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ABSTRACT 
 

Coastal areas of the world face a range of risks related to natural hazards. Cyclone and 
associated storm surge are the most destructive hazard that frequently occur in 
Bangladesh and cause enormous suffering to the people of the coastal area. 
Construction of coastal polder system is one of the common ways to protect the coastal 
area from storm surge flooding. Although Bangladesh was introduced with coastal 
polder system in 1960s, most of the existing polders have been being raised and 
strengthened through implementing traditional return period based method which is 
disputable as this method is not based on proper risk analysis. This study has been 
conducted through applying risk-based decision making to assess the optimal polder 
level in the context of storm surge hazard in Polder No. 33 of Dacope Upazila in 
Khulna district. 

Assessment of storm surge hazard and vulnerability were required to complete the 
study as risk-based methods generally consider the consequences of failure due to the 
occurrence of hazard. Frequency analysis of storm surge hazard was carried out using 
surge level data of 19 independent cyclones using Gumbel’s EV-1 distribution. The 
study was conducted following the principle of risk-based approach to determine 
optimal polder level for Polder No. 33, including overtopping as the polder failure 
mode due to storm surge hazard. Both the infrastructural and risk cost were investigated 
for this analysis. This study involved the application of some softwares for technical 
analysis like ERDAS IMAGINE 10.1 and ArcGIS 10.2. Primary and secondary 
information from different sources were analyzed to assess the losses in agricultural 
sector in the concerned area. Primary data were collected using Participatory Rural 
Appraisal (PRA) tools. Secondary data were collected from different government 
organizations and published scientific literatures. 
 
The study found that around 50% of the total areas were inundated during the Cyclone 
Aila whereas another deadly cyclone named the Cyclone Sidr inundated approximately 
17% of the total area. From the study it was also found that inundation pattern had a 
direct linkage with agricultural damage as net agricultural loss due to the immediate 
impacts of the Cyclone Aila was about 5 times higher compared to the agricultural loss 
during the Cyclone Sidr. The analysis was of use to generate vulnerability function of 
agriculture where depth-damage relationship was developed. This analysis shows that, 
agricultural products in the medium high land and high land areas were susceptible to 
storm surge flooding compared to that of the medium low land areas. This is because 
land areas adjacent to the river and inside the polder were mostly dominated by 
medium high land to high land. The optimal polder level was estimated as 4.29 mPWD 
with a design return period of 12.50 years and an approximate annual cost of BDT 150 
million. However, this polder was already taken under rehabilitation program by 
Coastal Embankment Improvement Project (CEIP). According to the study by CEIP, 
the proposed average polder level was 4.5 mPWD which is 0.21m higher compared to 
the present study. Such over estimation ultimately increased the average annual cost 
due to polder heightening. Hence this is recommended to apply risk-based approach 
instead of applying traditional return period based approach in case of designing coastal 
polder system. Risk- based approach considers probability and consequences of hazard 
during analysis which ultimately results optimal project size.
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CHAPTER ONE 
 

INTRODUCTION 
 

1.1 Background of the Study and Present State of the Problem 

The coastal zone of Bangladesh is characterized by a wide network of river and canal 

system, and a dynamic Ganges-Brahmaputra-Meghna estuary. It is frequently hit by 

cyclones and associated storm surges. Nearly every year, cyclones hit the country’s 

coastal regions in the early summer (April–May) or late monsoon season (October–

November). Between 1877 and 1995, Bangladesh was hit by 154 cyclones, including 

43 severe cyclonic storms, 43 cyclonic storms, and 68 tropical depressions (Ali, 1999). 

Since 1995, 5 severe cyclones have hit the country’s coast. On average, a severe 

cyclone strikes the country every three years (Dasgupta et al., 2011). The cyclone 

associated storm surge rises up to several meters causing devastation to human lives, 

livestocks, household assets, agricultural crops and fisheries (Kibria, 2016). 

 

Varieties of options are available for storm surge disaster management. According to 

their implementation timing, these options are classified as preparatory (before 

cyclone), response (during cyclone) and recovery (after cyclone) actions. Protection 

action (protecting an area from inundation) is a further classification of the above 

options, and a polder or an embankment construction is a preparatory protection action 

(Lund, 2012). Bangladesh was initially introduced with coastal polder system during 

1960s. The Coastal Embankment Project (CEP) was initiated by the Government of 

Bangladesh in the 1960s to reclaim or protect areas in the coastal zone which was 

subjected to inundation by high tides, salinity intrusion, cyclonic storms and associated 

surges (BWDB, 2013). Although those polders were originally constructed to protect 

agricultural production by preventing salt water intrusion; no attention was given to 

cyclonic storm surges. With the occurrence of the frequent storms in the recent decades, 

the coastal polder systems have weakened and call for systematic restoration and 

upgrading. Thus, some strategic approaches were undertaken by the Government of 

Bangladesh (GoB) to rehabilitate coastal polder system as the polders which were 

constructed by GoB had been extensively damaged because of the lack of systematic 

repair and maintenance. However, most of the coastal polders in Bangladesh are now 
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being designed considering return period which is the outcome of statistical analysis. 

This approach is disputable as design return periods are not based on proper risk 

analysis; often return periods are adopted on a rather arbitrary basis. Therefore, 

information about the consequences of failure due to the occurrence of hazard is often 

desirable, and risk assessment techniques may be helpful to provide this information. 

The concept of risk encompasses both the probability of a failure and the consequences 

of the failure (Jonkman et al., 2009). The principle of risk-based approach is widely 

used in several engineering fields including the design of flood defence systems. Risk-

based approach incorporates econometric analysis where the incremental investments in 

more safety are balanced with the reduction of the risk. 

 

The concept of risk-based design and analysis in engineering has been recognized for 

many years. This concept was not explicitly considered until early 1960s. Pritchett’s 

(1964) work is considered as one of the early attempts to apply the risk-based concept 

to hydraulic design of highway drainage culverts. Pritchett (1964) calculated the 

investment costs and the expected flood damage costs on the annual basis for several 

design alternatives at four actual locations. According to the result, risk-based approach 

was more economical compared to the traditional return period based method (Tung, 

2005). The Dutches also applied risk-based principles in the design, management and 

maintenance of flood defences since the major flood of 1953. Through applying risk-

based analysis, the optimal safety level was determined for the largest flood prone area 

at South Holland in Netherlands (Jonkman et al., 2009). New Orleans, USA also used 

risk-based approaches as like the Netherlands to design the flood protection systems in 

metropolitan area of New Orleans after the catastrophic flooding due to the hurricane 

Katrina (Jonkman et al., 2009). Vietnam applied risk-based approach to re-construct the 

sea dikes in Nam Dinh coastal zone as about 8 km out of 90 km sea dikes was severely 

threatened when the typhoon Damrey hit the coast in September, 2005 (Mai et al., 

2008). This approach was also applied to develop a multi-objective risk-based approach 

in floodplain management in Giofyros stream in Greece which is one of the biggest 

streams in Mediterranean island (Ganoulis, 2003). Moreover, the major benefit of risk-

based approach is that it takes into account the local economic factors (e.g. investment 

costs, growth rate) and damage level. Therefore, the outcomes are relevant in the 

context of the economic situation in the region.  
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Although the resultant project size from risk-based analysis is found to be economically 

optimized, Bangladesh, till now, is following the traditional return period based method 

in case of determining the polder level. As like the Netherlands, Vietnam and Japan, 

Bangladesh is also a low-lying coastal country where coastal polder system is very 

important to protect the low-lying hinterland. So, the concept of risk-based principle 

needs to be familiarized as this approach considers the optimal level of the cost of 

protection and the consequence of system failures. Economically efficient coastal 

polder system should be established for the entire coastal zone of Bangladesh through 

using risk-based approach as this approach addresses optimal level of safety 

corresponding to the point of minimal total costs. 

 

The goal of this study was to determine optimal polder level following risk-based 

method in a polderized area in south-west coastal region of Bangladesh. This is an 

attempt to elaborate risk-based approach which will be helpful to establish 

economically efficient coastal polder system for the entire coastal zone of Bangladesh. 

Polder No. 33 was chosen for the study which is situated in the Dacope Upazila of 

Khulna district. The area was chosen because the entire zone had experienced landfall 

of several cyclones and associated storm surges.  

 

1.2 Objectives with Specific Aims and Possible Outcome 

 

The aim of this study was to generate hazard and vulnerability function due to storm 

surge hazard for Polder No. 33. The major focus was to investigate the application of 

risk-based method on a particular coastal polder. The specific objectives are:  

 

a) To develop a storm surge hazard function for Polder No. 33; 

b) To develop a vulnerability function due to storm surge hazard; and  

c) To determine optimal polder level using risk-based approach.  

 

The outcome of this research will be useful in determining the polder level which is 

optimum from the total costs (damage cost of the property and investment cost of the 

infrastructure) perspective. Optimal polder design can efficiently balance the 

incremental investment costs (costs to strengthen and raise the polder) with reduced 
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risk costs. Government agencies could follow a similar approach in coastal polder 

rehabilitation which will save financial resources. 

 

1.3 Justification of the Study 

 

The selected area (Polder No. 33) was constructed in the year 1971-1972 under the CEP 

project to secure agricultural production from salinity intrusion (BWDB, 2013). The 

crest level of the polder was fixed at “the maximum normal high tide” plus a freeboard 

of 1.5 m (Islam et al., 2013). However, CEP was implemented with no attention to 

storm surges. At present, the coastal polders are heavily threatened by cyclone induced 

storm surge. Recent storm surges brought significant harm to the coastal polders and 

further threatened their integrity. So, government has changed its strategy for the 

coastal area through undertaking proposed “Coastal Embankment Improvement Project 

(CEIP)” which has introduced a long term phased program for the rehabilitation of the 

polder system for the protection of the hinterland against frequent storm surges with 

high tides as well. CEIP used the Bay of Bengal model to generate maximum surge 

heights at pre-selected locations in the model domain and those data were used in 

statistical analysis to select design return period of storm surge level. Thus, CEIP 

considered 25 years of return period to determine design crest levels for the selected 

polders (BWDB, 2013). But CEIP did not follow a risk-based approach for increasing 

polder level. For flood protection with large investment, technical design needs to be 

merged with economic consideration to get optimum polder level (Hui, 2014). 

Typically, the risk-based approach refers to polder risk analysis which will minimize all 

flood related costs, including costs of expected annual flood damages and those of 

flood protection (annual infrastructural costs). Hence, this study undertaken to 

determine the optimal level of a polder following a risk-based approach which was 

necessary from practical perspective. 

 

1.4 Limitations of the Study 

 

This study has a number of limitations. The main limitations of the study are: 

 

 Generation of storm surge hazard function was one of the objectives of the present 

study which required probability analysis with a set of historical surge level data at 
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polder scale. However, there was no such secondary data at polder scale. So, the 

probability analysis was performed with the storm surge data observed at Mongla 

gauge station as this is the nearest Bangladesh Inland Water Transport Authority 

(BIWTA) station from the Polder No. 33.  

 

 The damage assessment was performed based on the primary data obtained from 

the affected people. However, these data were collected several years after the 

occurrence of the storm surges. In many cases, the local people faced difficulty in 

regaining their memories on overtopping height of the polder, inundation depth and 

duration of earlier storm surges. They could share well the information about recent 

storm surges. As there was no record or official document on surge level, 

overtopping height of the polders and crop damage, those data were approximated 

based on the local people’s information and understanding. 

 

1.5 Organization of the Thesis 

 

This thesis has been organized into six chapters including a number of sections and 

subsections in each chapter. A brief outline of the contents of each chapter is given 

below: 

 

Chapter One: This chapter provides with relevant background information, objectives, 

justification and limitation of the study. 

 

Chapter Two: This chapter deals with relevant literatures on the effects of the major 

historical storm surge hazards in Bangladesh, losses associated with those surges, 

procedure of vulnerability and risk assessment, risk-based approach to design hydraulic 

structures, etc. 

 

Chapter Three: This chapter briefly discusses the geographic location, general 

information on demography, topography, literacy, livelihood, living standard and health 

profile of the polder people, river system, soil and salinity condition, climate, existing 

natural disasters, land use, farming practice, irrigation, etc. of the study area. 
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Chapter Four: This chapter provides with the methodology of the study, including 

selection of tools for the study, collection of different primary and secondary data, 

generation of storm surge hazard and vulnerability functions, preparation of inundation 

maps and finally risk-based approach to determine optimal polder level. 

 

Chapter Five: This chapter discusses the detailed results and findings of the study.  

 

Chapter Six: This chapter draws some conclusions based on the findings of this study 

and provides a few recommendations.  
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CHAPTE TWO 

 

LITERATURE REVIEW 
 

2.1 General 

 
In line with the stated objectives of the present study, a review of literature was done 

focusing on cyclones and associated storm surges, which are becoming more 

pronounced and thought to be the major poverty driver in the coastal region. The 

review starts with a short description on the occurrence of the cyclone and storm surge 

hazards in the country. It is followed by a detailed review of cyclones and storm surges 

in terms of historical incidences and the resulting impacts in Bangladesh. Then, 

literatures related to vulnerability and risks due to storm surge hazard, specifically in 

agricultural sector, are briefly reviewed. The main aim of this research is to determine 

the optimal level of a polder against storm surge hazard following a risk-based method. 

Hence, scientific literatures on risk-based design of hydraulic structures (i.e., levees, 

dykes, embankments and other flood control structures) are reviewed, particularly in 

the context of storm surge hazard, to develop an in-depth understanding of the 

approach. 

 

2.2 Cyclones and Storm Surges in Bangladesh 

 

Tropical cyclones are perhaps among the most devastating natural disasters because of 

the loss of human life they cause and the large economic damages they induce. About 

80 tropical storms (tropical cyclones with wind speeds greater than or equal to 17 ms–1) 

form in the world’s waters every year (McBride, 1995). Of these, about 6.5% form in 

the North Indian Ocean (the Bay of Bengal and the Arabian Sea) (Neumann, 1993). 

Since the frequency of cyclones in the Bay of Bengal is about 5 to 6 times the 

frequency in the Arabian Sea (IMD, 1979), the Bay of Bengal share comes out to be 

about 5.5%. Bangladesh is hit by only about 0.93% of the world’s total tropical storms. 

