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SUMMARY
The principal aim of the study was to prepare flood hazard, vulnerability and risk maps in
Bangladesh. Since types of mitigation approaches in general would differ depending on
the type of flood, the extent of risks different geographical areas are exposed to and the
desired levels of protection for life, property, vital infrastructure, agriculture and wetlands,
three different types of floods (river flood, flash flood and cyclonic storm surge flood)
were thus considered in three different hydrologic regions in three pilot study sites:
Sirajganj Sadar Upazila in Sirajganj district (river flood), Baniachang Upazila in Habiganj
district (flash flood) and Barguna Sadar Upazila in Barguna district (storm surge flood).
When considering the effects of climate change, it is important to consider the dynamic
nature of flood risks. For example, sea level rise (SLR) and changes in storm intensity,
occurring as a result of climate change, will cause changes in the areas susceptible to
flooding. This study took into account the effect of climate change on flood hazard and risk
maps. For the cases in the fluvial zone, climate change scenarios for Bangladesh were
considered principally based on previous studies on climate change and impacts. A
number of impact scenarios (on climatic and hydrologic parameters) were selected for
analysis. For the case in the tidal zone under the effect of storm surge flood, predictions of
sea level rise were considered in deriving the hazard and risk maps.
A number of water level gage stations were selected on the main rivers surrounding the
study areas to be subsequently used in determination of different flood levels
corresponding to different return periods and subsequent analysis for floodplain
inundation. For Sirajganj Sadar, frequency analysis of yearly maximum river water levels
(corresponding to the highest level in the monsoon) was conducted, while for Baniachang
frequency analysis of the maximum water level during the months of March-May in premonsoon or flash flood season was conducted. however, no frequency analysis of surge
heights was carried out. No frequency analysis of surge heights, however, was carried out
for Barguna Sadar because the height of storm surge at a particular location depends on
cyclone intensity and the cyclone tracks. The most severe storm surge height experienced
in Barguna Sadar in the recent cyclone SIDR in 2007 was considered as the design water
level for hazard and risk mapping.
The NASA Shuttle Radar Topographic Mission (SRTM) digital elevation data (DEMs),
processed using ArcGIS 9.3, were used in the analysis. Because of availability of three
gage stations close to the study area in Sirajganj Sadar, no hydraulic simulation was done.
Instead, the topo to raster interpolation technique available with GIS system was applied
using water level data (at various return periods) of the three gage stations in order to
generate water level surface. For the flash flood case in Baniachang, however, twodimensional flood flow simulation was conducted with Delft3D model to compute
floodplain inundation depths, since direct GIS interpolation of water surface from observed
water levels at gage stations may not result in a very accurate inundation map. For
Barguna Sadar, the maximum observed storm surge height (during SIDR 1997) was used
to generate water surface using topo to raster interpolation technique.
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Land use or land cover dataset was generated from the digital image classification of
LANDSAT, ETM+ satellite images of 2011. Supervised classification of LANDSAT
images was done with of Integrated Land and Water Information System - ILWIS 3.4
Academic image classification software to derive different land coverage in the existing
study areas. The elements at risk identified for the study areas include agricultural land,
rural settlements (i.e. homesteads), and roads. It is noted here that image classification did
not yield roads as one land use classification. The shape files of rural roads collected from
LGED were overlaid onto the land use map to get the complete picture.
The present study considered ‘depth of inundation’ as the main parameter for assessing
flood damage functions for croplands, rural settlements and roads. This was one limitation
of the study which could not be overcome due to time and resource constraints. Duration of
inundation may be important for damage to settlements, while velocity is an important
parameter for cyclonic storm surge. Considering depth as the flood damage parameter,
depth-damage relationships (alternatively called loss functions or vulnerability functions)
were developed for different elements at risk (crops, settlements and roads) based on data
or information that exist in different secondary literature/ reports and organizations, and
extensive interviews with the local people conducted as part of the questionnaire survey.
In the final step of risk assessment, the expected damage of the inundation land use types
was estimated first by combining replacement values assessed for the elements and stagedamage function. Property value data per hectare of each land use class was collected from
field survey. The monetary value for each land use type was converted to a raster map.
Direct damages to properties of economic units were classified as settlement and
agricultural damages. Data on average unit prices of houses and agricultural production
under the present circumstances were. Then, expected damage value was classified into
several defined classes using in GIS environment.
One important objective of hazard and risk mapping is to translate the maps at micro (e.g.
village) level, in a format understandable to the local communities. While accuracy of the
flood inundation maps is an important determinant of the efficacy of the activity largely
controlled by the resolution of topography data used in analysis, the community based
flood hazard and risk maps allow verification of hazard and risk maps prepared at the
coarser, such as Upazila level. Community based flood hazard and risk maps were
prepared following a participatory research tool, resource mapping, in which the
participants identify different resources within the area of concern and identify the level of
hazard and risk for different historical flood levels. A total of 4 villages were selected in
the three Upazilas, Gupirpara village in Sirajganj Sadar, Subidpur village in Baniachang,
and Noltona and Porirkhal villages in Barguna Sadar, with a view to preparing community
based hazard and risk maps. While the technical or physical damage vulnerabilities were
well exemplified in the assessments made at the macro (i.e. Upazila) level, community
based hazard and risk mapping provided an opportunity to get an understanding of the
physical as well as socio-economic aspects of vulnerability of the communities to floods at
the micro level.
The result of the study indicates that for all land use classes, f lo o d affected area
increases with the increase of return period and flood depth in Sirajgang Sadar. It is also
1-xii

noticeable that inundated areas become doubled for both agricultural and rural
settlement land use classes with the increase of return periods. Water bodies become
inundated much more than that of any other classes of land use especially for medium to
very high classes of flood. For a 100 year return period flood, 46.1% (144.98 s q.k m.)
area g e t s flooded of which agriculture and settlement area represent 24.21% and
10.45%, respectively. For a 100 year return period flood, 11.04% of road systems get
inundated. Depth damage curves reveal that agricultural lands are very highly vulnerable
at 2.25-2.75 meter flood depth and settlements are very highly vulnerable at 2-3 meter
flood depth above the floor level. Comparison between inundations under without and
with climate change scenarios (projected for 2040) for a 50 year flood event showed that
for an increase of water level by 36 cm, inundation of crop lands and settlements increase
by 26.31% and 23.42%, respectively, and flood risk increases by 18-29% for different
risk classes from very low risk to very high risk. .
Baniachang area represents a flash flood area where Boro rice represents the cropland area,
and is a very important element for estimating risk. Area of inundation depth increases
substantially with increasing return period, which has a considerable impact on the area of
cropland and also the area of settlements. It was found that cropland is highly vulnerable at
2.8 meter depth, while settlement is highly vulnerable above 3 meter depth. For an
increase of 7.95% in flow for a scenario for 2060 in the Borak river, the change in
inundation characteristics for crop land (1%), rural settlement (1.3%) and urban settlements
(3.6%) is not substantial.
At Barguna sadar, the crop land (48.76%), forest (0.93%), rural settlement (16.58%),
water Bodies (12.90%) and other land use (20.83%) constitute different land use classes.
At the storm surge height observed in SIDR 2007, 54% (249 s q.km.) area g e t s flooded,
of which agriculture and settlement areas represent 31.04% and 10.60%, respectively. In
5.5-6.0 meter surge height range, 92.96% of road systems get inundated. Depth damage
curves reveal that agricultural lands are very highly vulnerable at 4.0-5.5 meter surge
height and settlements are very highly vulnerable at 4.0-5.5 meter surge height. For an
increase of 23 cm in sea level (to occur in 2040 under the B1 scenario), the change in
inundation characteristics for crop land (0.9%) and rural settlement (0.5%) is negligible.
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CHAPTER 1
INTRODUCTION
1.1 Background
Bangladesh is a deltaic country located at the lower part of the basins of the three mighty
rivers – the Ganges, the Brahmaputra and the Meghna. This unique geographical setting,
surrounded by mountains on three sides, together with extremely flat and low-lying
floodplain topography, a low lying coastline, and an extreme climate variability reflected in
wide temporal and spatial distribution of water have rendered the country highly prone to
natural hazards (Chowdhury et al., 1997). The country is well known as one of the most
flood prone areas of the world. About one-fifth to one-third of the country is annually
flooded by overflowing rivers during monsoon (June to September) when the rainfall within
the country is also very high. While normal floods are considered a blessing for Bangladeshproviding vital moisture and fertility to the soil through alluvial silt deposition in floodplains,
moderate to extreme floods are of great concern, as they inundate large areas (more than 60%
of the country are inundated in large flood events), and cause widespread, multifarious
damages, including physical damages to agricultural crops, buildings and other
infrastructures, social disruptions in vulnerable groups, livelihoods and local institutions, and
direct and indirect economic losses. The flood hazard problem in recent times is getting more
and more frequent and acute due to growing population size and human interventions/socioeconomic activities in the floodplain at an ever increasing scale.
Global warming induced changes in precipitation and temperature is already happening in
different geographical regions, influencing patterns and intensities of the natural hazards.
Changes in the climate are likely to take place more rapidly over the next few decades, as
different model generated predictions describe (DOE, 2006). It is anticipated that increased
rainfall will result in increased flooding during monsoon, increase in temperature and less
rainfall during the dry period will create more drought conditions, and magnitude, intensity
and frequency of natural disasters (e.g. droughts, floods and storm surges) will increase. The
impact of any change in the length of the monsoon would be significant. If the monsoon is
shortened, soil moisture deficits in some areas might get worse, while prolonged monsoons
might cause frequent flooding and increase inundation depths. Besides, the anticipated sea
level rise in the Bay of Bengal would further compound the problem in Bangladesh through
coastal submergence, enhanced drainage congestion in the floodplain and increased salt water
intrusion.
Today’s flood hazards are already difficult for Bangladesh to cope up with considering its
socio-economic conditions; the climate change impacts (the country ranks high in the list of
vulnerable countries in South Asia, the most vulnerable region of the world to climate change
impacts), would reinforce the baseline stresses that already pose a serious impediment to the
country’s economic development. In Bangladesh, the vulnerability to climate change
increases manifolds since the country has low adaptive capacity to climate change because of
the widespread poverty, with 34% of the people living below the national poverty line (World
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Bank, 2003) and about 77% of the high density population living in the rural areas having
limited assets to various forms of assets (BBS, 2003).
Flood mitigation approaches in Bangladesh have ranged from structural interventions for
flood control since mid sixties in the form of embankments, flow regulating structures, etc.,
to non-structural approaches such as forecasting and warning, flood preparedness before
during and after the flood (including relief and rehabilitation), and flood proofing measures.
Since mid 60’s there has been a steady growth of flood control and drainage projects through
the construction of 12,850 km of embankments, 25,580 km of drainage channels and 4190
sluices and regulators by Bangladesh Water Development Board (BWDB) as per BWDB list
of completed projects as of 1998 (WARPO, 2001). Currently the total coverage area stands at
5.37 Mha, which is about 37% of the total area of the country and 56% of the total cultivable
lands (Salehin et al., 1997). Although flood control projects have brought forth positive
impacts in terms of reduction of damage to infrastructure inside protected area, increase in
agricultural production and increase in economic activities, the viability of the extensive
structural interventions made over the years has often faced criticism because of their adverse
hydraulic, environmental and socio-economic impacts (Chowdhury et al., 1997). The flood
control projects provide protection against normal floods. However, during moderate to
major floods the damages to infrastructure including embankments are very pronounced thus
causing increased flooded area. Flood control embankments have disrupted a number of
hydrologic functions of floodplains (e.g. floodwater storage thus moderating peak floods,
augmentation of dry season river flow by releasing back stored floodwater to the river,
groundwater recharge and consequent increase in base flow) (Chowdhury et al., 1997). While
flood control interventions bring economic benefit to one section of the society, they cause
economic hardships to another section, especially those poorer sections, which are dependent
on many free resources of floodplain, as ecological resources, most importantly capture
fisheries have been severely depleted (Chowdhury et al., 1997; ODA, 1995; Shawanigan
Lavalin, 1992) and water transport by country boats have been impeded (Hunting, 1992;
Shawanigan Lavalin, 1993) because of disruption of links between rivers and floodplains.
The experiences with structural flood control interventions gave way to new insights, leading
to evolution of new concepts of flood management. A key learning has been that flood risk
reduction approaches cannot be sustainable without giving adequate attention to the
interdependence of water regime, flood management interventions, other physical
infrastructures, socio-economy and ecosystems in floodplain landscapes. What is needed is a
combination of structural and non-structural flood hazard mitigation measures depending on
the specific local or regional needs. Non-structural flood preparedness such as raising
homesteads above unusual flood level has been a tradition in rural Bangladesh, and the
National Water Policy envisions enhancement of flood proofing measures through raising
platform for community facilities and constructing highways, railway tracks, and public
buildings and facilities above the highest ever recorded flood level.
Preparation of flood hazard and vulnerability maps is the basic requirement before going for
its mitigation approaches. Flood hazard mapping is a vital component for appropriate land
use planning in flood-prone areas, and optimal exploitation and management of the land and
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water resources. Flood vulnerability and risk mapping facilitates the administrators and
planners to identify areas vulnerable to flood hazard, people, facilities and infrastructures at
risk and to what degree they might be affected, and the capability to respond and recover.
Most importantly, it helps in identifying and prioritizing the mitigation and response efforts.
As risk is a combination of hazard, vulnerability and exposure (i.e. elements at risk), the
mapping exercise help decide what type of interventions (structural or non-structural) to
implement, whether interventions are needed to reduce the intensity of hazards or reduce the
exposure or the vulnerability of the elements at risk. Identification of those areas at risk of
flooding will also help inform emergency responses. For example, areas that are likely to
require evacuation can be identified, and evacuation routes can be planned and clearly
signposted so local communities are made aware in advance of an emergency. The
identification of flood risk areas will also help in the location of flood shelters for evacuees. It
is essential that certain infrastructure, such as electricity supplies, water supply, etc., and
services, such as the emergency services, continue to function during a flood event. The
creation of flood hazard maps will therefore allow planners to locate these elements in low
risk areas so that they can continue to serve during an extreme event. In the longer-term,
flood hazard and risk maps can support planning and development by identifying high risk
locations and steering development away from these areas. This will help to keep future flood
risk down and also encourages sustainable development.
Flood hazard and risk mapping studies in Bangladesh have been limited. Islam and Sado
(2000) used NOAA-AVHRR images with GIS to develop flood hazard maps for Bangladesh.
Flood depth and flood-affected frequency within one flood event were considered for the
evaluation of flood hazard assessment. Tingsanchali and Karim (2005) analyzed flood hazard
and flood risk in the southwest region of Bangladesh. Flood hazard assessment was done
considering flooding depth and duration. In absence of sufficient flood damage data, flood
damage vulnerability was assumed to be proportional to population density, and subsequently
the flood risk factor of each land unit was determined as the product of the flood hazard
factor and the vulnerability factor. Masood and Takeuchi (2012) conducted flood hazard and
risk assessment in Mideastern part of Dhaka, Bangladesh. An inundation simulation was
conducted using HEC-RAS program for 100 year flood. Hazard index was based on different
ranges of inundation depth and vulnerability index was developed based on percentage of
area covered with house/living place and agricultural land. Risk index was then calculated by
multiplying vulnerability and hazard indices. Hasan (2006) assessed agricultural flood
vulnerability in Tarapur union in Gaibandha district based on flood inundation depth-damage
relationship. Chowdhury and Karim (1996) carried out a study on risk based zoning of storm
surge prone area of the Ganges tidal plain. The flood prone areas were determined by
numerical simulation of tides and storm surges in 5 major estuary systems. Hazard factors
were based on simulated spatial distribution of 100-year flood depths while the vulnerability
factors were based on the distribution of population densities. Risk indices were then derived
as a product of hazard and vulnerability factors.
The current study was an attempt to carry out a more comprehensive analysis of hazard and
risk by considering different types of floods and different elements at risk under each of the
study areas representing different flood types. Furthermore, the study integrated technical
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assessment of flood hazards and risks with community based local hazard and risk maps, with
the latter being used to verify the former. Most importantly, the study considered the
dynamic nature of flood hazards and risks by bringing in the impact of climate change on
hazard and risk mapping.

