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Abstract
Typhoons are tropical revolving storms. They are called ‘Cyclones’ in English, when they are generated in the
Indian Ocean area. The coastal regions of Bangladesh are subjected to damaging cyclones almost every year.
During the years 1585 to 2009, Bangladesh has been experienced by 67 severe cyclones, out of what 36 cyclones
were accompanied with storm surge. Because of the funnel shaped coast of Bay of Bengal, Bangladesh very
often becomes the landing ground of cyclones formed in the Bay of Bengal. Due to cyclone the southern and
south-east parts of Bangladesh are mostly damaged. Cox Bazar, the south-east district of Bangladesh has also
observed devastating cyclones in many times. The study area is Ukhiya upazila of Cox Bazar which is also in
vulnerable condition because of its geographic location. The average elevation is below 5 meters and the highest
elevation is 136 meters from sea level which represents low land as well as hills. A cyclone when occurred in
south-east part, one of the most affected areas is Ukhiya. This study aims to find out the area which can be
inundated due to different return periods of cyclone. Cyclone storm surge mapping and modelling with GIS tool
helps to analyse and represent the hazard map of storm surge in this area. Wind speed and surge height is very
much correlated with each other. So, wind speed data is considered to estimate the surge height and from the
analysis of the corresponding wind speed for different return periods 5, 10, 20 and 50 years are 166, 205, 243 and
291 km/hr. respectively. Storm surge heights are calculated for different return periods 5, 10, 20 and 50 years;
resulting surge heights are of 3.1, 3.9, 4.7 and 5.7 meters respectively. The overall predicted results, digital
elevation model, linear surge decay model with different kinds of map calculations through using the GIS
software are used to analyse the surge heights of different returns period for the specific area. The outcome of
this study shows the area which can be inundated due to different return period of storm surge. The study further
ensures the minimization of causalities due to cyclone. Finally this study recommends some strategies like
warning of people and demarcate area of inundation for different returns period of cyclone, cyclone shelter
location etc. to guide the common people about the way of minimization of causalities and protect them from
massive loss due to cyclone.
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1 Introduction
Coastal areas of Bangladesh are highly in danger due to catastrophic hazards resulting from meteorological and
geological disasters. Coastal regions of Bangladesh are well-known of cyclone and tidal surge and these are
considered as most dangerous phenomena of coastal area. The coastal region of Bangladesh which is formed out
of the process of sedimentation by the mighty river systems of the Ganges, the Brahmaputra, and the Meghna,
particularly vulnerable to cyclonic storm surge floods due to its location in the path of tropical cyclones, wide
and shallow continental shelf and the funneling shape of the coast (Das, 1972). Due to the shallow continental
shelf, the surge amplifies to a considerable extent as it approaches land and causes disastrous floods along the
coast (Murty et al., 1986). In the northern Bay of Bengal, a unique combination of high tides, a funneling coastal
configuration, the low flat coastal terrain and a high population density have produced some of the highest
mortality figures associated with storm surges (Flierl and Robinson, 1972). All these ingredients are considered
as major issues to form catastrophic disasters like cyclone, storm surge etc. in the southern part of this country.
Climate change is a burning issue now-a-days. Due to climate change the countries like Bangladesh will be
affected due to sea-level rise and there will create huge possibility to be affected by more intense cyclonic events
in the coming future. The consequences of climate change lead to an increase in the cyclone-prone area and put a
large number of people at risk. Storm surge is very strong and it can inundate a huge area within a minutes. High
wind blowing accelerates the power of storm surge. It has a positive relation with the surge height. During the
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years 1797 to 1991, Bangladesh has been hit by 59 severe cyclones, 32 of which were accompanied by storm
surge (T.S.Murty et al., 1986).The life time of a tropical cyclone is approximately one week. When propagating
into the shallower inland, coastal areas, the heights of these waves are further reduced. The 8m height wave
(surge plus tide) are occurred approximately once per 20 years. A storm surge of approximately once in 5 years
has a height of about 5 m (surge plus tide). Besides these exceptional surges, wind waves occur, the dimensions
of which depend on wind speed and direction, fetch, water depth and duration. Waves of 3 m height may occur
under unfavorable conditions in the coastal regions (French Engineering Consortium and Bangladesh Water
Development Board, 1989).
More recently, advancing in computer, GIS and RS technology have increased the accessibility and mobility of
GIS tools. As a consequence, GIS has now become a fundamental component of community-based
methodologies. Thus, integrating local knowledge with GIS and RS techniques to develop map and assess the
hazard prone areas is an excellent tool for cyclone disaster management and regional planning development.
Cyclone storm surge mapping through modeling with GIS tools, which help to analyze possible scenarios, has
been the focus of this study. Ukhiya of Cox Bazar district war selected as a study area. The aim of this study is to
develop surge height map in respect of historical cyclone events. This study will help to configure the inundation
area with the height of surge.
2 Study Area
Cox Bazar is situated at south-eastern part of Bangladesh. Ukhiya is upazila of Cox Bazar with the total area of
approximately 261.8 square kilometers. It is located at 21.2833°N and 92.1000°E.
As of the 2011 Bangladesh census, Ukhiya has a population of 142515. Males constitute 51.45% of the
population and females 48.55%. The geographical position of Ukhiya is such that every time when cyclone hit
the southern part of Bangladesh, Ukhiya affected. So Ukhiya is selected for this study to analyze the surge height
due to cyclone.
3 Methodology
Factors which are considered in this study to find out the inundation map are: the frequency of cyclone events
occurred in Bangladesh from 1585 to 2009, wind speed, surge heights, Digital Elevation Model (DEM). The
following figure describes the detail methodology used in this study.
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Figure-1: Methodological flow chart.
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3.1 Historical Cyclone Events and Storm Surge Heights analysis
The historical data were gathered from Khan, 1995 study and Bangladesh meteorological department to perform
frequency. Frequency analysis was performed for return periods 5, 10, 20 and 50. Based on the bay
configuration, tidal amplitudes and bathymetry, the entire coastal belt is divided into three zones, and this study
area falls in zone-1 (Khan, 1995). Regression analysis was performed based on historical cyclone wind speeds
and surge heights of zone-1, and it is linearly correlated. Based on the regression analysis results, storm surge
heights were calculated for return periods 5, 10, 20 and 50.
3.2 Surge Decay Co-efficient
To develop the storm surge model, ILWIS (Integrated Land and Water Information System), GIS and RS
software package was used with Surge Decay Co-efficient (SDC) values. The SDC is a function of the friction
caused by surface forms and land use. The contribution to the friction of all the terrain elements to the SDC is not
fully understood and is still being investigating.
The SDC is calculated as:

SDC 

Surge height - avg. elevation of the land at the end of the surge
width tota l inundated area - width area with constant surge

3.3 Development of Distance Map
First of all a shore line is selected with the reference of the shore of adjacent Bay of Bengal in Arc GIS. Distance
of the study area is generated by the reference line with the help of Arc GIS 9.3 spatial analyst tool. Then a
distance map is developed from the shore line. Gray color saturation defines the distance from the shore line of
Ukhiya upazila.

Figure-2: Distance map of Ukhiya Upazila.
3.4 Hazard Map Generation
Hazard maps were generated and developed on the basis of surge heights of different return period. DEM and
surge model are used to develop hazard map.
The DEM was generated from 48,700 spot heights collected from Bangladesh Water Development Board
(BWDB). Hazard maps of different return periods are processed by ArcGIS 9 and 10.1software.
4 Findings and Discussion
4.1 Hazard Maps of Different Return Period
Storm surge hazard maps of different return period are shown in figure 3 and 4. The left and right map of figure
3 represents 5 and 10 years return period map of storm surge respectively. Considering this images it can be said
that the area of inundation is apparently rises when the return period of storm surge increases. In another word,
the severity of storm surge height of inundated water also increases with the increase of return period so as to the
figure 4.
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5 Years return

10 years return

Figure-3: 5 years (left) and 10 years (right) return period map of storm surge.

20 years return

50 years return

Figure-4: 5 years (left) and 10 years (right) return period map of storm surge
4.2 Wind Speed and Surge Heights
Table 1. Wind speed and Surge Heights of different return periods
Return Period

Surge Heights (m)

5

Wind Speed
(km/hr)
166

10

205

3.9

20

243

4.7

50

291

5.7
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4.3 Inundation Area (Sq. Km) According to Return Period (Years)

Figure-5: Inundation area according to return period.
The inundation area of Ukhiya due to storm surge of different return period is shown above the figure. The x-axis
represents the different return period and y-axis represents the total area of inundation in kilometers. Total area
of inundation is 36.48 sq. km, 52.94 sq. km, 64.02 sq. km, and 85.85 sq. km for 5, 10, 20 and 50 years return
period respectively.
5 Conclusion
Storm surge height is highly dependable on accuracy of DEM and SDC. DEM can be improved by high accurate
data like LiDAR. The values of Surge Decay of Co-efficient can be improved by considering the land use
categories.
This study can be helpful in the constructed of cyclone shelters according to the results of different return period.
Location of cyclone shelters as well as awareness programs about the early warnings at the village level can also
be done with the help of this study.
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