Hence it is clear that Bangladesh is not a high-risk cyclone-prone area. The situation, 

however, is otherwise. If the world’s tropical cyclones with death tolls in excess of 

5000 are considered, it is found that 16 out of the 35 such disasters occurred in 

Bangladesh. About 53% of the world deaths from these cyclones took place in 

Bangladesh (Ali, 1999). It is estimated that more than 40% of the 1.9 million disaster 
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related deaths occurred in Bangladesh in the last two centuries (Nicholls et al., 1995). A 

study by World Bank also suggested that vulnerability to cyclones and cyclonic storm 

surges may increase in Bangladesh in the future as a result of climate change (WB, 

2000). According to this study, 10C increase in sea surface temperature may enhance 

the intensity of tropical cyclone by 10%. 

 

2.2.1 Major cyclonic hazards in Bangladesh 

 

Some portions of tropical oceans in the world fall between the 200 and 300 latitude 

which  makes those parts very susceptible to cyclonic hazards (Sarkar, 2011). As 

Bangladesh lies between 20° 34′ N and 26° 38′ N latitude and with a 708 km long 

coastline, the country is highly vulnerable to tropical cyclones and associated storm 

surges. The Bay of Bengal is the breeding ground of tropical cyclones with an average 

annual frequency of 16 such disturbances, particularly with concentration in two 

periods: April-May and October-December. The list of severe cyclonic events which 

made landfall on Bangladesh coast during the period 1960 to 2016 is given in Table 

2.1.  
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Table 2.1: Chronology of the cyclonic events in Bangladesh (1960-2016) 

 

Date Affected areas Maximum wind 

speed 

(km/h) 

Surge height 

(m) 

11.10.60 Chittagong 160 4.5 

31.10.60 Chittagong 193 6 

09.05.61 Chittagong 160 2.5-3 

30.05.61 Chittagong (Near Feni) 160 1.5-4.5 

28.05.63 Chittagong- Cox's 

Bazar 

209 2.5-4 

11.05.65 Chittagong-Barisal 

Coast 

160 4 

05.11.65 Chittagong 160 2.5-4 

15.12.65 Cox's Bazar 210 2.5-3 

01.11.66 Chittagong 120 6-7 

23.10.70 Khulna-Barisal 163 Moderate 

12.11.70 Chittagong 224 3-10 

28.11.74 Cox's Bazar 163 3-5 

10.12.81 Khulna 120 2-4.5 

15.10.83 Chittagong 93 - 

09.11.83 Cox's Bazar 136 1.5 

24.05.85 Chittagong 154 4.5 

29.11.88 Khulna 160 4.5 

18.12.90 Cox's Bazar Coast 115 1.5-2 

29.04.91 Chittagong 225 3.5-6.5 

02.05.94 Cox's Bazar-Teknaf 

Coast 

278 1.5-2 

25.11.95 Cox's Bazar 140 3 

19.05.97 Sitakundu 232 4.5 

27.09.97 Sitakundu 150 3-4.5 

20.05.98 Chittagong Coast  173 1 
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28.10.00 Sundarban Coast near 

Mongla 

83 - 

12.11.02 Sundarban Coast near 

Raimangal River 

65-85 1.5-2 

19.05.04 Cox's Bazar Coast 

between Teknaf and 

Akyab 

65-90 1-1.5 

15.11.07 Khulna-Barisal Coast 

near Baleshwar river 

223 4.5-6 

25.05.09 West Bengal-Khulna-

near Sagar island 

70-90 1.5-3 

16.05.13 Chittagong 85 1.5-2 

29.07.15 Chittagong 70 1-2 

21.05.16 Chittagong 100 2 

(Source of data: Data up to 2009 are from JICA, 2012 
And thereafter from Wikipedia, 2017) 

 

The table reveals that cyclones frequently occur in the month of May of the pre-

monsoon season and October to November of the post-monsoon season. Figure 2.1 

shows the monthly distribution of landfalling cyclones. It is seen from the figure that 

cyclones occur during the pre and post-monsoon seasons due to the fact that the 

average sea surface temperature in the Bay of Bengal region and associated weather 

conditions are then ideal for the formation of tropical cyclones (Islam and Peterson, 

2009). 
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Figure 2.1: Monthly distribution of landfalling tropical cyclones in Bangladesh from 
1877- 2009 (Source: Sarkar, 2011) 

 

Cyclones like the 1970 (Bhola), 1991 (Tropical), 2007 (Sidr), 2009 (Aila) and 2013 

(Mahasen) are the examples of some of the deadliest cyclones. The 1970 Bhola cyclone 

is considered as one of the catastrophic natural disasters in modern times that struck on 

12 November, 1970 with a wind speed of 224 km/h and a storm surge of 3-10 m (JICA, 

2012). The storm surge devastated many of the offshore islands, caused the death of 

more than 250,000 people, wiped out villages and destroyed crops throughout the 

region (Hossain et al., 2008). Another cyclone which struck Bangladesh on the night of 

29-30 April, 1991 was particularly severe causing widespread damage and killing 

1,38,882 people (Bern et al., 1993). There was massive damage to life line systems as 

well as private properties. Total loss was estimated at US$2.07 billion for all sectors 

(Hossain et al., 2008). Again on 15 November, 2007, a category 4 cyclone named the 

Cyclone Sidr hit Bangladesh’s south-west coast with a wind speed of 223 km/h and a 

storm surge of 4.5-6 m which caused extensive destructions (JICA, 2012). The storm 

surge was not only responsible for the death of 3,406 people with 1,001 missing but 

also fully destroyed 11.2 sq. km of cropland and partially destroyed nearly 13.9 sq. km. 

The total losses of food grain (stocks and production losses) due to the Cyclone Sidr 
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were estimated at 0.8-1.3 million metric tons (MT) (Shamsuddoha et al., 2013). About 

a quarter of the world heritage site, the Sundarbans were damaged. Researchers said 

that mangrove forest, the Sundarban will take at least 40 years to recover itself from 

this catastrophe. However, a total loss was estimated at about $450 million for all 

sectors as a consequence of the Cyclone Sidr (BUET, 2008). The Cyclone Aila hit the 

coast of Bangladesh on 25 May, 2009. As the cyclone made landfall during the time of 

high tide, the resultant storm surge of up to 3 m caused disruptions to the 11 coastal 

districts through washing away about 1,742 kms of embankment, causing death of 190 

persons and injury of 7,103 persons (UN, 2010). In total, an estimated 63,266 

households or 3,16,330 individuals were affected by the Cyclone Aila (Shamsuddoha et 

al., 2013). Beyond the human impact of the disaster, some 1,00,000 livestock were 

killed and over 1300 sq. km of croplands were destroyed (Kibria and Khan, 2016). The 

Cyclone Aila had the worst impacts on agriculture and Dacope upazila topped the list 

of the worst affected croplands (3280 acres) following Batiaghata upazila (2080 acres) 

and then Paikgacha upazila (1364 acres) (Kibria, 2016). Again, Dacope Upazila topped 

the list of death of livestock (6,691) followed by Paikgacha (3,749), Koyra (2,762), 

Dumuria (2,218) and Batiaghata (365) (Kibria, 2016). The Cyclone Mahasen made 

landfall on 16 May, 2013 with a wind speed of 85 km/h and a storm surge of up to 2m. 

A total of 3,86,221 people were affected, 14,828 houses were fully damaged and 

44,182 people were partly damaged. The Cyclone Mahasen damaged crops of around 

30,000 ha of land, 298 fish firms and 13,500 fish ponds (DDM, 2014). Track of some 

major cyclones (1960-2009) is given in Figure 2.2. Photo 2.1 shows some devastations 

of the Cyclone Sidr to represent the catastrophes of cyclonic hazards on the lives and 

livelihoods of Bangladeshi people. 
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Photo 2.1: Ruinous impacts of the Cyclone Sidr in the coastal areas and the Sundarbans     
(Source: Rezai, 2015) 

 

 

 

Figure 2.2: Track of major cyclones (1960-2009) (Source: Dasgupta et al., 2011) 
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In recent years, the cyclonic activity in the Bay of Bengal has become more frequent 

due to climate change (MoEF, 2005). Cyclone induced storm surge is considered as the 

key factor for cyclonic disaster in the coastal region of Bangladesh. Bangladesh is 

considered to experience 40% of the global storm surges (Murty and El-Sabh, 1992). 

The reasons attributed for these disproportional large impacts on the Bangladesh coast 

(Ali, 1999) are: 

 

 The phenomenon of recurvature of tropical cyclones in the Bay of Bengal; 

 Shallow continental shelf, especially in the eastern part of Bangladesh; 

 High tidal range; 

 Triangular shape at the head of the Bay of Bengal; 

 Almost sea level geography of the Bangladesh coastal land; and 

  High density of population and coastal protection system. 

 

2.3 Vulnerability to Storm Surge 

 

Vulnerability is considered as the degree of loss to a given element at risk or set of such 

elements resulting from the occurrence of a natural phenomenon of a given magnitude. 

The Intergovernmental Panel on Climate Change (IPCC) defined vulnerability as 

propensity or predisposition to be adversely affected. Vulnerability encompasses a 

variety of concepts and elements including sensitivity or susceptibility to harm and lack 

of capacity to cope and adapt (IPCC, 2014). Again, IPCC fourth assessment report 

defined vulnerability as the degree to which a system is susceptible to, and unable to 

cope with, adverse effects of climate change, including climate variability and 

extremes. Vulnerability is a function of the character, magnitude, and rate of climate 

change and variation to which a system is exposed, its sensitivity, and its adaptive 

capacity (IPCC, 2007). Briefly described as: 

 

                        Vulnerability = Exposure+ Sensitivity —Adaptive Capacity  (2.1) 

 

Vulnerability is also broadly defined as “the potential for loss” which remains one of 

the most difficult aspects in quantitative hazard research and often heavily relies on 

indicators from available mass data such as census (Li and Li, 2011). It is also termed 
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as the susceptibility to damage or injury (UNDRO, 1982). Vulnerability is described by 

the International Strategy for Disaster Reduction (ISDR) as the conditions determined 

by physical, social, economic and environmental factors or processes, which increase 

the susceptibility of a community to the impact of hazards (ISDR, 2004). The concept 

tries to understand which of the factors is more relevant to community vulnerability. In 

the context of natural hazards, vulnerability is defined as the extent to which a 

community, structure, service or geographic area is likely to be damaged or disrupted 

by the impact of particular hazard, on account of their nature, construction and 

proximity to hazardous terrain or a disaster prone area (Arya et al., 2011). The concept 

‘Vulnerability’ is also proposed as the product of three dimensions: exposure, 

resistance and resilience. Resistance is known as the ability to withstand impacts and 

resilience is the ability to maintain basic structures and to recover from losses 

(Kasperson et al., 1995). From an economic point of view, the vulnerability is 

characterized as a function of dependence, redundancy and susceptibility. Susceptibility 

is the probability and extent of a hazard. Dependency is the degree to which an activity 

relates to other economic activities in the rest of the country. Redundancy is the ability 

of an economic activity to respond to a disaster by deferring, using substitutes or 

relocating. Redundancy is measured as the degree of centrality of an economic activity 

in a network. The more central an activity is, the less it encounters possibilities to 

transfer production and the more vulnerable it in case of any hazard (Veen and 

Logtmeijer, 2005). Vulnerability is termed as the potential for a receptor to be harmed 

(Green, 2004). Inherent characteristics of a system should be taken into account that 

create the potential for harm but are independent of the probability of any particular 

hazard or event (Sarewitz et al., 2003). These two (quite similar) definitions are 

contemporaneous and express vulnerability as potential damage or harm. 

 

The vulnerability of the people due to storm surge floods in the coastal region of 

Bangladesh is determined by many factors. Some of them are population density, road 

communication, water supply, disaster preparedness, employment, income level and 

savings (Chowdhury and Rahman, 1998). Another study put forward some factors that 

can affect the vulnerability to storm surges, for instance, population, agriculture, lifeline 

and assets (Li and Li, 2011). 
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Vulnerability was taken as a function of agricultural production by Kibria et al. (2015)  

to assess the impacts of the Cyclone Aila and the measures to achieve food security in 

Dacope Upazila, Khulna district. Kibria and Khan (2016) assessed the nature of 

vulnerability of different livelihood sectors of coastal people due to the Cyclone Aila in 

Polder No. 32 at Dacope Upazila. Here, the study shows that household and livestock 

sectors experienced the worst immediate impacts due to cyclone induced storm surge 

while agriculture faced the most severe long term impacts in that area (Figure 2.3). The 

losses to crops were not similar throughout the study area. Losses varied from place to 

place depending on the depth and duration of inundation. 

 

. 

Figure 2.3: Distribution of damages due to the Cyclone Aila in different sectors in 
Polder No. 32 (Source: Kibria and Khan, 2016) 

 

On the other hand, vulnerability was taken as a function of food security by Uddin 

(2012) in his research on household food security status of marginal farmers due to 

storm surge in Charkhali and Golkhali of Mirjagonj Upazila under Patuakhali district. 

The finding shows that a high proportion of the marginal farmers (56.67%) were food 

insecured, while about one third of them were moderately secured (30%) and only 

13.33% were food secured during any cyclonic event. The study also discloses that, 

among the best four livelihood options (i.e., cropping, fishing, livestock farming and 
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day laboring) for marginal farmers in coastal area, crop farming was the most 

vulnerable to storm surge.  

 

2.3.1 Vulnerability Assessment 

 

Vulnerability is the interrelation of the exposure and the susceptibility as the stressor of 

the system with the coping capacity as the potential of the system to decrease the 

impact of the hazard (White et al., 2005, Sarkar, 2011). 

 

                                                Vulnerability =
Exposure * Susceptibility

Coping Capacity
   (2.2) 

 

Most of the literatures use socio-economic or biophysical approaches to assess 

vulnerability in case of hazards and disaster management. Socio-economic approaches 

are focused on the interaction between hazard and social vulnerability. On the other 

hand, biophysical approaches are dealt with population’s biological and physical 

susceptibility to a hazard (Moret, 2014). 

