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Introduction

The Ganges, Brahmaputra, and Meghna rivers,

which flow through Bangladesh enroute to the Bay
of Bengal, represent one of the most complex and
flood-prone river delta systems in the world. The
system carries a huge volume of Himalayan
snowmelt, and drains the high rainfall areas of the
northeastern portion of the Indian sub-continent.
These factors, combined with high levels of local
precipitation during the monsoon season, create a
situation that often causes extensive flooding.
These floods inevitably damage rural and urban
properties, and often cause epidemics of diseases,
and bring about inestimable human misery.

In an attempt to better prepare Bangladesh with
flood forecasting information the Bangladesh
Water Development Board (BWDB) operates a
Flood Information Centre. The Flood Forecasting
& Warning Division (FFWD) of the center moni-
tors water levels at 38 stations along the three
major river basins. During monsoon season, the
FFWD also forecasts flood levels at 10 of those
stations. The FFWD daily distributes the observed
water level data for three consecutive days in
tabular form (Appendix 1). Its flood level fore-
casts, also issued daily, are for 24 and 48 hour
periods.

While the FFWD data and forecasts are reasonably
accurate, extracting and visualizing information
from the tables can be time-consuming for the
planners, policy makers, and disaster managers
who need to make use of the data.

The objective of this study, therefore, is to en-
hance understanding of the existing flood forecast-
ing system by reproducing it in a more easily
interpreted map form. This type of mapping will:

*  Help planners to immediately assess daily
flood scenarios:

. Provide support information necessary for
the improvement of flood management
policy; and

. Help disaster managers to better anticipate
and plan for floods.

Methodology
2.1 Creating a River Reach
Schematic and Database

The first step was to create a schematic representa-
tion of each of the major rivers showing the
reaches covered by the 38 FFWD gauging sta-
tions. The reaches were depicted according to the
length of river associated with each gauging station
based on interpretations of hydrologic and geo-
morphic features. The boundaries of the 38 reach-
es were digitized manually as an overlay on a map
of Bangladesh (Figure 1). Each reach polygon in
the digital map was then assigned a unique identi-
fication number which would allow it to be linked
to relational database tables containing reformatted
FFWD flood report data.

2.2 Assessing the Danger Level

Danger level is defined as the level above which it
is likely that flooding will damage crops and
homesteads. Using this definition, FFWD has
established a river level and danger level for each
of its gauging stations. The difference hetween the
two is the flood level (F).

F=W-D)

where, W = daily water level (m)
D = danger level (m)

The flood level is a useful means of categorizing
FFWD flood report data for mapping purposes.
Two types of maps were produced. One is a flood
level map and the other is based on the daily
change in the water level (rising vs. falling). The
data for each map was categorized respectively:

Flood Level Categories

*  Below danger level (greater than 10 cm
below the BWDB danger level)

. At danger level (within 10 c¢m of the
BWDB danger level)
11-30 cm above BWDB danger level
31-50 cm above BWDB danger level
>50 cm above BWDB danger level

GIS Mapping of BWDB Flood Forecasting Data (FAP 19)



Rise/Fall Categories

. Below danger level

o At/above danger level and rising more
than 5 cm from the previous day

° At/above danger level and falling more
than 5 cm from the previous day

e  At/above danger level and no change
(rising or falling less than 5 cm from the
previous day)

Spreadsheet analysis was used to calculate the
flood level and the daily change in water level
from the tabular FFWD flood report data. These
data were then entered into a relational database
table and linked to the digital river reach map. A
database table containing typical results of these
calculations is shown in Table 1.

3. Results and Discussion

A series of maps were generated for the time
period 23 to 26 July 1993 to test the results of the
calculations. Figures 2-5 show river levels with
respect to BWDB danger level and Figures 6-8
show river rise/fall during the same period.

The flood forecasting maps clearly illustrate
specific trends in water level occurring in several
reaches. For example, the water level map for 23
July 1993 (Figure 2) shows that the danger level
has been exceeded in the Sylhet basin and along
the upper Jamuna River. During the next three
days, subsequent water level maps (Figures 3-5)
indicate that the water levels are receding in both
of these regions. Similarly, flux in water level
along the lower Ganges River can easily be noted
on these maps for the four consecutive days. In all
three cases the rise/fall maps for the same time
period display corresponding trends. The ease with
which these trends can be observed demonstrates
the enhanced data visualization afforded by GIS
map products. Extracting the same information
from the tabular data provided by FFWD is more
difficult and time-consuming. The benefits of these
maps are even more fully realized when water
levels are rising, in which case they provide
advanced warning of flood occurrences in a readily
interpreted graphic format.

