observed 

results. In the process of calibration parameters of the model are adjusted to assure that 

the modelled results correspond with the observed results. By validating the model, it is 

determined whether the outcome of model accurately represents the actual 

phenomenon. The comparison is made against pre-defined criteria e.g. Mean Square 

Error. If the validation is unsatisfactory the model needs to be recalibrated. If the 

validation is then still unsatisfactory, it is necessary to alter the input parameters in the 

model development. 

4.1 Hazard 

Hazard is the centerpiece of natural catastrophe model. In the case of flood risk 

modelling, the output of the hazard module are flood raster layers which can provide 

information about flood extents, water stages or flood footprints. These layers either 

correspond to scenarios or are entirely probabilistic. Complexity of hazard models 

depends on their purpose, various requirements and constraints. Hazard models which 

are developed and used by engineers are referred to as physical models as they satisfy 

physical equations such as the momentum and continuity equations. Physical models 



 

29 
 

couple hydrological models with hydrodynamic models for flood routing [31]. They 

consider different spatial conditions (i.e. 1D, 2D) and types of waves (i.e. kinematic, 

diffusion, dynamic) [31]. Necessary input data include topographic data – DEM and river 

cross-sections; time series of precipitation, water stage or water discharge longer than 

30 years; rating curves and friction coefficients. To obtain water discharge or water stage 

for low probabilities of occurrence (e.g. RP1000) the water discharge or water stage data 

are fitted to theoretical probability distributions. [32] 

4.1.1 Hydrological data 

Primary driver of the floods is precipitation. On the ground it is collected by a 

network of rain gauges. Volume of water which lands on the surface is measured by 

them. Ground-based radar is another device used for collecting precipitation data. 

Radars send out pulses of microwave energy in beams that scan in a circular pattern. 

When the pulse encounters precipitation particles in the atmosphere, the energy is 

scattered in all directions, and sends some energy back to the radar. [33] Possible voids 

in the datasets are filled with the data derived from off-ground Earth-observing satellites. 

Precipitation supplies discharge which, in fact, is the main piece of hydrological 

information used in modelling. Discharge quantifies the volume of water which flows 

through stream cross-section per unit of time. Its units are cubic meters per second or 

liters per second. Thanks to the discharge it is possible to define the rainfall-runoff 

relationship, water balance or surface runoff. It is commonly measured by the 

mechanical current-meter method. In this method, the stream channel cross section is 

divided into numerous vertical subsections. In each subsection, the area is obtained by 

measuring the width and depth of the subsection, and the water velocity is determined 

using a current meter, an electromagnetic or ultrasound velocity meter.  

 
Q = ∫ udA= ∑ (ui∆Ai)

iS

 ( 5 ) 

Q – discharge; u – velocity; A - area 

With the use of mean discharges, it is possible to estimate basic stream 

characteristics, e.g. mean monthly discharge, mean yearly discharge or return period. 

Return period of a discharge is an important quantity used in flood risk analysis. It 

denotes the mean time in years between two occurrences of floods of certain magnitude 

(or more). Return period does not provide information on the occurrence of future 
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outcomes. It can be also derived from the exceedance probability (EP). Exceedance 

probability is the probability that a phenomenon exceeds certain magnitude within a 

given time period.  

Construction of exceedance probability curve is based on dividing the values of 

discharges into intervals. Each interval contains certain number of discharge values and 

forms a frequency histogram. Exceedance probability curve is the summation line of the 

histogram. The simplest way to estimate the exceedance probability is by ordering the 

discharge values in descending order and dividing the order of each value by the total 

number of discharges in the cohort. The return period, i.e. recurrence interval, is a 

reciprocal of probability of exceedance. 

 
EP = 

m

n
 

( 6 ) 

EP – probability of exceedance; m – ordinal number of values; n – total 
number of the values. 

 
RP = 

1

EP
 ( 7 ) 

RP – return period; EP – probability of exceedance 

 

Figure 7: Graph of Probability of exceedance (Source: Zaklady Hydrologie, 
K141 FSv CVUT, modified by author) 
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Figure 8: Graph of return period (Source: Zaklady Hydrologie, K141 
FSv CVUT, modified by author) 

Regular users obtain data about rainfall and discharge from national 

hydrometeorological institutes. From the information it is possible to quantify and 

extrapolate information useful for flood analysis, e.g. the magnitude, frequency or 

duration of floods. 

4.1.2 Terrain Data 

Terrain data provides details about elevation which defines downward movement 

of water, formation of river network as well as details about land cover. Information on 

land cover is essential for establishing surface roughness values. Hydraulic roughness 

is represented by Manning’s coefficient (n) and can be simply described as resistance 

to overland water flow. Manning’s coefficient is used in Manning’s formula for estimating 

velocity. 

 
v = 

1

n
DH

2/3
i0
1/2

 ( 8 ) 

v – velocity; n – Manning’s coefficient; DH – hydraulic diameter; i0 – 
riverbed slope 

 Terrain data is stored in digital elevation models (DEM) and land cover maps 

(LCM). Historically, ground observations were the first methods of information collection. 

This method is still used in cases which need very accurate measurements, for example 

civil engineering requires highly detailed information. The main constraints of this 
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approach are time and costs. It is very time and cost inefficient and that is why for larger 

scaled projects aerial and remote sensing methods are employed instead. 

Photogrammetry uses aerial photography and subsequent extraction of data by 

viewing the photos in a 3D photogrammetric station. It can provide good land cover 

information and elevation information at ca 5cm accuracy. Photogrammetry is however 

very weather dependent and relatively expensive method and that’s why it is not used 

for large are imagery. Light Detection and Ranging (LIDAR) is another way of remote 

terrain sensing. Elevation data coming from these collection systems is highly accurate. 

It has proved to be useful for corridor mapping and line-of-sight applications but due to 

its high costs and processing requirements it is used only for local and regional scale of 

information. A relatively new mapping technology is use of Interferometric synthetic 

aperture radar (IFSAR). This method uses two radar antennae mounted on an aircraft 

and displaced by a known distance, reflection of the radar pulses and measuring terrain 

elevation by coupling phase difference with aircraft positional data. It is vertically very 

accurate, it is independent of sunlight or weather conditions, it simultaneously 

georeferenced image datasets without further processing and it has acceptable cost and 

data size of the output. Such advantages make it the most suitable method for flood 

modelling data collection [25] 

4.2 Assets 

The asset section deals with elements at risk, such as people, property, 

environment, cultural heritage, etc., which are exposed to hazard, i.e. exposure. This 

module yields two kinds of outputs, mathematical functions which relate hazard intensity 

to damage and data pertaining to location of exposure. Every exposure is susceptible to 

hazard, i.e. vulnerability. Exposures are systematically described by a set of properties 

which are relevant to the vulnerability to floods. Based on the available information 

exposures get assigned suitable damage functions, in which the rate of damage to total 

value is a function of the hazard intensity. Location is arguably the most important piece 

of information about exposure for the analysis. As flooding is spatially heterogenous and 

intensity of hazard varies significantly at small spatial scale, accuracy in georeferencing 

plays a crucial role in deriving the right hazard intensity for a given exposure. 
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4.2.1 Damage Functions 

Damage functions represent the most effective solution in relating flood 

parameters to the degree of damage in flood risk assessment models. [34] They express 

the vulnerability of each element at risk to a certain parameter when affected by a flood 

event. The elements at risk are grouped in classes according to the degree of 

aggregation at which the risk assessment is required. Elements at risk can refer for 

example to building types (one storey wood buildings, single houses from bricks in mud, 

multiple storey reinforced concrete buildings, etc.) or they can be aggregated into 

residential, commercial, industrial and agricultural units. 

Damage functions can be either empirical or synthetic. The former consists of 

calculating the functions on the basis of historical flood damages data. Synthetically 

derived damage functions come from analysis based on expert knowledge-based 

estimations on assets classes, questionnaire surveys, and the aggregation of that 

information to assets units or landcover classes. [35] 

 

Figure 9: Empirically derived vulnerability curve (Source: CHARIM[35]) 

4.2.2 Geocoding 

Geocoding is the ability to assign descriptive address information to portfolio 

locations for the purpose of assessing hazard at a given location. It is a core step that 

takes place within the catastrophe modeling process, ranging from a single location 

assessment to bulk look-ups for an entire portfolio. [36] The accuracy of geocoding 

depends on the completeness of the address data and the sophistication of geocoder’s 
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underlying datasets. An exposed policy can be for example georeferenced to building 

centroid, full unit postcode or postcode sector.  

4.3 Aggregation 

In this module the outputs of the hazard and asset simulations are combined. 

Aggregation module often includes use of Monte-Carlo simulations, computational 

algorithms relying on random sampling. [37] Through random sampling from pre-

modelled hazard intensities with assigned probability and coupling them with appropriate 

vulnerability functions the loss to an exposure is calculated. Monte-Carlo simulations are 

used to marginalize assumed probability distributions and to quantify modelling 

uncertainties. 

4.4 Mathematical Flood Modelling  

There are two ways of modelling the water flow. The first one is experimental. 

This method may only be used for smaller parts of a project, primarily for financial 

reasons. [40] The second one is mathematical. This one is used for large scale 

implementations. It is possible to mathematically describe the flow by 1D, 2D or 3D 

models. With additional dimensions the complexity and difficulty of models increases. 

Main difference between the models lies in consideration of transverse, vertical and 

longitudinal components of velocity. 

Two types of flow are present in open water surface flow, steady and unsteady. 

The unsteady flow is a function of time and cross-section area whereas the steady flow 

has constant discharge throughout time. Reynolds number (Re) is the quantity by which 

the two types can differ. Moreover, the value of Reynolds number determines which type 

of flow is present in the stream channel, it is either laminar or turbulent. Each substance 

has different value of Critical Reynolds number and it is usually defined experimentally. 

In open water surface its value for laminar flow is below 580. Value of the Reynolds 

number for turbulent flow is approximately 3400. If the value is in the interval <580;3400> 

both types of flow occur in the stream. [38] 

 
Re = 

ρvR

μ
 ( 9 ) 

Re – Reynolds number; ρ – volumetric mass density; v – velocity; R – 
hydraulic radius; μ – viscosity 
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To carry out 1D modelling it is necessary to work with a few primary assumptions. 

The water surface in river cross-section is a constant, i.e. it is horizontal. Only the 

longitudinal component of mean velocity is considered when carrying out the 

calculations. 1D model of uneven steady flow can be used to determine the inundation 

area during floods. The computation method uses readily available formulas. The energy 

equation, i.e. Bernoulli ‘s equation (10), and the law of mass conservation (11) are the 

two main formulas that this model works with. 

 
Z1+Y1+

1

2g

Q1
2

(Y1P1)
2

+he= Z2+Y2+
1

2g

Q2
2

(Y2P2)
2
 ( 10 ) 

Zi – elevation of the riverbed of cross-section i; Yi – water depth at 
cross-section i; Qi – discharge at cross-section i; Pi – river width at 

cross-section i; g – gravitational acceleration 

 Q=vA  ( 11 ) 

Q – discharge; v – velocity; A – cross-section area 

The main downside of using these equations is the assumption of constantly 

horizontal water surface. This assumption can never be fulfilled during flood events. 

To get transformation of the flood waves in longitudinal profile of the stream 

channel it is possible to use 1D modelling of unsteady flow. One of the most general 

principles is based on Navier-Stokes equations. However, these can be simplified, and 

the flow is computed with the use of St. Venant equations – Continuity equation (the Law 

of Mass Conservation) (12) and Momentum equation (Newton’s 2nd Law: Conservation 

of Motion) (13). 