 

Retrospective assessments of how populations were affected by previous hazards are 

used to estimate current vulnerability. Antwi‐Agyei et al. (2013) used rapid rural 

appraisal (RRA) and surveys in their study to obtain data on the characteristics 

associated with those households and communities that were resilient and vulnerable to 

climate variability. Incorporating a sustainable livelihood approach, the study found 

that the households which had less diversified livelihood options were the most 

vulnerable to climate shocks. Similarly, tools like in-depth interviews and questionnaire 

survey were also used to understand the challenges related to multidisciplinary 

approach to tackle the complexity of social systems and patterns of vulnerability in 

those systems in the context of the Cyclone Sidr in Bangladesh (Mallick et al., 2011). 

 

This study assessed agricultural vulnerability due to storm surge flooding by using 

stage-damage relation. The stage-damage relation was used as it provides summary 

statement of the direct economic cost of the elements at risk due to flood water 

inundation for a specific area.  



18 
 

 
 

2.3.2 Elements at risks 

 

Lightweight structures, settlements, agricultural crops, communication system, etc. are 

the key elements which are mostly found to be exposed to storm surge and make human 

settlement vulnerable. A brief description of these elements at risk is given below (Arya 

et al., 2011) : 

 

 Structure: All lightweight structures like wooden and earthen buildings, older 

buildings with weak walls, structures without proper anchorage to the foundations 

and light pitched roofs of most structures especially the ones fitted on to industrial 

buildings become at great risk due to cyclone induced storm surge.  

 

 Population Settlement: Settlements located in low lying coastal areas become 

vulnerable to the direct effects of the cyclone induced storm surge. 

 

 Crops and food supplies: Standing crops and food stock lying in low lying areas 

become vulnerable to storm surge flooding. Plantation type crops such as banana 

and coconut are extremely vulnerable to the cyclone induced storm surge. 

 

 Communication: Several communication links such as electricity and 

communication towers, electricity and telephone poles, telephone lines, cables, 

antennas and satellite disk and broadcasting services are found to be seriously 

damaged due to storm surge flooding.   

 

 Water supplies: Ground and piped water supply are found to be contaminated by 

surge waters. 

 

2.3.3 Classification of damages due to storm surge flooding 

 

The losses and damages which are caused by storm surge flooding can be categorized 

in several ways. Firstly, damages are classified into direct and indirect damages. Direct 

damages are those which occur due to the physical contact of surge water with humans, 

agricultural crops, property or any other objects. Indirect or consequential damages 

occur as a further consequence of storm surge flooding. These types of damages are 
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induced by the direct impacts of surge and occur – in space or time – outside the event 

(Merz et al., 2010).  

 

Both types of damages are further classified into tangible and intangible damages, 

depending on whether or not they can be assessed in monetary values (Smith and Ward, 

1998). Tangible damages are those which can be evaluated in monetary values, whereas 

intangible damages are the damages to assets which are not traded in a market and are 

difficult to transfer in monetary values, for instance, disruption in social activities, 

number of lives lost, square meters of ecosystem affected by pollution, etc. 

 

This study deals with only the direct tangible damage in cropping sector due to storm 

surge flooding in the selected polder as there were resource and time constraints.  

 

2.4 Risk Assessment 

 

Risk is a measure of the expected losses (deaths, injuries, property damage, economic 

activity disruption, etc.) due to a hazard occurring in a given area over a specific time 

period (Arya et al., 2011). Thus, risk is the expected number of lives lost, persons 

injured, damage to property and disruption of economic activity due to a particular 

natural phenomenon and consequently the product of specific risk and elements at risk 

(UN, 1991). Two elements are essential in the formulation of risk. The first one is a 

potential damaging event, phenomenon or human activity which is called hazard; and 

another is the degree of susceptibility of the elements exposed to that event, 

phenomenon or activity called vulnerability (ISDR, 2004). So the risk is defined as: 

 
                Risk = Hazard* Vulnerability                                                   (2.3) 

 

IPCC fifth assessment report represents risk as the product of probability or likelihood 

of occurence of hazardous events and the impacts of these events occur. In this report, 

the term risk is often used to refer to the potential, when the outcome is uncertain, for 

adverse consequences on lives, livelihoods, ecosystems and economic assets (IPCC, 

2014).  

 

Risk assessment is an approach to determine the nature and extent of risk by analyzing 

potential hazards and evaluating existing conditions of vulnerability. ISO 31000 defines 
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risk assessment as a process made up of three activities: risk identification, risk analysis 

and risk evaluation (Abdul et al., 2015). In risk assessment, the focus is on individuals, 

social groups and understanding the probabilistic nature of the triggering event. Ferreira 

et al. (2009) discussed two types of approaches for the coastal risk assessment due to 

storm surge in their study and they are: Strategic and Operational. Strategic approach 

was used on a decadal or centennial basis, integrating a time-scale approach that could 

be used as a probability assessment (e.g., vulnerability indexes, estimating overtopping 

along coast within given return period, set back lines, hazard and risk maps, etc.). On 

the other hand, operational one was based on the real time observations or predictions 

coupled with models and used for emergency plans. 

Abdul et al. (2015) analyzed community based risk assessment (CBRA) in the 

combination of local hazards, vulnerabilities and coping capacity in Sreerampur union 

of Patuakhali district in Bangladesh.  The study assessed risk to agriculture in the study 

area due to several events like storm surge, cyclone, storm wind, tidal flood and salinity 

by using the following equation. Various types of seasonal problems associated with 

crop production are investigated and the authors mention that hazards like the Cyclone 

Sidr, Cyclone Aila and Cyclone Mahasen caused widespread damages to agriculture.  

 

                                                    Risk=
������∗ �������������

������  ���������
               (2.4) 

 
The study also found that without any innovative adaptation options, farmers practiced 

some alternative options to reduce agricultural risk. However, those adaptation options 

were more exposed to vulnerability due to the changing trend in risk profiles; 

increasing its persistence time, frequency and intensity. 

 

Another method of risk assessment has been used by Hoque et al. (1997) (cited in 

Sarkar, 2011) for the study of storm surge flooding in Chittagong City and associated 

risks. Risk of a storm surge for a particular area depends mainly upon depth of 

inundation, population density and land use. A method to assess the risk from a natural 

disaster was given by the risk index: 

 

                                                    Risk Index (RI) = HF * VF                (2.5) 
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Where, HF = hazard factor and VF = vulnerability factor. HF and VF were defined as: 

 

                                         HF=
10 ∗hazard index of an area

Highest hazard index
     (2.6)

   

                                    VF = 
��∗����������  ����� �� �� ����

������� ���������� �����
                (2.7) 

 

The hazard index was defined as the element that caused the risk and in this case the 

depth of the storm surge was the hazard index. The importance index was defined as 

the element that indicates the economic value of the area flooded and in this case the 

land-use type was the importance index. In this method, the higher was the value of the 

risk index, the higher was the degree of risk. 

 

In another study, risk assessment was done as the product of probability multiplied by 

consequences, where consequences consisted of material damages (Van Manen and 

Brinkhuis, 2005). Here, risk (R) was a product of dike ring failure frequency (PF) and 

the damage caused by consequent flooding (S).  

 

R= PF* S                               (2.8) 

 

The authors considered a distinct set of flood scenarios in that study. Different parts of 

dike were assigned with stretches to calculate damage of different flood scenarios at 

those points by using the following formula: 

 

                                    R = ∑ S�P��
��� ���������
�                            (2.9) 

 

Here, Si and PFi were the damage and probability of the ith scenario, respectively. 

Hence, the total risk was not only the risk of one year, but also the probability of dike 

failure in the upcoming years played a vital role. 

 

This particular study considered the above mentioned approach to determine the risk 

cost of different flood scenarios. This approach represents the average damage for 

different possible flood scenarios with respect to different polder level.  
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2.6 Risk-Based Designs of Coastal Flood Defence System 

 

Being a low-lying coastal country, Bangladesh needs coastal flood defence system 

(CFDS) to protect the low-lying hinterland from tidal and storm surge flood. This 

system contains typically water defence structures like sea dikes, dunes, estuarine river 

levees, dams and polders, etc. Flood protection has always gained much attention. 

Water defence structures protect the country, yet never 100%. Brinkhuis-Jak et al. 

(2004) have acknowledged in their research paper that, as no water defences could give 

the absolute safety against flooding, a system required to adopt a defined level of safety 

or in other words, acceptable risk which a society desired to tolerate. Therefore, the 

principle of risk analysis and risk management techniques may be helpful to provide 

this information.  

 

The concept of risk-based design and analysis in engineering has been recognized for 

many years. As early as in 1936, the United States Congress passed the Flood Control 

Act (U. S. Statutes 1570) in which consideration of failure consequence in the design 

procedure was advocated (Tung, 2005). Van Dantzig (1956) proposed risk-based 

method to determine the optimal level of flood protection (i.e. dike height) for Central 

Holland.  

 

Brinkhuis-Jak et al. (2004) elaborated the principle of risk-based method to determine 

the optimal level of flood protection. According to the method, total costs of a system 

were determined by the sum of the expenditure of a safer system and expected value of 

economic damage. In the optimal economic situation, the total costs in the system were 

minimized. In the above study, an exponentially distributed flooding probability was 

used, which was derived from flood level and exponential distribution parameters.  

 

Jonkman et al. (2009) mentioned that as like as the Netherlands, risk-based approach 

was also applied to design the flood protection system to the New Orleans metropolitan 

area in USA. This technique was applied after the catastrophic flooding due to the 

hurricane Katrina for the improvement of flood protection system. The method can 

efficiently balance the incremental investment costs (costs to strengthen and raise the 

dikes) with reduced risk costs. The study was conducted with an assumption that 

flooding could only occur due to overtopping of the flood defences. That’s why each 
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dike height corresponded to a certain probability of flooding (the higher the dike, the 

smaller the probability of flooding). Dike heightening leaded to reduce the probability 

of flooding and the expected damage. By summing the annual installation cost and the 

annual expected damage or risk cost, the annual total expected costs were obtained 

(Figure 2.4) as a function of the safety level. As a consequence, a point was determined 

where the total costs were minimal and that point was called the optimum point. As 

investment costs, growth rate and damage level are considered in this approach as local 

economic factors, the outcomes are relevant in the context of the economic situation in 

the region. 

 

 

Figure 2.4: Principle of risk-based method (Source: Tung, 2005) 

 
Tung (2005) admitted in his study that as risk costs were associated with the failure of 

hydraulic structure, it could not be precisely predicted from year to year. So, a practical 

way was to quantify it by using an expected value on the annual basis. The author used 

Equation no. (2.10) to calculate total annual expected cost (TAEC) which was the sum 

of the annual installation cost and annual expected damage cost. 

 

                                          TAEC= FC * CRF + E(D)                           (2.10)
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where, FC was the first or total installation costs which might include the size and 

configuration of the hydraulic structure; E(D) was the annual expected damage cost 

which was associated with the system failure; and CRF was the capital recovery factor, 

which brought the present worth of the installation costs on an annual basis, and it can 

be computed as: 

 

                                          CRF =
(���)���  

�(���)�
                                           (2.11) 

    

here, n and i being the expected service life of the system and the interest rate, 

respectively. 

 

Mai et al. (2008) used risk-based method to detect optimal protection level of sea dike 

of NamDinh coastal zone in Vietnam. This study considered several factors in case of 

calculating the cost of dike heightening and those factors were heightening the dike 

crest level which ultimately increased the cross sectional area, additional cost of outer 

and inner slope protection due to increase of the protected length of the outer and inner 

slopes, additional cost of crest protection and additional cost of land area used for 

dikes. Required dike heights were calculated based on overtopping condition. The 

result shows that the existing system is in unsafe side in views of the current 

Vietnamese development. 

 

Hui et al. (2015) applied risk-based analysis for optimal levee design in a simple levee 

system including two levees on opposite riverbanks, either identical or different 

riverbanks. Risk-based analysis for levee design typically minimized the annual 

expected total cost, including expected annual damage and annualized construction 

costs. Because of the difference in location, the authorities of those levee systems were 

also different. Being rational and self-interested, landowners on each riverbank would 

tend to independently optimize their levees with risk-based analysis. The authors 

discussed game theory to analyze the decision making process for a simple levee 

system in which the landowners on each riverbank developed their design strategies 

using risk-based method. Overtopping was considered as the cause of levee failure in 

the study. Annual expected damage cost was taken as a function of flow capacity of the 

levee system and the probability density function of given flood flow.  
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In another study on risk-based analysis for levee planning, Hui et al. (2016) considered 

overtopping as well as intermediate geotechnical failure from through-seepage. 

Overtopping failure was assumed to occur when the water level exceeded the top of a 

levee. On the other hand, geotechnical failure modes were often represented by levee 

fragility curves that graphically summarized how levee failure probability varied with 

water levels. The levee fragility curves summarized all relevant physical, geological 

and hydraulic factors that could affect intermediate levee failure likelihood. A model 

combining simple representations of hydraulic levee failure and economic cost was 

used to examine levee planning parameters (height and width) by minimizing annual 

expected total costs, including expected annual damage and annualized construction 

costs. Hence, the optimized result depicted higher likelihood of intermediate 

geotechnical failure than overtopping failure in case of a simple levee system. 

 

Oumeraci (2003) presented a conceptual framework based on probabilistic risk analysis 

(PRA) for the design of coastal flood defences which met the sustainability 

requirements. The overall framework included the management of the remaining risk as 

an integral part of the design process. The implementation of the risk analysis required 

(i) the prediction of the flood risk, (ii) the evaluation of the acceptable flood risk and 

(iii) the evaluation of the flood risk level which was obtained through comparison of 

the predicted and acceptable flood risk. The acceptable flood risk was evaluated 

through using ALARP (As Low As Reasonably Practicable) framework. At last, 

optimal flooding probability was formulated through risk-based analysis.  

