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EXECUTIVE SUMMARY 
INTRODUCTION
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Storm Surge Inundation 



Flood Inundation



Salinity Maps of the Coastal Area 
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Benefit of Inundation Hazard Maps

Storm Surge Inundation maps

Flood Inundation



Salinity Intrusion



Introduction
1.1 Background
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1.2 Study Area

Figure 1.1: Study area (colored shows the selected districts)   



1.3 Objectives, Outcomes and Scope of Works

Objectives

 

 

Outputs

 
 

 

 
 

 

 

 

 

 
 
 

Scope of the Study

 

 

 

 

 

 



 
 

 

 

 

 

 
 

1.4 Approach and Methodology

Data Collection

Selection of Climate Change Scenarios

 

Storm Surge Hazard Maps for Cluster of Unions



Flood Hazard Maps for Cluster of Unions

Extreme

M



Salinity Hazard Maps for Cluster of Unions

1.5 Limitation of the Study

 

 



Data Collection, Screening and Analysis

I

CHAPTER2



Water level data



Discharge data



Salinity data

Based on salinity data, a map of maximum salinity was produced for the southwest region of the coastal area. The maximum salinity map is furnished 

in the Figure 2.1.
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Selection of Climate Change Scenarios for Cyclone, Flood and Salinity

T
Sea Level Rise:

CHAPTER3
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Wind Speed

 

Precipitation

Note: DJF: December-January-February, MAM: March- April-May, JJA: June-July-August, SON: September-October-November
Note1: 

Note2







Storm Surge Inundation Hazard Maps for Cluster of Unions
4.1 Selection of coastal districts for storm surge inundation Hazard map

T

Figure 4.1: Coastal districts
of Bangladesh

CHAPTER4



4.2 Simulations of historical storm surges 
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4.3 Updating and validation of Bay of Bengal Cyclone and Storm Surge Model

4.3.1  Hydrodynamic model

Following data were used to develop the Bay of Bengal Hydrodynamic Model:

Bathymetry Data

Topographic Data (Digital Elevation Model)

Figure 4.3: Nested bathymetry of Bay of Bengal Model



Boundary Data

Calibration and validation

Bay of Bengal Model 

Jahajmara ghat of 

East Shahbazpur 
channel

Model of coastal region of 
Bangladesh
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4.3.2 Cyclone model

 
 
 
 
 

Cyclones Data

4.3.3 Storm surge model

Initial conditions
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4.4 Preparation of Storm Surge Inundation Hazard Maps

4.4.1 Inundation Hazard maps for base condition
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2

4.4.2 Inundation Hazard Maps for Climate Change Condition 
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Figure 4.13: Regionwise inundated area for more than 1m depth
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Preparation of Flood Depth Map for Cluster of Unions

CHAPTER5



5.1  Updating and validation of existing flood models

5.1.1  Ganges-Brahmaputra-Meghna Basin Model

Figure 5.2: The GBM Basin Model



Figure 5.3: Comparison plot of model simulated and measured/rated discharge of the 
Brahmaputra Basin at Bahadurabad
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Figure 5.4: Comparison plot of model simulated and measured/rated discharge of the Ganges 
Basin at Hardinge Bridge
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Figure 5.5: Comparison plot of model simulated and measured/rated discharge of the Barak Basin 
at Amalshid
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5.1.2  Regional River Models



Figure 5.6: Boundary of six regional models



5.1.3 Bay of Bengal Model

Initial conditions for flood model

   

5.2  Frequency analysis on river flow and water level at key locations

 



5.3 Collection of Field Information on Past Severe Flood

Return period
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5.4 Preparation of flood zoning maps

5.4.1 Flood maps for 1988, 1998, 2004 and 2007
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Figure 5.10: Flood map of Barahar Union under Ullahpara Upazila
of Sirajganj District for the year 1988
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Figure 5.11: Flood map of Barahar Union under Ullahpara Upazila
of Sirajganj District for the year 2007