1.2 Objectives of the study
The principal aim of the study was to prepare flood hazard, vulnerability and risk maps in
Bangladesh. Since types of mitigation approaches in general would differ depending on the
type of flood, the extent of risks different geographical areas are exposed to and the desired
levels of protection for life, property, vital infrastructure, agriculture and wetlands, three
different types of floods (river flood, flash flood and cyclonic storm surge flood) were thus
considered in three different hydrologic regions.
Flood hazard and risk mapping typically provides a ‘snapshot’ of flood risk at a given point
in time. Previous studies in Bangladesh (e.g. Islam and Sado, 2000; Tingsanchali and Karim,
2005; Masood and Takeuchi, 2012; Chowdhury and Karim, 1996), as discussed in the
previous section, developed flood hazard or risk maps; however, these studies did not
consider the effect of climate change on hazard and risk mapping. Climate change must be
carefully considered when implementing flood hazard mapping. When considering the
effects of climate change, it is important to consider the dynamic nature of flood risks. For
example, sea level rise (SLR) and changes in storm intensity, occurring as a result of climate
change, will cause changes in the areas susceptible to flooding.
This study essentially took into account the effect of climate change on flood hazard and risk
maps. For the cases in the fluvial zone, climate change scenarios for Bangladesh were
considered principally based on previous studies on climate change and impacts. A number
of impact scenarios (on climatic and hydrologic parameters) were selected for analysis. For
the case in the tidal zone under the effect of storm surge flood, predictions of sea level rise
were considered in deriving the hazard and risk maps.

1.3 Limitations of the study
The study has had a number of limitations mainly due to resource and time constraints.
Although a number of land use classes were identified for the study areas by analyzing
satellite images, principally two elements at risk were considered: crops and rural settlements.
Roads were also considered as an element at risk; however, inundation characteristics of
roads could only be ascertained from the shape files of road alignments and information on
road elevations. However, damage functions for roads (i.e. variation of damage with
changing depth of inundation or duration) could not be determined because of lack of data.
Damage due to floods can depend on a number of factors, including depth of flood
inundation, duration of flooding, flow velocity, timing of occurrence, rate of rise of flood, etc.
However, the study considered ‘depth of inundation’ as the parameter for assessing flood
damage functions for different elements at risk, including croplands and rural settlements.
While flood duration may not be that significant for some agricultural areas, duration often
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becomes important in regards to damage to infrastructure, such as roads, buildings,
embankments, etc. The reason for not including duration in assessing damage to
infrastructures was lack of sufficient and consistent information in the data collected from the
field. While velocity is typically an important damage parameter in flash flood areas, not
considering it may be justified in the flash flood prone area in Baniachang, since the area is
much inland corresponding to a higher order catchment and the fact that the effect of velocity
is maximum in the hilly, the border areas, which gradually diminishes with the increase of the
order of the catchment. However, velocity is one important parameter while assessing flood
damage due to storm surges. The reason for not including velocity in assessing storm surge
induced damage is the lack of time to carry out two-dimensional modeling of storm surges.
Another limitation has been that only the direct economic damages of floods were
considered, while some studies indicated that indirect flood damage (with multiplier effect)
may assume a significant proportion of the total flood damage. While vulnerability due to
flood hazards encompasses physical, social, economic and environmental dimensions, only
the physical vulnerability aspects were considered in the present study because of resource
limitation and lack of time to carry out the investigation.

.
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CHAPTER 2
CONCEPTS OF HAZARD, VULNERABILITY AND RISK
2.1 Introduction
The concepts of hazard, vulnerability and risk may be illustrated with the example of a pickup truck with two men in the cab with seat belts on, and two men standing in the back, as
shown in Figure 2.1. The two men in the back of the pick-up are likely to be more seriously
injured than the two in front in the case the pick-up is involved in an accident with a truck.
This illustrates that while the hazard (in this case the accident with the truck) is the same for
all four men, the impact is different. The two men
in the back are more vulnerable (because of their
position and lack of restraints), and are, therefore,
more at risk. Seemingly, risk is a function of
hazard and vulnerability. Hazard is thus a source
of potential harm, or a situation with a potential for
causing harm, in terms of human injury, damage to
health, property, the environment, or other things of
Figure1:2.1:
Illustration
of concepts
of
Figure
Illustration
of concepts
of hazard,
value (ISDR, 2004). A hazard does not necessarily
hazard,
vulnerability
and
risk
vulnerability and risk
lead to harm. Vulnerability is a set of conditions
which makes people, property, infrastructure, industry and resources, or environments
susceptible to adverse impact from a hazard event. Risk is the chance of injury or loss of
lives as defined as a measure of the probability (likelihood) and severity of an adverse effect
to health, property, the environment, or other things of value. Clearly, risk is a function of
hazard and vulnerability.

2.2 Definitions of flood hazard, vulnerability and risk
2.2.1 Flood hazard
Flood hazard is defined as the exceedance probability of potentially damaging flood
situations in a given area and within a specified period of time (Mertz et al., 2007). Going
beyond the information on flood frequency curves, flood hazard statements need to quantify
the intensity of the process.
There are a number of indicators that represent the intensity of flood.
The area of
inundation, in combination with land use data, reveals which elements at risk would be
affected in case of a certain flood event. The most prevalent indicator for the intensity of a
flood is the inundation depth (Mertz et al., 2007); the water depth has been identified by
different studies (Penning-Rowsell et al., 1994; Wind et al., 1999) as the flood characteristics
which has the biggest influence on flood damage. Building stability against flotation and
foundation failures, flood proofing, and crop survival have different degrees of tolerance to
inundation. In each case these can be identified and the depth established. The duration of
inundation is often of importance since the degree of damage is often related to it. This
applies to structural safety, the effect of interruption in communications, industrial activity
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and public services, and agriculture. Some systems can withstand inundation for a certain
time without much damage, e.g. floodplain ecosystem and some agricultural areas. Duration
has been found to be a significant factor particularly in the destruction of building fabric
(Penning-Rowsell et al., 2003). In many cases, failure of river embankments is also
influenced by the duration of the flood water level (Mertz et al., 2007). Another important
criterion for flood intensity is the flow velocity. It becomes important particularly in
mountainous areas or flash flood areas where flow velocities are high, which can lead to
dramatic damages to buildings, infrastructures, standing crops etc. Nevertheless velocity has
up to now rarely been taken into account, the main reason being the large effort for the
calculation of the spatial distribution of velocities (two-dimensional hydrodynamic models
are necessary for this, which have large requirements concerning data, simulation time and
calibration). The product of depth and velocity has been used as an indicator in few cases,
for example in Switzerland. The rate of rise of flood may also have an influence on flood
damages. A high rise rate will reduce the time for warning and evacuation and therefore
could increase damages or movable assets. It may therefore influence planning permission
for floodplain occupation and its zoning. The consideration of rate of water rise necessitates,
similar to flow velocity, a larger effort. The time of occurrence of flooding is usually
important when calculating damages to agriculture. Damages would be quite high if flooding
occurs just before the harvest of the respective crops, while they could be relatively low in
the case of flooding in early stages such that damages can be recovered by re-plantation of
crops.

2.2.2 Flood vulnerability
The analysis of flood risk involves, besides the flood hazard, the characteristics of the
elements of risks. The term ‘elements of risk’ includes all elements of the human system, the
built environment and the natural environment that are at risk of flooding in a given area.
Such elements are population, buildings and civil engineering works, economic activities,
agricultural fields, ecosystems etc (Mertz et al., 2007). The extent of flood damage depends
not only on the flood characteristics but also on the vulnerability of the inundated area. For
the same flood, in terms of intensity and exceedance probability, a more vulnerable area
experiences higher flood damages.
There are different concepts of vulnerability and there is no agreed understanding of this term
(Mertz et al., 2007). A widely used definition of vulnerability is the one given by ISDR
(2004), which defines vulnerability as ‘the set of conditions and processes resulting from
physical, social, economic and environmental factors, which increase the susceptibility of a
community to the impact of hazards’. Analysis of the complex socio-economic conditions
that create a high degree of vulnerability showed that access to resources is often the most
critical factor in either achieving a secure livelihood or recovering effectively from disaster
(Blaikie at al., 1994).
A number of definitions of vulnerability have been put forward by some researchers. ITC
(2004) defined vulnerability as ‘the degree of loss resulting from the occurrence of a
phenomenon’. Jones and Boer (2003) defined vulnerability as ‘the amount of potential
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damage caused to a system by a particular-related event or hazard’. Mertz et al. (2007)
conceptualized flood vulnerability as being composed of two elements, exposure (or damage
potential) and loss (susceptibility). Exposure analysis answers the question “Who or what
will be affected by floods?” Exposure can be quantified by the number or the value of
elements which are at risk. In a flood prone area, the exposure may be quantified by the total
assets (buildings, transportation facilities, agriculture) within the design 100-year inundation
area. The analysis of susceptibility will then answer the question “How will the affected
elements will be damaged?” Susceptibility is usually described by relative damage functions
(e.g. depth-damage curves).
Using depth damage functions has been a widely used approach in assessing susceptibility.
However, flood damage assessments are frequently limited to direct economic losses. Flood
risk may be evaluated as more severe if the flood risk analysis not only considers direct
economic damage but also takes into account the adverse consequences on the population and
on long-term economic activities in the flood prone area. Mertz et al. (2007) thus defines
vulnerability as ‘characteristic of system that describes its potential to be harmed, which can
be considered as a combination of susceptibility and value’. The term ‘combination’ allows
flexibility in the descriptions of susceptibility and of value in non-monetary terms.
Vulnerability analysis is thus the process of estimating the susceptibility of ‘elements at risk’
to various hazards. Vulnerability assessment is the second level of hazard assessment that
combines the information from the hazard identification with an inventory of the existing
property and population exposed to a hazard. The elements at risk can be defined as the level
of exposure with reference to buildings/ infrastructures, population, economic activities,
public services and utilities which can be impacted by hazard. The quantification of
vulnerability depends on the degree of loss to a given element at risk at a given severity level.
This in turn is determined by conditions or processes that increases the susceptibility of the
community (physical, social, economic or environmental).