 ∂Q

∂x
+

∂A

∂t
− q =0 ( 12 ) 
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− g(S0 − Sf) = 0 ( 13 ) 

Q – discharge throughout the channel; A – cross-section area; t – time; 
q – lateral inflow; y – water depth; S0 – channel bottom slope; Sf – 

friction slope; g – gravitational acceleration 

St. Venant Equations use following assumptions: flow is one dimensional, 

hydrostatic pressure prevails and vertical accelerations are negligible, streamline 
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curvature is small, riverbed slope is small, Manning’s equation (8) is used to describe 

resistance effects, the fluid is incompressible. [39] 

2D modelling operates with different assumptions. The vertical component of 

velocity is negligible. The computations are carried out for relatively shallow waters 

where the recirculation of water in vertical direction is insignificant. Mean vertical velocity 

is used for the calculations. 2D modelling works with Navier-Stokes formulas reflecting 

the law of motion (14) and the law of mass conservation (15). 
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h – water depth; u, v – depth-averaged velocity in x- and y- direction; b – 
function describing the riverbed profile 

The principle behind the numerical solution is conversion and simplification of 

basic differential equations to linear equations. Solution of these are desired values of 

effects and quantities of floods. Different methods split the real surface into elements of 

different shapes and proportions.  

The first one is the Method of Finite Differences (FDM), used for calculating stable 

and unstable flow in vast flood areas. This one splits the surface by octagonal grid. For 

example, TUFLOW, MIKE 2a and FLUVIUS models are based on this method. The other 

option is the Method of Finite Elements, used for steady flow in inundation areas with 

complex relief and in detailed models of structures on the channel, river respectively. 

This one uses triangular and tetragonal grid for splitting the surface and is thus better for 

approximation of curvatures which are difficult to simulate with FDM. However extremely 

lengthy time to complete the calculations is its biggest drawback. FESWMS, RMA2, 

SHALLOW, TELEMAC-2D models are based on this method. The third option is use of 

the Finite Volume Method (FVM) which is a compromise between the two previously 

mentioned. Its grid comprises of elements of rectangular shape with an option of angle 

and dimension alternation. FAST 2D, HYDRO AS-2D models are based on this method. 
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3D models enable users to simulate spatial development of flow. It is extremely 

difficult to carry out and is usually only used for detailed modeling of flow through 

structures. [40] 

Stochasticity 

If the variables of the model follow a probability law or random patterns, it is safe 

to assume the mathematical model is a stochastic model. [41] In such case the 

phenomenon is modelled as a stochastic process which is a family of random variables 

with indices taken from interval that is either discrete or continuous and either finite or 

infinite. [42] The stochasticity is captured by using probabilistic approaches or 

approaches with scenarios with assigned probabilities. Typically, probability density 

functions are products of the model and Monte-Carlo sampling simulations. [43] By using 

probabilistic approach, it is possible to model dependencies and long-tail asymmetric 

processes. 

4.5 Model Uncertainties 

The implementation and the handling of uncertainty in a catastrophe model is 

one of the most important aspects of any aggregation component of a model. The 

behavior of a phenomena can be inferred statistically but cannot be determined precisely 

because of real world uncertainties. In general, uncertainty can be characterized as 

either aleatory or epistemic. Aleatory (i.e. random) uncertainties are irreducible as they 

stem from phenomena’s behavior that is impossible to comprehend. [41] On the other 

hand, epistemic (i.e. systematic) uncertainties are reducible as they pertain to data 

issues, knowledge gaps and lack of technological means. [41] 

Uncertainty appears in both model development and catastrophe modelling. A 

model can contain uncertainties in all its embedded modules. Modelling uncertainties 

are routinely split between parameter and model uncertainties. Parameter uncertainties 

stem from imprecisions of measured and estimated paramteres because of uncertainties 

in the real world. Model uncertainties arise from overlooking variables which can affect 

the model results as well as the weakness in the relations and descriptions used in the 

model. [44] In the hazard component, uncertainties are present in the geographical 

extent of flood inundation maps, or they emerge by selection of a certain distribution, etc. 

Uncertainties can arise from use of inadequate geographic identifiers or geographic 

resolution in the asset module. The main sources of uncertainty in the aggregation 

component are quality and quantity of the data used to develop the damage functions or 
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variety and characteristics of the methods to develop damage functions such as: 

empirical, semi-empirical and analytical. [45]  

In the framework of modelling, uncertainties are quantified as errors. [44] Their 

propagation requires association of probability with modelled results. Monte-Carlo 

simulation1 is commonly involved in error propagation. With introduction of this technique 

the quantification of the final uncertainties is possible, e.g. measured as one standard 

deviation around the mean of the distributions generated in the Monte Carlo simulations. 

Sensitivity analysis determines changes in the outputs resulting from changes in the 

model inputs/modelling approaches/intermediary results. It complements error 

propagation techniques in the quantification of modelling uncertainties. 

 

1Monte-Carlo simulation, or probability simulation, is a technique used to understand the impact 
of risk and uncertainty in forecasting models. During the simulation process, each of the 
components participating on the outcoming value gets sampled and based on the sampled 
random values the output of the model is calculated and recorded. This process is then repeated 
multiple times, each time using different randomly selected values. At the end of the simulation, 
the modeler has a large number of results. By processing these values, the modeler obtains 
information about the likelihood, or probability, of reaching various outputs of the model. 
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5 Concept of the Model 

The Impact Forecasting Flood Model Thailand used in this thesis had been 

designed to evaluate financial losses caused by fluvial flooding. The model comprises of 

four components; hazard, exposure, vulnerability and loss.  

Hazard 

The hazard component uses hydrological data for generating a probabilistic and 

historical event set and a series of flood extents for a given set of return periods. These 

two parts are later combined to define hazard intensity in terms of water depth for each 

synthetic or historical event and geographical unit to create spatial footprints for all 

events. 

Exposure 

The exposure component is responsible for handling of input portfolios. For 

policies with coordinates it ensures correct mapping on the model grid cells. For policies 

specified only by administrative unit or coordinates with insufficient precision it can be 

thought of as a simulated environment created to facilitate the geo-location of insured 

values within a country’s geographical area. This is accomplished on a postal code level 

for the purposes of this model. 

Vulnerability 

The role of the vulnerability component is to assign a damage ratio, defined as 

the ratio of loss and sum insured for a given hazard intensiry (water depth). 

Loss 

Loss is calculated for each event at each insured location. Ground up loss is a 

simple product of sum insured and loss ratio. Gross loss results from the application of 

limits and deductibles defined in the input file. Finally, losses are  calculated for all events 

in the stochastic event set and the Exceedance Probability (EP) curve is calculated. 
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5.1 Data Available 

5.1.1 Hazard 

5.1.1.1 Elevation Data 

 

Figure 10: Digital Elevatiom Model of Thailand (Source: JAXA) 

Two elevation datasets are used for the model. They were both provided by the 

Japan Aerospace Exploration Agency (JAXA). JAXA used archived data of 
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Panchromatic Remote-sensing Instrument for Stereo Mapping (PRISM) onboard the 

Advanced Land Observing Satellite (ALOS). The satellite was operated bewteen years 

2006 and 2011. From the archived data, JAXA produced digital surface model (DSM) 

and orthorectified image (ORI) for the whole world. 

AWD3D30 – ALOS World 3D – 30m – elevation data product is used for most 

regions in Thailand. It has a horizontal resolution of approximately 30-meter mesh. The 

30-meter dataset was upscaled from the commercial 5-meter DSM dataset. For 

Bangkok, greater attention to detail is necessary and that’s why the 10-meter dataset is 

used in the Bangkok Metropolitan Area. 

5.1.1.2 Land Cover Data 

Land cover dataset was obtained from GlobCover. The global portrait was 

acquired by Envisat’s Medium Resolution Imaging Spectrometer (MERIS) through an 

automatic and regionally-tuned full resolution classification of a time series of mosaics 

for the year 2009. There are 22 different land cover types shown in the map. The map’s 

legend is compatible with the UN Land Cover Classification System (LCCS). Information 

on land cover is used for determining the Manning’s coefficient which represents 

roughness and was necessary for a hydrodynamic model.  
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Figure 11: Land Cover of Thailand (Source: GlobCover, Impact Forecasting, AON plc.) 
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5.1.1.3 Hydrography Data 

The datasets used for river network development come from various sources: 

Open Street Map (OSM), SRTM Hydro 1K, generated river network from the DEMs and 

some data from the previous model developed by Aon Impact Forecasting in 2012.  

The model comprises geographic river position as a single line and as polygons 

denoting the river banks and the location of permanent water bodies. Many river 

stretches were visually cross-checked and digitized manually to correspond closely with 

the reality. Missing segments were manually digitized to achieve acceptable coverage 

of the river network length. 

Bank polygons define the width of the river. Wide segments have sufficient 

coverage in OSM and SRTM datasets, the rest was digitized manually. Bank polygons 

data was used to deepen the river bed and assign a slope gradient downstream. Static 

waterbodies were identified by the SRTM waterbody dataset. The files are a by-product 

of the data editing performed by the National Geospatial-Intelligence Agency (NGA). This 

dataset was used to portray water bodies that met minimum capture criteria. Ocean, lake 

and river shorelines were identified and delineated. Lake elevations were set to a 

constant value. Rivers were stepped down monotonically to maintain proper flow. 

Similarly to other previously described hydrography data, few features were taken from 

the OSM data and the rest was digitized manually. 

5.1.1.4 Hydrological Data 

The model uses data observations obtained from Royal Irrigation Department 

(RID) and Mekong River Commission (MRC) – mainly daily observed river flow discharge 

data. MRC provided data for Mekong river basin and the rest was provided by RID. The 

total data stock contains daily data from 183 (158 from RID and 25 from MRC) gauging 

stations with an average recorded observation length of 22 years. The longest data 

record spanns over 56 years, while the shortest is 3 years. 
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.  

Figure 12: Gauging stations used in the model development (Source: MRC, RID, 
Impact Forecasting, AON plc.) 

Four data types can be used for the simulation – daily mean discharge, monthly 

maxima of daily mean discharge, monthly maxima of daily peak discharge and yearly 

maxima of daily mean or peak discharge. They differ in detail of information and 

suitability in use for different dimensions of water channels. The annual maximums of 

daily average discharge are used for the simulations in this model. Yearly maxima of 

daily mean or peak discharge have the coarsest resolution. This time series can be 

considered independent in most of the cases and it is used mainly for the design flow 

estimation. When used for spatial definition of the events, it could link together floods 



 

45 
 

occurring at different times of the year, thus overestimating the relationships between 

the regions. 

5.1.2 Exposure 

The data pertaining to exposure component deal with correct mapping of input 

insured (or economic) properties to a geographic location and link a damage function 

from the vulnerability module based on the descriptive information available about the 

property in the input definition. 

5.1.2.1 Geocoding units 

Administrative units are used for the work with the policies. In Thailand there are 

many levels of administrative units that can be used – regions (6), 2-digit (76) and 5-digit 

(958) postal codes, provinces (77), districts (928) and sub-districts (7424). In addition to 

the administrative units and postal codes, the fine cell resolution of the model is 30m x 

30m resolution.  

5.1.2.2 Weighting dataset 

The High-Resolution Settlement Layer (HRSL) is population dataset obtained 

through the use of satellite imagery. This dataset offers unparalleled accuracy and 

horizontal resolution with settlements described accurately in both urban and rural 

setups. This layer is used as a weighting layer for flood hazard. 

HRSL provides estimates of human population distribution at a resolution of 

approximately 30m for the year 2015. Recent census data, which was used to estimate 

population and the settlements, was generated from high resolution satellite imagery 

from DigitalGlobe. Furthermore, the settlement extent data was developed by Facebook 

at their Connectivity Lab using computer vision techniques to flag blocks of optical 

satellite data as either settled or not. Subsequently, the Centre for International Earth 

Science Information Network (CIESIN) used population data from subnational census 

data and proportionally distributed it to the settlement extents. 
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Figure 13: High Resolution Settlement Layer for Thailand 

5.1.2.3 Industrial Estates 

An industrial estates database has been prepared in the framework of the 

updated model. This database consists of boundary polygons, layouts and master plans 

where available. The database also contains information about past flood events where 

available and the flood management initiatives undertaken. Where available, the 

database also captures the clients in each industrial estate and the manufacturing sector 

in which they are involved. 
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5.2 Model Development 

5.2.1 Hazard 

In the pursuit of hazard depiction, hydrological data is used for generating a 

series of flood extents for a given set of return periods. The result is afterwards combined 

with stochastic event set to define hazard intensity in terms of water depth for each 

synthetic event and geographical unit to create spatial footprints for all events. 