Figure 5.12: Flood map of Barahar Union under Ullahpara Upazila of Sirajganj District
for the year 1998



5.4.2 Flood maps for 10 and 20 years return period flood

5.4.3 Flood maps in changing climate



Figure 5.13: Flood map of Barahar Union under Ullahpara Upazila
of Sirajganj District for the year 2050



Figure 5.14: Flood map of Barahar Union under Ullahpara Upazila
of Sirajganj District for the year 2080
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Salinity Zoning Map for Cluster Unions

6.1 Updating and validation of existing salinity models

6.1.1 Regional Salinity Models

CHAPTER6



Figure 6.1: River System of the South West Region Model



The South West Region Model (SWRM)

2

The South East Region Model (SERM)

 



Figure 6.2: Southeast region model river network



The Eastern Hilly Region Model (EHRM)

Figure 6.3: Eastern hilly region model river network



6.1.2 Bay of Bengal Salinity Model

 

6.1.3 Validation of Models



Initial conditions



6.2 Spatial distribution of maximum and minimum salinity

6.2.1 Salinity maps for base condition



Figure 6.6: Maximum salinity in Rupsa Upazila during the month 
of February in the base year



Figure 6.6: Maximum salinity in Rupsa Upazila during the month 
of March in the base year



Figure 6.7: Maximum salinity in Rupsa Upazila during the month
 of April in the base year 



Figure 6.7: Maximum salinity in Rupsa Upazila during the month 
of May in the base year



6.2.2  Salinity maps for climate change condition

2



Figure 6.8: Maximum salinity in Rupsa Upazila during the month 
of February in the year 2050



Figure 6.8: Maximum salinity in Rupsa Upazila during the month 
of March in the year 2050



Figure 6.9: Maximum salinity in Rupsa Upazila during the month 
of April in the year 2050



Figure 6.9: Maximum salinity in Rupsa Upazila during the month 
of May in the year 2050





Conclusions
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Flood Inundation Map
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Strom Surge Inundation Map

2

Salinity Distribution Map

Benefit of Inundation Hazard Maps



Global Tide ModelANNEXUREA



Global Tide Model

Satellite data used for the Ocean Tide model
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Consequently the following data were used. 

 

 

 

 

 



Computation of the Ocean Tide Model

Validation against Tide Gauges

Extraction from the Global Tide Model





Initial ConditionBANNEXURE



B. INITIAL CONDITION

North-East regional model







North-West Regional Model











North Central Regional Model
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Eastern Hilly Regional Model



Survey LogsheetCANNEXURE



Questionnaire Survey for Comprehensive Disaster Management Program

SURVEY LOGHEET
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Questionnaire Survey for Comprehensive Disaster Management Program

SURVEY LOGHEET
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Comments & ResponsesD(Comments and responses 
from the validation workshop 
on draft final report)

ANNEXURE



   
Sl No. Comments Responses 

1. The map needed to be produced in Bangla for community.  

2.  The maps produced need to be validated in field with community.  Agreed and already validated through a number of field visits.  

3. Explana�on of using specific models should be presented.  Explained in the previous sec�on.  

4. Literature review of related works need to be included.  Agreed.  

5. Any available informa�on on SLR in Bangladesh needs to be  

included. 

Agreed.  

6. Comparison of model outputs with some earlier works.  It has done in the KJDRP area.  

7. Such consulta�on workshop should be organized at the beginning 

of the study as well.  

Agreed.  

8. Men�on if flood embankments are considered or not in  
predic�ng flood inunda�on maps.  

Flood embankment is considered.  

9. Ra�onale of selec�ng study areas for flood inunda�on should be 
explained. 

Agreed.
 

10. The study would serve as baseline for any future studies.  Agreed.  

11. Should produce global level publica�on based on the study  
findings. 

Agreed.  

