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* River System :
24,000 km

 Annual Average Rainfall: g
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 Trans-boundary Flow:

57 rivers




» Around 1200 Cukm flow passes through the country

> 80% flow in 5 months of MonNsoon (J un—Oct)

> 92% flow orlgmate' rom catchments in India, Nepal Bhutan &
China = = =




Bangladesh: A land of natural calamities
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Inundation in a normal year 20% area,
more than 65% area inundated in 1998



Bangladesh: A land of natural calamities

d 1/4% of Bangladesh in the
south 1s susceptible to
cyclone

d Storm surge can travel 55km
inland




The future - the next 25 years

d Population will increase from 129 to 181
million

J More than 50% population in urban areas;
many more 1n the disaster prone areas

J Food shortfall around 10 million tons

Major concerns: saving human lives and agriculture



What has been achieved so far?

Structural measures:

@ Flood protection — 9143 km flood protection
embankment

Non-structural measures:

@ Flood forecasting system
@ Cyclone forecasting system



Present Flood Forecasting & Warning System

Real-time data Forecasting system Warning system
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Flood Forecasting

Present flood forecasting model

N f\i?f Used in short-term forecasting: 24-72 hours
Upstream model boundary: 46
Downstream model boundary: 5
Rivers: 187
Real-time rainfall stations: 37
Real-time WL stations: 58
Forecast stations: /76
Indian WL stations: 11
Indian RF stations: 8

Legend

/\/ International Boundary
™/ Coast Line
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2 Real Time Rainfall Station 10 0 1020304050 Kilometers
e Real Time Water Level Station e




Flood Forecasting

Warning Messages

* Daily Flood Bulletin: flood
warnings for the next 48
hours

Water level at Dhaka will
cross danger level in the next
24 hours by 12 cm

FAQ

What 1s danger level?
12 cmrise at Dhaka? What
will be situation in my
village?

September July August

B Tongi @ Mirpur B Dhaka



What people wants?
Medium-range flood forecasts (4 — 14 days)

» Taking decisions regarding early harvesting to avoid major
crop damage

» Planning of transplanting of rice crops

» Taking protective measures for saving assets and livestocks
» Taking precaution for culture fisheries

» Planning flood response activities

» Taking precautionary measures to protect infrastructures
(growth centres, food silos, embankments, Roads etc.)



What people wants?

Long-range flood forecasts (monthly, seasonal)

» Planning cropping strategy

» Planning national budget for relief, rehabilitation and
reconstruction

» Planning flood response activities
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system to increase the lead-time of
forecasts:

* Prediction of sea surface level
variation
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CFAB Climate Forecast Applications
In Bangladesh

PAOS: University of Colorado
ADPC: Asian Disaster Preparedness Centre

INn association with

Bangladesh Institutions (FFWC, BMD, DAE, DMB, IWM, CEGIS)
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Last Q observation date: 1 10 2003

1 day forecast: (Q observed value = 29102.0)
Ensemble mean: 28934 .4
28936.9 28902.3 28793.6 28992.4 28912.1 -
Data received from
28921.4 28888.9 29041.5 29065.7 28870.1
28813.6 . .
28854.6 29172.9 28883.3 28980.3 28944.7 P O am n Atmosphe C
28870.7 r gr I rl
29039.2 28880.7 28980.8 29097.5 29026.7 . .
and Oceanic Sciences
28838.2 28895.7 28964.5 28937.9 28971.3
28804.9 . .
29032.3 28824.4 28852.0 28876.0 28932.9
(PAQOS), University of
28839.6 29070.0 28866.1 29001.5 28801.6
Colorodo, USA
29101.2 28911.8 28916.9 28814.3 28894.5 O OrO O,
29123.0
28860.8 28825.1 28887.0
2 day forecast: (Q observed value = NaN)
Ensemble mean: 28060.9
28084.3 27898.1 27659.3 28227.2 27978.5
28138.9 . ape .
28089.4 27969.2 28154.2 28173.7 27784.9 o 51 Serles Of prObabIIIStIC
27678.4
27784.1 28735.8 27818.6 28037.6 27982.8