2.2.2 Flood risk
Mertz et al. (2007) defines risk as “the probability that floods of a given intensity and a given
loss will occur in a certain area within a specified time period’, implying that risk results
from the interaction of hazard and vulnerability. Similar conceptualizations were made by
others such as:
Alexander (1991):
Total risk = Impact of hazard x Elements at risk x Vulnerability of elements at risk
Blong (1996):
Risk = Hazard × Vulnerability
Crichton (1999):
and

“‘Risk’ is the probability of a loss, and this depends on three elements, hazard, vulnerability
exposure”

Granger et al., (1999):
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“Risk (i.e. ‘total risk’) means the expected number of lives lost, persons injured, damage to property
and disruption of economic activity due to a particular natural phenomenon…Total risk can be
expressed in pseudo-mathematical form as:
Risk (total) = Hazard × Elements at Risk × Vulnerability

These references indicate that risk is fundamentally a combination of hazard and
vulnerability. In order to mathematically combine hazard and vulnerability to quantify risk as
mathematical expectation, quantitative descriptions of hazard and vulnerability are necessary.
Flood hazard may be reduced through engineering or structural measures, which alter the
frequency (i.e. the probability) of flood levels in an area. The exposure and vulnerability of a
community to flood loss can be mitigated by non-structural measures, for example, through
changing or regulating land use, through flood proofing and flood warning, through and
effective emergency response, and through flood resistant construction techniques.
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CHAPTER 3
METHODOLOGY
3.1 Introduction
Considering the multi-dimensional nature of the study, an integrated, interdisciplinary
research approach was followed. Technical assessments were integrated with stakeholders’
views on different aspects of flood hazards and risks. The interdisciplinary nature of the
research warranted use of a wide range of technical and social research tools and methods,
such as hydraulic modeling (with GIS application) of flood inundation, analysis of satellite
images to determine different physical elements at risk, using quantitative method
(questionnaire survey) to gather information about flood damages to different types of
physical risk elements in the study area, and using participatory approach in community
based resource and risk mapping.

3.2 Selection of study area
Different types of flooding present different forms and degrees of danger to people, property
and the environment, due to varying depth, velocity, duration, rate of onset and other hazards
associated with flooding. Among the different types floods that best the country, three
important types of floods are considered in this study: river flood, flash flood and cyclonic
storm surge flood.
The principal sources of floods in Bangladesh are the river floods from the major river
systems in the monsoon months. A broad strip of land extending beyond the active river
floodplains is subjected to this type of flood. The timing of the flood and sometimes the
duration of flooding are as important determinants of crop damage as is the absolute height
reached by a particular flood. River floods in June can damage aus and deepwater aman
paddy as well as jute crops, and floods in late August and September can be particularly
damaging to deepwater aman paddy in low lands as a result of submergence at the panicleinitiation or flowering stages and to transplanted aman paddy on higher land because of
drowning of seedlings or prevention of them from being planted (or replanted after an earlier
flood loss) (Brammer, 1999). The northern and north-eastern trans-boundary hill streams are
susceptible to flash floods from the adjacent hills in India in the pre-monsoon months of
April and May.
Flash floods cause extensive damages to crops and property, particularly in the haor areas in
the northeast region. Flash floods cause damage to dry-season boro rice crop just before or at
the time of harvesting and also to towns and infrastructures. Damages to boro rice and
breaching of embankments are very common in some part or other of the eastern foothill
regions and damages to property, especially road and railway embankments and bridges, and
buildings alongside river channels, occur during very high flash floods (Brammer, 1999).
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The areas adjacent to estuaries and tidal rivers in the southwest and southcentral parts of the
country (where they are not empoldered) experience tidal floods twice a day due to
astronomical tide from the Bay of Bengal. Tidal water is mainly fresh in the monsoon, when
flooding within polders is by rainwater.
During spring tide, which occurs fortnightly,
large area is flooded by tidal water, which can
be damaging, especially if the water is then
saline. A considerable area in the southwest
region is below the high water level of spring
tide. Approximately 12,000 km2 of coastal land
is prone to occasional cyclonic storm-surge
floods due to tropical cyclones in the Bay of
Bengal during April to June and September to
November. Cyclones have the most dramatic
consequences among the different hazards. The
number of deaths during monsoon floods, even
during extraordinary events, is comparatively
small (Hofer and Messerli, 1997).
Three pilot research areas have been selected
depending on the type of flood. The areas
chosen for assessments of hazards and risks are
Figure 3.1: Locations of three pilot study
Sirajganj Sadar Upazila in Sirajganj district
areas
(river flood), Baniachang Upazila in Habiganj
district (flash flood) and Barguna Sadar Upazila in Barguna district (storm surge flood)
(Figure 3.1). These represented three different types of floods, viz. river flood (Sirajganj
Sadar), flash flood (Baniachang) and storm surge flood (Barguna Sadar), in the northwest,
northeast and southcentral hydrological regions, respectively.

3.3 Derivation of design floods
3.3.1 Selection of gage stations
A number of water level gage stations were selected on the main rivers surrounding the study
areas to be subsequently used in determination of different flood levels corresponding to
different return periods and subsequent analysis for floodplain inundation. Figure 3.2 shows
the locations of such gage stations.
For Sirajganj Sadar, the stations selected include Khanpur station (SW_11) on the Bangali
River, Sirajganj station (SW_49) on the Brahmaputra-Jamuna River and Ullapara Rail
Crossing (SW_66) on the Deonai River. For Baniachang, the stations selected include
Kushiara River at Sylhet (SW_175.5), Khowai River at Hobigang (SW_159), Surma-Meghna
at Markuli (SW_270), and Surma-Meghna at Azmiriganj (SW_271). For Barguna Sadar, the
station that was used for analysis was at Patharghata (SW_39).
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Figure 3.2: River network, including locations of water level and discharge gage stations
3.3.2 Frequency analysis of water levels
For Sirajganj Sadar, frequency analysis of yearly maximum river water levels (corresponding
to the highest level in the monsoon) was conducted since it was the monsoon flood
inundation which was analyzed for this area. However, the flash flood risk was analyzed for
Baniachang, and hence frequency analysis of the maximum water level during the months of
March-May in pre-monsoon season was conducted for this study area. For cyclonic storm
surge analysis in Barguna Sadar, however, no frequency analysis of surge heights was carried
out. This is because the height of storm surge at a particular location depends on cyclone
intensity and the cyclone tracks (meaning that relatively less storm surge height may be
observed in a high intensity cyclonic storm surge). Barguna Sadar experienced most severe
storm surge height in the recent cyclone SIDR in 2007. This storm surge height was
considered as the design water level for hazard and risk mapping.
The time series water level data at the selected stations were first checked for trends. In the
case trends were found in the time series, the trends were removed from the data to make
them stationary. Frequency analysis was carried out with different probability distributions
functions (PDFs). Five probability distribution functions (PDF)s were considered, viz. TwoParameter Log Normal (LN2), Three-Parameter Log Normal (LN3), Pearson Type III (P3),
Log Pearson Type III (LP3) and Gumbel (EV1). The PDFs were tested based on probability
plot correlation coefficient (PPCC) (Filliben, 1975). Goodness-of-fit study based on PPCC is
useful for assessing whether a proposed distribution is consistent with the at-site data sample
(Stedinger et al., 1993). The test uses the correlation coefficient ‘r’ between the ordered
observations and the corresponding fitted quantiles, determined by plotting positions for each
observation. Cunnane (1978) plotting position formula was used to obtain the fitted quantiles.
The best fit PDFs were selected and subsequently used to determine the design flood level.

3.4 Flood inundation mapping
The next big step is to prepare the flood inundation maps based on all primary and secondary
data and hydraulic model runs and/or GIS interpolation techniques. Use of hydrodynamic
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models (e.g. HEC-RAS, MIKE11, SOBEK, HEC-RAS, ISIS, ONDA and FLUCOMP) has
been very common in flood inundation mapping at watershed level. Apart from
hydrodynamic model application for developing inundation maps, Geograpic Information
System (GIS) Software has also been widely used to map and model surface water and
flood hazard. Digital Elevation Model (DEM) based flood extent with depth, an integral
part of GIS, is frequently adopted for flood hazard study. This study followed a
combination of these approaches in three pilot study sites.

3.4.1 Preparation of DEM data
An essential data required for hydraulic simulation and/or GIS interpolation of water surface
is land topography. The NASA Shuttle Radar Topographic Mission (SRTM) digital
elevation data (DEMs) were downloaded from the SRTM FTP server
(ftp://e0srp01u.ecs.nasa.gov/srtm/version2/) for the study areas. The SRTM data is available
as 3 arc second (approx. 90m resolution) DEMs. The DEM data were further processed
using ArcGIS 9.3 to fill in the no-data voids or cells. The processing involved the production
of vector contours and points, and the re-interpolation of these derived contours back into a
raster DEM, followed by filling in no-data cells using Spatial Analyst. The data were then
projected to WGS84 projection.

3.4.2 Inundation mapping using GIS: Sirajganj Sadar
For monsoon floods, the water surface slope from the river towards the floodplain is very
small; the whole inundated area appears as one big inundated water body. Since in Sirajganj
Sadar the three water level gages (SW_11, SW_49 and SW_66) on important rivers are in
close vicinity to the study area, no hydraulic simulation was done. Instead, the interpolation
technique available with GIS system was applied using water level data (at various return
periods) of the three gage stations in order to generate water level surface. There are number
of interpolation techniques, designed for particular purpose in ArcGIS 9.3.1 framework, for
example kriging interpolation technique, spline interpolation technique, and topo to raster
method (ESRI, 2007). In the present study, topo to raster interpolation tool of ArcGIS was
applied for water level interpolated surface generation. The point feature datasets can be
converted to 1m resolution ArcGIS grid format datasets using the topo to raster tool located
in the ArcGIS Toolbox (Tait et al., 2007). The topo to raster tool in ArcGIS 3D analyst
results in a connected drainage structure and corrects representation of ridges and streams
(Collins et al., 2012)

3.4.3 Inundation mapping by 2D model simulation: Baniachang
Unlike peak monsoon flood, the water inundation depth in the haor area of Baniachang is
unlikely to match with the peak of the flash flood level in the surrounding river during the
pre-monsoon season. Hence, it was considered that direct GIS interpolation of water surface
from observed water levels at gage stations may not result in a very accurate inundation map.
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It was rather deemed important to conduct unsteady river flow and floodplain simulation
using a two-dimensional model to analyze floodplain inundation.
The model used was Delft3D, a 3D modeling technique developed in the Dutch-based
research institute (Deltares, 2011). Delft3D is a fully integrated computer software suite
applied to simulate hydrodynamics, sediment transport, waves, morphological developments,
water quality and ecology for fluvial, estuarine and coastal environments. The Delft3D suite
is composed of several modules, grouped around a mutual interface, while being capable to
interact with one another. The Delft3D-FLOW module is the heart of Delft3D and is a
hydrodynamic (and transport) simulation program which calculates non-steady flow and
transport phenomena resulting from hydraulic and meteorological forcing on a curvilinear,
boundary fitted grid or spherical coordinates.
The SRTM data processed for Baniachang were converted to the sizes required for 728 x 538
grids truncated for the study area using Delft3D-RGFGRID. Important considerations in
constructing the computational grids were: (i) the grids must fit as closely as possible to the
land-water boundaries of the area to be modeled; (ii) the grids must be orthogonal, i.e. the
grid lines must intersect perpendicularly; and (iii) the grid spacing must vary smoothly over
the computational region.
Figure 3.3 shows the model set-up for the study area. Two boundary conditions were
assigned: one upstream boundary and one downstream boundary. The upstream discharge
was considered at location of Sherpur (SW175.5) which is part of the Kushiriya River and the
downstream water level was considered at location of Madna (SW272) which is part of the
Barak River. The model simulation was done for return periods of 2.33, 10, 20, 50 and 100
years. Out of the available time series data at the boundary station, time series were selected
such that the peak pre-monsoon water levels were close to the water levels analyzed for
different return periods at that station. Time step used in simulation for this model was 4
minutes and the simulation time spanned over three months from 1 st April to 31st May. The
model is calibrated for two stations (SW_270 and SW_271).

Figure 3.3: Boundary for the Delft3D model setup
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3.4.4 Inundation mapping by GIS interpolation: Barguna Sadar
As mentioned in section 3.3.2, the historical maximum storm surge height experienced at
Barguna Sadar was that in cyclone SIDR in 2007 (Tamima, 2009), which was considered as
the design water level for hazard and risk mapping. Study conducted by Tamima (2009)
showed that surge height level at Patharghata, close to Barguna Sadar upazila, was in the
range of 5.5 to 6.0 m (PWD) for the cyclone SIDR.
Like many other areas of the southwest coastal region, Barguna Sadar is also poldered, with
heights varying from 4 to 4.5 m from ground level, to protect the area within the polder from
tidal inundation due to regular astronomical tides. In the case of cyclonic storm surge, water
can intrude into the area through two mechanisms: (i) overtopping of the embankment
(depending on the embankment height); and (ii) embankment breach. A thorough field
investigation as a part of this study revealed that both mechanisms were responsible for
inundation in the study area during cyclone SIDR. Some portion of the polders became
breached and polders were overtopped at many places. Figure 3.4 shows the locations of
overtopping and embankment breach.
Under ideal condition, inundation would be simulated using a two-dimensional coastal
hydrodynamic model, which would yield both time dependent inundation and duration of
inundation. Because of time constraint, this could not be done; instead the reported at
Patharghata station used in the topo to raster interpolation technique in ArcGIS 3.4.1 to
obtain the interpolated water level surface in the study area during SIDR. The underlying
assumption is that the penetration of surge water into the area is fast enough such that the
depth of inundation corresponds to the surge height at the river.