 

Considering all the facts stated above it is clear that, information on the consequences 

of failure due to the occurrence of storm surge hazard is desirable in decision making 

on a desired flood protection strategy and risk assessment technique may be helpful to 

provide this information. This technique reflects logical result which can be obtained by 

common risk analysis. Risk-based approach has already been used to design flood 

defence systems by different developed countries (i.e., the Netherlands, Vietnam and 

Japan) which were threatened by storm surge flooding as larger parts of those countries 

lie below sea level. Bangladesh has a similar geographical condition with 10% of the 

country is hardly 1 m above the mean sea level (Ali, 1999). Hence, Bangladesh needs 

to be introduced with risk-based approach as this approach takes into account both the 
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probability of failure and the consequences of the failure. Thus, the obtained result 

reveals the optimal level of safety corresponding to the point of minimal total costs. 
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CHAPTER THREE 

STUDY AREA 

 

3.1 General 

 

Dacope Upazila is situated in Khulna district which is the second largest upazila of 

Khulna in respect of area. Dacope is well-known as a vulnerable area as it frequently 

faces the common natural disasters of coastal Bangladesh such as cyclone, storm surge 

flood, salinity intrusion, river erosion, water logging, etc. The upazila consists of three 

different polders namely Polder No. 31, 32 and 33. Among these three polders, Polder 

No.33 was selected for the study as the polder area needs to enhance its resiliency to 

withstand against frequent attack of cyclone induced storm surge through raising the 

polder level. Many cyclones concentrated in the Bay of Bengal left their footprints in 

the study area through overtopping the polder, causing harm to agricultural and 

household properties, disrupting to traditional livelihoods, etc. Although only one 

polder was selected for this study, lesson from this thesis will be helpful, in future, to 

conduct more studies in determining the optimal level of different polders following 

risk-based approach.  

 

3.2 Geographical Location 
 

This study was conducted in Polder No. 33 in the south-west coastal region of 

Bangladesh. It spreads over five unions of the upazila, namely Laudobe, Dacope, 

Banishanta, Bajua and Kailasganj (Figure 3.1 and Table 3.1). The total area of the 

polder is about 8,600 ha. About 93%, 87%, 83%, 79% and 76% of the areas of 

Kailasganj, Laudobe, Dacope, Banishanta and Bajua unions, respectively are within 

this polder. 
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Figure 3.1: Location of the Polder No. 33 (Source: BWDB, 2013) 

 

Table 3.1: Unions in Polder No. 33 of Dacope Upazila 

 

Name of district Name of upazila Name of unions Percentage of 

unions within 

polders 

Khulna  Dacope Laudobe 87 

Dacope 83 

Banishanta 79 

Bajua 76 

Kailasganj 93 

(Source of data: BWDB, 2013) 
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3.3 Socio-Economic Condition 

3.3.1 Demography 
 

The total population in the Polder No. 33 was estimated to be about 50,883 in 2011. Of 

this, 25,350 are males and 25,533 are females. A total of 11,896 households exist in the 

polder with an average size of 4.28 persons per household. The density of population is 

about 1,051 persons per sq. km (BWDB, 2013). The age group composition of the 

people in the polder area is shown in Table 3.2. From the table it is evident that, about 

26% of the population is less than 15 years, 63% is between 15 to 59 years and 11% is 

over 60 years of age. The data also show that around 37% of the population depends on 

the 63% earning members of their households. Hence, the dependency ratio in the 

polder is about 59. 

 

Table 3.2: Age distribution of the population in Polder No. 33 

 

Age Range 

(Years) 

0-4 5-9 10-

14 

15-

19 

20-

24 

25-

29 

30-

49 

50-

59 

60-

64 

65+ 

Percent of 

population  

7 9 10 8 9 9 28 8 3 7 

  (Source of data: BWDB, 2013) 

 

3.3.2 Literacy status 
 

In the study area, the rate of literacy defines as the percent of population able to write 

any letter in any language, is assessed for the population of 7 years and above (BWDB, 

2013). The literacy rate is found to be quite good in terms of national average which is 

stated in Table 3.3. A direct linkage between the percentage of unions within polder 

and literacy rate can be established through analyzing Table 3.1 and Table 3.3. From 

these tables it is clear that, major percentage of the total area of Dacope and Kailasganj 

union is present within the polder (83% and 93% respectively) which have experienced 

higher literacy rates (about 66% and 62%respectively). On the other hand, minimal 

portion of Banishanta union within the polder (79%) has observed poor literacy rate 

(about 48%) (BWDB, 2013). 
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Table 3.3: Estimated literacy rate in different unions of Polder No. 33 

 

Union  Literacy rate (%) 

Total Male  Female 

Laudobe 58.5 64.6 52.5 

Dacope 65.6 74.3 57 

Banishanta 47.6 53.4 41.7 

Bajua 50.5 56.2 44.8 

Kailasganj 61.5 69.7 53.4 

(Source of data: BWDB, 2013) 

 

Figure 3.2 shows the changes of literacy rate in the polder area in 10 years interval from 

1991 to 2011. It is seen from the figure that the overall literacy rate is increasing 

gradually in the polder area. 

 

 

Figure 3.2: Change in literacy rate within and around the Polder No. 33 
                                                                                           (Source of data: BWDB, 2013) 
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3.3.3 Occupation and livelihood    
 

In the polder area, about 75% people are engaged with various types of jobs. Among 

them 31% is engaged with agriculture and other 44% is associated with household 

works. Only 1% is looking for work and about 24% of total population is unable to 

work (it includes children and physically challenged population) (BWDB, 2013). 

 

Table 3.4 shows the distribution of employment status by male and female in the polder 

area. It is found that only 4% female members are employed whereas the figure is 27% 

in case of male members in the study area. 

 

Table 3.4: Employment status in Polder No. 33 

 

Union Employed 

 (%) 

Looking for 

work (%) 

Household 

work (%) 

Do not work 

 (%) 

Male Female Male Female Male Female Male Female 

Laudobe 3.97 0.61 0.03 0.04 0.05 6.23 1.11 2.34 

Dacope 2.41 0.30 0.02 - 0.09 5.18 0.42 1.80 

Banishanta 7.61 1.96 0.19 0.15 0.09 10.04 2.52 4.32 

Bajua 7.95 0.56 0.01 0.02 0.07 11.41 2.15 3.79 

Kailasganj 5.33 0.28 0.08 0.00 0.06 10.99 1.38 4.46 

              (Source of data: BWDB, 2013) 

 

Agriculture is the main profession in the polder area. Around 67% households report 

agriculture as their main occupation and the rest portion was found to be engaged with 

service and industrial sector (26% and 7% respectively) (BWDB, 2013). Table 3.5 

presents the gender variation in different occupations. 
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Table 3.5: Gender variation in different occupations in Polder No. 33 

 

Union Agriculture (%) Industry (%) Service (%) 
Male Female Male Female Male Female 

Laudobe 8.14 0.32 0.73 0.15 3.94 1.50 

Dacope 7.18 0.56 - 0.06 0.59 0.36 

Banishanta 18.14 0.45 2.27 0.19 4.14 5.68 

Bajua 16.43 0.44 1.80 0.08 7.44 1.31 

Kailasganj 15.51 0.19 1.16 0.13 0.53 0.60 

(Source of data: BWDB, 2013) 

 

Both male and female are equally engaged in livelihood activities. However, 

participation of female member is nominal in comparison to male member. In the 

polder area only 12% female members are working, whereas 88% male members are 

engaged in income generating activities. 

 

3.3.4 Housing condition 
 

In the study area, overall housing condition is very poor. On an average, only 3% 

houses are pacca (made of bricks and mortar), whereas 88% are kutcha (made of 

wood/bamboo and other local materials) (BWDB, 2013) which are mostly vulnerable to 

cyclone induced storm surge hazard. Thus it appears that the people living in the study 

area belong to extremely poor category in term of housing type. From Figure 3.3, it is 

evident that the polder area is dominated by kutcha house (88%). 
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Figure 3.3: Percentage of different types of houses in Polder No. 33 
                                                                      (Source of data: BWDB, 2013) 

 

3.3.5 Drinking water status 
 

Overall status of the sources of drinking water in the study area is not satisfactory. Most 

of the people collect drinking water from different sources such as ponds, PSFs etc. 

Rain water is also used as drinking water in the concerned area. Salinity is the main 

problem. According to BBS, the coverage of tube-well is decreasing compared to the 

previous years and local people report that the sole cause of decreasing the number of 

tube-well is ground water salinity. As a result, local people are compelled to depend on 

other sources for drinking water such as PSFs, pond water and rain water harvesting 

(BWDB, 2013). The detail is presented in Table 3.6, which shows that percentage of 

tube-well coverage is insignificant. 
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Table 3.6: Source of drinking water in the polder area 

 

Union  Sources of drinking water (%) 

Tap Tube-well Other 

Laudobe 0.8 21.4 77.7 

Dacope 0 14.2 85.8 

Banishanta 0.4 9.1 90.5 

Bajua 0.9 23.8 75.3 

Kailasganj 0.7 7.5 91.8 

(Source of data: BWDB, 2013) 

 

3.4 Physical Environment 

3.4.1 Topography 
 

Polder No. 33 is located near the Sundarbans under the south-west region of 

Bangladesh. The total area has moderate slope and falls agro-ecological region of the 

Ganges Tidal Floodplain. Before construction of the polder, the low lying areas 

normally used to be inundated by tidal flooding and were vulnerable to storm surge for 

its flat topography. The area of the polder is crisscrossed by many canals (BWDB, 

2013). According to local people, land areas adjacent to the rivers and canals inside of 

the polder area are mostly dominated by high land. 

 
3.4.2 River, canal and drainage system 
 

The hydrological condition of the polder area can be described based on external river 

system of the Bhadra-Chunkuri which flows along the West, the Chunkuri and Passur 

River to the North, the Passur River to the East and the Dhangmari River to the South 

(Figure 3.4). These external rivers are connected with many internal canals/khals 

through water control structures. The names of canals are: Bhojankhali Khal, Khajuriar 

Khal, BaniSanta Khal, Katakhali Khal, Borobaker Khal, Andarmanik Khal, Horitana 

Khal, Borobag Khal, Chara Khal, Bodlar Khal, Ramnagor Khal, Dhopadii Khal, 

Shitabunia Khal, Singzhara Khal, Chatnimary Khal, Dacope Khal, Jilakhali Khal, Kata 

Khal, Bajua Khal etc. All the canals are getting tidal flow through water control 

structures. Most of these canals run from the north to the south and perform drainage of 
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the polder area. These channels are also interconnected by a lateral channel running 

from the east to the west and draining into the main rivers (BWDB, 2013). These rivers 

and canals, together work as the drainage network of the polder.   

 

 

Figure 3.4: River and canal network of Polder No. 33 (Source: BWDB, 2013).   
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3.4.3 Soil condition 
 

As a part of the Ganges Tidal Floodplain (AEZ-13), the soil of Polder No. 33 has a 

pattern of grey, slightly calcareous, heavy soils on river banks and grey to dark grey, 

non-calcareous, heavy silty clays in the extensive basins. The polder area is dominated 

by non-calcareous grey floodplain soil. Again, significant parts of the area are also 

governed by acid sulfate soils where it is extensively acidic during the dry season. In 

general, most of the top soils are acidic and sub-soils are neutral to mildly alkaline. The 

soils are formed from clay-loam, loam and clay sediments. The soils of low land areas 

are exposed to seasonal flooding compared to the soils of high land areas. Sand, silt and 

clay are the dominant soil textures in the polder area which is very important for 

agriculture crop production. The texture of topsoil in the polder area is clay (68%), 

loam (30%) and clay loam (2%) (BWDB, 2013). Detail soil texture is presented in 

Table 3.7 

 

Table 3.7: Existing soil texture in the polder area 

 

Soil layer with 

depth (cm) 

Percentage of different textures in topsoil 

 

Topsoil (0-15cm) 

Clay Loam Clay Loam 

68% 30% 2% 

(Source of data: BWDB, 2013) 

 

3.4.4 Salinity condition 
 

International Union for Conservation of Nature (IUCN) has divided Bangladesh into 25 

Bio-ecological Zones based on physiography, climate, soil types, flooding depth and 

biodiversity. Polder No. 33 is included in Saline-Tidal Floodplain Bio-ecological Zone. 

Salinity in soil is an inherited characteristic in this area. The main reason of soil 

salinization in the area is inundation of the soils by saline tidal water. Repeated 

inundation of soil by the tidal water impregnates them with soluble salts; thereby 

rendering the soils saline. These lands are not favorable for most of the crop production 

as soil salinity ranges from high to very high (13-30 ds/m) in this area (Kabir, 2016). 
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This kind of area has some explicit features which ultimately restrict agriculture 

productivity (SRDI, 2012) and those features are:  

 
 severe scarcity of quality irrigation water during dry season; 

 unavailability of quality ground water for irrigation purpose; 

 prolonged artificial water logging with saline water for aquaculture;  

 existence of toxic potential acid sulphate soil; and  

 cyclone and tidal bore.  

 

Surface water is exposed to low salinity during monsoon because of the increased 

amount of fresh water in the water bodies. The level of salinity starts increasing from 

January due to the reduction of upland discharge and reaches to peak in April and then 

starts decreasing again. Saline water intrudes the areas near the breached points causing 

damage to agricultural practices. During the dry season, approximately 20% of the 

polder area is found to be affected because of high salinity level (BWDB, 2013). The 

polder and water controlling structures have experienced significant deterioration over 

the years. As a result, the salinity values inside the polder have increased significantly. 

Especially after the occurrence of the Cyclone Aila and Cyclone Sidr, the salinity 

intrusion in the polder during the dry season has become a common phenomenon. 

 

3.5 Climatic Condition 

 

The selected area is located in a typical monsoon climate area. It has three main 

seasons: Summer season (pre-monsoon) - March to May; Rainy season (monsoon) - 

June to October; and winter season - November to February. The Rainy season is hot 

and humid having about 80% of the annual rainfall. The winter is predominately cool 

and dry. The summer is hot, dry and interrupted by occasional heavy rainfall. Mean 

maximum temperature varies from 19.3°C to 30.4°C over the year with the highest 

temperature experienced in the month of May and lowest temperature exists in January. 

Mean rainfall rate varies within the range of 7 to 400 mm per month where the highest 

and lowest values are observed during the months of August and December 

respectively. From the trend analysis of yearly average relative humidity it is found that, 

in Polder No. 33 the relative humidity increases by approximately 0.073% each year. 

Humidity is highest during July-September. Mean evaporation rate varies within the 
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range of 1.1 to 3.4 mm/day where the highest and lowest values are observed during the 

months of April and November respectively (BWDB, 2013). 

 

3.6 Natural Disasters 

 

Natural disaster is a common phenomenon in the area.  Local people of the project area 

have already been facing different natural hazards like cyclones and associated storm 

surges, water logging, salinity intrusion, erosion, etc. People have reported that the 

occurrences of the natural hazards are more frequent than before in the polder area. 

Details about the disasters and their affects in the area are presented in Table 3.8. 