5.2.1.1 DEM Processing 

To achieve a model of acceptable quality, it was necessary to correct the digital 

elevation model obtained through the remote sensing. Not only horizontal, but also 

vertical accuracy plays an important role in propagation of flood wave during a 

simulation. There are some limitations which had to be taken into consideration. Firstly, 

for the large rivers, digital elevation model essentially captures water surface and not the 

river bed geometry which is necessary for 2D hydrodynamic modelling. Secondly, 

elevation gradients tend to be smaller than accuracy or vertical resolution of DEMs. 

These are however important for flood plain and watercourse position. Therefore it was 

necessary to carry out small corrections to achieve consistency with the reality. Thirdly, 

digital elevation models capture bridges as elevated roads. In the model, these would be 

a cross-sectional barrier behaving as a dam. Consequently water accumulates upstream 

of this obstacle and doesn’t match the real flow. Such barriers were removed through a 

semi-manual process developed internally by Impact Forecasting.  

 

Figure 14: An example of the effect of DTM correction to the flood extent: Left - original 
DTM; right - corrected DTM (Source: Impact Forecasting, Aon plc.) 

5.2.1.2 River Network Processing 

In the upper areas of the basin, the catchment channels are thinner than the 

computational cell size. Due to this the 2D modelling was split into two different setups. 

River segment catchment area was the deciding factor. The river network was thus 

divided into major river network segments with the catchment area > 100 km2 and minor 
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river network segments with catchment area between 3 – 100 km2. The segments with 

the cathcment area larger than 100 km2 are the main and most important source of 

floods. The river network with the smaller threshold  was modeled for improving accuracy 

of flood risk estimate.  

Deriving the river network from the digital elevation model requires several GIS 

procedures [46], [47]. First, to avoid cells without any outlet, so called “sink-points“, the 

Fill tool is used. This algorithm fills the depressions located around the sink-points and 

generates a new DEM. These filled areas need to be investigated for any errors, such 

as the ones near bridges as software incorrectly assumes them to be sink-points and 

fills them.  Next, the Flow Direction tool is used for establishing the direction of the 

potential movement. This step provides users with information about the lowest 

neighbouring cell of any investigated cell. Output of this procedure are 8 different 

numbers (1, 2, 4, 16, 32, 64, 128) which define the direction. 

 

Figure 15: Output values of the Flow Direction Tool in ArcGIS (Source: ArcGIS) 

This new information is used in the next step, when the Flow Accumulation tool 

is employed. It calculates the number of upstream cells that drain into a particular cell. 

The Flow Accumulation analysis is crucial for defining the catchment area of the river 

network.  To “clear“ the raster of unwanted cells, the SetNull tool is used for raster river 

delimitation. This function removes cells with catchment area smaller than the catchment 

size threshold of 100 km2 and produces a raster with cells which have greater catchment. 

To identify segments of the river a Stream-Link tool is used. It defines segment points 

from their start till their end and assigned them unique ID – SegmentID. This is important 

for further vector analyses. At the end, it is useful to convert the rasterized river network 

to a vector dataset. This dataset provides a connected and oriented river network with 

clear confluences, it is created by Stream to Feature tool. 

After this procedure, a check is carried out between the newly derived river 

network and the original one from OSM, SRTM with manual adjustments mentioned in 
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the previous chapter. Any inconsistencies found between these two verisons are 

assigned as a mistake to the new DEM and it has to be manually corrected. 

 

Figure 16: River network determination (from the left): Flow direction raster, Flow accumulation 
raster, Vectorized river network, Oriented river network with geometric network topology 
(Source: Impact Forecasting, Aon plc.) 

Once a vectorized complete river network is prepared and checked, it is 

combined with the point layer of outlets and converted into a feature class inside the 

ArcGIS file geodatabase. All segments needed to be assigned catchment size. This is 

achieved by Find Centroid tool which identifies one point in the centre of line, polyline or 

polygon. Extracted from the flow accumulation raster, a catchment area is assigned to 

this point. Using the Spatial Join tool, the value from centroid is assigned to the whole 

segment. The Strahler Stream Order is assigned to all segments as the main hierarchical 

identification. All derived values get checked by investigation of public information about 

catchment size and by comparison with known sizes of watersheds related do gauging 

stations on the appropriate rivers. 

In the case of the minor streams, it is harder to recognize the river network 

because of their size. The channels of headwater catchments are thinner than the cell 

size of the DEM. Therefore a slightly different deriving strategy is applied. Catchments 

are determined and merged into watershed units sized between 50 - 300 km2. Rivers in 

the small headwater catchments are specified by the high relative difference between 

catchment sizes related to the outlet profile and catchment sizes related to other up-

stream river profiles. That is why, it is not suitable to use only a single point inlet as an 

input of flood water but a spatial input during the simulation.  

It should be noted that this approach assumes a steady flow, with the outlet 

outflow being equal to the total input flow in each simulation. During post-processing, all 

pixels with cell values greater than threshold get removed along with any discontinuities 

and sections where the main river network already exists. Only continuous sections are 

kept if their depths > 10 cm and the size of catchment areas  > 3 km2 .  
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5.2.1.3 Land Cover Processing 

The hydraulic roughness polygons are built using the land cover dataset. 

Available land cover dataset is sufficient and does not require any further editing. A 

simple linking table between GlobCover land classification and associated Manning’s 

values of hydraulic roughness is prepared according to various publications [48]. 

Manning’s coefficient is necessary for 2D hydrodynamic simulation in TUFLOW. 

ID GlobCover Land Cover Class n 

11 Post-flooding or irrigated croplands (or aquatic) 0.04 

14 Rain fed croplands 0.03 

20 Mosaic cropland (50-70%) / vegetation (grassland/shrubland/forest) (20-50%) 0.04 

30 Mosaic vegetation (grassland/shrubland/forest) (50-70%) / cropland (20-50%) 0.05 

40 
Closed to open (> 15%) broadleaved evergreen or semi-deciduous forest (> 
5m) 0.06 

50 Closed (> 40%) broadleaved deciduous forest (> 5m) 0.1 

60 Open (15-40%) broadleaved deciduous forest/woodland (> 5m) 0.2 

70 Closed (> 40%) needle leaved evergreen forest (> 5m) 0.2 

90 Open (15-40%) needle leaved deciduous or evergreen forest (> 5m) 0.2 

100 Closed to open (> 15%) mixed broadleaved and needle leaved forest (> 5m) 0.2 

110 Mosaic forest or shrubland (50-70%) / grassland (20-50%) 0.15 

120 Mosaic grassland (50-70%) / forest or shrubland (20-50%) 0.15 

130 
Closed to open (> 15%) (broadleaved or needle leaved, evergreen or 
deciduous) shrubland (< 5m) 0.15 

140 
Closed to open (> 15%) herbaceous vegetation (grassland, savannas or 
lichens/mosses) 0.05 

150 Sparse (< 15%) vegetation 0.12 

160 
Closed to open (> 15%) broadleaved forest regularly flooded (semi-
permanently or temporarily) - Fresh or brackish water 0.12 

170 
Closed (> 40%) broadleaved forest or shrubland permanently flooded - Saline 
or brackish water 0.2 

180 
Closed to open (> 15%) grassland or woody vegetation on regularly flooded or 
waterlogged soil - Fresh, brackish or saline water 0.05 

190 Artificial surfaces and associated areas (Urban areas > 50%) 0.01 

200 Bare areas 0.03 

210 Water bodies 0.03 

220 Permanent snow and ice 0.03 

230 No data (burnt areas, clouds, …)  -  

Table 3: Types of land cover and their Manning's coefficient 

5.2.1.4 Hydrological Data Processing 

The hydrological data is used in two ways. Firstly, to determine the probabilistic 

distribution of the river discharges (design flows) at the gauging stations. The design 
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flows are used to produce the flood extents. Secondly, to describe the multivariate 

discharge characteristics which cover spatial attributes of flood events. The multivariate 

distribution is used to create synthetic flooding events. The footprint of any event is 

constructed using both – flood extents and the statistical description of the event. 

Station merging 

Sometimes, the gauging data needs to be merged from several locations. This 

could be either due to a station malfunction or due to relocation of a station to more 

suitable location up-/downstream. Another reason could be major change to the river 

which affects the data – e.g. building a lateral channel or a dam. In such cases usually 

a new gauging station is set up. In the model development, suitable pairs of gauging 

stations were merged when it deemed appropriate. Some of these merged stations were 

in Ba Nong Bua, Ban Lin Thin or Ban Wang Nok Aen. 

Design Flows 

The design flows put severity (return period) and flow value (quantiles) into a 

common relationship. In general, a probabilistic distribution is used to describe this 

relationship for the river discharges for a given gauging station. Selected quantiles of 

corresponding distribution are stored for each station. Design flows form a link between 

the simulated flood extents and the event set which is based on quantiles/return periods. 

To make the data fit for the probability analysis, the entire dataset was checked 

for minimum data quality and quantity parameters. As for the quantity parameter, the 

stations where the time series is shorter than 15 years are not considered for the 

frequency analysis. Afterwards the ”independent and identically distributed“ nature of the 

remainder is tested. This is a prerequisite for any probability analysis. As a result of this 

selection, the dataset which is used for the analysis consists of 47 gauging stations with 

a 30-year long time series observation on an average. 

For each gauging station a different probabilistic distribution function is selected. 

Some examples of the distributions are General extreme distribution (GEV), Gumbel 

distribution (GUM), Weibull distribution (WEI), log-normal distribution (LN2, LN3), 

Gamma distribution (GAM2, GAM3), log Pearson-III distribution (LP3) and general 

logistic distribution. Coupling of a gauging station with a probabilistic distribution is based 

on:  

● Official distribution type announced by the hydro-meteorological institute 

● Official design flows published by the hydro-meteorological institute 
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● Distribution matching with publicly available information on the design flows 

● Distribution matching with the historical floods, their estimated return period 

● Hydrological reasonability, similarity, and analogy 

In the next step, the flood extent for the designed discharge is modelled. To see 

the size of the impact of the probability distribution function selection, a test gets 

performed to see how big the effect would be for individual probabilistic distributions for 

all the stations. 

At this stage the amount of water which would go into the TUFLOW simulation is 

determined for the gauged locations. It is the annual maximum of daily average 

discharge mean. To simulate all rivers of interest, each river segment gets assigned the 

‘control’ station based on the hydrological similarity. This means that each river segment 

follows the design flow - Qn - of its control station. 

 
Qn;seg= (

Aseg

Astation

)

n

 × Qn;station ( 16 ) 

Qn – design flow; Aseg – segment catchment area; Astation – 
station catchment area; n – scaling number <0.5;0.8> 

For minor streams, the design flows corresponding to their outflow point were 

developed in the same way as for major river segments. 

Flood Hazard Simulation 

Flood extents are essential modelling component for correct loss estimatiion and 

other items, such as calibration of vulnerability functions or insurance claim processing. 

Flood extents in the Impact Forecasting Flood Model for Thailand are simulated by the 

2D hydrodynamic model TUFLOW using pure 2D simulation. 

For the purpose of modelling, the entire floodplain of Thailand was split into 11 

areas in accordance with topographical waterseds. (figure 17) The areas are further 

divided into smaller computational domains as these could be simulated more effectively 

than a single large domain covering the whole floodplain. Depending on its length and 

topography, each river segment is assigned one or more domains. Minor river network 

is simulated by a similar approach with only difference being simulation of multiple river 

segments inside one watershed unit using a spatial upper-boundary condition. 

Calculations for all areas are conducted on a 30x30-meter elevation grid. 
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Figure 17: Thailand split into 11 areas 

To sufficiently cover the return periods of the demanded range of events from the 

stochastic catalogue, the flood extents are simulated for eight design-flow return periods 

accross the whole country. The return periods were 5, 10, 50, 100, 250, 500 and 1,000 

years. 

Pre-processing 

Information with a spatial parameter as one input is required for hydrodynamic 

modelling. Each domain input comprises of digital terrain model,  land cover zones with 

Manning’s roughness coefficient, inflow boundary conditions and outflow boundary 

conditions. Additionally, text files that contain hydrographs are created and linked with 

the input boundary conditions. These are the input files which contain design flows 

derived individually for each domain/river network segment.  