Figure 3.4: Locations of overtopping and embankment breach along Barguna Sadar polder
during cyclone SIDR
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3.5 Flood damage vulnerability analysis
3.5.1 Identification of elements at risk
The first step in vulnerability analysis is to identify the elements at risk in the study area. The
elements at risk is defined as the level of exposure with reference to agricultural fields,
buildings/ infrastructures, population, economic activities, public services and utilities, etc.,
which can be impacted by the flood hazard. Elements of risk were identified by analyzing
satellite images in the GIS environment and hence obtaining land use map, followed by
overlying the elements onto flood inundation maps. Field observations and interviews were
conducted to verify the elements identified.
Image processing

Land use or land cover dataset
Image Georefercened
was generated
from
the
Created Sample Set
digital image classification of
LANDSAT, ETM+ satellite
Image Classification
images of 2011, downloaded
Statistical Charting
from Global Land Cover
Facility web site. LandSat TM
Overlay between landuse map and inundation map
sensor
provides
several
Calculated inundate area by cross table
improvements over the MSS
(Multispectral
Scanner) Figure 3.5: Steps in image classification for mapping land use
including
higher
spatial
resolution and radiometric resolution, finer spectral bonds with seven (as opposed to four in
MSS) spectral bands. Supervised classification of LANDSAT images was done with of
Integrated Land and Water Information System - ILWIS 3.4 Academic image classification
software to derive different land coverage in the existing study areas. There are different
steps for preparing land use map which is shown in Figure 3.5. Land use map were made to
pass through processing of geo-referenced, re-sampling, image classification and statistical
chart. A supervised classification was performed on false color composition of band 4, 3 and
2 into following land use and land cover classes: cultivated land, rural settlement, urban
settlement, water bodies and others. Others include trees, bare soil, etc. which are not
important elements for finding vulnerability. Information collection during field survey as
ground truthing point was used to assess the accuracy of classification.
The elements at risk identified for the study areas include agricultural land, rural settlements
(i.e. homesteads), and roads. It is noted here that image classification did not yield roads as
one land use classification. The shape files of rural roads collected from Local Government
Engineering Department (LGED) were overlaid onto the land use map to get the complete
picture.
Finally, inundation layers were overlaid on land use layer to obtain the overlaid zones termed
as tidal flood hazard zones between them. Form the ArcGIS overlay analysis different sort of
inundation statistics were generated.
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3.5.2 Assessment of flood damage functions
The quantification of vulnerability depends on susceptibility of ‘elements at risk’, i.e. the
degree of loss to a given element at risk at a given severity level, and is usually expressed on
a scale 0 (no damage) to 1 (total loss) unit. Damage due to flooding depends on several
factors, such as depth of flood inundation, duration of flooding, flow velocity, timing of
occurrence, rate of rise of flood, sediment concentration, and pollution. The present study
considered ‘depth of inundation’ as the main parameter for assessing flood damage functions
for croplands, rural settlements and roads. This is one limitation of the study. As discussed
in section 2.2.1, while flood duration may not be that significant for some agricultural areas,
duration often becomes important in regards to damage to infrastructure, such as roads,
buildings, embankments, etc.
Non-inclusion of velocity as a flood damage parameter may be justified for the case of slowly
rising river flood in Sirajganj Sadar. While velocity is typically an important damage
parameter in flash flood areas, not considering it may be justified in the flash flood prone area
in Baniachang, since the area is much inland corresponding to a higher order catchment and
the fact that the effect of velocity is maximum in the hilly, the border areas, which gradually
diminishes with the increase of the order of the catchment. However, velocity is one
important parameter while assessing flood damage due to storm surges. The reason for not
including duration in assessing damage to infrastructures is lack of sufficient and consistent
information in the data collected from the field. The reason for not including velocity in
assessing storm surge induced damage is the lack of time and resources to carry out twodimensional modeling of storm surges. Nevertheless, these were two limitations of the
current study.
Another limitation has been that only the direct economic damages of floods were
considered, while some studies (e.g. Islam, 2005) indicated that indirect flood damage (with
multiplier effect) may assume a significant proportion of the total flood damage. It is noted
here while vulnerability due to flood hazards encompasses physical, social, economic and
environmental dimensions, only the physical vulnerability aspects were considered in the
present study because of resource limitation and lack of time to carry out the investigation.
Considering depth as the flood damage parameter, depth-damage relationships (alternatively
called loss functions or vulnerability functions) were developed for different elements at risk
(crops, settlements and roads) based on data or information that exist in different secondary
literature/ reports and organizations, and extensive interviews with the local people conducted
as part of the questionnaire survey. Depth-damage curves relate to a specific class of
buildings or crops and present information on the relationship of flood damage to depth of
flooding (or stage) (Smith, 1994).

To develop depth-damage curve for crops, questionnaire surveys were are conducted in the
study sites to gather crop damage data from actual flood events such as 1988, 1998, 2004 and
2007, as well as damage corresponding hypothetical inundation depths in agricultural lands.
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Damage was assessed in terms of the amount of money (presented as percentage of the total
production value) necessary to recover the original production.

Valuation surveys were conducted for the settlement vulnerability assessment. Following the
study by Islam (2012), settlement was classified in four types such as brick floor – brick wall
(BB), brick floor – CI sheet wall (BC), mud floor – CI sheet wall (MC), and mud floor – mud
wall (MM). For the selected properties, the survey quantified the damage of all items due to
flood and their current value based on type, quality and degree of wear. This included
information on the height above the floor of each item or the height taken as standard from
house to house. The information for all samples of each element class was then averaged and
stage-damage curves constructed.

3.6 Flood risk mapping
In the final step of risk assessment, the expected damage of the inundation land use types was
estimated first by combining replacement values assessed for the elements and stage-damage
function. Property value data per hectare of each land use class was collected from field
survey. The monetary value for each land use type was converted to a raster map. Direct
damages to properties of economic units were classified as settlement and agricultural
damages. Data on average unit prices of houses and agricultural production under the present
circumstances were. Then, expected damage value was classified into several defined classes
using in GIS environment.

3.7 Community based flood hazard and risk mapping
One important objective of hazard and risk mapping is to translate the maps at micro (e.g.
village) level, in a format understandable to the local communities. While accuracy of the
flood inundation maps is an important determinant of the efficacy of the activity largely
controlled by the resolution of topography data used in analysis, the community based flood
hazard and risk maps allow verification of hazard and risk maps prepared at the coarser, such
as Upazila level.
Community based flood hazard and risk maps were prepared following a very useful
participatory research tool, resource mapping, in which the participants identify different
resources within the area of concern and identify the level of hazard and risk for different
historical flood levels. A total of 4 villages were selected in the three Upazilas, Gupirpara
village in Sirajganj Sadar, Subidpur village in Baniachang, and Noltona and Porirkhal
villages in Barguna Sadar, with a view to preparing community based hazard and risk maps.
While the technical or physical damage vulnerabilities were well exemplified in the
assessments made at the macro (i.e. Upazila) level, community based hazard and risk
mapping provided an opportunity to get an understanding of the physical as well as socioeconomic aspects of vulnerability of the communities to floods at the micro level.
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CHAPTER 4
STUDY AREA
4.1 Pilot area 1: Sirajganj Sadar
Sirajganj Sadar Upazila with an area of 325.77 sq km is bounded by Kazipur Upazila on the
north, Kamarkhanda and Belkuchi Upazilas on the south, Kalihati and Bhuapur Upazilas on
the east, Kamarkhanda, Raiganj and Dhunat Upazilas on the west (Figure 4.1). The area falls
in a major Agro Ecological Zones (AEZ), which is the Active Brahmaputra-Jamuna
Floodplain (AEZ-8). Siraganj is located in north-western zone of Bangladesh which has less
rainfall. The annual rainfall is 1610 mm. In the north, June has a mean rainfall exceeding 500
mm whereas in the south no month has a mean rainfall exceeding 300 mm. However, the
main river, the Brahmaputra brings the largest transboundary inflow from upstream
catchment area.
Major important rivers in and around Sirajganj are Brahmaputra-Jamuna, Bangali,
Jamuneswari, Karatoa, and Hurasagar. Sirajganj is considered as the most disaster prone area
to river flood and bank erosion. Widespread flooding, shifting river channels, constantly
eroding cultivated land and settlement and displacement of people are the main problems in
this area.

Figure 4.1: Pilot area-1: Sirajganj Sadar

1-19

Total population of the Sirajganj Sadar Upazila is 389160, with male 51.54%, female
48.46%; Muslim 95.16%, Hindu 4.80% and others 0.04% (Banglapedia, 2006). About 25.2%
of people involved in agricultural activities. Other occupations include agricultural labourer
15.76%, wage labourer 4.37%, commerce 16.09%, service 12.55%, weaving 4.10%, transport
3.53%, industrial labourer 4.12%, others 14.31%. Land use status of Sirajganj Sadar Upazila
shows that the total cultivable land is 23872.93 hectares and fallow land is 772.16 hectares.
About 21.44% of the land is single cropped, 47.54% double cropped and 31.02% triple
cropped. Main crops include paddy, jute, wheat, mustard seed, sugarcane, onion, garlic,
potato, sweet potato, chilli and ground nut.
4.2 Pilot area 2: Baniachang
Baniachang Upazila (of Habiganj
district) with an area of 482.25 sq km, is
bounded by Sullah and Derai Upazilas on
the north, Habiganj Sadar and Lakhai
Upazilas on the south, Habiganj Sadar
and Nabiganj Upazilas on the east, and
Ajmeriganj, Mithamain and Austagram
Upazilas on the west (Figure 4.2). The
area is located in the Agro-ecological
Zone- 20: Eastern Surma-Kusiyara
Floodplain. The mean annual rainfall in
Habiganj is about 2659 mm, compared to
the national average of 2300 mm. Annual
rainfall, however, shows considerable
variability from year to year. The rainfall
also varies considerably within a year,
with 79% of rainfall occurring in the five
months from May to September.
Figure 4.2: Pilot area-2: Baniachang, Habiganj
The river network close to Baniachang
includes Shutki, Old Kushiyara, Shaka Borak, Shingli, and Bibiyana rivers. These rivers are
hydraulically connected with the Kushiyara- Kalni river system which flows down along the
north of the sub-basin from northeast towards the southwest, and provides a major source of
flood water during the monsoon. The system is also hydraulically connected with the LunglaGopla river system through Bijna-Gagajuri which flows along the south of the sub-basin and
meets the Ratna river. During flood period the system eventually gets hydraulically
connected with the Khowai- Karangi river system which flows along the further south from
southeast to the northwest. The major portion of the basin lies outside of Bangladesh and the
area receives water from Tripura Hills on the south and the run-off from right bank floodplain
of the Kushiyra-Kalni. Rainfall in the area is characteristically extremely variable in both
space and time. About 60-70% of the annual rainfall occurs in the months of May, June, July
and August. The north eastern part has the higher intensity of rainfall and gradually decreases
towards southwestern part.
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Total population of Baniachang Upazila is 235855, with male 50.84%, female 49.16%,
Muslim 78.47%, Hindu 21.39% and others 0.14%. Agriculture dominates the land use of
Baniachang Upazila, with 44.11% of people involved in agricultural activities. Other
occupations include agricultural laborer (24.10%), wage laborer (5.71%), commerce (5.37%),
service (2.58%), fishing (4.43%), construction (1.76%) and others (11.94%). Land use status
of Baniachang Upazila shows that the total cultivable land is 35023.3 hectares and fallow
land is 1354.17 hectares. About 93.1% of the land is single cropped, 6.4% double cropped
and 0.5% triple cropped. Main crops include paddy and wheat.

4.3 Pilot area 3: Barguna Sadar
Barguna Sadar Upazila with an area of 454.39 sq km, is bounded by Betagi, Mirzaganj and
Patuakhali Sadar Upazilas on the north, the Bishkhali river and Patharghata and Bamna
Upazilas on the west, the Burishwar river and Amtali Upazila on the east and the Bay of
Bengal on the south (Figure 4.3). Mean annual rainfall is about 1700 mm in the west and
3300mm in the south east.
The two major rivers are the Buriswar and Biskhali, which run on the northwest and
southeast boundaries of the Upazila. Being situated by the side of the Sea, Barguna Sadar
along with Amtali and Patharghata are extremely vulnerable to cyclone and storm Surge. The
community people in Barguna Sadar are mostly disturbed, distressed and de-stabilized
whenever severe cyclone and storm surge run over the area. The record says of a number of
cyclones in the area like that of 1970, 1991, 1995, and recent one of November 15 2007,
which have destroyed property and resources, caused house collapse and structural damage,
devastated roads, bridges and culverts, unsettled normal life style, apart from taking a toll of
thousands of human life and even more cattle heads and poultry. Cyclone SIDR of 2007
caused severe damage and destruction to the people in the area to a great extent; most of the
structural damages like crack in embankment and road and bridge destruction have not yet
been recovered, and people have yet to fully recover from the crisis.
Like Baniachang Upazila, agriculture also dominates the land use of Barguna Sadar Upazila,
with 45.68% of people involved in agricultural activities. Other occupations include
agricultural laborer (14.07%), wage laborer (4.83%), fishing (3.89%), commerce (12.72%),
transport (1.82%), construction (1.84%), service (5.92%), and others 9.23%. The total
cultivable land is 38378 hectares and fallow land is 12054 hectares. About 26.6% of
cultivable land is single cropped, 42.06% double cropped and 31.34% triple cropped. Main
crops in the Upazila include paddy, pulse and vegetables.
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Figure 4.3: Pilot area-3: Barguna Sadar
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CHAPTER 5
FLOOD HAZARD MAPPING
5.1 Introduction
This chapter presents flood hazard mapping for the three pilot study areas. Results of
frequency analysis of water levels at the gage stations in and around the study sites are
presented. Inundation maps are presented for each case, which were derived from hydraulic
modeling and/or GIS interpolation of design water levels at gage stations. Land use classes
for each study site, as derived from satellite image analysis are presented. Also presented are
the inundation characteristics of different land use classes at different return periods.