It is a very good sugges�on and essen�al to prepare it. Considerable 
numbers of maps were produced for flood inunda�on, storm surge 
inunda�on and salinity distribu�on in English and it took quite long 
�me to produce all of those maps. It will take almost the same �me to 
produce all of the maps in Bangla. CDMP can take over the task to 
produce these maps in Bangla. 

1. Dr. Ainun Nishat, Vice Chancellor, BRAC University

Sl No. Comments Responses 

1. Share the full report with the stakeholders, rather than the 
summary. 

Agreed.  

2.  Agreed.  

3.
 

Too many maps will confuse community, provide them with the 
important one (i.e., maximum risk level); translate the maps in 
Bangla. 

Agreed.  

4. Explain the reason behind selec�ng the flood-prone districts.  

 

 

5. Need to be careful about predic�ons based on the IPCC, they 
might lead to expensive development.  

It is important to have local projec�on and to inves�gate risk to  
moderate and high emission scenarios.  

6.
 Need clarifica�on on selec�on of models, provide comparison 

with other available ones.   

7. The reports lack long-term strategy (such as update 
frequency). 

The TOR does not s�pulate to do the long-term strategy.  

The study is strategically important for the policy makers, planning 
people as well useful for the community. 

The districts for flood mapping have been selected in 
consulta�on  with officials of CDMP. The districts other than 
flood-prone are not likely to be affected by high flood inunda�on 
in the changing climate.

These models have been tested in the rivers and Bay of Bengal for  
the last twenty years and applied in many projects. 

2. Tarik-ul Islam, Assistant Country Director, UNDP 



Sl  No. Comments Responses 
1. Value for 2080?

 

2. 

 

 

 
3. 

 
  

4. Incremental area of salinity need to be elaborated. 
 

Agreed.  

5. 

 

Agreed.  

6. Need to prepare a na�onal baseline with downscaling of IPCC 

predic�ons.  

Agreed.  

Cyclone is a discrete event and it is difficult to go for any frequency 
analysis with this kind of discrete data. Even if we find the increase 
of wind speed but we can’t  extrapolate it for 2050 since future 
driving forces and temperature will be different. That is why 
predic�ons from IPCC is considered. 

Coastal polders have already been incorporated in the costal model 
but breach of embankment was not incorporated in the model due 
to the limita�on of model.

10% wind speed is selected for the year 2050. According to the 
predic�on of IPCC 10% and 20% increase of wind speed may occur 
due to increase of 20C and  40C temperature. In this study 20C 
increase of temperature was elected for the year 2050. The value of 
percentage increase.   

The coastal area is protected with polders, so inunda�on will be 
a�er overtopping or by breach of embankment.

The user of the finding will be all sectors rather than re-design of 
embankment as stated in the report.

Is it possible to use trend of wind speed increase using our cyclone 
data instead of IPCC.

3. Md. Mahfuzur Rahman, Project Director, CDSP and Superintending Engineer, BWDB

 

Sl No. Comments Responses 

1. Could have a note on CRA in the report.  
 

2. 

 

Agreed both low �de and high �de were considered
 in the study.  

3. 

 

Agreed.  

4. 
 

 
5. Effect of El-Nino and La-Nina was men�oned in the report.

 
 

6. The informa�on in table at page 16 need to be checked.
 

 Checked and corrected.  

7. Use of representa�ve year (page 52) should be re-considered.
 

 
 

Agreed. Inunda�on risk map have been prepared and no sta�s�cal 
analysis was carried out. 

We are in agreement to inves�gate this issue and in future 
study needs to be designed on this basis.…..

It is not a representa�ve year, rather a flood event
with a frequency of occurance. 

In working with synthe�c cyclone model, high �de - low �de need 
to be considered with care. 

Use of storm surge inunda�on would be be�er instead of storm 
surge height.

Cau�on should be made in considering return period of cyclone.