In the case of major river network, the area which is covered by one domain must 

be wide enough so that the water from the watercourse isn’t in direct contact with the 

domain border. Domains are constructed with the use of flood extents with a horizontal 

buffer ranging from 2,000 to 5,000 meters around each segment, on top of that each 

domain overlapps the other with 500 meters. Starting point of the domain is identical with 

the starting point of a segment. Too long segments are split into two sub-segments and 

these are covered by separate domains. The 500-meter overlap of domains becomes 

useful in post-processing, when merging the upper and the lower lying domains, to avoid 

flow irregularities which occur close to the boundary conditions. 
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Inflow nodes represent the place where the water enters the domain. They are 

located in the upper part of the domain. The inflow values are used during TUFLOW 

processing to link the location with the design flow of each segment. The inflow point is 

placed at the beginning of the river network segment 

For minor river networks, domains cover areas with multiple watersheds including 

a portion of the major river network. Each domain thus contains many small rivers. Their 

sizes depends on the natural conditions visible from the DTM but varied between 200 – 

500 km2. Borders of the domains respect natural and man-made borders. Around each 

domain there is a 100-meter buffer applied to achieve minor flow irregularities close to 

the boundary conditions and the uncertainties close to the domain border.The domains 

are constructed by a combination of ArcGIS geoprocessing based internal routines and 

some more manual corrections. A boundary condition and a check profile are created to 

manually assess whether the files were determined correctly, given the significant 

presence of flood levees around the major rivers. Existence of the levees is important 

for correct setup of the flows in the minor river network channels. Through a correct 

domain setup by flow-obstruction condition a natural flow is allowed within the minor river 

network segments of a model. 

Instead of a single point the model uses spatial inputs as inflow for the river 

network segment. The inflow values are used in the TUFLOW processing to link the 

design flow with its location for each segment and watershed. 

During the post-processing of the results, some segments are removed to create 

consistent floodplain extents. Those are portions of the modelled floodplain of the 

extended domain area and the the floodplain segments which are already covered by 

the determination of the major river network approach. 

Inputs 

TUFLOW requires five types of input with the same geographic projection 

system. These five types of input are digital terrain rasters, hydraulic roughness 

polygons, inflow boundary condition polygon, outflow boundary condition line, extent of 

the domain. Topography of the area is represented by digital terrain rasters. Rasters are 

in the FLT Grid file format. They cover the whole domain area with a 100-meter buffer 

along the circumference, to avoid high slopes in the computational mesh on the domain 

edges. Hydraulic roughness polygons hold the Manning’s roughness values. Inflow 

boundary condition polygon defines the area around the inflow point, where the water 
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drains into the domain. The polygon is constructed by a 50-meter horizontal buffer 

around the inflow point. During a hydrodynamic simulation, TUFLOW reads the actual 

flow from a hydrograph file. Within each inflow boundary condition polygon, the flow is 

directed to the lowest computational mesh cell based on the altitude in a cell centre. If 

the input discharge spills into more cells, the flow is distributed over all flooded cells. 

Outflow boundary condition lines are located on the downstream domain boundary 

where it is expected that water would flow outside of the domain. The boundary condition 

type is set for Water Level versus Flow. TUFLOW automatically generates the depth-

discharge curve based on the water surface slope. It corresponds to the average river 

channel slope in a 300 – 500 meter distance from the outflow boundary condition line. 

Extent of the domain is defined by a polygon in the ESRI Shapefile format. TUFLOW 

creates an orthogonal computational mesh for processing a simulation in this area. The 

cells of the computational mesh are 30 m x 30 m 

  

Figure 18: DTM raster Figure 19: Manning's roughness 

information 
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Figure 20: River network 

 

Figure 21: Domain and its boundary conditions 

Simulation 

The imputs are processed with TUFLOW to obtain the flood extent. TUFLOW 

was set to run in batch mode continuously and to process all the segments in the river 

network. Each domain is modelled separately. 

The initial settings of TUFLOW: 

● Start time: zero hours. In some cases, TUFLOW can continue with the outputs of a 

finished simulation. The start time is then set to the end time of the finished simulation. 

● End time: in the range of 10 to 60 hours, depending on the river network segment’s 

length and domain topography. 

● The time step was automatically adjusted based on the Courant number1. 

● The wet/dry depth: 0.002 meters. This represents the minimum water depth for a cell 

to be called wet and used for velocity and volume calculations. The minimum depth for 

the velocity represents the minimum water depth that the model uses for velocity 

calculations. Despite TUFLOW being able to generate even lower depths than this 

threshold, the velocity is assumed to be negligible. 

                                                
1 Courant number - The Courant number is a measure of how much information 

traverses a computational grid cell in a given time-step. [49] 
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● The output interval: 5-10 hours, depending on the length of the simulation. Final 

outputs were from the last of the simulation length. 

TUFLOW solves the full two-dimensional, depth averaged, momentum (17, 18) 

and continuity (19) equations for free-surface flow using a 2nd order semi-implicit matrix 

solver. 

 

 

( 17 ) 

 

 

( 18 ) 

 

 

( 19 ) 

The outputs are deemed desirable if for a defined discharge the flow remain 

steady in the entire domain.  

Outputs 

The main output for each simulation is a raster layer with depths in meters stored 

in the ASCII grid format. The model has two categories of output. Check/Log files for 

simulation checks and quality control of model output and output files containing the 

results (depth in meters). 

Stability and correctness of a simulation is checked by a set of Check/Log files. 

The negative depth numbers, cumulative error percentages, inflow/outflow ratio and 

changes in volume figures are used to discover potential instabilities, or other problems. 

Unstable or incorrect simulations often occur inside areas with high slopes, weirs, or 

dams. A minor correction of the cell elevation in combination with decreasing the time 

step could fix the problem in the majority of cases. 

Check/Log files are used for the output check, so the model attains a steady flow 

regime. For that reason, final outflow and inflow were compared. Presence of obstacles 

or inconsistent digital elevation model could cause the disbalance of inflow and outflow. 

Problematic parts of DEM were removed which results in minor discontinuities in flood 

extents but has no effect on the final losses. Moreover, the final modelled extents are 

checked to make sure they do not touch the domain’s border anywhere but the outflow 
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boundary condition line. In such cases, the domains are manually enlarged to prevent 

this edge connection and the domains are re-simulated. 

Post-Processing 

Once the simulation was executed for all the river segments, the modelled 

extents are analyzed and processed to be made consistent and hydraulically correct for 

the subsequent implementation.  

Unrealistic hydraulic behavior occurs the most in the area near the inflow point. 

The flow is pumped into the domain only through a few cells and the water needs a 

specific amount of space to spill into the river channel and inundation to produce flood 

extents that could be connected with the remaining results. Another issue is the domain 

outflow boundary. The boundary condition causes the backflow effect on the water level 

upstream of the boundary condition. Correction is done by buffering the domain output 

with a negative 150-meter buffer and the area around the inflow point is removed as well. 

In the next post processing step all the flooded cells with water depth lower than given 

threshold of 10 cm need to get removed as they are assumed to be dry. Last step is the 

removal of discontinuous flood extent. These discontinuities might be caused by wrong 

artefacts of steady state hydrodynamic simulations or by removal of the flooded cells 

with depth lower than 10cm. This step secures final flood extent per segment being 

continuous. 

At the end, results for all segments are merged together at maximum depth 

priority. The output rasters are converted from the ASCII grid format into Erdas Imagine 

(.img) files. The simulation results are kept at the segment level and were linked with 

event sets (historical and probabilistic). The final flood extent for the specific events is 

compounded from all of the flood extent segments. 

Hazard maps 

The output of the simulation could be best presented with the use undefended 

inundation maps expressed with the depth band indication. This information is related to 

the specific hydrological return period and following return periods: 1 in 20, 50, 100, 250, 

500 and 1,000 years are readily available. Results from 5 and 10 year return periods 

were not merged into rasters because their innundation depths were not significant 

enough to be deemed dangerous for public safety. Each of the merged return periods 

can be delivered as specific data files (e.g. ESRI shapefiles) per return period. 
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An example of the post-processed output is an undefended hazard map for 

RP100 .The scale of hazard is represented through depth measured in centimeters. For 

better visualisation of the scale the depths were classified into bands. Geographic 

resolution of the output is 30m x 30m grid cell resolution. 

 

Figure 22: Hazard map for 100-year return period 
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Stochastic Event Set Generation 

An event is a composition of the worst flood intensities for a flood over its duration. 

Each generated event has a specific yearly occurrence rate and contains information on 

discharges from the entire river network. This information is in the form of discharge 

quantiles, as they link directly to actual discharges by the corresponding design flows, 

or they are ready to be translated to the return periods.  

Spatial pattern of the flood event is described by a multivariate distribution. To be 

able to do that, the vine copula  is used. This methodology breaks hardly estimable and 

complex multivariate distributions into a set of bivariate distributions  with a linking 

structure on top of them. In the flood model there were 43 stations used for the event set 

generation, which corresponded to a 43-dimensional problem. The R package vine 

copula was used to fit both the bivariate copulas and their linking structure. For a more 

efficient processing of the data, further internal functions were created to enhance the 

functionality of the package.  

In total, there are 40,000 (year realizations) x 12 (monthly resolution) = 480,000 

events simulated. The monthly resolution was selected since it was close to the 

maximum flood duration observed in the region. 

The event set, which was originally generated on the gauged locations, needs to 

be extrapolated to the whole river network. Each river segment gets assigned a control 

station based on geographical proximity and hydrological properties. The station 

determines the segment behavior in terms of the discharge return period. The same 

approach is used for the minor streams areas as in the event set, as they behave as any 

other river segment. By this scheme, 43 homogeneous areas arise corresponding to the 

43 gauging stations used for the event set generation. 

Coupling Flood Extents with Event Sets 

Hazard maps are modelled for key return periods based on the extreme value 

distribution of hydrological data. However, they are not realistic. In reality during a flood 

event, every river segment has a discharge of a different return period. By coupling the 

modelled extents with large portfolio of event sets it is possible to get events which are 

much closer to reality.  Each segment is assigned a driving gauging station. The station 

must have a comparable hydrological regime and be in sufficient proximity. For each 

event a segment is affected by the same return period as the driving station. This process 

is called Event Look Up and is done manually keeping details about hydrological 
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behavior, catchment area and morphology in mind. Event set is essentially a table, where 

for each event a return period of a driving station is provided. For each segment a 

computational domain is created and a set of flood hazard maps ranging from 5 to 100 

years simulated. For each event an event hazard map is created by linear interpolation 

of nearest higher and lower pre-simulated return period hazard maps. These interpolated 

maps are combined with maximum depth kept on the overlapping areas and create one 

single event map. This allows generation of footprint of any events for quantification of 

individual event losses while maintaining the accurate 2D modelling approach of the 

entire model hazard. 

 

Figure 23: River network highlited 
based on assigned driving stations 

 

Figure 24: TUFLOW domains 
placed over river network 

 

Figure 25: River network highlighted 
based on driving stations 

 

Figure 26: Example of final event 
map 

(Source for figures 28, 29, 30, 31: Impact Forecasting, Aon plc.) 
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Flood Protection & Flood Defense Measures  

For higher accuracy it is necessary to incorporate latest flood management 

practices. The high resolution DTM in Bangkok Metropolitan Area (BMA) region captures 

elevated roads and dikes which are incorporated in the flood modelling. After 2011 

floods, the Department of Highway (DOH) and the Department of Rural Road (DOR) 

have started to raise surrounding roads and road embankments. 

 

Figure 27: Elevated roads (Source: Marks et al, 
Department of Rural Roads) 

A standard of protection of 15 years return period is applied on the event set, to 

exclude all events below this threshold.  For the urban areas around Bangkok, since 

there is an uncertainty of new structural measures completion, the “Standard of 

Protection” (SoP) approach is highly suitable. An SoP framework for Greater Bangkok 

region was applied based on the design periods of various currently ongoing and recently 

finished projects.  