5.2 Flood hazard mapping: Sirajganj Sadar
5.2.1 Frequency analysis of water levels
The regression test for linear trend was carried out for the
annual water level series from 1981 to 2002 at Khanpur
station (SW 11) on the Bangali River, Sirajganj station
(SW 49) on the Brahmaputra-Jamuna River and Ullapara
Rail Crossing (SW 66) on the Deonai River (locations are
shown in Figure 5.1). The trend lines of peak water levels
for all the three stations are shown in Figure 5.2.
The trend free hydrologic data were then used to
determine designed flood levels for several return
periods (2.33yr, 05yr, 10yr, 20yr, 50yr and 100yr)
through flood frequency analysis. The results of the
goodness-of-fit test to select the best fit distribution are
shown in Tables 5.1-5.3. Based on the result of the
goodness-of-fit test, Pearson type 3 (P3) was selected for
SW_11 and SW_49 and Log Pearson type 3 (LP3) for
SW_ 66 station. Figures 5.3-5.5 show the results of
frequency analysis at station SW_11, station SW_49 and
station SW_66, respectively.
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Figure 5.1: Locations of
gage stations in Sirajganj
Sadar

Figure 5.2: Trend of yearly maximum water level at three stations
Table 5.1: Goodness-of-fit test for selecting most appropriate distribution, SW11
PDF
LN2
LN3
P3
LP3
EV1

2.33
13.99
13.99
13.96
14.08
13.69

5
14.89
14.72
14.72
14.91
14.56

Station: SW11
Return period
10
20
15.53
16.08
15.18
15.53
15.20
15.59
15.44
15.87
15.27
15.96

PPCC
50
16.37
15.71
15.79
16.08
16.35

100
17.16
16.14
16.28
16.62
17.50

Rank

0.97801
0.98581
0.98593
0.98550
0.94884

4
2
1
3
5

Table 5.2: Goodness-of-fit test for selecting most appropriate distribution, SW49
PDF
LN2
LN3
P3
LP3
EV1

2.33
14.15
14.13
14.14
14.13
14.05

5
14.52
14.48
14.48
14.51
14.42

Station: SW49
Return Period
10
20
50
14.77
14.99
15.10
14.72
14.92
15.02
14.71
14.90
15.00
14.79
15.03
15.15
14.72
15.01
15.17

PPCC
100
15.40
15.30
15.26
15.50
15.66

0.99260
0.99249
0.99321
0.98986
0.97163

Rank
2
3
1
4
5

Table 5.3: Goodness-of-fit test for selecting most appropriate distribution, SW66
PDF
LN2
LN3
P3
LP3
EV1

2.33
11.71
11.67
11.71
11.70
11.60

5
12.28
12.27
12.27
12.28
12.20

Station: SW66
Return Period
10
20
50
12.68
13.02
13.41
12.71
13.11
13.58
12.71
13.03
13.43
12.69
13.05
13.47
12.69
13.16
13.76
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PPCC
100
13.68
13.91
13.71
13.76
14.22

0.991416
0.990575
0.99158
0.991586
0.979099

Rank
3
4
2
1
5

Water level, m PWD

m PWD

Figure 5.4: Frequency analysis at station SW49

, m PWD

Figure 5.3: Frequency analysis at station SW11

Figure 5.5: Frequency analysis at station SW66

5.2.2 Inundation Maps
The flood water levels obtained from flood frequency analysis for various return periods were
used for topo to raster interpolation technique and overlain onto the land surface elevation of
the study area. Difference between water level interpolation and land elevation surfaces was
considered as depth of inundation for each return period (Figure 5.6). Figure 5.7 depicts area
inundated by floods of different return periods, and it shows that with the increase of return
period the inundated area increases substantially for the flood class of Low (0.1–2.0 m). For
Medium (2.1–5.0 m) and High (5.1–10.0 m) classes of floods, inundated area also
increases moderately but it remains almost the same for Very High (10m+) class flood. The
flood free zone decreases with the increase of return period. Study conducted by the IWM
(2010) termed the 1998 flood is a return period of 75 to 100 years. The percentage of flooded
area in Sirajganj Sadar upazila was 54 as on September 17 (BWDB, 2010). In this study, for
100 year return period, 46.10% (144.98 sq. km) area has been found under flooding (Figure
5.8), which is quite close to the BWDB study.
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Figure 5.6: Inundation maps at different return periods

Figure 5.7: Area inundated in various flood classes at different return periods
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Figure 5.8: Inundated and flood free zone at different return periods
5.2.3 Inundation of different land use categories
Supervised classification of landsat image with ILWIS 3.4 software yielded different land
coverage existing in Sirajganj Sadar. Distribution of different land use classes is shown in
Figure 5.9. About 28% and 13% area are
covered by agricultural and rural
settlement areas respectively. Urban
percentage is negligible, amounting to
1.90% of the total area. In the land use
map, other classification indicates
different sorts of uneven phenomena in
the study area, including bare soil, bush
Figure 5.9: Distribution of land use classes
in Sirajganj Sadar
land, brick fields, open spaces, etc.
Figure 5.10 presents the land use map for
Sirajganj Sadar.
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Figure 5.10: Generalized land use map of Sirajganj Sadar
Figures 5.11 and 5.12 present the inundation statistics and inundated area in percentage,
respectively. The flood affected area increases with the increase of return period and flood
depth. It is also noticeable that, inundated areas become doubled for land use
classes of agriculture and rural settlement with the increase of return periods. Rural
settlement areas are inundated much more than that of urban settlement with the increase of
return period and flood depth. Water bodies become inundated much more than that of any
other classes of land use especially for medium to very high classes of flood. It reflects the
loss of capture fisheries during flooding. For agriculture which is the most dominant land
use type, the rising trend of inundated area decreases with the increase in flood depth. In
case of high and very high class of floods, inundated area for agricultural land use remains
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the same with the increase of return period. Bare soils, mostly occupied at deltaic lands, are
highly prone to floods particularly for low and medium class of floods. Figure 5.13 depicts
road inundation at different return periods.

Figure 5.11: Inundation statistics for different return periods and land use classes in
Sirajganj Sadar

Figure 5.12: Inundated area (%) for each land use classes at different return periods in
Sirajganj Sadar
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Figure 5.13: Road inundation maps at different return periods in Sirajganj Sadar
5.3 Flood hazard mapping: Baniachang
5.3.1 Frequency analysis of water levels
For Baniachang, a total of four stations were considered to determine designed flood levels
for several return periods (2.33yr, 05yr, 10yr, 20yr, 50yr and 100yr) through flood
frequency analysis, which are Kushiara River at Sylhet (SW_175.5), Khowai River at
Hobigang (SW_159), Surma-Meghna at Markuli (SW_270), and Surma-Meghna at
Azmiriganj (SW_271). The fitted PDFs and the corresponding values of PPCC for annual
maximum water levels of the selected gage stations are shown in Tables 5.4-5.8. The
probability plots along with 90% confidence interval for the annual maximum water levels of
the selected gage stations are shown in Figure 5.14. It is seen that the observed values fall
well within the 90% confidence interval of the fitted distributions for annual maximum water
level.
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Table 5.4: Fitted PDFs and the corresponding values of PPCC for pre-monsoon peak water
level (m PWD) data of Khowai River at Hobigang (SW 159)
PDF
LN2
LN3
P3
LP3
EV1

2.33
6.58
6.59
6.59
6.62
6.47

5
7.12
7.12
7.12
7.13
7.04

Return period
10
20
7.50
7.83
7.49
7.80
7.49
7.80
7.47
7.76
7.50
7.94

PPCC
50
8.23
8.16
8.16
8.09
8.51

100
8.50
8.40
8.40
8.31
8.94

0.98130
0.98201
0.98202
0.98209
0.96622

Rank
4
3
2
1
5

Table 5.5: Fitted PDFs and the corresponding values of PPCC for pre-monsoon peak water
level (m PWD) data of Kushiara River at Sylhet (SW 175.5)
PDF
LN2
LN3
P3
LP3
EV1

2.33
7.49
7.55
7.54
7.71
7.24

5
8.34
8.22
8.23
8.33
8.07

Return period
10
20
8.96
9.51
8.62
8.93
8.64
8.95
8.65
8.86
8.75
9.40

PPCC
50
10.17
9.24
9.28
9.04
10.24

100
10.63
9.44
9.48
9.14
10.87

Rank

0.97034
0.99620
0.99580
0.99448
0.94093

4
1
2
3
5

Table 5.6: Fitted PDFs and the corresponding values of PPCC for pre-monsoon peak water
level (m PWD) data of Surma-Meghna at Markuli (SW 270)
PDF
LN2
LN3
P3
LP3
EV1

2.33
6.58
6.59
6.59
6.62
6.47

5
7.12
7.12
7.12
7.13
7.04

Return period
10
20
7.50
7.83
7.49
7.80
7.49
7.80
7.47
7.76
7.50
7.94

PPCC
50
8.23
8.16
8.16
8.09
8.51

100
8.50
8.40
8.40
8.31
8.94

Rank

0.98130
0.98201
0.98202
0.98209
0.96622

4
3
2
1
5

Table 5.7: Fitted PDFs and the corresponding values of PPCC for pre-monsoon peak water
level (m PWD) data of Surma-Meghna at Azmiriganj (SW 271)
PDF
LN2
LN3
P3
LP3
EV1

2.33
5.31
5.49
5.45
5.35
5.29

5
5.91
6.02
6.01
5.92
5.91

Return period
10
20
6.34
6.73
6.35
6.61
6.38
6.68
6.31
6.64
6.41
6.89

PPCC
50
7.20
6.89
7.02
7.02
7.52

100
7.52
7.07
7.24
7.28
7.99

Rank

0.97644
0.98432
0.98556
0.98323
0.95344

4
2
1
3
5

Table 5.8: Fitted PDFs and the corresponding values of PPCC for pre-monsoon peak
discharge data of Kushiara at Sherpur (SW 175.5)
PDF
LN2
LN3
P3
LP3
EV1

2.33
1555
1628
1614
1607
1527

5
1960
1944
1939
1970
1881

Return
10
2288
2147
2157
2222
2168

PPCC
20
2602
2312
2337
2433
2444
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50
3008
2494
2541
2670
2801

100
3311
2611
2675
2824
3069

0.95961
0.97571
0.97718
0.97742
0.95922

Rank
4
3
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Figure 5.14: Probability plot along with 90% confidence interval of the fitted distributions to
the pre-monson peak water level data of different gage stations in Sirajganj Sadar
5.3.2 Inundation Maps
Simulation by Delft3D model, as discussed in section 3.4.3, yielded floodplain inundation
levels at different return periods, as presented in Figure 5.15. Figure 5.16 shows the
inundation depths at different return periods.
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Figure 5.15: Inundation level for different return periods in Sirajganj Sadar
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Figure 5.16: Inundation depth for different return periods in Sirajganj Sadar
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5.3.3 Inundation of different land use categories
Supervised classification of LANDSAT image with ILWIS 3.4 software yielded different
land coverage existing in Baniachang. The land use map of Baniachang is shown in Figure
5.17. The figure also shows distribution of different land use classes. Land covered areas are
presented in Table 5.9. About 52.04%, 6.83% and 22.85% are covered by cultivated area,
rural settlement and water bodies, respectively.

Figure 5.17: land use map of Baniachang
Table 5.9: Derived classified Landsat TM 2011 Variance in land use for Baniachang
Class
Area(hec)
Percent
Agriculture/cultivated land
25096.29
52.04
Water Bodies
11019.41
22.85
Rural Settlement
3293.76
6.83
Urban/Growth center
1625.18
3.37
others
7190.35
14.91
The affected area increases with the increase of return period and flood depth for all land use
classes. It is also noticeable that, inundated areas become doubled for land use for agricultural
and rural settlement with the increase of return periods. Rural settlement areas are inundated
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much more than that of urban settlement with the increase of return period and flood depth.
Water bodies become inundated much more than that of any other classes of land use
especially for medium to very high classes of flood. It reflects the loss of capture fisheries
during flooding. The rising trend of inundated area for agricultural land which is the most
dominant land use type decreases with the increase of flood depth. Noticeably, in case of high
and very high classes of floods, inundated area for agricultural use remains the same with the
increase of return period. Figures 5.18 and 5.19 depict the inundation statistics based on
percentage and total area, respectively, in percentage. Figure 5.18 shows that the percentage
of inundation area is increased for different return periods. An estimated 27.4%, 49.4%,
61.6%, 84.5% and 85% are inundated in the study area at 2.33, 10, 20, 50 and 100 year return
periods, respectively. About 28%, 50%, 63%, 87% and 87% of the total area of agricultural
land is inundated at 2.33, 10, 20, 50 and 100 year return periods, respectively. Percentages of
inundation area in relation to different land uses are shown in Figure 5.20.