discharge data for
.27755.5 27754.7 28505.4 28244 .4 27925.4 Bahadurabad and

27760.3
28352.7 27696.9 27862.6 28115.4 28005.4 . - .
Hardinge Bridge station
27806.4 28355.2 27736.8 28156.3 27630.0
27912.8
28326.7 27845.0 28258.0 27703.6 27957.9
28740.8
28039.7 27691.3 27845.9 -
3 day forecast: (Q observed value = NaN)
Ensemble mean: 26880.5 . 51 Serles Of CatChment
26845.9 26556.1 26517.5 27309.5 26717.6 .
averaged rainfall forecast
26779.9 27317.2 26814.1 26878.1 26421.1 V r r In r
26471.8
Seasai zazesd sessad zevals 2emsues over Brahmaputra and
27779.4 .
27496.3 26759.5 27265.2 27238.1 27237.2
Ganges basins
26596.8 26511.2 27248.6 27185.2 26649.8
26794.0
27092.5 26429.7 26522.5 26870.5 26691.9
27427.1
26812.6 26988.3 26415.8 26953.6 26216.0
26677.8

26993.3 26790.9 26976.1 26589.7 26818.1



Performance of CFAB prediction at Bahadurabad

Discharge (msls)

5-day CFAB Forecast on Brahmaputra Discharge
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Modelling in Meghna Basin
under MAHASRI
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IWM Modelling Strength

@General Model: Covers major and secondary

rivers.

_______

Regional Model: Six regional models cover
most of the regional rivers.

DDDDDD

24000

23700

L 2300

*_ Interfaced with GIS provides flood maps

Modelled rivers: over 11000 km

Modelled area

floodplains & rivers: 70,000 km?
catchment: entire country

23700,

X Being Jsed in

i »> flood forecasting,
Y

» flood management

» Drainage management
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> Development of
Models started in
1986 during
SWSMP -1

>GM and SERM were
the first models
developed (1986-89)

>Other m odels
developed: 1990 -
1993 (EHRM: 1994)
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Wast Bengal (india)

A
o,
% /*-“ ,u | T m— 2-D Model of the Bay of Bengal and esturies

\'\;\ \'; '/‘ \/ International boundary

A/ River 2-D Morphological Models are used in the
== 2D Hydrodynamic & Salinity Intrusion mod 1t i
i \ B bk prediction of the morphological changes
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Evaluation of Forecast of 1998

The recent flood of 1998 has been of unprecedented magnitude and duration causing colossal damages to life, crops,
properties and infrastructures of Bangladesh. During the flood *98 the Flood Forecasting & Warning Centre of BWDB issued
the forecast using the MIKE-11 and Flood watch Model Systems.

Total Flood 1998

Flood July 2004
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Flood Forecasting Accuracy

> Lead time 48 hrs - very good
> Lead time 72 hrs - good

> Lead time beyond 72 hrs - Not
operational



Capability of forecast in predicting correct trend

(1-day forecast)

Jamuna (Brahamaputra) River: 1-day Forecast of Series 1 (year 2003)
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Capability of forecast in predicting correct trend

(5-day forecast)

Jamuna (Brahamaputra) River: 5-day Forecast of Series 1 (year 2003)
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Major Input for FFM

» Rainfall (real time + predicted)

> boundary condition (Q & WL - real
time + predicted)

» Rainfall data is expected through
MAHASRI

> Q & WL either from GBM model or
other sources

Discussion to overcome the problem



Proposed GBM Basin Model




k] Time Series Discharge (GANGES2 RES11)
800000 ;

Ganges Basin

70000.0 — -
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E0000.0 —
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20000.0 —
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12-4-1933 1-6-1993 21-7-1993 9-9-1993 29-10-1993 18-12-1935 £-2-1999 28-3-19

Need for improvement

More Representative Rainfall
Actual River Cross Section
Snow Melt Information

Soil Profile Data

More Intensive Landuse & Crop Coverage Data
Water Demand & Upstream Withdrawal



MAHASRI

Other source

Oceanographic model generating
deep sea boundary for the
Bay of Bengal hydrodynamic model

Institutional Linkages

Meteorological model
forecasting basin rainfall

Distributed hydrological model
generating runoff boundary  IAW1}
for the hydrodynamic model g4 SV V/¢s

for flood forecasting

I-dimensional hydrodynamic
model for flood forecasting

Model-GIS interface for generating
flood maps (depth, area, duration)

Flood management | | Disaster management

Floodplain resources management

BWDB DMB, BWDB, LGED
LGED DAE, RHD, MoF

DMB, BWDB, LGED
DAE, RHD, MoF



Proposed Regional Collaborations

Hydrological Model for Meghna Basin

> Real time Rainfall from Remote sensing
(Radar/TRMM)

> Predicted Rainfall from Mesoscale Model

> Real time and Predicted Boundary Data
(WL/Q); Neural/catchment modelling

> Land use data from upper catchment
(watershed delineation)



Proposed Regional Collaborations
Hydrological Model for GBM Basin

> International collaboration is required in the
scientific research, data exchange, experience
sharing, prediction tool development.