 

Table 3.8: Effects of recent natural disasters in Polder No. 33 
 

Disaster Period Affected 

area (%) 

Affected 

households 

(%) 

Crop 

damage (%) 

Major 

damaged 

crop 

Cyclone 2007, 2009  100 100 98 Aman and 

Aus rice 

Salinity  2009 65 68 40 Aman rice 

Tidal flood 2007 80 50 90 Aman rice 

   (Source of data: BWDB, 2013) 

 

3.6.1 Cyclone and storm surge hazard 

 

Tropical cyclones are a major threat to the coastal areas, causing loss of human lives, 

livestock and severe damage to crops, fisheries and properties. During the last 125 

years, more than 42 cyclones had hit the coastal areas and 15 have occurred in the last 

30 years (BWDB, 2013). The recent most devastating cyclones hitting the south-west 

coast were in 2007 (Cyclone Sidr) and 2009 (Cyclone Aila).  

 

Geographically, Polder No. 33 is close to the Bay of Bengal and, therefore, is exposed 

to the cyclonic storm surges. Historical records indicate that the wind speed during the 

Cyclone Sidr reached up to 240 km/hr, which was accompanied by heavy rainfall. 

During the Cyclone Sidr, surge water entered into the study area by overtopping the 
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right bank of the Passur River (BWDB, 2013). Just one and a half year after the 

Cyclone Sidr’s attack, another devastating disaster, the Cyclone Aila hit the area which 

was more disastrous than that of the Cyclone Sidr. According to the local people, that 

time surge water entered into the polder area by overtopping the left bank of the Sibsa 

River. Local people opined that, the polder has experienced the maximum surge level 

during the Cyclone Aila. During this hazard, the surge water flowed over the polder for 

2-3 hours at several places. These cyclones directly affected 50% people of the total 

polder area (BWDB, 2013). It was destructive for world heritage site, the Sundarbans. 

Photo 3.1 shows the immediate catastrophic impacts of the Cyclone Aila on Polder No. 

33.  

 

 

Photo 3.1: Catastrophic impacts of the Cyclone Aila in Polder No.33 (Source: BWDB) 
 

3.6.2 Tidal flooding 

 

Polder No. 33 is facing severe tidal flooding after some recent attacks of storm surges 

which caused breaching at some points of the polder (Ch.1.75 km, 5.25 km, 20.55 km 

and 37.00 km). This is a localized problem (BWDB, 2013). Such occurrence like tidal 

flooding ultimately threatens the soil fertility as salinity level of soils has become 
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increased because of the repeated inundation of soils by the tidal saline water.  

According to the farmers, tides enter into the polder area because of the deplorable 

condition of some drainage sluices which are situated on the Bhojankhali Khal, Chaarar 

Khal, Dhopadi Khal, Dacop Khal, Bajua Khal and Khutakhali Khal. The farmers 

opined that dysfunctional vents of those drainage sluices fail to control the entrance of 

tidal water. As a consequence, those dysfunctional vents are aggravating negative 

impacts of tidal flooding. 

 

3.6.3 River erosion and sedimentation 

 

There is severe river erosion in this polder. Erosion is found mainly in Banishanta, 

Kailasganj and Dacope union along the right bank of the Passur river. Erosion of river 

and canal banks may increase the risk of damage to nearby settlements and 

infrastructures. The vulnerable erosion prone areas are found at Ch 0.00 to Ch 0.2 km, 

Ch 1.25 to Ch 1.75 km and Ch 20.25 to Ch 21.00 km (BWDB, 2013) of the polder area. 

The riverside slope and berm in many places are affected by river erosion. Local people 

reported that erosion has made people homeless and landless and caused unfavorable 

condition of plant growing on polder.  

 
Sedimentation is another common problem in Polder No. 33. The rate of sedimentation 

on river bed and bank side is increasing day by day in study area. The rate of 

sedimentation in the Chunkuri-Passur stream is more during dry season due to the 

shortage of upstream pressure of river flow. On an average, roughly 1.5 to 2 feet 

sedimentation takes place in most of the main channels in the study area each year 

(BWDB, 2013). The engineers in BWDB opined that as the rate of siltation is very high 

in the Passur River, the dredging action cannot sustain any more. The Dhangmari River 

is almost dead due to excessive silt deposition. The Bhadra River and Dhangmari canal 

are going to be silted up due to functional inefficiency of the regulator. Cumulative 

sedimentation has caused rise of bed level and reduced the conveyance capacity of the 

canals. 
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3.6.4 Water logging 

 

At present, the polder is extremely vulnerable to water logging. One of the main causes 

of water logging in the polder area is siltation of peripheral rivers surrounding the 

polder which has been discussed in section 3.6.3. About 30 - 40% of the polder area is 

vulnerable to water logging (BWDB, 2013). Rain water fails to drain out sufficiently 

due to high siltation in rivers and canals which remain disconnected from the Passur 

River during the dry season. Again, the drainage performance through linked canals has 

been gradually decreasing due to sedimentation in the regulators at the both upstream 

and downstream sides. In addition to siltation of peripheral rivers and sedimentation of 

the regulators, poor maintenance and inadequate management of the polder have also 

contributed to internal drainage congestion and heavy external siltation. This 

phenomenon ultimately hampers soil fertility as well as agriculture production in some 

parts inside of the polder. Thus, water logging is responsible for large scale 

environmental, social and economical degradation. Three unions in Polder No. 33 

namely Baniasanta, Laudobe and Dacope are severely affected by water logging. About 

35% of the total areas face post monsoon drainage problem (BWDB, 2013). 

 

3.7 Land Use 

 

The gross area of the polder is 8,600 ha. As agriculture is the main profession in the 

polder area, around 60% of the area is used for agriculture purpose, of which about 

70%, 26% and 4% of the Net Cultivable Area (NCA) are used as single, double and 

triple cropped area respectively. The settlements and water bodies cover about 40% of 

the total area. Detailed land use of the study area is presented in Table 3.9. 

 
Table 3.9: Pattern of land use in Polder No. 33 

 

Land use  Area (ha) Area (%) 

Settlement  2,254 26 

Water bodies 1,226 14 

Agriculture land  5,120 60 

Total  8600 100 

                                                                                           (Source of data: BWDB, 2013) 
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3.8 Farming Practices 

 

Farming practices within most of the polder area are influenced by the agro-climatic 

conditions prevailing in Kharif (March-October) and Rabi (November-February) 

seasons. The crop year starts from the Kharif-I (March-June) season which is 

characterized by high temperature, high evaporation, low humidity and low rainfall. 

Kharif-II (July-October) season is characterized by high rainfall, low temperature, high 

humidity, low solar radiation and high flood that recede towards the end of the season. 

The Rabi season is characterized by low temperature, high solar radiation, low 

evaporation, low rainfall and low humidity.  

 

The farming practices in Polder No. 33 are complicated due to physical, biological, 

climatological and socio-economic factors. Natural calamities like cyclone and storm 

surge cause devastation to crop production in the polder area. A limited variety of crops 

are grown due to unfavorable situation prevailing in the polder area. Rice is the main 

crop grown because of its adaptability in diversified ecological conditions.  

 

Among the rice, T. Aman (High Yield Variety-HYV), T. Aman (Local), T. Aus (HYV), 

T. Aus (Local), B. Aus and Boro (HYV) are being grown. Sugarcane, orchard, potato, 

water melon, spices, chilli, vegetables, pulses and oilseeds are produced as non-rice 

crops in the polder area. Existing prominent cropping pattern is Fallow - T. Aman 

(HYV) - Fallow which is practiced in most of the cultivable area (BWDB, 2013). 
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CHAPTER FOUR 

METHODOLOGY OF THE STUDY 

 

4.1 Methodological Framework 

 

This study investigates how the increasing investment costs to raise and strengthen a 

polder and declining risk cost can be balanced through the execution of the principle of 

risk-based decision making or hydro-economic analysis to determine optimum polder 

level. The principle of risk-based decision making can be considered as techno-

economic guidance that can be used by the policy makers regarding future design and 

implementation of coastal infrastructures. The study was conducted by following 

technical as well as socio-economic analysis. A framework showing different steps of 

the methodology adopted in the study is given in Figure 4.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: Methodological framework of the study 
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4.2 Selection of the Study Area 
 

There were some considerations in the selection process of the study area. First of all, 

Polder No. 33 was selected for this study primarily because of the vulnerability of this 

area caused by the frequently occurred cyclones. Two cyclones named the Cyclone 

Aila in 2009 and the Cyclone Mahasen in 2013 have not only destroyed the lives and 

livelihoods of the polder community but also caused substantial direct damage with 

prolonged impact on agricultural sector. Again, being a sea facing polder, the selected 

area was subjected to overtopping by high storm surges travelling up the river system 

(BWDB, 2013). Besides, generation of hazard function through probability analysis of 

the historical cyclones was one of the objectives of this research which was conducted 

via analysis of maximum surge levels during cyclonic events. As Polder No. 33 is the 

nearest polder to Mongla gauge station, surge levels observed at Mongla gauge station 

were collected from BIWTA to complete the study. Considering the above reasons, 

Polder No. 33 of the Dacope Upazila was selected as the final study area. 

 
4.3 Data Collection 
 

Both primary and secondary data were needed to complete this study.  A description of 

the data collection process is given below. 

 
4.3.1 Primary data collection 
 

To collect the primary data from the local people, a set of checklist was prepared. As 

local people’s perception was necessary to accumulate crop damage data during 

different cyclonic events, different tools and techniques of participatory approaches 

were used to gather primary data from local people. Participatory Rural Appraisal 

(PRA) tools like Key Informants Interview (KII), Focused Group Discussions (FGDs), 

Group Discussions (GDs) and individual interviews were used to accumulate the 

primary data. Four FGDs, two KIIs and seven individual interviews were carried out 

during field visit which were conducted during 28 to 30 March, 2017. As the study was 

going to assess the agricultural vulnerability, FGDs and GDs were conducted with the 

farmer groups. The age of the participants was not less than 40 years because the 

checklists were used to obtain information on the situation of the study area in the past. 

Two KIIs were conducted featuring the Union Parishad (UP) Chairman of Laudobe 
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Union and Upazila Agriculture Officer of Dacope to collect information on present 

cropping pattern, crop damage during the past cyclonic events, etc. Information which 

were collected from the local farmers during FGDs were also validated during KIIs. In 

addition to this, informal discussions were also conducted with local people to know 

about the existing situation of the area. Photos 4.1 - 4.5 show some views of group 

discussions and interviews.  

 

4.3.2 Secondary data collection 

 

In this study, three types of secondary data have been used. Firstly, storm surge level 

data were used as hydrological data to generate hazard function. Observed storm surge 

level data at Mongla gauge station were collected from BIWTA, Dhaka. Five visits 

were made to BIWTA at different times of the study period to collect those data. The 

highest surge level of 19 cyclonic events, from 1981 to 2016, was used for the 

frequency analysis of storm surge. Although the water level gauge station at Mongla 

was in operation prior to 1975, discussions with officials in BIWTA revealed that the 

most reliable data were available after 1975 time period and the cyclonic storm during 

1981 was the first cyclone after 1975.  

 

 The next data used was the topographic data which includes Digital Elevation Model 

(DEM) and LANDSAT satellite images. DEM is used to represent elevation 

information of the earth surface in a digital format. Thus, a DEM is a computerized 

representation of the earth relief. DEM data was based on the NASA Shuttle Radar 

Topographic Mission (SRTM) which was collected from USGS Earth Explorer 

(https://earthexplorer.usgs.gov) having spatial resolution of about 30 m. Since the 

SRTM DEM is freely available and has a relatively fine resolution, this DEM was used 

in this study. This DEM was used to develop a map showing land types of Polder No. 

33 based on the depth of inundation level. LANDSAT satellite images were 

downloaded from USGS Earth Explorer (https://earthexplorer.usgs.gov) to observe the 

extension of inundated area during several cyclonic events through processed images. It 

was necessary to know the area of inundation due to storm surge flooding because it 

had a direct linkage with crop damage assessment.  
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Infrastructural costs (i.e., construction, operation and maintenance (O&M) and 

structural costs) were the last data which were used in this study. This data was 

required to investigate how investment costs increase with the increase of the return 

period of storm surge.  So, relevant information like unit rate of the material, status of 

the water control structures, etc. were collected from Bangladesh Water Development 

Board (BWDB), Khulna. Three visits were paid to the Khulna office of BWDB in June, 

2017 to collect those information. The information which were collected from the 

engineers of BWDB have relevance with those information which were collected 

through conducting FGDs with the farmers during field visit. Photos 4.6 represents 

conducted KII with BWDB engineer to collect relevant information from BWDB, 

Khulna.  

 

 

Photo 4.1: Focus group discussion with local farmers at Upazila Agriculture Office, 
Dacope.   
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Photo 4.2: Focus group discussion with local farmers at Upazila Agriculture Office, 
Dacope. 

 

 

 

 

Photo 4. 3: Individual interview with a local farmer in Bajua union, Dacope 
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Photo 4. 4: Individual interview with a local farmer at Agriculture Office, Dacope 
 

 

 

 

 

Photo 4. 5: Key Informant Interview with a local UP Chairman of Laudobe union, 
Dacope 

 



49 
 

 

 

Photo 4. 6: Key Informant Interview with a BWDB engineer at BWDB, Khulna 

 

4.4 Generation of Hazard Function due to Storm Surge 
 

Generation of hazard function was the result of frequency analysis of the storm surge 

events. Frequency analysis is a procedure for estimating the frequency of occurrence or 

probability of occurrence of an event. In this study, maximum surge level of 19 

cyclonic events from 1981 to 2016 was used for the frequency analysis of storm surge 

level. Here, surge level was considered as the hazard’s attribute. Although BIWTA data 

were used for the frequency analysis, the recorded hourly data of BIWTA may not be 

free from errors because of the manual system used in data collection process. 

However, Gumbel’s Extreme Value Type 1 (EV-1) distribution was used for frequency 

analysis. EV-1 is well-accepted for the frequency analysis of extreme values of 

meteorological, climatic and hydrologic variables (Singh, 1998). EV-1 is proved to be 

an acceptable distribution in predicting the probability of occurrence of extreme events 

(Hershfield and Kohler, 1960). Again, in one study  EV-1 was compared with 

lognormal and Foster's type 3 distributions for the frequency analysis of extreme values 

where EV-1 yielded good estimates for return periods (T) up to 1000 years when the 

coefficient of variation (Cv) was less than 0.5 (Majumdar and Sawhney, 1965). The 

authors also suggested that extreme value distribution law may be easily fitted to 

estimate the values of peak floods or storm surges within the range of T and Cv. 