Figure 5.18: Inundation statistic based on percentage for different return period in
Baniachang

Figure 5.19: Inundation statistic based on total area for different return period in Baniachang
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Figure 5.20: Percent of inundation area for each land class for different return period in
Baniachang
5.4 Flood hazard mapping: Barguna Sadar
5.4.1 Inundation Maps
The topo to raster interpolation technique in ArcGIS using the reported storm surge height
water level at Parthrghata station yielded the inundation map for Barguna Sadar, as presented
in Figure 5.21.

Figure 5.21: Inundation in Barguna Sadar during the cyclone SIDR in 2007

1-37

5.4.2 Inundation of different land use categories
Supervised classification of LANDSAT image with ILWIS 3.4 software yielded different
land coverage existing in Baniachang. The land use map of Baniachang is shown in Figure
5.22 and the distribution of land use classes is presented in Table 5.10. About 49%, 17% and
13% are covered by cultivated area, rural settlement and water bodies, respectively.

Figure 5.22: Land use map of Barguna Sadar Upazila
Table: 5.10: Land use of Barguna Sadar as derived from LANDSAT image classification
Land use

Area (sq.km)

% of total area

Cropping Land
Forest
Rural Settlement
Water bodies
Others use

223.99
4.27
76.17
59.27
95.67

48.76
0.93
16.58
12.90
20.83
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Area inundated (sq.km.)

Inundation depth range (m)

Figure 5.23: Inundation of land coverage in Barguna Sadar during Cyclone SIDR in 2007

LEGEND

Figure 5.24: Road inundation map of Barguna Sadar during Cyclone SIDR in 2007
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CHAPTER 6
FLOOD DAMAGE VULNERABILITY ANALYSIS
6.1 Introduction
This chapter presents the physical vulnerability analysis of principally two elements of risks:
crops and rural settlements for the three study sites. Depth damage functions for these two
elements were constructed for each study site, and with the help of hazard maps and depth
damage functions crop and settlement (physical) vulnerability maps were generated for
different return periods. Roads were also considered as an element at risk; however,
inundation characteristics of roads could only be ascertained from the shape files of road
alignments and information on road elevations. However, damage functions for roads (i.e.
variation of damage with changing depth of inundation or duration) could not be determined
because of lack of data.
6.2 Flood damage vulnerability: Sirajganj Sadar
6.2.1 Damage functions for crops and rural settlements
The depth damage curves for crops and settlements developed following the methodology
outlined in section 3.5.2 are presented in Figures 6.1 and 6.2, respectively. It is noted here
that the damage function shown here refers to an average for four dominant types of rural
settlements usually found (as discussed in section 3.5.2). This damage function was used to
represent the physical vulnerability of the rural settlements since it was not possible to
distinguish the four different types either in the satellite image processing or through field
survey.

Figure 6.1: Flood damage vulnerability (depth-damage function) of crops
in Sirajganj Sadar
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Figure 6.2: Flood damage vulnerability (depth-damage function) of rural
settlements in Sirajganj Sadar
6.2.2 Damage vulnerability mapping
Using the hazard map and the stage-damage curve, crops vulnerability maps for return
periods of 2.33 year (Figure 6.3), 20 year (Figure 6.4) and 100 year (Figure 6.5) were
prepared. In the crop vulnerability mapping, the flood depth was divided into five scales and
their respective vulnerability are: very low vulnerable (0.5), low vulnerable (0.6), moderate
vulnerable (0.7), high vulnerable (0.9) and very high vulnerable (1.0) for different return
periods (Table 6.1).
Similarly, in the settlement vulnerability mapping for 100 year (Figure 6.6), 20 year (Figure
6.7) and 2.33 year (Figure 6.8), the flood depth was divided into five scale and their
respective vulnerability as very low vulnerable (0.10), low vulnerable (0.30), moderate
vulnerable (0.60), high vulnerable(0.70) and very high vulnerable (1.0) for different return
periods (Table 6.2).
Table 6.1: Crop vulnerability classification for Sirajganj Sadar
Classification
Very Low vulnerable
Low vulnerable
Moderate vulnerable
High Vulnerable
Very high vulnerable

Flood Depth Range(m)
0 – 0.5
0.5 – 1.0
1.0 – 1.5
1.5 – 2.25
2.25 – 2.75

Vulnerability
0.50
0.60
0.70
0.90
1

Table 6.2: Settlement vulnerability classification for Sirajganj Sadar
Classification
Very Low vulnerable
Low vulnerable
Moderate vulnerable
High Vulnerable
Very high vulnerable

Flood Depth Range(m)
0 - .10
.10 – 1.0
1.0 – 1.5
1.5 – 2.0
2 – 3.0
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Vulnerability
0.10
0.30
0.60
0.70
1.00

Figure 6.3: Crop vulnerability at 2.33 year return period in Sirajganj Sadar

Figure 6.4: Crop vulnerability at 20 year return period in Sirajganj Sadar
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Figure 6.5: Crop vulnerability at 100 year return period in Sirajganj Sadar
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Figure 6.6: Settlement vulnerability at 2.33 year return period in Sirajganj Sadar
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Figure 6.7: Settlement vulnerability at 20 year return period in Sirajganj Sadar
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Figure 6.8: Settlement vulnerability at 100 year return period in Sirajganj Sadar
6.3 Flood damage vulnerability: Baniachang
6.3.1 Damage functions for crops and rural settlements
The depth damage curves for crops and settlements developed for Baniachang following the
methodology outlined in section 3.5.2 are presented in Figures 6.9 and 6.10, respectively.
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Figure 6.9: Flood damage vulnerability (depth-damage function) of crops
in Baniachang

Figure 6.10: Flood damage vulnerability (depth-damage function) of rural settlements
in Baniachang
6.3.2 Damage vulnerability mapping
Ranking for crop vulnerability was prepared based on inundation depth. With inundation
depth varying between 0 to 0.5 m, the crop vulnerability varies from 0 to 0.25. When the
variation of inundation depth is from 0.5 to 1 m, the crop vulnerability varies from 0.25 to
0.45. A total of five classes were used in this study area for crop vulnerability mapping.
These five classes are named as very low, low, medium high, high and very high.
Vulnerability ranking for crops is shown in Table 6.3. Using the hazard map and the
vulnerability ranking, crops vulnerability maps for return periods of 2.33 year (Figure 6.11),
20 year (Figure 6.12) and 100 year (Figure 6.13) were prepared. From Figures 6.11 to 6.13,
it is seen that crop vulnerability increases with the increase in return period.
The ranking for rural settlement was also scaled down from 0 to 1. These ranking processes
are dependent on inundation depths. Table 6.4 shows the vulnerability ranking of settlements.
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This ranking is divided into six classes. Using the hazard map and the vulnerability ranking,
settlement vulnerability maps for return periods of 2.33 year (Figure 6.14), 20 year (Figure
6.15) and 100 year (Figure 6.16) were then prepared. From Figures 6.14 to 6.16, it is seen
that settlement vulnerability increases with the increase in return period.
Table 6.3: Vulnerability ranking for crops for Baniachang
Inundation depth(m)
0-0.5
0.5-1
1-1.5
1.5-2
2-3

Vulnerability rank for crops
0-0.25
0.25-0.45
0.45-0.65
0.65-0.84
0.84-1

Vulnerability class
Very low
low
Medium high
High
Very high

Table 6.4: Vulnerability ranking for settlement for Baniachang
Inundation depth(m)
0-0.5
0.5-1
1-1.5
1.5-2
2-2.5
2.5-3

Vulnerability rank for
Settlement
0-0.15
0.15-0.35
0.35-0.6
0.6-0.75
0.75-0.9
0.9-1

1-48

Vulnerability class
Very low
low
Medium low
Medium high
High
Very high

Figure 6.11: Vulnerability rank for crop at 100 year return period for Baniachang
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Figure 6.12: Vulnerability rank for crop at 20 year return period for Baniachang
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Figure 6.13: Vulnerability rank for crop at 2.33y return period for Baniachang
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Figure 6.14: Vulnerability rank for Settlement at 100 year return period for Baniachang

1-52

Figure 6.15: Vulnerability rank for Settlement at 20 year return period for Baniachang
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Figure 6.16: Vulnerability rank for Settlement at 2.33 year return period for Baniachang

6.4 Flood damage vulnerability: Barguna Sadar
6.4.1 Damage functions for crops and rural settlements
The depth-damage curves for crops and settlements developed for Barguna Sadar following
the methodology outlined in section 3.5.2 are presented in Figures 6.17 and 6.18,
respectively.
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Figure 6.17: Crop vulnerability graph of Barguna Sadar
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Figure 6.18: Settlement vulnerability graph of Barguna Sadar
6.2.2 Damage vulnerability mapping
Using the hazard map and the depth-damage curve, crop vulnerability maps were prepared
for the year of 2007 when the cyclone SIDR occurred (Figures 6.19 and 6.20). In the crop
vulnerability mapping, the surge height has been divided into five scales and their respective
vulnerabilities are very low vulnerable (0.2), low vulnerable (0.4), moderate vulnerable (0.5),
high vulnerable (0.7) and very high vulnerable (1.0) (Table 6.5). In the settlement
vulnerability mapping, the surge height has been divided into three scales and their respective
vulnerabilities are low vulnerable (0.2), moderate vulnerable (0.4) and high vulnerable (1.0).

Table 6.5: Crop and settlement vulnerability classification for Barguna Sadar
Element Type

Classification

Crop

Very Low vulnerable
Low vulnerable
Moderate vulnerable
High Vulnerable
Very high vulnerable

Flood Depth(m)
Range
0–1
1.0 – 2.2
2.2 – 3.0
3.0 – 4.0
4.0 – 5.5
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Vulnerability
0.20
0.40
0.50
0.70
1.0

Element Type

Classification

Settlement

Low vulnerable
Moderate vulnerable
High Vulnerable

Flood Depth(m)
Range
0 – 3.10
3.10 – 4.0
4.0 – 5.5

Vulnerability
0.20
0.40
1.0

Figure 6.19: Crop vulnerability map of Barguna Sadar during Cyclone SIDR in 2007
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Figure 6.20: Settlement vulnerability map of Barguna Sadar during Cyclone SIDR in 2007
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CHAPTER 7
DAMAGE ESTIMATION AND RISK MAPPING
7.1 Introduction
In the final step of risk assessment, the expected damage of the inundation land use types was
estimated first by combining assessed replacement values and stage-damage function:
D

=

vul x P x A

ED=probability x D 

(7.1)

1
D
T

(7.2)

where, D is total direct property damage per cell of the rater map, Vul is the Vulnerability
value per cell which is the function of Depth (DP) in meter and Duration (DR) of inundated
land in days, A is the area of each cell in m2 and P is the property value in monetary terms of
each cell. Here ED is the expected damage and T is the return period of flood.
Property value data per hectare of each land use class was collected from field survey. A
primary survey through interview was conducted among the local peoples, farmers,
shopkeepers, etc., to collect this data and this monetary value for each land use type was
converted to a raster map. And thus P, monetary value of each cell of area A is produced.
Direct damages to properties of economic units were classified as settlement and agricultural
damages. Settlement damages consist of damages to different types of house, and damages to
household effects, and the agricultural damage refers to the loss to agricultural crops.
To collect above-mentioned data, data on average unit prices of houses and agricultural
production under the present circumstances are collected. Then, expected damage value was
classified into several defined classes using Reclassify function of Arc GIS 9.3.1. The
conceptual model for entire flood risk mapping is shown in Figure 7.1 which was produced
using Model toolbox of Arc GIS 9.3.1.

Figure 7.1: Conceptual model for flood risk mapping
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7.2 Damage estimation and risk mapping of Sirajganj Sadar
The expected damage of the inundated land use types was estimated by using Equation 7.1.
For area A in the equation, 900m2 was given as the size of each grid is 30 m. The P value is
given in Table 7.1.
Table 7.1: Unit prices of different land use classes in Sirajganj Sadar
Land use class

Average unit prices per m2 Average unit prices per
in BDT
cell (400 m2), P in BDT

Agriculture

8.20

7380

Settlement

590.00

531000

Thus, raster-based damage maps for various return period floods were produced. The
expected damage or risk maps for crop of 20 year and 100 year flood are shown in Figures
7.2 and 7.3, respectively, and the expected damage or risk statistics for crop of 20 year and
100 year flood is shown in Figure 7.4. The expected damage or risk map for settlement of 20
year and 100 year flood is shown in Figures 7.5 and 7.6, respectively, and the expected
damage or risk statistics for crop of 20 year and 100 year flood is shown in Figure 7.7.

Figure 7.2: Expected damage or risk map for Crop of 20 year return period for Sirajganj
Sadar
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Figure 7.3: Expected damage or Risk map for Crop of 100 year return period for Sirajganj
Sadar
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Figure 7.4: Crop expected damage or Risk statistics of 20 year and 100 year return period for
Sirajganj Sadar
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Figure 7.5: Expected damage or Risk map for Settlement of 20 year return period for
Sirajganj Sadar
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Figure 7.6: Expected damage or Risk map for Settlement of 100 year return period for
Sirajganj Sadar
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Figure 7.7: Settlement expected damage or risk statistics of 20- and 100 year return periods
for Sirajganj Sadar
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7.3 Damage estimation and risk mapping for Baniachang
For Baniachang, the value of P is found to be Tk. 9.4 for agriculture and Tk. 590 for
settlement (Table 7.2). Figures 7.8 to 7.15 show the risk maps for crops and settlement at
different return periods.