> Institutional Capacity Building in the region
> Basin level institutional network and setup
> Positive mindset of key players in the region

» Each country have a focal person

» TWM have all the capability to be the focal
point for hydrological modelling in Bangladesh.



Thank you



CFAB'’s basic aims are to:

d Develop forecasts schemes of discharge and sea-level
on Short (1-6 days), medium (20-30 days) and long
(1-6)months time scales

4 Incorporate these schemes into the Bangladesh’s flood
and weather/climate forecasting systems

d Produce systems that are transportable in the short-term
to Bangladesh institutions

CFAB presently focuses on making available the
forecast products for agriculture sector which
accounts for nearly 30% of the country’s GDP



Short-range forecasts of Basin Discharge
1-6 days

Short-range forecast schemes use rainfall over the Ganges

and Brahmaputra catchment areas provided by ECMWF. Statistical
Analysis. Provides river discharge into Bangladesh 1-6 days ahead.
Schemes will increase FFW C forecast in Bangladesh to 8-10 days




discharge X 10* m/s

o
1

h

Discharge Forecasts

Method is a purely statistical method where a regression relationship is
developed with past associations between integrated rainfall from
mean ECMWEF forecast and observed discharge.

Brahmaputra discharge:  5-day forecast

Ganges discharge:

5-day forecast

o

o

forecast

days

T T T —T 8 ———
forecast T 1998
6 L
observed
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0 20 40 60 80 0 20
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Medium-Range Forecast System
20-30 days

d The medium-range forecast system is a purely
nonlinear statistical model.

d System picks predictors that have proven to
be very important in physics of intraseasonal
oscillation (monsoon active-break sequence)



20-day forecast of 2002 summer
Precipitation (5-day average)
Over the Ganges Valley

Note that system picks duration
And extent of summer drought
very well.

Year 2002
20 TMAY | JUN | JUL | AUG | SEP |OCT |

il
(6))

Rainfall (mm)
o

100 150 200 250 300
day of year



Long-Range Forecast System

d The long-range forecast system uses forecasts
of the ECMW(F climate model

J Generates probabilities of discharge 1-6 months in
advance



Ensemble Observed
members Fl truth
emoer \ 1998 Jun. forcast / ow (truth)
1.5 1.5 .
- | | 1 | |/ |
cné °
wy 1 [ S
=
% . . .
=
= 05 — 0.5
5
= E: *
B -. “]--.
JJTJTASONDI]

Month

Starting
month

Consider forecast made June, 1998

Set of 5 forecasts available for
June-November

The climatological discharge
would be known

Plume of forecasts relative to
climatology provide probability
of discharge into Bangladesh.



Discharge Probabilities as
Computed in April, 1998

Probabilities of discharge

1998 Apr. forcast 2 month
(June)
ST T T TTT7TTT7T7
=
= 1 -
E - _ 3 month
e Wuly)
= 05+ -
5
E - y
N EEEER
FMAMJ JASOND J -
(August)

Month

below  average above extreme
average



The big questions?

> How the probabilistic forecasts will be used by the end-
users?

> How acceptable these are to the end-users?

> How the forecast information could be made available to
the end users?



*An assessment of
the cost if a
certain
phenomenon were
to occur with a
particular intensity

*This may be
guantified to
provide the cost of
occurrence of a
phenomenon

Stakeholders
User community

Interaction
Consultation
Sharing

Knowledge Consumer

ledge provider

Probabilities of a particular
event occurring at a
particular time at a
particular intensity

Knowledgedpr'ovider
/ Knowledge Consumer



Forecaster User Community

probability cost of occurence
distribution strategies
10%

30%

User Metric

aggregate risk
analysis




Scenario A

Days 56 -70, (+ Aprll 1) 2000 GBM Dlscharge

3 5 T T L] I L] T T I T L] L] I L] T T I
ensemble mean (solld)

| GPCP (dotted)
30 NCEP (dashed)

» Rainfall forecast
probabilities suggest
that rainfall will
increase dramatically