Bangkok and its vicinities in the east side of the Tha Chin River and the southern 

part of Pa Sak River in Ayutthaya were selected as the flood protection area in almost 

all the master plans. This protection scheme had a nested framework with increasing 

priority of protection towards BMA. The standards of protection were applied at three 

levels based on this protection scheme. The SoP approach took in to consideration the 

key activities undertaken after the 2011 floods in terms of structural measures such as 

dikes and barriers, discharge enhancement and measures taken for storage 

improvement and delaying of runoff.  
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● Outer: 30-year return period 

● Middle: 50-year return period 

● Inner: 100-year return period 

 

 

 

 

 

Figure 28: Flood protection areas (Source: JICA) 

 Other than Bangkok Metropolitan Area, few other urban regions were assigned 

a standard of protection of 30-year return period. These urban areas were Chiang Mai, 

Lampang, Phrae, Sukhotai, Uttaradit, Phitsanulok, Kamphaeng Phet, Nakhon Sawan, 

Sing Buri, Suphanburi, Chainat and Ang Thong.  

In the industrial estates, the government subsidized two-thirds of the total budget 

for the construction of flood barriers surrounding 6 industrial estates (a total length of 

143 kilometers) – i.e. Bang Pa-in Industrial Estate, Ban Wa (Hi-Tech) Industrial Estate, 

Saha Rattana Nakorn Industrial Estate, Bangkadi Industrial Park, Rojana Industrial 

Zone, and Nava Nakorn Industrial Zone – accounted for approximately 3 billion Baht. 

[53] Following this, many industrial estates have had strengthened their flood protection 

as part of government guidelines or higher, which corresponded to a design level equal 

to or higher than 2011 flood. All industrial estates have been assigned an SoP of 100-

year return period taking into consideration the flood protection measures undertaken by 

the government as well as individual industrial estates after 2011.  
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Figure 29: Overall implementation of SoPs in the flood model (Source: Impact 
Forecasting, Aon plc.) 

5.2.2  Exposure 

The exposure module deals with the geocoding of policies in the input portfolio. 

A geocode, which is based on geographic identifier (Latitude and Longitude or 

administrative unit or postal code), is used to sample from hazard distribution of the 

particular geocode in the Hazard module. Based on the descriptive information of each 

property, a vulnerability function is assigned to sample damage values from Vulnerability 

module. The sums insured, coverage information and financial terms are processed and 

fed into the loss module 

5.2.2.1 Geographic identifiers 

The model is designed to take an input portfolio with exact location information 

as the most accurate option, thereby reducing location uncertainty. Latitude and 

longitude (Lat&Lon) information is needed for a single policy/location, provided in the 

standard WGS 84-degree decimal coordinate format. 

Administrative units and postal code inputs are based on larger area boundaries 

delimiting the spatial extent of each individual constituent unit. Simulating losses on 

portfolios localized only on admin zones is always linked with a certain level of spatial 

uncertainty that – for flood loss estimation – plays a significant role due to the spatial 

heterogeneity of the flood risk. The uniform distribution of the sum insured across the 

entire administrative unit does not usually lead to satisfactory results since most of the 

properties are generally located near water bodies.  
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A potential location of a risk is assumed by the model when considering the 

available data. To determine the localization of the sum insured within the administrative 

unit (sub-district), a hazard distribution weighted by population (population density raster) 

is a good indicator for the localization of properties in urban zones (“urban weighting”) 

5.2.2.2 Modifiers 

For the purpose of systematical vulnerability modelling, each exposure is defined 

by five basic modifiers: occupancy, coverage, construction, height and basement. Two 

of them are required (ocupancy, coverage) the rest are optional (construction, height, 

basement). The main three types of insurance coverage are building, contents and 

business interruption. In the thesis four occupancy classes are used, these are 

Residential (R), Commercial (C) and Industrial (I)  and Industrial Estate (IE). 

Residential occupancy class 

The class ‘Residential’ covers general low rise mainly single family residential 

risks such as detached houses, town houses, twin houses and row houses. Construction 

parameter is reflected only in the building coverage. Business interruption is modelled 

as contents. 

Modifier Value 

Occupancy R 

Coverage Building 

Construction Masonry, concrete, metal, wood, unknown 

Height Unknown 

Basement With, none, unknown 

Table 4: Modifier values for residential building class (Source: Impact 
Forecasting, Aon plc.) 

- Unknown construction: masonry (4%), concrete (90%), metal (0%), wood (6%) 

- Unknown height: 1 floor (25%), 2 floors (37%), 3 floors (37%); floor height is 3 m 

- Unknown basement: with (10%), none (90%) 

- Sum insured split: basement (7% to 2% depending on height, if applicable), every other 
floor (uniform distribution) 

Modifier Value 

Occupancy R 

Coverage Content 

Construction Has no effect 

Height Unknown 

Basement With, none, unknown 
Table 5: Modifier values for residential content and residential business 
interruption classes (Source: Impact Forecasting, Aon plc.) 
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- Unknown height: 1 floor (25%), 2 floors (37%), 3 floors (37%); floor height is 3 m 

- Unknown basement: with (10%), none (90%) 

- Sum insured split: basement (5%, if applicable), every other floor (uniform distribution) 

Commercial occupancy class 

Class ‘Commercial’ covers general low rise commercial risks such as small shops 

and restaurants as well as office buildings and hotels. Height is specified by the number 

of floors of the risk which are mapped to four internal classes: Low-rise, Mid-rise, High-

rise and Tall. This parameter can be used to distinguish between small shop type risks 

and office buildings type risks. Construction parameter is reflected only in the building 

coverage. Business interruption is modelled as contents. 

Modifier Value 

Occupancy C 

Coverage Building 

Construction Masonry, concrete, metal, wood, unknown 

Height 
Specified by number of floors, Low (1-3), Middle (4-6), 
High (7-16), Tall (16+), Unknown (0) 

Basement With, none, unknown 

Table 6: Modifier values for commercial building (Source: Impact 
Forecasting, Aon plc.) 

Assumptions: 

- Unknown construction: masonry (0%), concrete (100%), metal (0%), wood (0%) 

- Height: Low: 1 floor (25%), 2 floors (37%), 3 floors (37%); Mid: 4-6 floors (33% each); 

High: 7-16 floors (10% each); Tall: 16 floors (100%); floor height is 3 m 

- Unknown height: Low (80%), Middle (10%), High (10%), Tall (0%) 

- Unknown basement: with (10%), none (90%) 

- Sum insured split: basement (7% to 0.7% depending on height, if applicable), every 

other floor (adjusted uniform distribution, weight of first three floor is doubled) 

Modifier Value 

Occupancy C 

Coverage Content 

Construction Has no effect 

Height Unknown 

Basement With, none, unknown 

Table 7: Modifier values for commercial content (Source: Impact 
Forecasting, Aon plc.) 
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- Height: Low: 1 floor (25%), 2 floors (37%), 3 floors (37%); Mid: 4-6 floors (33% each); 

High: 7-16 floors (10% each); Tall: 16 floors (100%); floor height is 3 m 

- Unknown height: Low (80%), Middle (10%), High (10%), Tall (0%) 

- Unknown basement: with (10%), none (90%) 

- Sum insured split: basement (7% to 0.7% depending on height, if applicable), every 

other floor (adjusted uniform distribution, weight of first three floor is doubled) 

Industrial & Industrial Estate occupancy classes 

There are two occupancy classes available for the industrial property risk 

modelling. The class ‘Industrial’ covers general industrial risks, while the class ‘Industrial 

estate’ covers industrial risks located in the industrial estates areas. Construction 

parameter is reflected only in the building coverage. Business interruption is modelled 

as contents. 

Modifier Value 

Occupancy I, IE 

Coverage Building 

Construction Masonry, concrete, metal, wood, unknown 

Height Unknown 

Basement With, none, unknown 

Table 8: Modifier values for industrial and industrial estate building 
(Source: Impact Forecasting, Aon plc.) 

- Unknown construction: masonry (0%), concrete (75%), metal (25%), wood (0%) 

- Unknown height: 1 floor (100%), floor height is 6 m 

- Unknown basement: with (0%), none (100%) 

- Sum insured split: basement (5%, if applicable), every other floor (uniform distribution) 

Modifier Value 

Occupancy I, IE 

Coverage Content 

Construction Has no effect 

Height Unknown 

Basement With, none, unknown 

Table 9: Modifier values for Industrial contents, Industrial estate contents 
(Source: Impact Forecasting, Aon plc.) 

5.2.3 Vulnerability Component 

The role of the vulnerability component is to assign a damage ratio, defined as 

the ratio of loss and sum insured for a given hazard intensiry (innundation depth). Each 

pair of occupancy and coverage has a normalized vulnerability curve which was created 
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based on the literature [50]. This curve was adjusted all combinations of construction 

classes, number of floors or basement presence. The depth-dependent ratios between 

individual construction types were applied to construction of generic vulnerability curve 

in order to create Thai construction specific vulnerability curves. Very often there is a 

need to assess vulnerability of risks whose parameters are not entirely known. For 

example, while the damage curves for residential building may be available for various 

constructions, the vulnerability of generic unknown construction is not known. For these 

cases the vulnerability curves for generic unknown parameters are created. In order to 

be able to create them one needs to possess the individual building blocks (the 

parameter specific vulnerability curves) and some external information on their 

abundance. The ideal source of information is the building stock information either on 

country level or even in greater detail. These are usually found by national statistical 

offices or similar offices. Using this information, one can combine the individual 

parameter specific vulnerability curves into a generic unknown one. 

 

Figure 30: Generic vulnerability curve (Source: Impact 
Forecasting, Aon plc.) 

5.2.3.1 Implementation in ELEMENTS  

In the ELEMENTS software vulnerability is described by three tables. The main 

table, Vulnerability, contains the actual vulnerability curves. It is composed of four 

columns, containing the damage function ID and the damage distribution for each hazard 

intensity with assigned probability coded into bins. 
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VULNERABILITY_ID INTENSITY_BIN_INDEX DAMAGE_BIN_INDEX PROB 

1000 0 0 1.00 

1000 1 1 0.50 

1000 2 1 0.25 

1000 2 2 0.25 

1000 2 3 0.50 

1000 3 4 1.00 

Table 10: Example of a vulnerability curve definition for three levels of hazard in the 
Vulnerability table (Source: Impact Forecasting, AON plc.)  

The first supporting table, HazardIntensityBin, contains information on intensity. 

It translates the bin ID to actual values of inundation depth. The interval type column is 

set to left-open right-closed intervals by default. 

INTENSITY_BIN_INDEX BIN_FROM BIN_TO INTERPOLATION INTERVAL_TYPE 

0 0 0 0 1201 

1 0 50 25 1201 

2 50 100 75 1201 

3 100 999 125 1201 

Table 11: Example of HazardIntensityBin table with four hazard bins and flood depths in cm  
(Source: Impact Forecasting, AON plc.)  

The second supporting table, DamageBin, contains information on damage. It 

translates the bin ID to actual values of loss ratio. Again, the interpolation value is not 

used in the calculation, but can be used as reference. The interval type column is set to 

left-open right-closed intervals by default. 

DAMAGE_BIN_INDEX BIN_FROM BIN_TO INTERPOLATION INTERVAL_TYPE 

0 0 0 0 1201 

1 0 0.25 0.125 1201 

2 0.25 0.75 0.500 1201 

3 0.75 0.99 0.875 1201 

4 0.99 1 1 1201 

Table 12: Example of DamageBin table with five damage values. The degenerate damage 
bin 0 serves to cover the ‘no loss’ case (Source: Impact Forecasting, AON plc.) 

In the damage uncertainty sampling, a value is drawn from the uniform 

distribution and by means of inverse transform sampling converted to corresponding bin. 

On top of that, linear interpolation is performed within the damage bin so the resulting 

actual loss ratio can come from the whole range covered by the interval. 
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LR = DL+ u  - IL

IU - IL
×( DU-DL

 ) ( 20 ) 

𝑢 - value of the sample coming from uniform distribution; 𝐼𝐿, 𝐼𝑈 - lower 
and upper bound of the cumulative probability corresponding to the 

damage bin index assigned to the sample 𝑢; 𝐷𝐿, 𝐷𝑈 - damage range of 

that damage bin 

5.2.4 Loss Estimation 

The main task of a loss component is to calculate any losses caused to an input 

portfolio for the given conditions. ELEMENTS is used as the loss calculation platform. 