Table 7.2: Unit prices of different land use classes in Baniachang
Land use class
Average unit prices per m2 Avg unit prices per cell
in BDT
(900m2), P in BDT
Agriculture
9.4
8460
Settlement
590
531000

Figure 7.8: Expected Damage or risk map for Crops at 2.33 year return period for Baniachang
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Figure 7.9: Expected Damage or risk map for Settlement at 2.33 year return period for
Baniachang
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Figure 7.10: Expected Damage or risk map for Crops at 20 year return period for Baniachang
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Figure 7.11: Expected Damage or risk map for Settlement at 20 year return period for
Baniachang
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Figure 7.12: Expected Damage or risk map for Settlement at 50 year return period for
Baniachang
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Figure 7.13: Expected Damage or risk map for Crops at 50 year return period for Baniachang
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Figure 7.14: Expected Damage or risk map for Crops at 100 year return period for
Baniachang
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Figure 7.15: Expected Damage or risk map for settlement at 100 year return period for
Baniachang
Now, area covered by different expected damage classes or risk classes were computed for
each return period flood. Figures 7.16 and 7.17 show the relationship between covered areas
and return period floods for each defined classes. It is seen that the area covered by the risk
classes of low and very high increase and very low decrease with the increase in return
period. Actually, land use category ‘agriculture’ falls under these risk classes which are very
susceptible to damage. Damage free area is reduced with increase in return period. Figure
7.18 indicates the percentages of the total area covered by different risk classes of various
return periods.
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Figure 7.16: Agriculture area under different risk classes for different return periods for
Baniachang
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Figure 7.17: Settlement area under different risk classes for different return periods for
Baniachang

Figure 7.18: Percentage of total area covered by risk classes for different return periods for
Baniachang
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7.4 Damage estimation and risk mapping of Barguna Sadar
In the risk assessment of settlement and crop, the expected damage of the inundated land use
types was estimated by using Equation 7.1. For area A, 900m2 was given as every grid size is
30 m. Average unit prices for various land use classes were collected from the field survey
and are given in Table 7.3.

Table 7.3: Unit prices of different land use classes in Barguna Sadar
Land use class

Average unit prices per m2 in Average unit prices per cell
BDT

(400 m2), P in BDT

Agriculture

8.50

7650

Settlement

590.00

531000

Modeling of cyclone hazard in Banglaesh indicates that storm surge heights for 5, 10, 20 and
50 years of return periods are of 3.1, 3.9, 4.7 and 5.7 meters respectively for Barguna Sadar
(Rana et al., 2010). According to the study result, 5.5 meter surge hight of 2007 (SIDR) is a
50 yr return period cyclone. Thus, raster-based damage maps for 50 year return period
cyclonic floods were produced. The expected damage or risk map for crop of 50 year cyclone
or 2007 (SIDR) is shown in Figure 7.19 and the expected damage or risk statistics for crop of
50 year cyclone or 2007 (SIDR) is shown in Figure 7.20 . The expected damage or risk map
for settlement of 50 year cyclone or 2007 (SIDR) is shown in Figure 7.21 and the expected
damage or risk statistics for settlement of 50 yr cyclone or 2007 (SIDR) is shown in Figure
7.22 .
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.
Figure 7.19: Expected damage/ risk map for crop for 50 year return period and Cyclone SIDR
for Barguna Sadar
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Figure 7.20: Expected damage/risk for crop of 50 year return period for cyclone SIDR for
Barguna Sadar
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Figure 7.21: Expected damage/ risk map for settlement of 50 year return period for cyclone
SIDR for Barguna Sadar
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Figure 7.22: Expected damage/risk for settlement of 50 year return period for cyclone SIDR
for Barguna Sadar
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CHAPTER 8
CLIMATE CHANGE IMPACT ON FLOOD RISKS
8.1 Introduction
Bangladesh is extremely vulnerable to climate change because of its geophysical settings. It
is a low-laying flat country with big inland water bodies, including some of the biggest rivers
in the world. Flooding is an annual recurring event during monsoon and 80% of annual
rainfall occurs in monsoon. Bangladesh is a flood prone country and very often experiences
devastating flood during monsoon that causes damage to crops and properties. In normal
years, about one fifth of the country is flooded. The total drainage area of the Ganges–
Brammaputra-Meghna basins is 1.75 million sq. km and the average annual water flow is
1350 billion cubic meters, which is drained through Bangladesh but the GBM basin area
within Bangladesh is only about 7-10% of the total area (IWM, 2008). If rainfall increases
due to climate change in the GBM basin that will create huge water flow through the rivers of
Bangladesh. Eventually the monsoon flood will be more devastating due to increase of
precipitation and sea level rise that may cause more damage to crops and properties if
adaptation measures are not taken.

8.2 Impact of climate change in riverine flood area of Sirajganj
Increase of flood level and its duration are key factors to characterize the impact of flood due
to climate change. It is seen that peak flood level is increased by about 37 cm in a moderate
flood event (2004 flood event) and by 27 cm in a normal flood event (2005 flood event) in
the Jamuna River (IWM, 2008). More specifically, in Sirajganj maximum flood depth would
be increased by 36 cm in 2040 considering the flood events of 2004 as the IWM study
suggests. Another study conducted by IWFM and CEGIS (2008) under a collaborative
research project titled ‘CLASIC’ suggested that, 16.26% flow would be increased in the
Brahmaputra River by 2050 for B1 scenario, which is based on environmentally sustainable
economic growth, decline in population growth after mid-century, etc. Therefore, flood
extent would also be increased by 2.08% due to climate change condition as suggested by
IWM. In this connection, the present study investigates the flood risk due to climate change
condition for Sirajganj Sadar Upazila for year of 2040. The IWM study considers the flood
year of 2004 as base condition which is a 50 year return period flood event for predicting
climate change scenario. Therefore, 36 cm flood level rise has been considered for Sirajganj
Sadar Upazila in flood risk mapping (Figure 8.1).
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Figure 8.1: Inundated area for with and without climate change scenarios in Sirajganj Sadar
Upazila, 2040

Table 8.1: Inundation Statistics for with and without Climate Change Scenarios in Sirajganj
Sadar Upazila, 2040
Inundation Extent
Crop land Rural
Urban/Growth
Others
Settlement Center
Without Climate Change (sq.km) 30.33
13.36
3.56
86.56
Total (133.84)
With Climate Change (sq.km) 38.31
16.49
3.92
88.93
Total (157.82)
Percentage Increase (17.91)
26.31
23.42
10.11
2.73
Considering the vulnerability graph mentioned in earlier chapter, following crop and rural
settlement vulnerability maps have been produced (Figures 8.2 and 8.3)
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Figure 8.2: Crop vulnerable area for with and without climate change scenarios in Sirajganj
Sadar Upazila, 2040

Figure 8.3: Rural settlements vulnerable area for with and without climate change Scenarios
in Sirajganj Sadar Upazila, 2040

1-77

Considering the Figure 7.1, conceptual model for flood risk mapping, following crop and
rural settlement risk maps have been produced (Figures 8.4 and 8.5)

Figure 8.4: Crop risk map for with and without climate change scenarios in Sirajganj Sadar
Upazila, 2040
Table 8.2: Flood Risk for Crop under with and without Climate Change Scenarios in
Sirajganj Sadar Upazila, 2040
Flood Risk Extent
Without Climate Change (sq.km)
With Climate Change (sq.km)
Percentage Increase

Very Low
Risk
21.30
27.68
29.29

Low Risk
5.69
6.63
16.53
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Moderate
Risk
2.22
3.10
39.36

High
Risk
0.65
0.77
18.23

Very High
Risk
0.11
0.13
18.1

Figure 8.5: Rural settlement risk map for with and without climate change scenarios in
Sirajganj Sadar Upazila, 2040
Table 8.3: Flood risk for rural settlement under with and without climate change scenarios in
Sirajganj Sadar Upazila, 2040
Flood Risk Extent
Without Climate Change (sq.km)
With Climate Change (sq.km)
Percentage Increase

Very
Low Risk
8.68
10.69
23.15

Low Risk
2.89
3.13
8.30

Moderate
Risk
0.89
1.46
64.04

High Risk
0.65
0.95
46.23

Very High
Risk
0.23
0.26
13.04

8.3 Impact of climate change in flash flood area of Baniachang
According to the CLASIC report, the change in average wet season flow volumes in the year
of 2060 is 7.95% in the Borak River which is found from the global climate model
(CCSRNIES). Boundary condition in Delft3d has been changed due to climate change and
this wet seasons flow has been used in Delft3d. Water level has been changed in percentage
which is evaluated from the rating curve (Figure 8.7). After simulation of Delft3d, the result
obtained is shown in Figures 8.8 and 8.9 which indicate inundation level and inundation
depth, respectively, with climate change. In Table 8.4 is shown a comparison between
inundation statistic with climate change at 2050s and without climate change at 50 year return
period. The urban and rural settlement is increased by 3.60% and 1.28% respectively due to
climate change. Figures 10 and 11 show the vulnerability of crops and settlement,
respectively, with climate change.
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Figure 8.7: Rating curve for 50 year return period in Baniachang

Figure 8.8: Inundation level for 2050s with climate change in Baniachang
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Figure 8.9: Inundation depth for 2050s with climate change in Baniachang
Table 8.4: Inundation statistics for with and without climate change scenarios in Baniachang
Upazila, 2050
Inundation Extent

Crop land

Without Climate Change (sq.km)
221.58
Total (355.72)
With Climate Change (sq.km) Total
223.56
(359.10)
Percentage Increase (.95)
.89

Rural
Settlement

Urban/Growth
Center

Others

25.35

50.89

99.03

25.68

10.12

99.75

1.28

3.60

.73
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Figure 8.10: Vulnerability for crops with climate change in Baniachang

Figure 8.11: Vulnerability for settlement with climate change in Baniachang

1-82

8.4 Climate change scenario for coastal storm surge
Climate change is the greatest environmental challenge facing the world today. The threat of
sea level rise spans an enormous range of possible impacts from the relatively small and
manageable to the catastrophic. Bangladesh has been identified as one of the most vulnerable
countries to the impacts of global warming induced accelerated sea level rise. Taking the
greenhouse gas-emission scenarios from 3 rd IPCC, it is estimated that the global rise in sea
level from 1990 to 2100 would be between 9 and 88 cm. Global sea level rise for the
projected years of 2020, 2050 and 2080 has been selected from the Third Assessment Report
(TAR) of IPCC (2001) for high and low emission scenarios of SRES (Special Report on
Emission Scenarios) having four families, A1, A2, B1, B2 and six emission scenarios. The
present study chose the B1 scenario and according to the study conducted by IWM and
CEGIS (2007), 23 cm sea level rise would occur in 2040 under the B1 scenario. So, based on
the findings, the following inundation map has been obtained (Figure 8.12).

Figure 8.12: Inundated area for with and without climate change scenarios in Barguna Sadar
Upazila, 2040
Table 8.5: Inundation statistics for with and without climate change scenarios in Barguna
Sadar Upazila, 2040
Inundation Extent
Without Climate Change ( sq.km) Total (249)
With Climate Change (sq.km) Total (250.69)
Percentage Increase (0.68)

Crop
land
142.29
143.56
0.89

Rural
Settlement
48.65
48.89
0.49

Water
Bodies
57
57
0

Others
1.06
1.24
16.98

Considering the vulnerability graph mentioned earlier, the following crop and rural settlement
vulnerability maps have been produced (Figures 8.13 and 8.14) for Barguna Sadar Upazila,
2040.
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Figure 8.13: Crop vulnerable area for with and without climate change scenarios in Barguna
Sadar Upazila, 2040

Figure 8.14: Settlement vulnerable area for with and without climate change scenarios in
Barguna Sadar Upazila, 2040
Based on the conceptual model for flood risk mapping, following crop and rural settlement
risk maps have been produced (Figures 8.15 and 8.16)
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Figure 8.15: Crop risk map for with and without climate change scenarios in Barguna Sadar
Upazila, 2040

Figure 8.16: Rural settlement risk map for with and without climate change scenario in
Barguna Sadar Upazila, 2040
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CHAPTER 9
COMMUNITY BASED FLOOD HAZARD AND RISK
MAPPING
9.1 Introduction
Community based flood hazard and risk maps were
prepared via resource mapping with the communities
in the selected villages: Gupirpara village in Sirajganj
Sadar, Subidpur village in Baniachang, and Noltona
and Porirkhal villages in Barguna Sadar (Figure 9.1).
Resource mapping is the method for collating and
plotting information on the occurrence, distribution,
access and use of resources within the economic and
cultural domain of a specific community. Resource
map indicates existing natural resources in the village
including land and water resources. The uses of these
resources and accessibility of the people to these
resources are also analyzed. This map helps in
indentifying and inventorying various types of
resources in the village and their characteristics in the
various types of development processes. Participants
in resource mapping are thus able to identify different
resources (elements at risk) within the area of concern
and identify the level of hazard and risk for different
historical flood levels.
The participants were supplied the art paper with
different color pens, pencil, eraser, and scale.
Locations of resource mapping were chosen such that
participants included villagers from different parts of
the villages. First the participants marked the
boundary of the village or the important road within
the study area followed by demarcation of the
boundaries. The participants then marked roads
(including culverts and sluice gates), embankments/
Figure 9.1: People’s participation while
polders, land types according to elevation (i.e. high
making flood hazard and risk mapshe
study has had a number of limitations
land, low land, etc.), agricultural fields, water bodies
due to (physical) vulnerability maps
(e.g. khals, ponds, etc.), permanent structures like
were generated for different return
mosque, prayer room, primary school, Madrasa,
period.
Eidgah, market, graveyard, settlement areas, tube
wells, cyclone shelters (specific to Barguna), etc. Villagers then marked the flood affected
area in different important flood (fluvial and cyclonic storm surge) years (1998 and 2007 for
Gupirpara in Sirajganj Sadar; 1988 and 2004 for Subidpur in Habiganj; 1991 and 2007 for
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Noltona and Porirkhal in Barguna Sadar). Findings from risk mapping exercises for the study
areas are briefly presented in the subsequent sub-sections.