Daily Discharge [10*5 m*3/s]
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50%

[O0No Rain

l Light rain
O Mod. Rain
B Heaw Rain




Best option: Harvest early

N -

Yield Based on Aggregate Risk

30
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100-0
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50-50 25-75 1090 0-100

Action (now-later)




Global Climate Change: A Calamity of the Calamities
in Bangladesh

d e f e il i _' . . e C/
Increase in salinity intrusion

Submergence and ero




3 JPCC
Predictions on Sea Level Rise
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Projection of Climate Change for Bangladesh

Year NAPA
Annual Precipitation | Sea Level
mean (%) Rise (cm)
temperature

2030 1.0 5 14

2050 1.4 6 32

2100 2.4 10 88




* Hydrodynamic model

* Salinity Model

* Cyclone surge model

*  Wave model

* Sediment transport model

One dimensional modelling (SWRM)
* Rainfall-runoff model
* Hydrodynamic model
* Salinity model

Coarse Grid
5400 m
(180 x111)

“wil” Searle
@ Point

o)
/i
‘6“*‘ 2
ID Model “3\
sove -'

IMAN
NDS

fia)

BAR
NDS
= 1
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Impact on Inundation



(Grid spacing 600 meter)

Flood Inundation Depth Map:
Present Condition

340 4 a r{ ﬁ} ',“
: f,r_ ,1 j

320

300

280

260

240

220

200

180

160 s
|‘| Land Level (m

140 8 [ ] A -
N B 7.00-19.00

1201 B B  4.00- 7.00

B 2.00- 4.00

- I 0.00- 2.00

80 - Inundation Depth (m)
1 [ ] 0.00- 015

60 ] [ ] 015 030
. [ 1 0.30- 0.60

40 E=1 ¢.60- 0.90
] B 0.90- 1.80

20 B 1.30- 3.60
; B Apove 3.60

0- T T T T T T T

50 100 150 200 250 300 350



(Grid spacing 600 meter)

Flood Inundation Depth Map:
Sea Level Rise 88 cm
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Land loss due to Inundation for
32cm and 88cm SLR 14

15

12

* More than 13% of total coastal land will be
permanently submerged

* 84% of Sundarbans will be deeply inundated
for 32 cm SLR

For 88 cm, Sundarbans will be lost

* In two urban town, 0.5 and 1.4 million people
affected in 2050 & 2100




Impact on Drainage
Congestion in the polders



Drainage Congestion of
P older
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Drainage Congestion of
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Intrusion of Sppt Salinity line

— 32cmSLR
—: 88 cm SLR |

iFEFNGAL

_______________________________________________________________________________________________________________________________________________________________________________________________________________________




Impacts

* Only Freshwater pocket 1n coastal area will be lost
for 88 cm SLR

* penetration of salinity front would completely change
the symbiotic process in the entire ecosystem

* critical salinity level for agriculture 1s 1-1.5 ppt, and
shrimp production 10-20 ppt

* Increased salinity will reduce effect 30%
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Generation
of cyclone

wind and
pressure
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Impact on storm surge

hittagong

| & Surge height will be increased 10-15%
{;ﬁ d (1991 cyclone) Near Kutubdia, 7.8 m surge level
g willbe 9.5 m
2 % Surge Inundated area increased by 10-12% due to sea
- level rise
!g;_,;" r r—’. - ] / [,'L 5‘ f p r’r -
Inundation Depth (nr
[ ] Above

Bl : :
Bl 15- 2
Bl 1-15
0 o05- 1
[] 03-05
[ 1 Below 0.3

32 cm sea level rise
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New development: Basin Model




Requirement for mid-term forecast

Meteorological model
forecasting basin rainfall

~

Oceanographic model generating
deep sea boundary for the
Bay of Bengal hydrodynamic model

Distributed hydrological model
generating runoff boundary
for the hydrodynamic model

for flood forecasting

I-dimensional hydrodynamic
model for flood forecasting

Model-GIS interface for generating

flood maps (depth, area, duration)

Flood management | | Disaster management | | Floodplain resources management




Requirement for mid-term forecast

Meteorological model
forecasting basin rainfall

~

Oceanographic model generating
deep sea boundary for the
Bay of Bengal hydrodynamic model

Distributed hydrological model
generating runoff boundary
for the hydrodynamic model

for flood forecasting

2-dimensional morphological
Model for erosion prediction

Model-GIS interface for generating

flood maps (depth, area, duration)