The loss model component is defined by Event tables comprising list of events with their 

frequencies, Hazard tables with hazard intensity profiles for every event and every 

administrative unit, Vulnerability tables containing damage functions information. 

Csv file(s) with portfolio information is necessary for specification of the given 

object. This file, which is later transferred to the exposure database (EXP), includes 

information about location, structure characteristic and coverage. After import of the file, 

the analysis is set up and started. The data which was stored in the EXP database were 

processed in two stages, hazard and loss component. For the hazard simulation, the 

event hazard intensities were associated with the insured location by linking input‘s 

location specification to the Master Table2. Multiple hazard intensities were randomly 

sampled from the corresponding hazard profile with the Monte Carlo simulation 

approach. Afterwards, losses were calculated for the sampled hazard intensities and 

insurance conditions. 

Basic output of the loss simulation is a set of losses for individual events of the 

event set. These are all stored in a table – Event Loss Table (ELT). The table can be 

used for further calculations. Another type of output are Probable Maximum Losses 

(PML). PML curves describe the probabilistic behavior of losses in terms of years. Both 

ELTs and PMLs include all financial perspectives3. They can be in the form of the 

Occurrence Exceedance Probability (OEP), which is the probability that the biggest 

event (loss) within a year exceeds a given threshold. In addition to the probability curve, 

                                                
2 Master Table - expression of hazard and weight, based on built-up area; used in ELEMENTS 
3 Financial perspectives: Ground Up Loss (GU) represents the total amount of losses before 
any insurance and reinsurance terms are applied. Gross Loss (Gross) represents the gross 
insured losses after all coverage, location and policy deductibles and limits, are applied, but 
before any reinsurance recoveries. Net of Treaty (NTY) represents the gross insured losses net 
of all reinsurance recoveries (Source: Impact Forecasting, Aon plc.) 
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the Average Annual Loss (AAL) and standard deviation (STDEV) are calculated. AAL is 

the expected value of the yearly loss distribution. It is calculated for each loss perspective 

and each geo level. All calculations are performed on average event losses, which are 

calculated from samples. For OEP calculation, events, their number in a year and 

severity are assumed independent. Number of events follows Poisson distribution with 

parameter λ.  

 λ = ∑
j=1
M

fj ( 21 ) 

fj – yearly occurrence rate; M – number of events 

Average number of events per yeas is λ. If an event happens, it follows the loss 

distribution given by the ELT where yearly occurrence rates are scaled to the 

probabilities p
j
 = 

fj

λ
. Return period can be denoted with the use of exceedance probability 

RP; RP = 
1

EP
. In the calculation, first, the event losses get sorted descending by amount 

of loss. Then each event is assigned the cumulative exceedance probability Fi
ex

 and 

return period of an event is given as RPi. 

 

Fi
ex

=1- ∏ (1-fj)

i

j=1

 ( 22 ) 

 
RPi=

1

Fi
ex ( 23 ) 

Average Annual Loss and Standard deviation are calculated with following 

formulas. 

 

AAL = ∑ fiXi

M

i=1

 ( 24 ) 

 

STDEV=√∑ fiXi
2

M

i=1

 ( 25 ) 

Xi – average event losses; fi – yearly occurrence rate; M – number of 
events 
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6 Data Processing – Modelling Exercise 

6.1 National level 

For the flood risk estimation at national level two portfolios were assessed, a 

market and a flat portfolio. The market portfolio represents the real exposure in Thailand 

and it was developed based on the insurance companies data. The assumed market 

share of the resulting portfolio is 60 percent with a data from 2017. The portfolio was 

aggregated per line of business and per coverage on the province level for the feasibility 

of tests. The second used portfolio was flat portfolio at sub-district level, which is the 

finest level of administrative zoning in Thailand. Although sub-district level losses are 

feasible to study flood risk at a national level, due to the localised nature of flood, it would  

be better to undertake flood risk study at a finer level. Since the model hazard is 

simulated at 30m X 30m it would be possible to assess risk at this level. However, due 

to the computational time, the present study is conducted at a sub-district level. Despite 

the coarser resolution of market portfolio, the combination of these two serves well the 

purpose of this excercise. 

 

Figure 31: Administrative zoning; sub-district level and province level 
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 Both portfolios comprised of three occupancy classes: residential (R), 

commercial (C) and industrial (I) and two types of coverages: buildings (0) and content 

(2). In the flat portfolio the types of occupancy classes and coverages are uniformly 

distributed spread in the locations, where each occupancy class (R, C, I) takes up 33.3%  

and each type of coverage (0, 2) takes up 50% the portfolio. Apart from these two, the 

rest of the modifiers (contruction, height, basement) of the flat portfolio were set as 

unknown. The OEP curves were thus constructed with the assumptions discussed in 

previous sections (see section: 5.2.3). The flat portfolio holds the same sum insured in 

all locations. 

 

Occupancy Coverage Construction Height Basement 

Commercial  
building  unknown unknown unknown 

content   -  unknown unknown 

Residential 
building  unknown unknown unknown 

content   -  unknown unknown 

Industrial 
building  unknown unknown unknown 

content   -  unknown unknown 
Table 13: Modifiers used in the thesis 

 

6.2 Industrial Estates – Case Study 

During the flood 2011, 1.5 month long high floodwater weakened river dikes and 

breached them in several locations between Nakhon Sawan and Ayutthaya in the last 

two weeks of September 2011. The dike of the Chainat-Aayutthaya river channel was 

breached by overflow and erosion and it took between 25 and 40 days to stop the 

spillage. [26] The dike was breached 5 days after the overflow began and the breached 

sections were eroded by water as deep as 12 to 16 m from the original height [26]. As 

Chao Phraya has low flow capacity, abundant water spilled onto flood plains. About more 

than 5 billion m3 water inflowed to floodplain on the left [51]. The flood water swallowed 

7 industrial Estates in Ayutthaya and Pathum Thani provinces. Being major 

manufacturing hubs and key sources of employment, these estates were vital to the 

country’s economy – thus any damage to them impacted national income significantly. 

In this thesis I will deal with three of them. 
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Figure 32: Three industrial estates with flood extents from 2011 

Rojana Industrial Park 

Rojana Industrial Park was flooded on October 9, 2011. “All 198 factories at 

Rojana have to be closed because the water is about 5.1 metres high,” Industry Minister 

Wannarat Channukul told Reuters. It was flooded after a wall of sandbags failed to hold 

back water overnight. Nearly 200 factories, including two plants by Japanese car maker 

Honda Motor Co Ltd which produced up to 240,000 vehicles per year [52], had to close 

after the industrial estate had flooded. Rojana Industrial Park was established in 1989. 

This industrial estate covers area of approximately 3.2 km2. It lies in the Rayong 

Province, 70 km from downtown Bangkok.  

Rojana Industrial Park was one of the six Industrial Estates which the Thai 

Government included in its water management plan after the floods and financially 

helped with flood protection measures. That is why a compressed-earth dyke, reinforced 

with double concrete sheet piles, was built at +5.00 meters above MSL. The highest 

point of the dyke stands at +6.00 meters above MSL (The highest flood level in 2011 

was recorded at +5.30 meters above MSL). The dyke measures 76,275 meters in length. 

[53] 
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Figure 33: The Flood situation of Rojana Industrial Park (Source: 
Kimiyo TAKEYA, JICA) 

Ban Wa (Hi-Tech) Industrial Estate  

Ban Wa (Hi-Tech) Industrial Estate was flooded on October 13, 2011.  

Ban Wa (Hi-Tech) Industrial Estate was established in 1989. It has a total area 

of approximately 4.5 km2. The estate is in Phra Nakhon Si Ayutthaya province. The Hi-

Tech Industrial Estate housed 143 factories, mainly dedicated to manufacturing auto 

parts, electronics and steel, with a total investment of Bt65 billion, providing employment 

for more than 51,000 workers [55] 

After the flood, the government subsidized two-thirds of the total budget for the 

construction of flood barrier also around this industrial estate. A compressed-earth dyke, 

reinforced with double concrete sheet piles, was built ranging from +3.80 meters to +5.40 

meters above MSL. The highest point of the dyke stands at +5.40 meters above MSL 

(The highest flood level in 2011 was recorded at +4.90 meters above MSL). Measuring 

11,050 meters in length, the dyke is designed to the return period of 70 years. [53] 

Nava Nakorn Industrial Estate 

On October 17, 2011 a section of Nava Nakorn Industrial Estate’s protective dike 

was breached, sending flood water rushing into the industrial site. Nava Nakorn housed 

over 200 factories with about 175,000 workers. There was also more than 30,000 

households with over 100,000 residents around the estate. [54] 

Nava Nakorn Industrial estate was established in year 2002. It lies in the province 

Pathum Thani.Total area of the estate is approximately 9.3 km2. Also Nava Nakorn, like 
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Rojana, was partially subsidized the costs of flood protection measures. And thus a 

compressed-earth dike, reinforced with corrugated concrete sheet piles, was built at 

+4.00 meters above MSL. The highest point of the dike stands at +5.50 meters above 

MSL (The highest flood level in 2011 was recorded at +4.70 meters above MSL) and the 

dike measures 18,000 meters in length. [53] 

 

Figure 34: Nava Nakorn during floods 2011 (source: Bangkok 
Post) 

Georeferencing 

Estimating losses in industrial estates is carried not only to obtain losses incureed 

on these policies, primarily it is to demonstrate importance and effect of input information 

of a simulation on the outputs and their uncertainties. Two simulations were run with 

different methods of georeferencing the policies.  

Firstly, the polygon of the boundaries of the industrial estate was used as an 

imput geographic reference. The boundary is derived from combination of master plans 

found online and use of Google maps and ArcGIS data. The polygons get the total area, 

within which the hazard is samplec, calculated by a tool in ArcMap.  

Secondly, the latitude and longitude of a centroid (within) of the polygon in 

decimal degrees in WGS84 are used for the single point input simulation. List of three 

industrial estates with their addresses and centroid coordinates can be found on the next 

page. 
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● Ban Wa (Hi-Tech) Industrial Estate 

- 99 Moo 5, Asia-Nakhon Sawan Road Km. 59-60Ban Wa, Bang Pa-in, Ayutthaya 13160 

- centroid location: N 18.590039, E 99.043582 

● Rojana Industrial Park  

- 1 Moo 5, Rojana Road, Tambol Kanharm, Amphur U-Thai, Ayutthaya 13210 

- centroid location: N 13.288261, E 101.226140 

● NavaNakorn (Pathumthani) 

- 999 Moo 13, Phaholyothin Rd., Klong 1, Klong Luang, Pathumthani 12120 

- centroid location: N 13.094321, E 100.962647 

 

Figure 35: Rojana Industrial Park (Ayutthaya) 

 

Figure 36: Ban Wa (Hi-Tech) Industrial Estate 
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Figure 37: Nava Nakorn (Pathum Thani) 

 

Modifiers 

All three industrial estates are assigned the occupancy class industrial estate (IE) 

and type of coverage is building, content and business interruption (B, C, BI). The 

construction is selected to be concrete. Height and basement modifers are set to be 

unknown. This means that ELEMENTS softwre assumes the height to be 6 meters (1 

floor) and no presence of basement. On the following page, there are two  input tables 

for the analysis in elements (table 14, 15).
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Table 14: Input table for polygon type of geographic reference 

 

 

Table 15: Input table for latitude & longitude type of geographic reference 

 

Site 

number
Municipality Country

Building 

value

Contents

value
TEvalue

Occupan

cyClass

Occupancy

Scheme

Building

Class

Building

Scheme

Num 

Stories

Year

Built

Roof

Type

RoofType

Scheme

Basement

Class

Basement

Scheme
building content te

1
Nava Nakorn (Pathum 

thani)
764 1000000 1000000 1000000 IE IFE UNK IFE 0 0 unk IFE UNK IFE 10 12 14

2
Ban Wa (Hi-Tech) 

Industrial Estate
764 1000000 1000000 1000000 IE IFE UNK IFE 0 0 unk IFE UNK IFE 20 22 24

3
Rojana Industrial 

Park_Ayutthaya
764 1000000 1000000 1000000 IE IFE UNK IFE 0 0 unk IFE UNK IFE 30 32 34

Site 

number
Latitude Longitude

Match

code
Municipality Country

Building 

value

Contents

value
TEvalue

Occupancy

Class

Occupancy

Scheme

Building

Class

Building

Scheme

Num 

Stories

Year

Built

Roof

Type

RoofType

Scheme

Basement

Class

Basement

Scheme
building content te

1 14.11669 100.5925 10
Nava Nakorn 

(Pathum thani)
764 1000000 1000000 1000000 IE IFE UNK IFE 0 0 unk IFE UNK IFE 10 12 14

2 14.24804 100.6004 10
Ban Wa (Hi-Tech) 

Industrial Estate
764 1000000 1000000 1000000 IE IFE UNK IFE 0 0 unk IFE UNK IFE 20 22 24

3 14.33212 100.6452 10
Rojana Industrial 

Park_Ayutthaya
764 1000000 1000000 1000000 IE IFE UNK IFE 0 0 unk IFE UNK IFE 30 32 34
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7 Results 

Probabilistic flood risk analyses can be carried out at varied scales depending 

upon the use case. In order to illustrate the usability of catastrophe models and 

interpretation of the model outputs, two sets of analyses were carried out and they are 

described as below: 

• Flood Risk at National Level 

• Flood Risk at Selected Industrial Estates 

The National Level analyses provide a wider view on modelled losses from two 

perspectives – real portfolio representing entire Thai insurance market (section 6.1) and 

flat portfolio (section 6.1). Insured market portfolio is useful in identifying potential 

accumulations of flood risk and identifying regions which drive the losses , while a flat or 

notional exposure portfolio is useful in extracting Average Annual Loss  which is a vital 

dataset for selective underwriting process assuming the AAL equals to pure-premium. 