According to the authors, EV-1 is widely adopted in engineering and flood problems. 
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Considering all these, EV-1 distribution was used for this study. Probability 

corresponding to observed storm surge level was estimated as follows: 

 

                                                         �� = ��  + ���                 (4.1) 
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�
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��
−�

���
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+ ��

−1

                                                (4.3) 

 

Here, 

X�= Mean of the observed values 

γ = Euler's constant = 0.5772 

S = Standard deviation of the observed values 

 

The resulting probability vs. hazard intensity curve was the outcome of overall analysis 

which generated hazard function. Here, magnitude of storm surge level was considered 

as hazard intensity. Generation of hazard function was the first objective of this study. 

Figure 4.2 shows the approach used in this study to generate hazard function.  

 

Figure 4.2: Principle of generation of hazard function 
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4.5 Inundation Mapping 
 

Image processing software, ERDAS IMAGINE 10.1 (Hall et al., 2004) was used to 

process the LANDSAT satellite images to assess the extension of inundated area during 

several cyclonic events. Normalized Difference Water Index (NDWI) was applied 

using the modeler function of ERDAS IMAGINE 10.1 to delineate the extension of 

inundated area in Polder No. 33 during different storm surge events. The NDWI was 

calculated (McFeeters, 1996) as follows: 

 

                                                  NDWI =
���������

���������
     (4.4)  

 

Where the Green and Near Infrared (NIR) represent the digital number of the Green 

and NIR bands of the selected sensors. The resultant NDWI images highlighted the 

inundated area. Lower index value was considered as non-water body whereas higher 

index value was considered as water body. This index ranged from -1 to +1 with water 

bodies of high values (close to +1). A mapping tool, ArcGIS 10.2 was used to generate 

necessary inundation maps from processed images, which were not only useful to 

delineate the overall inundated area due to storm surge flooding but were also in use to 

verify which type of lands (i.e., medium low land, medium high land and high land) 

were mostly inundated in the polder area. Such analyses were done with an aim to 

validate the information which was collected from the farmers during field visit. This 

was helpful to demarcate which types of lands with the particular type of crops were 

mostly vulnerable to storm surge flooding in Polder No. 33. 

 

4.6 Generation of Vulnerability Function 

 

Vulnerability is the degree of loss (to a given element at risk, or a set of such elements) 

due to a particular hazard of a given intensity. The degree of loss is usually expressed 

on a scale of 0 (no loss) to 1(total loss). As the study was concerned to analyze the 

damage to crops as a consequence of storm surge flooding, data were collected on crop 

land, cropping pattern, the contemporary crop price, height of overtopping of the 

existing polder during hazard event, height of the inundation on different types of 

agricultural land, etc. These data were gathered from the field and existing reports. 
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Information on the amount of damaged crops was also collected from the Upazila 

Agricultural Office, Dacope. Then total losses were calculated in monetary terms. 

Storm surge level was considered as the hazard intensity for this study. Finally, a stage-

damage curve as in Figure 4.3 was formed for the development of vulnerability 

function. However, this study assessed only the direct, tangible agricultural damage due 

to storm surge because of the limitations of time and resources. Thus, vulnerability in 

this study is: 

 

                                             Vulnerability = Crop damage                            (4.5) 

 

 

                 Figure 4.3: Principle of the generation of vulnerability function 

 

4.7 Risk-Based Approach in Determination of Optimal Polder Level 

 

The risk-based analysis followed in this study comprises the evaluation of the total 

costs of a system by summing up the investment cost for the system and the risk cost on 

an annual basis. The total cost in this study was expressed with respect to polder level. 

Polder heightening leads to reduce the probability of flooding and hence the expected 

consequential damages (the higher the polders, the smaller the probability of flooding) 

(Jonkman et al., 2009). Overall, in this approach as the design return period increases, 

the investment cost of the polder increases, but the expected damage decreases because 
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of the better protection afforded (Figure 4.4). Finally, an optimum design return period 

can be found where the total cost is minimum (Chow et al., 1988). The procedures 

regarding infrastructural cost and risk cost estimation are discussed below.  

 

4.7.1 Infrastructural cost 

 

The infrastructural cost includes the cost of construction of the polder as well as the 

cost of the existing and proposed structures in the polder. Procedures to estimate 

infrastructural cost is given below: 

 

 The cost estimates have been made based on the length of the selected polder.  

 Construction cost in this study was accounted for the cost of heightening the polder 

crest level which ultimately increased the associated cost of earth work and turfing. 

So, unit rate of earth work and turfing, which was collected from BWDB, was used 

to estimate these costs. 

 The summation of the costs of earth work and turfing in the polder area at different 

polder levels were considered as total construction cost. 

 Accumulated relevant information on existing water control structures and proposed 

structural interventions as rehabilitation program by the CEIP in Polder No. 33 was 

used to estimate structural costs. 

 The summation of total construction and structural costs gave total infrastructural 

costs which were annualized using CRF factor. Finally, annualized infrastructural 

costs were added with annualized O&M cost to get annualized total infrastructural 

costs. 

 

4.7.2 Risk cost 

 

In case of flood risk analysis, flood risk is treated as a set of scenarios with probabilities 

and consequences (economic damages or fatalities) per scenario (Jongejan and 

Maaskant, 2013). In this study, various scenarios were considered with respect to the 

incremental polder levels. Failure probabilities at different polder levels were 

determined through frequency analysis of the storm surge levels. Consequential crop 

damages were calculated in monetary value (BDT) on the basis of the primary data 

which were collected through FGDs with local farmers and KIIs with local officials. 
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Thus, a flood damage curve (exceedance curve of damage) was constructed (see Figure 

5.12 in the next chapter) where the probability of exceedance was presented as a 

function of economic damage. The risk cost of any given year is the integration of the 

damage curve over all probabilities. Risk cost per year was derived as expected damage 

cost by using the following equation (Chow et al., 1988): 

 

                                                      ���� ���� = ∫ �(�)�� 
��� ���������

�
(�)��     (4.6) 

 

where,  

�� (x) �� = The probability that an event of magnitude �  will occur in any given year. 

D(�) = The damage that would result from that event.  

 

4.7.3 Total cost 

 

By summing up the infrastructural cost which was estimated as per the procedure 

described in Section 4.7.1 and risk cost which was estimated as per the procedure 

described in Section 4.7.2  on annual basis, an optimal design return period was found 

where the total cost was minimum. Figure 4.4 shows the approach of risk-based 

decision making to determine optimal polder level. 

 

 

 
Figure 4.4: Principle of risk-based method to determine optimum polder level 
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CHAPTER FIVE 

RESULTS AND DISCUSSIONS 

 
5.1 Frequency Analysis of Storm Surge Hazard 
 

The design of effective coastal polders requires an accurate knowledge of storm surge 

flooding hazard; in particular, the occurrence and statistical distribution of extreme 

surge levels have to be precisely described. The height, extent and duration of storm 

surge flooding are influenced by hydrological and hydrodynamic conditions (Rezai, 

2015). Historically, the coast of Bangladesh is mostly vulnerable to storm surges 

because of its lower geographical elevation. Usually much of the death toll and damage 

to property in coastal areas is as a result of cyclone-induced storm surge causing 

inundation of low-lying onshore land. That’s why coastal polders were typically 

introduced to protect the hinterland and reduce associated losses. Design of polders 

need to reflect the likelihood or probability of such events to select the dimensions of a 

polder. Probability analysis with a database of historical storm surge events is necessary 

for the generation of the corresponding hazard function. Such analysis by fitting a 

distribution to a data set provides a compact and smoothed representation of the 

frequency distribution revealed by the available data and leads to a systematic 

procedure for extrapolation of frequencies beyond the range of the data set. 

 

For the present study, a database of historical storm surge events was prepared for the 

period of 1981 to 2016 using observed maximum surge level data at Mongla gauge 

station to generate storm surge hazard function. Accordingly, the maximum surge level 

corresponding to the 19 independent storm surge events were then statistically analyzed 

using Gumbel’s EV-1 distribution. The selection of EV-1 distribution was done based 

on the goodness of fit test. The goodness of fit test is the method for examining the 

fitness between sample data and its population for a given probability distribution. 

 

EV-1 is a two parameter distribution. Here, probability plot correlation coefficient 

(PPCC) test was used as this method has been known as powerful and easy test among 

those all goodness of fit tests. The resultant correlation coefficient was found to be 

0.99.  
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Table 5.1 shows the probability analysis of the storm surge events from 1981 to 2016. 

The values of the two parameters (i.e., mean and standard deviation of the observed 

values) were estimated to be 3.94 and 0.43 respectively. Using these parameter values, 

the return period (T) of each storm surge level was estimated and given in the 3rd 

column of the table. From T, exceedance probability (P) was estimated as reciprocal. 

Not in all the years, a storm surge occurs. This is adjusted in the 5th column of the table 

(denoted as P’) by the ratio of number of storm surge events and number of total years. 

Finally, adjusted return period (T’) was determined as reciprocal of P’. Based on these 

data, a relationship between the probability and magnitude of the storm surge event was 

established which is presented in Figure 5.1. This figure also shows the goodness of fit 

of the data to the EV-1 distribution. From the figure it is evident that, EV-1 distribution 

fits the data reasonably well except 2 or 3 lower storm surge level data.   
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Table 5.1: Probability analysis of the storm surge events 

 

Date of 

storm 

surge 

 

 

 

 

Surge level 

(m) 

 

 

 

 

 

Return 

period, T 

(years) 

 

 

 

 

Exceedance 

probability 

(P) 

 

 

 

 

Adjusted 

exceedence 

probability 

(P’) 

 

 

 

Adjusted 

 return 

period,  

T’ 

(years) 

 

 

25.05.2009 4.96 34.33 0.03 0.01 84.82 

28.10.2000 4.43 7.76 0.13 0.05 19.23 

29.11.1988 4.39 6.93 0.14 0.05 17.12 

21.05.2016 4.37 6.58 0.15 0.06 16.26 

16.05.2013 4.36 6.39 0.16 0.06 15.79 

15.11.2007 4.11 3.39 0.29 0.11 8.38 

19.05.2004 4.08 3.17 0.32 0.12 7.83 

19.05.1997 4.07 3.08 0.32 0.16 7.61 

25.11.1995 3.95 2.35 0.43 0.17 5.81 

12.11.2002 3.87 2 0.50 0.20 4.94 

10.12.1981 3.8 1.75 0.57 0.23 4.32 

09.11.1983 3.78 1.68 0.60 0.24 4.15 

27.09.1997 3.71 1.5 0.67 0.27 3.71 

20.05.1998 3.66 1.38 0.72 0.29 3.41 

29.04.1991 3.64 1.34 0.75 0.30 3.31 

24.05.1985 3.58 1.24 0.81 0.33 3.06 

02.05.1994 3.46 1.11 0.90 0.36 2.74 

18.12.1990 3.37 1.05 0.95 0.38 2.59 

15.10.1983 3.23 1.01 0.99 0.40 2.50 
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Figure 5.1: Generation of hazard function 

 

5.2 Generation of Vulnerability Function due to Storm Surge 

5.2.1 Inundation land type and cropping practice 

 

DEM is one of the essential data for flood study of an area. This study also used SRTM 

DEM data which are being housed in the USGS Earth Explorer. Hence, SRTM DEM 

was downloaded for the study area from the USGS Earth Explorer having spatial 

resolution of about 30 meters. The acquired data was used for the preparation of land 

type classification map and storm surge inundation maps. Classification of land type 

was based on the depth of inundation due to normal flooding. There are five land type 

classes: High land (above flood level), Medium high land (flooding depth 0-90 cm), 

Medium low land (flooding depth 90-180 cm), Low land (flooding depth 90-270 cm) 

and Very low land (flooding depth >270 cm) (BWDB, 2013). Based on this 
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classification, the land of chosen study area has been classified and presented in Table 

5.2. From the table, it is clear that the area of Polder No. 33 is dominated by medium 

high land (70%). The high land and medium low land areas are about 24% and 6% 

respectively. Land classification map has been prepared which is presented in Figure 

5.2. This land classification map would be useful for the development of storm surge 

vulnerability function for the selected polder.  

 

Table 5.2: Land classification based on the inundation of the study area 

 

Types of land  Area (ha) Area (%) 

High land 2099 24 

Medium high land 6052 70 

Medium low land 449 6 
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Figure 5.2: Land type classification based on inundation level 
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Present farming practice in the polder area is heavily influenced by different categories 

of land based on inundation level. Through FGDs and individual interviews with the 

farmers, some information on cropping practices on different land types were collected 

which are summarized and presented in Table 5.3. 

 

Table 5.3: Present cropping practices in relation to inundation land type in 

Polder No. 33 

 

Land type Name of the crops 

       High Land T. Aus (Local), B. Aus (Local), T. Aman 

(HYV), T. Aman (Local), Sugarcane, 

Chilli, Sesame, Watermelon, Lentil, 

Spices, Vegetables, Potatoes, Orchards. 

Medium High Land T. Aus (HYV), T. Aman (Local), T. Aman 

(HYV), Boro (HYV), Watermelon, Jute, 

Vegetables. 

Medium Low Land T. Aus (Local), T. Aus (HYV), Boro 

(HYV), Watermelon, Pulses, Oilseeds, 

Spices . 

Source: Field Information, 2017 

 

From the above table it is evident that, a limited variety of crops are grown due to 

unfavorable situation prevailing in the polder area. Rice is the main crop grown because 

of its adaptability in this unfavorable ecological condition. Among the non-rice crops, 

watermelon plays a significant role. The farmers of the polder opined that since 1988 

(when the watermelon was promoted for cultivation in the polder area), they had been 

extremely benefitted through watermelon farming because of its high market value. 

However, inundation of any depth on agricultural land (high, medium high or medium 

low) affects negatively to the production of this crop. 