Flood management | | Disaster management | | Floodplain resources management




TR
- CANOPY INTERCEPTION MODEL
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DISTRIBUTED SNOWMELT MODEL
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Ganges - Brahmaputra-Meghna Basin

Elevation, mMSL
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(35! Time Series Discharge (GANGES2 RES11)

Ganges Basin
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k] Time Series Discharge (GANGES2 RES11)
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Ganges Basin
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Need for improvement

More Representative Rainfall
Actual River Cross Section
Snow Melt Information

Soil Profile Data

More Intensive Landuse & Crop Coverage Data
Water Demand & Upstream Withdrawal
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Settlements 2

N
A =

Yield reduction as a function of growth stage and
number of days exceeding the flood tolerance depths.

Yield reduction

Days of Submergence 1-2 3-4 5-7 7
20 days after transplanting | 10% 20% 30% 50%
Young panicle formation 25% 45% 80% 90%
Meading stage 15% 25% 30% 70%
Heading stage 0% 15% 20% 20%
Source : BWDB, 1993.
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[ Chawk Boundary
Damaged units

Settlements

Water depth comparison in unit 8
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Drought forecast

Landuse

Plain Arable
Mountain Crop
Plain 6razing

Plain Forest
Mountain Arable
Mountain 6razing
Mountain Forest
Other Land

ORECCNCN
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Development needs

Short-term Forecasting: 1-3 days

Upstream information (rainfall/water level) for better boundary estimation
Downstream tidal boundary prediction

Rainfall forecasts within the country

Recent topographic information

Use:
Flood response/minimise threat to lives, property, agriculture etc.



Development needs

Mid-term Forecasting: 4-15 days

Rainfall forecast in the drainage basin

Basin hydrological model to generate boundary data for FF model

Bay of Bengal model for generation of tidal boundary

Oceanographic model to generate deep sea boundary for BoBM model
Prediction of wind speed and direction

Use:

Flood management/Disaster management

Flood plain resources management

minimise damage, eg. early harvesting of crops, infrastructure protection
Sufficient lead time for evacuation/relocation



Development needs

Tidal surge forecasting

Oceanographic model to generate deep sea boundary for BoBM model
Prediction of wind speed and direction
Prediction of cyclone track

Use:
Flood management/Disaster management
Sufficient lead time for evacuation/relocation



Development needs

Erosion prediction

Rainfall forecast in the drainage basin

Basin hydrological model to generate boundary data for Morphological model
Sediment transport

Bay of Bengal model for generation of tidal boundary

Oceanographic model to generate deep sea boundary for BoBM model

Use:

Saving life and property

Sufficient lead time for evacuation/relocation
Protective measures



PAOS

MAHASRI

Institutional Linkages

Meteorological model
forecasting basin rainfall

Oceanographic model generating
deep sea boundary for the
Bay of Bengal hydrodynamic model

~

Dis

generating runoff boundary
for the hydrodynamic model

tributed hydrological model IWM

EGIS
for flood forecasting FFWC

I-dimensional hydrodynamic
model for flood forecasting

IWM

Model-GIS interface for g

FFWC
enerating

flood maps (depth, area,

duration)

Flood management

Disaster management

Floodplain resources management

BWDB
LGED

DMB, BWDB, LGED
DAE, RHD, MoF

DMB, BWDB, LGED
DAE, RHD, MoF



Surge forecasting system

Reception Analysis of
of data data

General
Forecast of
pressure and Warning!!
wind field

|
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g | Wind fiei :
| @ prediction |
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1 Q@ Surge flooding area :
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| % prediction and depth : Warning!!
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Conclusion

*  Disaster usually affects the poorer community and
especially the most vulnerable group in the society, women
and children.

* Disaster does not only mean fall in GDP but it forces the
government to divert its limited resources towards relief
and rehabilitation and reconstruction of damaged
infrastructure.

*  This means postponement of vital social and economic
development programmes. This further hinders the
government’s initiative towards poverty reduction.



Thank you



Cyclonic Surge Model Calibration
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What are the likely constraints?