4. Md. Sabbir Mostafa Khan, Professor, Department of Water Resources Engineering,  BUET



1. Some of the data used in the report are not updated.  

 
2. 

 

 

3. 

 
 

4. 

 

Agreed.    

Secondary data was used for all kind of analysis under this study and 
recent hydrometric, salinity and flow data were used, but some 
cross-sec�on are few years old and recent data are not available.   

The flood events and return period have been selected in 
consulta�on with the officials of CDMP. 

All the models were calibrated and validated for several years in 
Ins�tute of Water Modelling. Some sample plots have been 
incorporated in the report. 

The selec�on of base year of 5, 10, 20 and 50 years return period  as 
agreed in the ToR was not followed; instead only 10 and 20 years 
return period was considered, need ra�onale.

No calibra�on and valida�on of basin model, surge, salinity model 
and hydrodynamic model of other regions has been incorporated  in 
the report.

Presenta�on of the maps could be more explicable with be�er color 
scheme.

Sl No. Comments Responses 

5. Mr. Saiful Alam, Principal Scientific Officer Water Resources, WARPO

Sl No. Comments Responses 

1. Dura�on of inunda�on should be provided.  Agreed and incorporated.  

2. The study findings need to be made accessible to all stakeholders.  Agreed.    

3. 

 
 

4. 

 

Agreed.  

5. Need study on impact of surface water salinity on soil salinity.  
 

6. Salinity data should be of mouza-level rather than union-level.  We are providing in UZ.  

7. 
 

 

8. 

  

Agreed.  

There was no provision for ground water salinity and soil salinity in 
the Terms of Reference, but these can be done  considering the 
ground water salinity and soil salinity through further study. 

It is an excellent sugges�on and needs urgent a�en�on of CDMP.

This is no doubt an excellent valida�on. Calibra�on also made 
using satellite images on flood extent. 

Only surface water salinity map is developed, no map for ground 
water and soil salinity.

Development of models based on extreme condi�ons may lead to 
excessive scenario with higher development cost, use of average 
condi�on along with extreme one should be used.

The maps need to be made user-friendly, useable by local 
community.

Compare the maps prepared by model with remote sensing maps.

6. Open discussion



9. Agreed.  

10. 

 

  

 

11. Use of higher resolu�on model would produce be�er result.
 

Agreed but for union-level output exis�ng grid size is OK.  

12. There is need for guideline for interpreta�on of the maps.  Agreed.  

13. The study should contain limita�ons of predic�on.  Agreed and incorporated the methodology of interpola�on.  

14. The findings of the study need wider dissemina�on.  Agreed.  

15. 
 

 

Agreed.  

16. 

 
 

17. Salinity situa�on of the Sunderbans should be highlighted.  Agreed.  

18. 

 

Agreed and have already done.  

19.
 

 

Agreed.
 

20. The presenta�ons of the maps need to be more user-friendly.  Agreed.  

21. Limita�ons and assump�ons could be embedded in the maps.  These limita�ons are given in the report.  

22. There is a demand for producing the maps in an ATLAS format.  
 

Evapora�on data was already used in the models. Evapora�on has 
effect on water salinity, but there is no direct formula�on to assess 
the effect of sunshine on water quality. 

We have given monthly varia�on of salinity for each upazila from 
February to May. However, it will be very useful if unionwise 
seasonal salinity can be prepared, which may be done in future.

This is a very good sugges�on. CDMP can take over it in
future studies.

The maps could be used for awareness purpose in the community 
level.

Evapora�on, sunshine data should be considered for salinity model.

There is need for na�onal Sea Level Rise data for be�er predic�on of 
future inunda�on.

It would be be�er if we have seasonal salinity scenarios for each 
union.

Stakeholders consulta�ons during the study period might be helpful 
in such studies.

Feedback and regular update of the results of this study should 
con�nue.

Sl No. Comments Responses 

6. Open discussion