 

5.2.2 Inundation mapping 
 

Participants in FGDs and KIIs mentioned that the Cyclone Aila was the most devastating 

cyclone they have ever experienced. According to the farmers and local officials, the 
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Cyclone Aila was the second most damaging cyclone in terms of inundated area after the 

cyclone in 1988. They also mentioned about the Cyclone Sidr and Cyclone Mahasen 

when storm surge overtopped the polder and flooded a significant portion of the polder 

area. All those information were verified by generating inundation maps from 

LANDSAT satellite images. Four satellite images were used in this study for four 

individual storm surge hazards which are mentioned in Table 5.4 with their sensor type, 

date of image acquisition and resolution.  

 

Table 5. 4: Features of the acquired LANDSAT satellite images 

 

No. Sensor type Date Resolution (m) 

1 TM December 10, 1988 30 

2 TM June 04, 2009 30 

3 ETM+ May 23, 2013 30 

4 ETM+ November 21, 2007 30 

  

From the above table it is clear that, the first 2 images were acquired from LANDSAT 

4-5 which carried a Thematic Mapper (TM). These 2 images were used to assess 

inundated area during the cyclone in 1988 and Cyclone Aila in 2009 respectively. 

Again, the last 2 images were acquired from LANDSAT 7 which was equipped with an 

Enhanced Thematic Mapper (ETM+). These 2 images were used to assess inundated 

area during the Cyclone Mahasen in 2013 and Cyclone Sidr in 2007 respectively. 

NDWI index was used for this study to delineate inundated area following the 

procedure discussed in Section 4.5 of Chapter 4. The index can effectively eliminate the 

terrestrial vegetation and soil information and retain the open water information for 

inundation mapping (McFeeters, 1996).  

 

The ERDAS IMAGINE 10.1 software was used to process the images for this study. 

The prepared inundation maps are given in Figure 5.3, Figure 5.5, Figure 5.7 and Figure 

5.9. A comparison of the inundation map with the inundation land type map revealed 

that, high land which is about 24% of the total study area was not much inundated under 

storm surge flooding. But significant amounts of medium high lands were inundated 

during those events.  About 4836 ha area was inundated during the cyclone in 1988, and 
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in case of the Cyclone Aila, Cyclone Mahasen and Cyclone Sidr, the figures were about 

3388 ha, 2961 ha and 1507 ha respectively. The inundation statistics of high, medium 

high and medium low land classes during different cyclonic events are given in Figure 

5.4, Figure 5.6, Figure 5.8 and Figure 5.10. 

 

 

 

 

 

 

 

 

 

 

 



64 
 

 

 

Figure 5.3: Inundated area during the Cyclone in 1988 

 

 

 

Figure 5.4: Areas inundated under different land types during the Cyclone in 1988 

 

 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

High Land Medium High Land Medium Low Land

A
re

a 
o

f 
in

u
n

d
at

io
n

 (%
) 

Land type 



65 
 

 

 

Figure 5.5: Inundated area during the Cyclone Aila in 2009 

 

 

Fig/ure 5.6: Areas inundated under different land types during the Cyclone Aila in 2009 
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Figure 5.7: Inundated area during the Cyclone Mahasen in 2013 

 
 

 
 

Figure 5.8: Areas inundated under different land types during the Cyclone Mahasen in 
2013 
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Figure 5.9: Inundated area during the Cyclone Sidr in 2007 

 

 

 

Figure 5.10: Areas inundated under different land types during the Cyclone Sidr 
in 2007 
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The data that were collected on crop damage showed a direct linkage with the 

inundation pattern of the three types of land. By using the inundation maps, it was 

possible to evaluate which type of crops or land types were affected by a certain storm 

surge flooding. During FGDs, GDs and individual interviews, the farmers told about 

the immediate impacts on the agricultural sector inside the polder area due to the above 

mentioned events. According to them, Aus rice, Watermelon and Sesame were the 

major crops that were seriously damaged during the Cyclone Aila. The farmers gave 

specific information on the collapse of watermelon production during the Cyclone Aila 

and Cyclone Mahasen as the inundation of the agricultural land owing to these storm 

surge flooding caused crown and root of watermelon plants to be rotten which 

ultimately ruined this crop production completely. This information from the farmers 

was also verified with the local officials at Dacope Upazila during KIIs and individual 

interviews. They mentioned that the Cyclone Sidr was less destructive event compared 

to the Cyclone Aila as well as the Cyclone Mahasen in case of agricultural loss. This 

information can also be verified from the generated inundation map of the Cyclone Sidr 

because a handful portion of the lands were flooded during that event.  

 

These inundation maps were finally used to assess crop loss at three types of lands 

based on the field information which were collected during FGDs and GDs. Table 5.5 

shows pattern of crop loss at different land types during selected storm surge flooding.  

 

Table 5. 5: Pattern of agricultural loss at three types of lands during storm surge 
flooding 

 

Types of lands  Agricultural loss (BDT) during selected storm surge events  

Cyclone Aila  Cyclone Mahasen Cyclone Sidr 

Medium Low Land  9,96,84,000 9,39,90,000 1,75,20,000 

Medium High Land  31,25,04,000 22,19,88,000 8,71,20,000 

High Land  18,66,54,000  16,28,32,800 1,51,20,000 

Total  59,88,42,000 47,88,10,800 11,97,60,000 
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From the above table it is clear that, agricultural products in the medium high land and 

high land areas were susceptible to storm surge flooding in Polder No. 33 compared to 

that of the medium low land. This is because land areas adjacent to the river and inside 

the polder were mostly dominated by medium high land to high land.   

 

However, the members participated in the FGDs also pointed out to the extensive 

destruction of rice to the polder area in November – December due to the cyclone in 

1988. During the cyclone in 1988, the polder with a level of only 1.83 mPWD was 

overtopped by a high level of storm surge which resulted in the inundation of a vast 

polder area. As a huge area was inundated with a small level of polder during the 

cyclone in 1988, the data corresponding to the cyclone in 1988 was dropped for 

calculation of vulnerability function as it is an atypical event.  

 

5.2.3 Generation of vulnerability function 

 

The damage caused by a hazard is usually represented by a stage-damage relation 

which is alternatively called loss function where water depth is the major damage 

variable. A stage-damage curve normally relates to a specific class of structure or crop, 

and presents information on the relationship of flood damage to depth of flooding. The 

stage-damage curve determines the probable loss for a given phenomenon. The basic 

requirement to evaluate agricultural damage is the development of stage-damage 

function. A stage-damage function is a summary statement of the direct economic cost 

of flood water inundation for a specified area. 

 

In this study as mentioned before, storm surge level in river was considered as hazard’s 

attribute. Then, with respect to surge level, inundated agricultural land area and crop 

loss were interrelated. The information on crop loss due to the storm surge events was 

obtained from the local farmers and Upazila Agriculture Office, Dacope. A check list 

was prepared and used for collecting the crop damage data as well as associated 

information related to the surge events. These are summarized in Table 5.6 
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Table 5.6: Net economic value of agricultural losses during selected events 

Name of the event Surge level (m) Agricultural loss 

( BDT) 

Cyclone Sidr 4.11 11,97,84,000 

Cyclone Mahasen 4.36 47,91,36,000 

Cyclone Aila 4.96 59,89,20,000 

Cyclone in 1988  N/A 

Note: N/A means data is not available  

 

From the Table 5.6 it is clear that the net agricultural losses which were found from 

field have relevance with the agricultural losses which were derived with respect to 

different land types (see Table 5.5). So, accumulated field data on crop damage were 

used to generate vulnerability function. However, crop loss was increased with the 

increase of inundated area. For instance, inundation to 3388 ha area caused agricultural 

losses of about BDT 600 million in case of the Cyclone Aila, while the amount was 

approximately 120 million in case of the Cyclone Sidr as the inundated area during the 

Cyclone Sidr was relatively less compared to that during the Cyclone Aila.  Based on 

the above information, a vulnerability function was deduced through depth-damage 

curve which is given in Figure 5.11 

 

 

 

Figure 5. 11: Storm surge vulnerability function for the Polder No. 33 
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5.3 Risk-Based Determination of Polder Height 

 

Typically, the optimization principle of embankment risk analysis is to minimize all 

flood related costs, including costs of expected losses and those of flood protection. 

Flood protection cost includes polder construction, O&M and other structural costs. 

The optimal design return period is determined by risk-based approach in which the 

probabilistic nature of hydrologic events and associated losses over the feasible range 

of hydrologic events are both known. Detail description of this cost estimation and 

polder height determination is given below.  

 

5.3.1 Infrastructural cost 

 

To conduct the overall infrastructural analysis, it was necessary to know the general 

features of Polder No. 33. Average existing crest level of the polder is 3.85 mPWD and 

the length of the polder is 52.5 km with a fixed crest width of 4.5 m (BWDB, 2013). 

According to the BWDB engineers, excavation of soil, carrying out earth and 

deposition of the collected earth in the selected area were the fundamental works after 

the validation of the design. The sloping and shaping of polder were done after proper 

compaction of the soil layers. The slope of the polder was turfed by giving proper 

nutrition to soil for the production of grass. As per the suggestion of BWDB engineers, 

earth work and turfing were considered as the items to estimate the construction cost. 

Item rate for the Khulna O&M Circle was used to calculate total construction costs 

regarding earth work and turfing in the polder area at different levels starting from the 

existing average crest level (3.85 mPWD) of the polder upto the maximum observed 

surge level that was used in the probability analysis of the storm surge event and the 

heights were taken at 22cm intervals for ease of calculation. The detail analysis is given 

in Table 5.9.  

 

For detail analysis of the structural cost, it was also necessary to gather information on 

existing water control structures in the polder area. The polder area is enclosed by an 

embankment with various water controlling structures for draining and flushing 

purposes. There are 13 drainage sluices (DSs) and 19 flushing inlet structures (FSs) in 

the polder area. Summaries of the existing water control structures with relevant 

information (i.e., size of the structure, chainage and location) are given in Tables 5.7 
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and 5.8. Some photos of the existing water control structures showing ongoing polder 

construction work near Laudobe union (Photo 5.1) and drainage sluices (Photos 5.2 and 

5.3) are given below.  

 

Table 5. 7: Existing drainage sluices in Polder No. 33 

 

Structure name  Structure description Chainage (km) Location 

DS-1 1v-1.5m x 1.8m 3.45 km Bhojankhali Khal 

DS-2 1v-1.5m x 1.8m 5.90 km Khajuriar Khal 

DS-3 1v-1.5m x 1.8m 11.10 km Borobaker Khal 

DS-4 1v-1.5m x 1.8m 13.877 km Bodlar Khal 

DS-5 1v-1.5m x 1.8m 18.42 km Chaarar Khal 

DS-6 1v-1.5m x 1.8m 22.83  km Dhopadi Khal 

DS-7 2v-1.5m x 1.8m 28.19 km Dacop Khal 

DS-8 1v-1.5m x 1.8m 31.33 km Bajua Khal 

DS-9 4v-1.5m x 1.8m 42.70 km Basoa Khal 

DS-10 

 

1v-1.5m x 1.8m 

 

43.85 km Connected with 

Chara Nadi 

DS-11 1v-1.5m x 1.8m 44.66 km Khutakhali Khal 

DS-12  1v-1.5m x 1.8m 47.00 km Laudobe Khal 

DS-13   1v-1.5m x 1.8m 49.95 km Khatakhali Khal 

(Source of data: BWDB, 2013) 
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Table 5.8: Existing flushing inlets in Polder No. 33 

 

Structure name  Structure description Chainage (km) 

FS-1 1v-0.9mx0.9m 7.75 km 

FS-2 1v-0.9mx1.2m 8.86 km 

FS-3 1v-0.9mx0.9m 9.67 km 

FS-4 1v-0.9mx1.2m 18.65 km 

FS-5 1v-0.9mx1.2m 19.17 km 

FS-6 1v-0.9mx0.9m 21.60 km 

FS-7 1v-0.9mx0.9m 23.85 km 

FS-8 1v-0.9mx0.9m 25.82 km 

FS-9 1v-0.9mx0.9m 30.30 km 

FS-10 1v-0.9mx0.9m 30.75 km 

FS-11 1v-0.9mx0.9m 33.63 km 

FS-12 1v-0.9mx1.2m 35.35 km 

FS-13 1v-0.9mx0.9m 37.43 km 

FS-14 1v-0.9mx0.9m 41.53 km 

FS-15 1v-0.9mx1.2m 45.75 km 

FS-16 1v-0.9mx0.9m 47.63 km 

FS-17 1v-0.9mx1.2m 49.0 km 

FS-18 1v-0.9mx0.9m 50.64 km 

FS-19 1v-0.9mx0.9m 51.14 km 

(Source of data: BWDB, 2013) 

 



74 
 

 

 

Photo 5.1: Ongoing polder construction near Laudobe Union 
 

 

 

Photo 5.2: Existing 1-vent drainage sluice in Bajua Khal 



75 
 

 

 

Photo 5.3: Existing 4-vent drainage sluice in Basoa Khal (Source: BWDB, 2013) 
 

Overtopping of the polder and storm surge flooding caused a lot of damages to the 

existing hydraulic structures. Through FGDs, KIIs and analyzing the existing reports it 

was found that, many of the hydraulic structures were fully damaged during the 

Cyclone Sidr and the Cyclone Aila and a few became nonfunctional due to the siltation 

of diversion channels. The other structures which were functional were in a deplorable 

condition. The gates were corroded by saline water, and the concrete surfaces of the 

structures were in very poor condition. The loose aprons on both country side and river 

side were either badly damaged or washed away. Piping underneath the apron floor for 

shrimp cultivation caused partial or full damages to the structure. Some structures were 

found to leak at the construction joint. That’s why 13 drainage sluices and 12 flushing 

inlets were proposed to be replaced as a rehabilitation program under CEIP project. 

Besides, 5 flushing inlets will be repaired (BWDB, 2013). 