Institutionalization
Acceptance of the forecast products by the end users



1954 floods
1970 cyclone
1974 flood

1984 flood
1985 cyclone
1987 floods

1988 floods

1988 cyclone
1991 cyclone
1998 floods

Affected 55% of country
500,000 deaths

over 2,000 deaths, affected 58% of country, followed by
famine with over 30,000 deaths

Inundated 52,520 sq-km, cost estimated at US$378 million
11,069 deaths

inundated over 50,000 sq-km, estimated damage US$640
million, 2055 deaths

Inundated 66% of country, more than 45 million homeless,
between 2,000-6,500 deaths

5,708 deaths
138,000 deaths

1,100 deaths, inundated nearly 100,000 sq-km, rendered 30
million people homeless, damaged 500,000 homes, heavy loss
to infrastructure



Rainfall distribution

Inter-seasonal variability Intra-seasonal variability



River Network

Legend
/N River (>20m width)
|:| Hydrological Region
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Discharge Probabilities as
Computed in June, 1998

Probabiliies of discharge

1998 Jun. forcast

1 month
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3 month
Month (September)

below  average above extreme
average






Danger level of a river is a level above which it is likely that the
flood may cause damages to crops and homesteads. In a river
having no embankment, danger level is about annual average
flood level. In an embanked river, danger level is fixed slightly
below design flood level of the embankment. Danger level is
defined for a particular measuring station for the area to its
immediate vicinity.

Normal flood: water level within 50 cm below Danger level

Moderate flood: water level up to 50 cm above Danger level
Severe flood: water level above 50 cm Danger level

&









AN/ Rivers E

District boundary
14aug2002  06:00
[]=15-10m
[ 100 -200
[ 200 - 300

300 -400
=400 (cm)

[ 1o Data
DEM

B -0.45-104.051

104.051 - 205 552
[ 208.552 - 313.053
[ ]313.053 - 417 554
[ 417.554 -522.056
[ 522.056 - 626 557
[ 626.557 - 731.058
[ 731.055 - 835.559
[ 535.559 - 94008
[ Mo Data




Month 4 F M A M J J A 8 0 N D

Season A fibarit -1 = Kharif - 2 o
Land Type 2 i
(flood depth)

Rzbi [dry) Rzhi [bora] ol Fabi (dry)
i 4l —

Highland
(0

HYW boro

SIS TR

W edium RACAR

. I I aman
Highland F7 U Eere CUTmTTmRTTnTns
- st ————— A
PR AT L AR R U A
. Tultzed Aus ] 1. ama
Medium e e e
R R R AR R R R R R R R R R R R
Lowdand Fr o B R R R
(80-180cr AR AT AP AA A TSRS
LD\.’\dand S = L‘;‘eenu‘: v;mar‘r =
(180-300cm) Saava et
A A A A A A AR A
Hber TU S o i e
= o
Bottormiand EAR e
ERARNE R e
(Permanently wet)  |FAgAian FEir e
(»300cm)  poeesese ST B e e e e
o e B bt st st s S et
R T o e o e o Py A Py P P A R L T

[ote:

el Range of souing — Range of hanresting Seasonal Flooding

Boro

Wheat

Bara

Wheat

Baora

Wheat

38

30 A

r 600

F 500

L 400

F 300

F 200

F 100

25
g _
n
T
2 951 ]
&
2
B 10
) F Fy ——
o
£ [Tl L I A
o g
'—
D =IDIDI ID —

Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec

|I:IRainfaII —b—Max Temp —@—Min Temp +ETD|

Rainfall {mm) & ETo




Water Related Disasters

Rabi (Dry) Season Drought Prone Areas

1. Flood
20% annual inundation

66% extreme event (1998)

Notes

1. Source - BARC.

1. Cyclone
1.3 no (avg) per yr

1. Drought
33% affected



Distribution of rainfall
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Drainage System
GBM Basin

BHUTAN

( BANGLADESH

)

BAY OF BENGAL
Annual avg. Sediment Discharge: 0.5-1.8 b.Tons

world’s highest)

8 %
Drainage basin outside Bangladesh 92 %

Annual avg. GBM Flow: 10,000 — 100,000 cumeg
(third highest after Amazon & Congo)

Drai




Bangladesh: A land of natural calamities




Areas Prone to Each Disaster Type

Il Erosion Prone Zone

[ | District Boundary
/\/ Limit of Cyclone Prone Zone

i Eastern Hills
' o

Legend
iy [ Flood Prone Zone
00° [ Drought Prone Zone
. +8 [T Floed and Drought Prone Zone

Notes

1. For flood prone zone, only areas
within and more than 50cm of
danger level shown.




On one side : abundance of water
On the other : large scale water scarcity