9.2 Flood risk map for Gupirpara in Sirajganj Sadar
The flood risk map prepared for Gupirpara village in Barguna Sadar is presented in Figure
9.2. According to the map, all agricultural fields, low land houses, some high land houses
(partially), tube wells, kacha roads, and markets were inundated during the flood of 1998.
The few high land houses, tube wells, and primary school which were free from flood hazard
were marked in the map. Compared to 1998, relatively less area was inundated during the
flood of 2007.

Figure 9.2: Resource and flood risk map in Gupirpara village, Sirajganj Sadar
9.3 Flood risk map for Subidpur village in Baniachang
The flood risk map prepared for Subidpur village in Baniachang, Habiganj is presented in
Figure 9.3. According to the map, most of the houses and all agricultural fields were
inundated in 1988. The inundation in 2004 was also extensive, with most of the area being
flooded except some houses built on high lands. Flood inundation depth over the main road
was as high as 8ft in 1988, while the same was 2.5 ft in 2004.
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Figure 9.3: Resource and flood risk map at Subidpur in Baniachang, Habiganj
9.4 Flood risk map for Sonatola and Porirkhal villages in Barguna Sadar
The flood risk maps prepared for Sonatola and Porirkhal villages in Barguna Sadar are
presented in Figures 9.4 and 9.5, respectively. In Sonatola village, most of the houses and
agricultural fields were inundated in the two major cyclone years of 1991 and 2007. The
flood inundation depth over the main road was as high as 12 ft and 10 ft in 1991 and 2007,
respectively. In 2007, some high land houses were free from inundation. The risk map for
Sonatola village also shows areas with particular durations of inundation (e.g. 7- 8 days and
14-15 days). Southwestern part of the village is inundated for longer times compared to the
northern part of the village.
In Porirkhal village, all agricultural fields, low land houses, some high land houses
(partially), tube wells, kacha roads, culverts, sluice gate, and markets were inundated in 1991
storm surge. Inundation was also extensive in 2007 except high land houses and nearby tube
wells. Inundation depth over the main road (polder) was as high as 8ft. Water logged areas
as a result of impeded drainage due to polders is also shown in the risk map.
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Figure 9.4: Resource and flood risk map at Sonatola village, Barguna Sadar

Figure 9.5: Resource and flood risk map at Porirkhal village, Barguna Sadar
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9.5 Quantitative assessment of flood hazards and damages
In order to quantify the flood hazards
and damages to different elements at risk
at different inundation depths and in
some
cases
different
inundation
durations, questionnaire surveys were
conducted in each of the three study
areas. The developed questionnaire was
pre-tested with 8-10 respondents in the
each study area.
With necessary
modifications in questionnaire, the main
survey was conducted following random
sampling with 45 respondents from
Gupirpara village (including a few
people from surrounding villages) in
Figure 9.6: Conducting interviews of the people
Sirajganj Sadar, 50 respondents from
Subidpur in Baniachang and 38 respondents from Sonatola and Porirkhal villages in Barguna
Sadar (Figure 9.6).
The issues that were raised in the survey includes flood depth and duration, losses to
agriculture, drinking water system, fisheries system, and other elements of concern, flood
coping mechanisms and future risk reduction measures according to the respondents, and any
phenomena, including climate change, regarding changes happening due to flood. The
findings from the questionnaire survey are briefly presented below.

9.5.1 Flood hazards and damages in Gupirpara village, Sirajganj Sadar
While agricultural field and village kacha roads get inundated during normal floods, the
inundation and flood damage become severe during moderate to extreme floods. The
duration of flood is about 3 to 4 months. Major flood years that affected the area are 1988,
1998, 2004 and 2007. In 1988 and 1998, all agricultural fields, houses, roads and markets
were inundated. In 2004 and 2007, the flood depth was less compared to that in 1988 and
1998. However, except some houses and tubewells built on high lands, all agricultural field,
houses, kacha roads, tubewells, and houses built on low lands were inundated during the
highest flood level. The duration of flood was 20-30days. Inundation led to water logging
problems in many parts, which impacted cultivation of T. aman rice. Educations institutions
were closed down for 15-45 days, and people had to do doing shopping from the floating
markets.
Major crops grown in the study area include paddy (boro and aman), sugarcane, jute, tomato,
potato, onion, brinjal, beans etc. Inundation during major flood years caused loss in rice
yield by more than 3 tons/acre, which in turn caused a monetary loss in the amount of 1.5-2
lac taka/acre. The lost to sugarcane also amounted to about 1 lac taka/acre.
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Floods have had impacts on culture fisheries. Culture fisheries do suffer during normal
floods. The traditional practice by the local people is to raise the height of bunds of the pond
to prevent flood. In the case raising the bund height is not sufficient, nets are placed around
the pond. However, even nets could not prevent out migration of fish from the ponds. The
loss in terms of monetary units amounts to 2,000-2,00,000 taka depending on the size of
ponds. This loss to culture fisheries has also have impacts on livelihood activities of the
people, forcing them to shift their occupations.
Drinking water problem turns acute in times of major floods as all the tube-wells get
inundated. Drinking (untreated) surface water causes water-borne diseases like diarrhea,
typhoid, skin diseases etc. The rehabilitation of a damaged tube-well during flood causes at
least 2000 taka when the flood is over.

9.5.2 Flood hazards and damages in Subidpur, Baniachang
Major flood flow comes from the Kushiyara Kalni river system. Flooding is aggravated by
intense rainfall. In 1988, most of houses, agricultural lands and katcha roads were inundated
and the duration of flood was 30 days. The flood was a little less severe in 1998, with roads,
agricultural field and some of houses getting inundated and the duration of flood was 20 days.
Flooding in 2004 was more severe than that in 1998 but less severe than in 1988 in terms of
depth of inundation; however, the duration of flood was longer (45 days).
Main crops grown in the study area includes paddy (boro and aman), vegetables, tomato,
potato, onion, brinjal, beans etc. Inundation during major flood years caused loss in rice
yield by about 3.6 tons/acre. Floods have had impacts on culture fisheries. The loss in terms
of monetary units amounts to 2,000-2,00,000 taka depending on the size of ponds. This loss
to culture fisheries has also have impacts on livelihood activities of the people, forcing them
to shift their occupations. The monetary loss as a result of this impact is about 40-50%
compared to the earnings from culture fisheries. Similar to what happens in Sirajganj Sadar,
drinking water problem turns acute in Baniachang in times of major floods as the tube-wells
get inundated. All tube-wells got inundated during 1998, while only 2-3 tubewells situated at
higher grounds at a distance of 1-2 kilometers from households were flood free in 2004.
Drinking (untreated) surface water causes water-borne diseases like diarrhea, typhoid, skin
diseases etc. The people whose have domestic animals like chicken, duck, goat, cow, buffalo
have to sell them at lower prices. Sometimes they don’t have any opportunity to sell them.
The loss incurred amounts to 2000-50000 taka per person. Poor people have largely resorted
to milk selling, as they largely own less cultivated land with limited irrigation facilities. Some
of the families have also taken loans with high interest from a local NGO to buy cows for
their livelihoods.

9.5.3 Flood hazards and damages in Sonatola and Parirkhal, Barguna Sadar
As Barguna Sadar is situated is near the shore of the Bay of Bengal, the area is vulnerable to
cyclones and storm surges. The most damaging cyclone that hit the area recently is Cyclone
SIDR in 2007. Recently a notable cyclone hit the region on 15 November, 2007 which is
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known as ‘Cyclone SIDR’. The center of the cyclone entered Bangladesh through Barguna
district and resulted in huge destruction in the area. The surveyed areas are surrounded by
Paira and Bishkhali rivers on the east and west, respectively and the Bay of Bengal on the
south, from which the water submerges the areas during the cyclone.
Cyclone SIDR hit the areas during low tide and the duration was 10 to 12 hours. The
resulting storm surge overtopped the polder whose crest level was set at 4.57 m PWD in the
areas. The water reached up to 8ft above the crest level of the polder when it overtopped it.
Water was drained out immediately after the storm in some high areas such as roads and
some households but remained water logged in some areas for maximum 15 to 20 days.
Since households, agricultural lands and ponds were inundated during the Cyclone SIDR,
which caused irreparable losses to the local people. Households were destroyed in full or part
during the cyclone. Most of the houses are katcha house made of mud and tin. Such houses
were easily destroyed during the cyclone and needed to be repaired after the flood. Most
houses which were destroyed in full required about Tk. 50,000 to Tk. 300,000 depending on
the quality of the house. Those which were partially damaged required a minor repair in the
household structure and the expense was about Tk. 2,000 to Tk. 5,000.
Agricultural lands are low lying lands and they are inundated in every cyclone. The only
agricultural product in these areas is paddy. According to the farmers, about 60 maunds of
paddy is produced in one kani of land (1 kani= 33.5 decimals). This amount of paddy is
destroyed due to storm surge. Some people also faced the loss of livestock due to lack of
shelters. Some people of the area had a large number of cattle and they suffered the
maximum losses due to the death of the cattle. According to the people the loss due the death
of cows and goats are about Tk. 12,000-Tk. 20,000 and Tk. 2,000-Tk. 5,000, respectively.
Fisheries ponds are inundated during the cyclone and those who cannot afford to raise the
boundary of the pond, or place net around the pond suffer a great amount of losses. During
Cyclone SIDR, the fisheries ponds were inundated and the aggregated loss ranged from Tk.
70,000 to Tk. 100,000 depending on the size of the pond and type of fisheries.
Drinking water problem is one of the major problems in these areas. There is a little number
of drinking water sources in these areas and during cyclones there is a scarcity of pure
drinking water. The major source of drinking water in the areas is a few tube-wells and most
of them are drowned during the storm surge. After Cyclone SIDR, most people faced various
troubles while collecting drinking water such as blockage of communicating roads due to
fallen trees, distance from their home etc. The problem persists throughout the duration of
flood and even after the flood. Floods totally damaged the tube-wells and they were required
to be repaired after the flood. Some people also drink the flood water without purifying it and
suffer from various water-borne diseases. Some tube-wells which are not drowned are
situated far from the village at neighboring villages from which it is difficult to carry water
home.
There are few cyclone shelters in the surveyed area and most of them were built after the
events of Cyclone SIDR. The space in these types of shelters is too small to accommodate a
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large number of people. The areas are severely affected with salinity problem due to close
proximity to the Bay of Bengal.
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CHAPTER 10
CONCLUSIONS
The result of the study indicates that for all land use classes, f lo o d affected area increases
with the increase of return period and flood depth in Sirajgang Sadar. It is also noticeable
that inundated areas become doubled for both agricultural and rural settlement land use
classes with the increase of return periods. Water bodies become inundated much more than
that of any other classes of land use especially for medium to very high classes of flood.
For a 100 year return period flood, 46.1% (144.98 s q.k m.) area g e t s flooded of which
agriculture and settlement area represent 24.21% and 10.45%, respectively. For a 100 year
return period flood, 11.04% of road systems get inundated. Depth damage curves reveal
that agricultural lands are very highly vulnerable at 2.25-2.75 meter flood depth and
settlements are very highly vulnerable at 2-3 meter flood depth above the floor level.
Comparison between inundations under without and with climate change scenarios
(projected for 2040) for a 50 year flood event showed that for an increase of water level by
36 cm, inundation of crop lands and settlements increase by 26.31% and 23.42%,
respectively, and flood risk increases by 18-29% for different risk classes from very low
risk to very high risk. .
Baniachang area represents a flash flood area where Boro rice represents the cropland area,
and is a very important element for estimating risk. Area of inundation depth increases
substantially with increasing return period, which has a considerable impact on the area of
cropland and also the area of settlements. It was found that cropland is highly vulnerable at
2.8 meter depth, while settlement is highly vulnerable above 3 meter depth. For an increase
of 7.95% in flow for a scenario for 2060 in the Borak river, the change in inundation
characteristics for crop land (1%), rural settlement (1.3%) and urban settlements (3.6%) is not
substantial.
At Barguna sadar, the crop land (48.76%), forest (0.93%), rural settlement (16.58%), water
Bodies (12.90%) and other land use (20.83%) constitute different land use classes. At the
storm surge height observed in SIDR 2007, 54% (249 s q.km.) area g e t s flooded, of which
agriculture and settlement areas represent 31.04% and 10.60%, respectively. In 5.5-6.0
meter surge height range, 92.96% of road systems get inundated. Depth damage curves
reveal that agricultural lands are very highly vulnerable at 4.0-5.5 meter surge height and
settlements are very highly vulnerable at 4.0-5.5 meter surge height. For an increase of 23
cm in sea level (to occur in 2040 under the B1 scenario), the change in inundation
characteristics for crop land (0.9%) and rural settlement (0.5%) is negligible.
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