 

Therefore, the costs related to existing structures were collected from the BWDB 

officials and the costs corresponding to the proposed structural interventions were 

collected from CEIP documents. Finally, construction and structural costs were 

summed up to find out the total infrastructural costs. The total costs were then 
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annualized from CRF by using Equation (2.11) where expected service life of the 

project was considered to be 30 years and the interest rate was taken as 12%. O&M cost 

was taken as 10% of the total annualized cost. Detail calculation of the costs is given in 

Table 5.9. From the table it is found that, the total annual cost increases with the 

increase of the project size.  
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Table 5.9: Estimation of earthwork, structural and O&M cost of Polder No. 33 

 

Ground 

RL 

(m 

PWD) 

 

Design 

RL 

(m 

PWD) 

 

Crest 

width 

(m) 

 

 

Volume of 

earth work 

(m3) 

 

Area of 

turfing 

(m2) 

 

 

Cost of 

earth work 

(BDT) 

 

 

Cost of 

turfing 

(BDT) 

 

Cost of 

earthwork 

&turfing 

(BDT) 

 

Total 

structural 

cost 

 (BDT) 

 

Total 

infrastructural 

cost  

(BDT) 

 

Annualized 

infrastructural 

cost  

 (BDT) 

 

Annualized 

O&M  

cost  

(BDT) 

 

Annualized 

total   

cost 

(BDT) 

 

(1) (2) (3) (4) (5) (6) (7) (8)= 
(6)+(7)  

(9) (10) = 
(8) + (9) 

(11) (12) (13)= 
(11) + (12) 

 
1.2 

 
3.85 

 
4.5 

 
1547766 

 
751275 

 
177838270 

 
19360356 

 
197198627 

 
378000000 

 

 
575152194 

 
71407261 

 
7140726 

 
78547987 

 
 

1.2 

 

4.07 

 

4.5 

 
1759130 

 
813750 

 
203161996 

 
20970337 

 
224132333 

 
474300000 

 

 
698432333 

 
86705944 

 
8670594 

 
95376538 

 
 

1.2 

 

4.29 

 

4.5 
1983201 

 
875700 

 
232887249 

 
22566789 

 
255454038 

 
570678000 

 

 
826132038.4 

 
102559053 

 
10255905 

 
112814958 

 
 

1.2 

 

4.51 

 

4.5 
2219976 

 
938175 

 
264998490 

 
24176769 

 
289175260 

 
667017000 

 

 
956192260 

 
118705204 

 
11870520 

 
130575724 

 
 

1.2 

 

4.73 

 

4.5 
2469456 

 
997500 

 
299569661 

 
25705575 

 
325275236 

 
763356000 

 

 
1088631237 

 
135146663 

 
13514666 

 
148661329 

 
 

1.2 

 

4.95 

 

4.5 
2731641 

 
1063125 

 
336674707 

 
27396731 

 
364071438 

 
859695000 

 

 
1223766438 

 
151922841 

 
15192284 

 
167115125 
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5.3.2 Risk cost 

 

To determine optimum design return period, it was necessary to know the probabilistic 

nature of storm surge events and the damage that occurred due to such events over the 

feasible range of the events. So, the probability of storm surge hazards and 

consequential losses were required to know for risk cost analysis. Probability of hazard 

has already been discussed in the Section 5.1 and the consequential crop losses due to 

storm surge events have been discussed in the Section 5.2 of this chapter. The damages 

due to storm surge events of different probabilities are given in Figure 5.12. From this 

figure, the risk cost was estimated following the procedure discussed in Section 4.7.2 

of Chapter 4 and given in Table 5.10. A sample of the risk cost calculation is given in 

Appendix A. 

 

 

Figure 5.12: Damage for storm surge events of various exceedance probabilities 
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Table 5.10: Estimation of the risk cost 

 

Polder level 

(m) 

Probability Risk cost  

(BDT) 

3.85 0.21 71948353 

4.07 0.16 53352050 

4.29 0.08 34374050 

4.51 0.05 23000000 

4.73 0.03 12600000 

4.95 0.01 0 

 

5.3.3 Determination of optimal polder height 

 

The aim of this research was to investigate the application of risk-based decision 

making in determination of optimal polder level in a specific polder. To determine 

optimal polder level following a risk-based approach, it was necessary to know 

infrastructural costs and risk costs on an annual basis which have been discussed in 

Section 5.3.1 and 5.3.2 respectively and given in Table 5.11. Here, infrastructural costs 

and risk costs are given with respect to various polder levels. By summing up the 

infrastructural cost and risk cost on an annual basis, a design return period having 

minimum total cost was found which is given in Figure 5.13. 

 

Table 5.11: Estimation of total cost to determine optimum polder level 

 

Embankment level 

(m) 

 

Return Period 

(year) 

 

Annualized 

infrastructural 

Cost (BDT) 

Risk Cost 

(BDT) 

 

Total cost 

(BDT) 

 

3.85 4.76 78547987.52 71948353 150496341 

4.07 7.69 95376538.86 53352050 148728589 

4.29 12.50 112814958.2 34374050 147189008 

4.51 21.74 130575724.9 23000000 153575725 

4.73 37.04 148661329.8 12600000 161261330 

4.95 76.92 167115125.8 0 167115126 
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Figure 5.13 shows the relation between various costs and the return periods of storm 

surge hazard. It is seen from the figure that, as the design return period increases, the 

infrastructural cost of the polder increases and the risk cost decreases. The total cost 

initially decreases and then increases. The minimum total cost which is about BDT 150 

million occurs corresponding to a return period of 12.5 years (see Figure 5.13). Hence, 

the optimal design return period is found to be 12.50 years. So, a polder of 4.29 mPWD 

(see Table 5.11) with an approximate average annual cost of BDT 150 million may be 

considered as optimal level for the selected polder.  

 

 

Figure 5. 13: Risk-based determination of optimal polder level 
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5.4 Summary and Further Discussions 

 

This study investigated risk-based determination of polder height against storm surge 

in Polder No. 33 of Dacope Upazila in Khulna district and assessed the agricultural 

losses during several storm surge events. It was found that agricultural loss was 

increased with the increase of inundated area. The Cyclone Aila was one of the most 

devastating cyclones that caused inundation to about 50% of the total area and was 

responsible for the huge agricultural damage. On the other hand, minimal inundation 

(approximately 17% of the total area) during the Cyclone Sidr caused insignificant 

damage to agriculture in the polder area. All these analyses were necessary for the 

generation of vulnerability function. Finally, risk-based method was applied to 

determine optimal polder level and the result shows that a polder of 4.29 mPWD with 

design return period of 12.50 years will be optimal in terms of costing. However, in a 

risk-based design, the flood risk consists of the flood hazard (i.e. extreme events and 

associated probabilities) and the consequences of flooding (i.e. property damages). 

Ideally, a flood risk analysis should incorporate associated uncertainties with the 

probabilities and possible damages in the risk analysis.  

 

The consequences of climate change pose a lot of uncertainties and sea level rise (SLR) 

is one of them. Bangladesh is vulnerable to current coastal hazards and anticipated SLR 

because of its low elevation. The Northern Indian Ocean, which includes the Bay of 

Bengal, has been reported to experience a relatively high rate of SLR compared to 

other oceans globally. The analysis of National Adaptation Program of Action (NAPA) 

demonstrated 0.14 m, 0.32 m and 0.89 m rises in the sea level of the coastal zone of 

Bangladesh by the year of 2030, 2050 and 2100 respectively. All those scenarios were 

derived based upon the full range of 35 Special Report on Emission Scenarios (SRES) 

(MoEF, 2005). Thus rising sea level is a great concern for the study area as the delta 

and island nations are at high risk of being the victim of SLR.  
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Figure 5. 14: Trend in observed storm surge levels in the Passur River at Mongla 

 

An attempt was made to see the trend in surge levels of the Passur River at Mongla. 

Figure 5.14 shows the trend of 1981-2016 surge levels. The adjusted coefficient is 

found to be only 5% and hence the trend of surge level is not significant at 90% 

confidence level. However, if the SLR scenarios derived by NAPA is considered for 

the present study, the optimal polder level might increase up to 7.5% (4.61 mPWD) by 

2050 which will consequently increase the annual average cost about 7% by 2050. 

 

Not only the SLR but also the sea surface temperature has a direct linkage with the 

intensity of storm. IPCC (2007) cites a trend since the mid-1970s toward longer 

duration and greater intensity of storms, and a strong correlation with the upward trend 

in tropical sea surface temperatures. Using a range of model projections, the report 

asserts a probability greater than 66% that continued sea-surface warming will lead to 

tropical cyclones that are more intense, with higher peak wind speeds and heavier 

precipitation  (Dasgupta et al., 2009). Some scientific evidences acknowledge that peak 

intensity of tropical cyclones in Bangladesh may increase by 5% to 10 %, which would 

contribute to enhance storm surges and thus resultant storm surge height may cause 

further inland intrusion (BWDB, 2013). 
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However this study demonstrates an optimally safe polder level considering storm 

surge hazard for Polder No. 33 through applying risk-based approach. Here, the polder 

level is proposed to be 4.29 mPWD which is optimal in terms of costing. On the other 

hand, CEIP proposed 4.5 mPWD as design polder level for Polder No. 33 which is 

0.21m higher compared to the result of the present study. Again, if the result of the 

present risk-based study is compared with that of the CEIP study in terms of costing of 

infrastructural works, it is found that the annual cost in CEIP (390 million/year) is 

more than twice the estimated cost (150 million/year) of the present study. Hence, 

CEIP did some over estimations in case of polder heightening. Return period based 

method was the basis of the study which was conducted by CEIP. Here, most of the 

polders were proposed to design following 25 years return period. The design return 

period method is not based on proper risk analysis. So, CEIP did such over estimation 

because of ignoring risks associated with hazards.   

 

Still this study has some limitations as only one polder was selected to conduct this 

analysis.  The findings would be more rational and prominent if the principle of risk-

based approach was applied on a few more polders.  
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS 

 
6.1 Conclusions 
 

Inundation caused by cyclone induced storm surge is one of the major problems in the 

coastal region of Bangladesh. Coastal polders were constructed to protect the coastal 

area from the catastrophic impacts of storm surge hazard. Still the polders are in 

vulnerable condition when severe cyclone hits the coast of Bangladesh. As a result, 

government agencies have taken initiatives to strengthen the coastal polder systems. 

However, instead of following a risk-based approach, they have been following 

traditional return period based method which does not include both the probability of a 

failure and the consequences of the failure due to hazard. This study was undertaken to 

assess the optimal polder level of a selected coastal polder following a risk-based 

approach. Based on the results of the study, the following conclusions are drawn: 

 

 19 independent storm surge events, from the period of 1981 to 2016, were used for 

frequency analysis to generate storm surge hazard function. Based on the goodness 

of fit test, Gumbel’s EV-1 distribution was selected for this analysis. A relationship 

between the probability and magnitude of the storm surge events was established 

from the statistical analysis which also proved that EV-1 distribution fits the data 

reasonably well.  

 

 Polder No. 33 was covered with three types of lands namely highland, medium high 

land and medium low land. From the study it was found that, polder area was 

dominated by medium high land (70%) compared to that of the other two types of 

land.  

 

 During selected storm surge events, the highland and medium high land were found 

to be inundated whereas some portions of the medium low lands were free from 

inundation. This is because land areas adjacent to the river and inside the polder 

were mostly dominated by medium high land to high land.  
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 The vulnerability function was deduced as depth-damage concave shaped curve. 

This analysis showed that the net agricultural losses were increased with the 

increase of inundated area. High surge level during the Cyclone Aila caused 

inundation of about 50% of the total polder area and the consequential agricultural 

losses were about BDT 600 million. This figure is five times higher compared to 

that of the agricultural losses during the Cyclone Sidr as the inundated area during 

the Cyclone Sidr was relatively less compared to that of the Cyclone Aila. The 

farmers opined that such high agricultural losses during the Cyclone Aila were 

happened because of the collapse of watermelon cultivation. However, the 

watermelon cultivation was vulnerable to storm surge during the pre-monsoon 

season.  

 

 A quantitative risk-based analysis, following the principle of risk-based decision 

making, was conducted to determine optimal level of Polder No. 33, considering 

overtopping of the polder due to storm surge hazard. The optimal polder level was 

estimated as 4.29 mPWD with design return period of 12.50 years and an 

approximate annual cost was found to be BDT 150 million.  

 

 Comparing the polder level (4.29 mPWD) which was the result of risk-based 

approach with the proposed polder level (4.50 mPWD) by CEIP it is found that 

CEIP has done some over estimation in case of polder heightening. As a result, the 

annual infrastructural cost of CEIP (390 million/year) is more than twice the 

estimated cost (150 million/year) of the present study. Such over estimation occurs 

because of applying traditional return period based method which ignores the 

consequences of storm surge hazard during polder heightening.  

6.2 Recommendation 

The following recommendations were made based on the conclusions of the study- 

 

 For the simplification of the present study, information on direct tangible 

agricultural damage was considered as the only damage to generate vulnerability 

function. In the future, it is recommended to incorporate prolonged impact of storm 

surge hazard on agricultural sector to generate vulnerability function in such kind of 
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studies. Again, not only agriculture but also a wider range of damage costs should 

be included in future studies.  

 

 It is clear that proper damage assessment is the key to prepare vulnerability 

function. Hence, damage assessment in Bangladesh is still not systematic and 

consistent. Damage data on agriculture, settlements, fisheries, infrastructures and 

other sectors for different cyclones should be gathered in a systematic way for the 

advancement of such studies.  

 

 Despite of having limitations in traditional return period based method, BWDB has 

been using this method for establishing or rehabilitating coastal polder system. 

Hence, it is recommended that BWDB should start implementing risk-based 

approach which gives more realistic result for polder raising. 

 

 Although this study points out advantageous sides of applying risk-based approach 

in case of polder heightening, firm conclusion cannot be made as this method has 

been applied on only one polder, as a case study in this analysis. This method 

should be applied widely elsewhere in case of determination of optimal polder 

level. The risk-based analysis that is developed here for coastal polder design 

should in principle be extensible to designs of other individual flood control actions. 
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APPENDIX A 

SAMPLE CALCULATION OF RISK COST 
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Figure A1: Sample figure for the risk cost calculation 

 

The steps of risk cost calculation are as follows: 

Step 1: Finding the crop damage from Figure A1 corresponding to a particular 

probability of exceedance (P). For example, crop damage is BDT 680 million 

corresponding to the P of 0.01. 

Step 2: Same as Step 1, but for a different P. For example, crop damage is BDT 580 

million corresponding to the P of 0.03. 

Step 3: Finding the difference of P, i.e., P = 0.02 

Step 4: Finding the average crop damage, i.e., BDT 630 million. 

Step 5: Multiplying the result of Step 3 with Step 4, i.e., (0.02 × 630 × 106) 

             = BDT 1,26,00,000 

Step 6: Repeating the above steps from Figure A1 for new set of probabilities and 

finding cumulative values.  
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