Since AAL is a normalised metric , it can be used to assess flood risk amongst different 

building types, coverages, lines of business (or even different catastrophe perils) 

On contrary, a local scale simulation on Industrial Estates illustrates the effect of 

exposure distribution across industrial estate polygon or general method with Lat/Long 

coordinates.  

7.1 Flood Risk at National Level 

Such simulation is essential for flood risk modelling needed for reinsurance 

structure design and related pricing and provide overall risk insurance companies or 

market is exposed to from probabilistic perspective.  

Key output here is the event loss table (ELT) which is statistically processed into 

EP curve and is used to evaluate average annual loss (AAL).  

7.1.1 Probabilistic Simulation 

The model was run for two portfolios  each including for 6 combinations of the 

modifiers: residential-building (r0), residential-content (r2), industrial-building (i0), 

industrial-content (i2), commercial-building (c0), commercial-content (c2). Losses per 

each combination were sampled and the results aggregated in a table assigning each 

return period loss ratio of total sum insured. The results of the analysis are shown in the 

chart on the next page (Figure 38). 
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Figure 38: Flood risk at a national scale for market and flat portfolio 
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The result losses of each combination within the flat portfolio are displayed by 

dashed lines and correspond with the same market portfolio combinations of 

occupancy/coverage by having the same colour. The return periods are displayed in 

years on the x-axis. For the data confidentiality reasons the units of the average loss are 

not displayed on the y-axis, however, the chart still provides useful information. 

From the flat portfolio, due to its exposure agnostic nature, one can infer the 

relative vulnerabilities of different occupancy classes and coverages. In the chart (Figure 

38), all the curves have a similar course, showing a basic assumption, that the higher 

the intensity of the hazard, the higher the losses are. They differentiate mostly at the rate 

of the losses incurred for different combinations of occupancy classes and coverages. 

Industrial contents vulnerability curve is higher than other occupancies. This stems from 

an assumption of high susceptibility of industrial content to flooding. The content 

comprises mostly of machinery, stock and furniture which is more susceptible to damage 

than the buildings. It is particularly important to calibrate the vulnerability curves based 

on real flood events and this assumption is validated by Impact Forecasting by a 

comparison of observed claims and engineering vulnerability curves to design the 

industrial vulnerability curves of the model. 

From the exceedance probability curves, the following inferences can be made: 

The average annual loss and losses at lower return periods are low in the urbanised 

regions such as Bangkok (see AAL Maps). This illustrates the application of flood 

defences in the model and role of flood mitigation measures to reduce the losses from 

more frequent but less severe flood events. However, huge exposure is added to the 

loss engine once the flood defences are overtopped as can be seen by the peaks in the 

range of 1 in 200 to 1 in 250-year return periods. The exceedance probability curve is a 

good indicator to plan the design flood of flood mitigation measures with respect to 

exposure concentration 

From the comparison of flat vs market portfolios: 

Flat portfolios give an indication about the relative flood risk however their results 

are essentially a measure of hazard. On the other hand, the results for market portfolio 

were notably different. Loss ratios of real insured portfolios are driven by not just flood 

hazard but also the spatial distribution of exposure and the exposure mix (by occupancy 

and coverage) of the portfolio. This is illustrated by the EP curves in the chart where 
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industrial content coverage is the most vulnerable in flat portfolio results while residential 

building coverage is the loss driver for the real portfolio.  

 The fact that including exposure for the market portfolio alters the behavior of 

the loss curves in the graph proves the importance of using all the components of risk in 

deriving realistic final result. 

7.1.2 Risk map 

The risk data provides geographic information about relative AAL which is based 

on probabilistic model analyses of each geographical unit. This information contains 

aggregated information of all modelled events available in the stochastic event set based 

on different property modifiers (e.g. building occupancies, coverages etc.)The risk maps 

were derived for combination of three occupancy classes and one type of coverage from 

the flat portfolio – residential-building, commercial-building and industrial-building.  

After inspection of the maps (figure 39, 40, 41), it is apparent that the three 

outputs differ only very slightly. The difference is caused by vulnerability curves used for 

various occupancy classes. The darker areas on the maps are the ones which are being 

hit by higher number events. And this remains consistent with all the occupancy classes. 

From the maps, it is possible to notice that Bangkok is well protected.This is due to the 

flood defences which are included in the model parameters. 

The maps do not show significant difference between the occupancy classes as 

the simulation was done on a flat portfolio and didn’t take exposure distribution into 

account. In real life, the exposure distribution is heterogenous and varies between rural 

and urbanized areas. E.g. more buildings are present in the urban areas than the rural 

areas, or as Bangkok is the centre of business, more commercial buildings can be found 

there. Consequently, sub-districts or districts around such locations would behave 

differently than the rest. For this purpose the population weighting dataset is usually used 

as it distinguishes locations which are more densely populated from the ones with lower 

concentration of people (see section 6.2.2). Moreover the denominatior in the loss ratio 

equation would not be uniform as each policy has its own total sum insurred.  

Using market portfolio would have made it possible to distinguish effects of 

distributed exposure and associated risk between the three occupance classes. 

However, the market portfolio had been made at a province level which is a coarse 

resolution for meaningful depiction of AAL. 
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Figure 39: Average Annual Loss (AAL) for commercial buildings - national level 
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Figure 40: Average Annual Loss (AAL) for industrial buildings - national level 
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Figure 41: Average Annual Loss (AAL) for residential buildings - national level 
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Since the flat-portfolio-based maps do yield mostly information about the hazard 

intensity, there are some inferences which can be made by overlay analysis of the AAL 

outputs and a layer with major rivers of the Chao Phraya river basin. The subdistricts 

which are located around confluences of the major rivers are hit by the highest 

magnitude of hazard, i.e. by more events. The most affected areas seem to be the ones 

around the Yom river and the Nan river. Possibly so because the Yom river is the only 

one of the major Chao Phraya tributairies which does not have any large scale reservoir 

that would regulate floods. On the Pasak river under the Rama IV dam higher ratios of 

AAL can be seen. Quite understandably the areas around Nakhon Sawan and Ayutthaya 

have higher values of AAL as those are locations where rivers merge and more event 

footprints may hit the area. Based on these inferences potential flood measures will can 

further discussed.  

7.1.3 Potential Measures 

The Chao Phraya basin is divided into three basins – upper, middle and lower. 

The upper basin is the catchment area of the Bhumibol and Sirikit Dams. [56] It consists 

of four major tributaries and flooding of the Chao Phraya river is controlled by reservoirs 

in this part of the basin. Excess discharge flows downstream to the middle basin, which 

consists of floodplains and surrounding watersheds. In the lower basin – the Chao 

Phraya Delta – the terrain is very flat and river lacks discharge capacity. That is why 

water usually spills, despite from presence of dikes along the banksides, out of the river 

stream in this area during floods. Economic centre of the country lies in the lower basin. 

After 2011 flood Thai Government formulated The Master Plan for Water 

Resources Management which aimed at sychronous use of structural and non-structural 

measures. But for various reasons the plan was never accomplished. 

Flood mitigation in the Chao Phraya basin is highly dependent on the operation 

of the Bhumibol Dam and the Sirikit Dam. As the most valuable exposure lies in the lower 

basin, the focus is usually incorrectly placed on  a single structural measure such as 

operation of a dam which would prevent the large volumes of flood water from entering 

the lower basin. [56] However flood risk needs to be approached in a holistic way and 

different structural and non-structual measures should complement each other. The 

wider the set of flood measures is used, the more robust the whole protection system is.  

Structural measures are the first option engineers consider. The idea behind 

using them is very simple yet brilliant: Preventing water from flowing outside of the 
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designed stream bed and interfering with exposure. (section 2.4.1). Almost forgotten 

construction of the dam on the Yom river from the year 1991 could be thus brought back. 

It would improve the situation below confluence of the Yom and the Nan river. Apart from 

this probably other dams could be constructed near however the flood protection cannot 

rely on them. Building flood barriers and dikes at certain places in the Chao Phraya basin 

to protect assets/urbanized areas is inevitable. From a system’s perspective, though, it 

has to be noted that building barriers/dikes in certain places may increase flood levels in 

other places.[57] 

From the map of Thailand, the river delta appears very vulnerable to flooding. 

Moreover, it is an economic and dense community area and thus planning measures 

which require big space is not a sensible and easily feasible goal. One option would be 

to construct dikes on the north and on the east side of the metropolitan area. They would 

prevent flow excessive amount of water from the Chao Phraya in the North and the 

Pasak river in the east. However dikes have proved to be not the best option in the past 

floods. Complementary diversion channel could relieve the situation of the area. The 

channel would commence in the area below Nakhon Sawan and drained the water on 

the left or the right side of the Bangkok Metropolitan Area into the Gulf of Thailand. 

Another options which come to mind are improvements to the metropolitan drainage 

system which would contribute in dealing with floods in the urban areas so that the water 

would not stay on the surface but would get quickly drained away, ideally to the Gulf of 

Thailand.  

Apart from heavily engineered structural measures there are non-structural 

measures which are important for the effective flood management. As floods originate 

upstream it is sensible to focus on managing the floods there in its early stage. 

Forestation of certain areas would be one of the options. Thailand has been dealing with 

issues of deforestation ever since the 70’s. [58] which has been happening for various 

reasons. One of them is illegal logging. Nan Province was formerly covered with virgin 

forest and it has been deforested even while having national park status [59]. Dealing 

with this issue and restoring the forest cover in the Nan river catchment area could 

positively affect the course of flood development. Another way of of moderating the peak 

volumes of discharge would be by creating retention areas which would help store 

excessive volumes of water. According to a recent study [56], large low-lying areas that 

are generally used for agriculture would make ideal retention areas. Also, flood water 

needs space. To effectively retard its velocity, it could be a smart idea to design 



 

89 
 

innundation areas where the water spillage would be under control. This would 

understandably be done in low lying areas in the middle basin. 

Apart from all the described measures of flood mitigation, i.e. dam construction, 

diversion channel construction, reforestation, retention areas, innundation areas, better 

flood forecasting and cooperation of flood managing bodies can be put into practice. 

7.2 Industrial Estates 

The analysis on local level was run for three industrial estates near Ayutthaya 

(section 6.2). Primary goal was to establish losses incurred by each industrial estate for 

different return period of hazard. These losses are presented in the form of loss ratio, 

which is derived from ground up losses and the total sum insured; LR=
GU

TSI
 . Total sum 

insured was set as a value of 1,000,000 for each type of coverage. Ground up loss is 

one of the financial perspectives which are yielded by the loss engine ELEMENTS and 

stored in the event loss table (ELT). 

Secondary aim of this exercise was to demonstrate the importance of using most 

accurate geographical information and effect of using polygons of boundaries vs. single 

points in sampling hazard magnitude and incurred losses of the industrial estates.  

7.2.1 NavaNakorn Industrial Estate 

 

Table 16: Loss ratios for Nava Nakorn Idustrial Estate 

The results are presented in the form of a table and two charts. The table contains  

information about loss ratios for three types of coverage for different geoprahic 

Industrial 

Estate

Coverage

Geographic 

Identifier
Polygon Lat&Lon Polygon Lat&Lon Polygon Lat&Lon

Return Period Loss Ratio Loss Ratio Loss Ratio Loss Ratio Loss Ratio Loss Ratio

10,000 3.610% 7.144% 7.611% 20.547% 7.488% 20.600%

5,000 3.530% 7.083% 7.473% 20.479% 7.435% 20.418%

2,000 3.400% 7.001% 7.229% 20.313% 7.283% 20.308%

1,000 3.270% 6.939% 7.019% 20.186% 7.070% 20.176%

750 3.230% 6.907% 6.917% 20.110% 6.953% 20.105%

500 3.150% 6.838% 6.710% 20.043% 6.677% 19.979%

250 2.938% 6.639% 6.301% 19.654% 6.320% 19.705%

200 2.172% 6.312% 4.966% 19.228% 5.175% 19.283%

150 0.554% 1.664% 1.552% 4.966% 1.571% 5.002%

100 0% 0% 0% 0% 0% 0%

AAL 0.018% 0.038% 0.040% 0.112% 0.040% 0.112%

STDEV 0.226% 0.489% 0.491% 1.437% 0.490% 1.436%

NavaNakorn (Pathumthani)

Building Content Business Interruption
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indentifiers. The charts present OEP curves for these coverages. Content and Business 

Interruption are presented by the same chart as they share one damage function 

assigning damage to hazard intensity.  

 

Figure 42: Loss ratios from different geographic identifiers (IE-B) 

 

Figure 43: Loss ratios from different geographic identifiers (IE- C/BI) 

There are a few inferences which can be made for all three analysed industrial 

estates. The standard of protection in the model is set at RP100 for all industrial estates, 

consequently the resulting loss ratios for return periods  until 100 remain zero. Starting 

from return period of 150 years we can observe quick increase of the ratio which very 

early on stabilizes and only gradually increases with approximately 0.1% difference 

between the given return periods.  
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An important inrference and one of the objectives of this exercise is the striking 

difference of loss ratios for polygon and lat&lon geographic identifiers. Geocoding brings 

a location uncertainty into flood models. And also the type of georeferenced model input 

has a direct effect on it. In modelling we operate on the assumption that the user knows 

the exact imput location of the policy. In such case the single point input-run simulation 

produces the most accurate results. By using this method of input huge amount of sum 

insured, which is typical for industrial estates, is placed in one point.  

However in reality, the policy portfolios are usually provided only with 

approximate latitude and longitude coordinates. In these cases, when the exact location 

of the point within the industrial estate is unknown or there are geocoding errors or 

biases, it is better to use the boundaries of the estate as a geocoding reference for 

hazard sampling. The sum insured is not placed in a single point and is evenly distributed 

within the polygon.   

 By lack of awareness the single imput point might be placed incorrectly in a flood 

zone. The incurred losses could eventually come up to near total loss. But if the sum 

insured is spread evenly across the estate, the flood hazard profile of the entire estate 

boundary is considered for sampling the flood hazard for each event. It need not mean 

that only because single point input georeference results in higher losses, it is wrong to 

use it. The main decision-factor is (un)certainty. Using boundaries of industrial estates 

for sampling hazard intensity is a  safer approach for obtaining losses . In this case, 

hazard intensities are sampled from the corresponding hazard profile in accordance with 

the number of samples specified by the user to cover the location uncertainty. 

Another inference which is visible in all three tables is that the loss ratios incurred 

for content and business interruption are: a) almost the same. That is because these two 

types of coverage are simulated by the same vulnerability curve but the random Monte-

Carlo sampling causes the number to not be identical. b) approximately double of the 

loss ratio incurred by building coverage. The assumption behind this is that buildings are 

sturdy structures which are less prone to damage than their content, especially in the 

case of industrial estates. They very often contain machinery, among others, which has 

a very high replacement cost.  
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7.2.2 Ban Wa (Hi-Tech) Industrial Estate 

 

Table 17: Loss ratios for Ban Wa (Hi-Tech) Industrial Estate 

The general difference in losses incurred by the industrial estates is due to their 

location in respect to the modelled extents of floods for different return periods. Ban Wa 

(Hi-Tech) Industrial Estate would get hit by more flood events and thus the loss ratio is 

higer compared to Nava Nakorn industrial estate across all the return periods. 

 

Figure 44: Loss ratios from different geographic identifiers (IE-B) 

Industrial 

Estate

Coverage

Geographic 

Identifier
Polygon Lat&Lon Polygon Lat&Lon Polygon Lat&Lon

Return Period Loss Ratio Loss Ratio Loss Ratio Loss Ratio Loss Ratio Loss Ratio

10,000 7.557% 40.684% 15.802% 60.034% 15.887% 60.038%

5,000 7.463% 40.618% 15.658% 59.977% 15.670% 59.967%

2,000 7.307% 40.553% 15.380% 59.823% 15.475% 59.879%

1,000 7.033% 40.443% 14.963% 59.652% 14.974% 59.701%

750 6.821% 40.402% 14.664% 59.613% 14.760% 59.630%

500 6.648% 40.306% 14.346% 59.516% 14.383% 59.535%

250 6.313% 39.936% 13.727% 59.187% 13.802% 59.217%

200 4.695% 29.901% 11.553% 52.624% 11.470% 52.405%

150 1.126% 12.388% 3.303% 31.071% 3.260% 30.971%

100 0% 0% 0% 0% 0% 0%

AAL 0.039% 0.245% 0.088% 0.402% 0.088% 0.402%

STDEV 0.484% 2.957% 1.060% 4.614% 1.064% 4.615%

Ban Wa (Hi-Tech) Industrial Estate

Building Content Business Interruption
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Figure 45: Loss ratios from different geographic identifiers (IE - C/BI) 

Similarly as with the previous industrial estate, it is apparent that sampling hazard 

intensities for a single point and sampling for a larger boundary, including more points, 

can yield very different outputs. In the case of the Ban Wa (Hi-Tech) Industrial Estate 

this effect is even more evident. The loss ratios from single point inputs are 

approximately four times bigger than the ones from industrial estate boundary inputs.  It 

is a coincidence that the simulation generates higher losses though, it may not 

necessarily always be like that. 

7.2.3 Rojana Industrial Park 

 

Table 18: Loss ratios for Rojana Industrial Park 

0.000%

10.000%

20.000%

30.000%

40.000%

50.000%

60.000%

70.000%

100 1,000 10,000

Lo
ss

 R
at

io

Return Period [years]

Content / Business Interruption

Polygon Loss Ratio Lat&Lon Loss Ratio

Industrial 

Estate

Coverage

Geographic 

Identifier
Polygon Lat&Lon Polygon Lat&Lon Polygon Lat&Lon

Return Period Loss Ratio Loss Ratio Loss Ratio Loss Ratio Loss Ratio Loss Ratio

10,000 6.141% 45.267% 13.204% 49.789% 13.337% 49.856%

5,000 6.077% 45.176% 13.126% 49.723% 13.309% 49.757%

2,000 6.000% 45.033% 12.994% 49.690% 13.065% 49.725%

1,000 5.939% 44.906% 12.883% 49.625% 12.870% 49.670%

750 5.890% 44.849% 12.811% 49.583% 12.791% 49.603%

500 5.825% 44.745% 12.712% 49.533% 12.654% 49.545%

250 5.542% 44.239% 12.244% 49.448% 12.243% 49.452%

200 3.997% 34.363% 9.679% 40.097% 9.606% 40.177%

150 0.974% 12.457% 2.793% 26.026% 2.927% 26.071%

100 0% 0% 0% 0% 0% 0%

AAL 0.033% 0.267% 0.075% 0.579% 0.075% 0.579%

STDEV 0.412% 3.236% 0.916% 6.986% 0.915% 6.984%

Rojana Industrial Park (Ayutthaya)

Building Content Business Interruption
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Figure 46: Loss ratios from different geographic identifiers (IE-B) 

 

 

Figure 47: Loss ratios from different geographic identifiers (IE - C/BI) 
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8 Conclusion 

The aim of this study is to assess flood risk at two scales - at a national scale and 

local scale in Thailand. As a prerequisite, flood hazard simulations are performed to 

assess the location, intensity, frequency and probability of floods. A distinction between 

flood hazard and flood risk is established, by quantification of hazard in ELEMENTS 

catastrophe modelling platform. 

At a national scale both flood hazard and flood risk outputs are useful for various 

purposes. From a societal point of view, national level flood risk study is useful for 

identification of frequently flooded regions, general hazard analysis, prioritization of 

mitigation works and establishment of disaster relief mechanisms to cope with the floods. 

Flood hazard maps at national level are useful to identify new warning schemes and 

planning zones definitions for mitigation and evacuation. Flood risk maps are a good 

indicator to identify existing accumulations of exposure and identify less risky locations 

for future investment. This is the central philosophy of flood mitigation measures 

constructed around Bangkok Metropolitan Area and future potential measures in upper 

and middle Chao Phraya basin - investing in local mitigation works protecting the 

accumulation of high value assets in the region. 

From an insurance point of view, flood hazard maps are useful for targeted 

underwriting and risk selection. Flood risk maps depicting the Average Annual Loss are 

useful for appropriate rate making and charging risk-based premium. In tandem, the 

outputs and by-products of flood catastrophe models are useful in design of regionally 

tailored insurance products to the underlying risk as well as purchasing optimum 

reinsurance cover. In addition, flood risk maps depicting AAL also provide a useful, 

normalized metric for comparison of risk arising from two or more perils or perspectives, 

despite the fact that different hazards are quantified using different metrics. 

It is also established that flood modelling , in fact any catastrophe modelling 

exercise is entailed by uncertainty stemming from input data observations, statistical 

constructs, data quality, user input choices and assumptions in generalisation of 

data.The concept of asssuming a statistical distribution for each input parameter that 

represents a range of uncertainty of a parameter and sampling through Monte Carlo 

simulation is discussed where the model is run multiple times to generate a  large range 

of possible realizations.This gives the user an idea of the range in which the true outcome 

exists. 
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In addition to the national level study, a local study of flood risk to three industrial 

estates is also undertaken. Industrial estates accounted for a big share of insured losses 

in the aftermath of 2011 flood event. Huge accumulations of high value sum insured 

properties inside industrial estates lead to wide spread losses and global supply chain 

disruptions. The study of industrial estates focussed on modelling specifics of these high 

value sums insured. 

Although address level geocoding where exact latitude and longitude coordinates 

are provided to the loss calculation platform is the most accurate, most insured portfolios 

record only approximate location. In cases where these incorrect/approximated locations 

are geocoded to high flood depth cells ; for example retention ponds instead of buildings 

inside industrial estates, the loss analysis can be highliy misleading. 

In addition to the above, conventional flood modelling approach by geocoding 

industrial estates to point locations can be highly uncertain because of large variability 

of flood depths within the industrial estate. Although digital elevation models play a part 

in inaccuracies, flood hazard simulations show large flood depth variability. Geocoding 

these policies to industrial estate boundaries is proven to be more efficient. The 

uncertainty outputs from the model can be further used to understand the range of 

outcomes.  

It is demonstrated that there can be significant deviations in loss ratios at various 

return periods depending upon the choice of method of geocoding. This can significantly 

affect the reinsurance structure including the premium paid for reinsurance or further 

retrocession. 

The information provided proves catastrophe models have important role in 

deeper flood risk understanding, helping both the general society to better prepare for 

adverse consequences of flooding and reinsurers to better structure and price the 

reinsurance protection and make the flood insurance less expensive and more widely 

available. The entire exercise and exposure to catastrophe modelling opens additional 

field of application for the people in flood hazard modelling and hydrological expertise. 
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