The flood forecasting maps also indicate possible
inconsistencies in the results shown between
adjacent reaches or data anomalies. For example,
the reaches in the Sylhet basin are shown with
flood indices far above the danger level, while the
Upper Meghna River reaches to the south are
below the danger level (Figures 2-5). This discrep-
ancy may be due to erroneous water level data.
However, it is more likely due to variations in the
definition of danger level among gauging stations.
For instance, on unembanked reaches the danger
level is approximately the average annual flood
level, while for embanked reaches it is slightly
below the level of the embankment. Regardless of
the actual cause, this possible discrepancy may not
have been noticed without these maps. This situa-
tion illustrates another benefit of mapping flood
levels with GIS: it can aid in the refinement of
flood monitoring techniques by uncovering poten-
tial problems in the current system.

4, Recommendations

This exercise demonstrates that a GIS can produce
useful flood forecasting maps from FFWD flood
reports. These data visualization tools could have
wide applications for those involved in flood
mitigation and response planning, and would be a
useful compliment to the daily flood forecast
report now produced by the FFWD.

The current definition of flood danger level—the
level above which it is likely that flooding may
damage crops and homesteads—could benefit from
refinement. In practice, specific danger levels have
been established for each measuring station and its
immediate vicinity. These are numeric values
reported in meters. A single water level is difficult
to define for the complex hydrology of the Bangla-
desh rivers. Furthermore, most rivers are constant-
ly changing in planform, alignment, and bed level.
In consideration of these dynamics, the established
danger levels should be regularly reviewed and
revised, if necessary, based on contemporaneous
field surveys.

FFWD currently uses the flood forecasting module
of MIKE 11 to predict river levels for only 10 of
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its 38 water level observation stations in the main
river system. They could similarly forecast flood
levels for all 38 observation locations, which
would ultimately make it possible to produce more
accurate flood forecasting maps using GIS technol-

ogy.

Implementation of the techniques outlined in this
document could provide the BWDB and the
FFWD with a simple method for enhancing the
interpretation of their daily flood level reports.
This could be accomplished with a small invest-
ment of time and human resources. In order to
expedite the installation of an automated system
for GIS mapping of flood forecasting data, guid-
ance and oversight from FAP 19 could be provid-
ed. Once established, it would produce daily flood
forecasting maps in soft copy or hard copy format
and would require minimal maintenance.

GIS Mapping of BWDB Flood Forecasting Data (FAP 19)
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Warning Schematic of 23 July 1993
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Flood Warning Schematic of 24 July 1993 Figure 3

Flood Conditions

D 10 e or more below danger level

At danger level (+/-10cin)
£
11-30 em above danger level

7 31-50 an above danger level

Bay of Bengal

0 in 60 90 120 Km
L i L X ]
— s

Prepcred for The Flood Plan Coordingtion Organizalion (FPCO)
Miristry of Irrigotion Water Development and Flood Control
FProduced by ISPAN FAPI2



9L

Figure 4

Bay of Bengal

0 ‘30 G0 90 120 Km

Flood Conditions
D 10 em or more below danger level

At danger level (+/-10cim)
@ 11-30 rm above danger level
R 31-50 cin above danger level
- >50 cin above danger level

Prepared for The Flood Plon Coordinalion Organization (FPCO)
Ministry of lIrrigation Water Development and Flood Control
Produced by ISPAN FAP1Q



pIC
Flood Warning Schematic of 26 July 1993 Figure 5
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Schematic of River Rise/Fdll on 24 July 1993 Figure 6
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Schematic of River Rise/Fall on 25 July 1993 Figure 7
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Schematic of River Rise/Fall on 26 July 1993 Figure 8

Flood Trend '

I"_"] Below Danger level

@ At/Above Danger Level and Rising
m At/Above Danger level and Falling
% At/Above Danger Level and no change

Bay of Bengal

0 30 60 90 120 Km

e e e
Prepored for The Flood Plan Coordination Organization (FPCO) /Based on comparison of curreni waler levels and levels
Ministry of krigation Water Development and Flood Conirol from the previous day. Rise or fdl less than 5 em. is
Produced by ISPAN FAP19 considered “no change'

12



APPENDIX 1



FLLOOD FORECASTING AND WARNING DIVISION
SURFACE WATER HYDROLOGY - 2

FLOOD INFORMATION CENTRE Tel: 233118
BWDB, DHAKA. 221680
RAINFALL AND RIVFR _SITUATION SUMMARY AS ON 26th JULY 1993
RAINFALL:
“Yonueon is less active all over the country. No signilicant rainfall has been recorded

cveept 25.0 mmo (0,98 inches) at Dewanganj during the last 21 honprs ending 0 3. M [n-

tny.,

GENFRAL_RIVER _CONDITION:

The Brahmaputra continued to fall at all points. The Ganges continued to rine at
upatream pointa. All the rivers in the Meghna Dasin marked fall except the Surma at
Kanairghal. & the Meghna at Bhairab Bazar. Rivers in the S.E. Hill Dasin also recorded
fall. The Surma at Kanairghat, Sylhet & Sunamganj, the Kushiyara at Amalshid & Sheola,
Lhe Heghna at Bhairab Bazar and the Gumti at Comilla are flowing above danger level.
The delnils of the bnain reports are as follows :

PRAIMAPUTRA _PASIN:

v Prahmnputra marked .fall at all points. It recorded further Fall by 12 em (1.72
fivlies) at Noonkhawn, 10 em (3.94 inches) at Chilmari, 13 ‘cm (5.12 inches) At

Pehedurabad, 11 em (4,33 inches) at Serajganj and by 3 em (1,18 inches) at Arichs. The
harlaal Kurigram registered further fall by 26 ¢m (10.24 inches). The Teeata r- rd
forther rise by 5 cm (5.91 inches) at Dalia but marked slight fall at Kaunin. " 0

Rrahmaputra recorded further rise by 18 cm (8:66 inchea) at Mymensingh but it 1. ~cdad
by 8 em (3.15 inches) at Jamalpur. The Buriganga at Dhaka registered rise hy 5 em 1,07
inches) and the Lakhya at Narayanganj by 2 =m (0.79 inches). The Turag marked riep by
Yem (1.1B inches) at Mirpur and slight rire at Tongi. All the rivers in thi= hnsin ape
Flowing below danger level.

GANGES BASIN:

The Grigek registered further rise by 14 cm (5.51 inches) at Pankha, 17 rm (45.70
inchee) at Rajshahi, 21 em (R.27 inches) at Hardinge Nridge while it recedod ' | om
(1.57 inches) at Goalundo and by 3 cn (1.18 inches):at Bhagynkul. The Gorai 2 G i
Rly RBridge recorded further rise by 22 cm (8.66 inches) and the Kumar at Farido- by
1 em (1.57 inches). The Punarbhaba at Dinajpur further shatp fall by 46 em (1.51 (1)
and the Karatoa at Panchagarh by 20 cm (7.87 inches). All the rivers in this basin e
Mowing helow danger level.,

MEGINA_DASIN:

The Surmn regintered slight rise at Ranairghat but it receded by 6 cm (2.36 inches) nl.
“vlhet & by B em (3.15 inches) at Sunamganj but the river is still flowing 1.26 m (1.)3

“). 1 em (0.39 inches) & 17 cam (6.69 inches) above Lheir respective danger level. The
b. hivara recorded further fall by 9 cm (3.54 inches) at Amalshid and by 3 em ().18
‘1w hes) at Sheola. The river is still flowing 1.71 i (5.61 ft) & 58 cm (1.90 ft) above

rir reapective danger level. The Manu recorded further fall by 65 cm (2.13 ft) at
#on My, Pridge & by 46 cm (1.51 [t) at Moulvi Bagar and it is Tlowing below danger
level by 47 em (1.54 Ft) at Manu Rly. Bridge & by 1 cm (0.39 inches) at Moulvi lazar.
he Khowni at Habiganj also marked further fall by 31 em (1.02 ft). The Someswnri al
Iegapur recorded further fall by 17 ca (6.69 inches). The Gumti marked further fall
by 42 em (1.38 Tt) but the river is still Flowing 1.26 m (4.10 ft) above danger level.
The Meghna at. Bhnirab Bazar recorded slight rise and is flowing 68 cm (2.23 FL) above
dnnager level. All the rivers in Lhis bnsin are flowing above danger level excop! Lhe
Manu al. Mann Rly. Rridge & Moulvi Bazar, The Khowai at Hahignanj and the Someawiri al
Doreapur.

F,T.0



SOUTI FASTERN IILL BASIN: ® ‘D

V] thke rivers in this hasin registered sharp rfall, The Muhuri at barshuram marked
turiner inll v 13 em (1,41 L), The Haldn recorded further sharp fail by 65 g (2. 14
111 4t aaravanhat aud by 73 em (2,39 [t) at Panthpukuvia awl the vicer is Fiowime ai
e U1K 1) hedow danger level at Naravanhat, The Sancu ol fovdarhan also el
csharp tall by A7 em 12,85 FL). The Matammburi at Lama also recisterea further Vil b
W% em 12,000 Tta. Al Ahe rivers in this basin are fiowing helow danver level.

FORECAST FOR THE NEXT 24 1IOURS. (For 27th July al 0600 hours)

The [lood sitnnlion in the districts of Sythel, Sunamganj, Moulvi Bagar, Hahigeng &
Comilla is likely to starl improving.

The Brnhmapnlra al

A) Chilmari is likely Lo Fall by 6 em (2,36 inchea) and may flow 54 em (1.77 L) belnw
danger level.,
1) tahadurabad is likely Lo fall by 5 em 11,97 inches) and may flow 20 ¢m (7.R7 inch <)

e low danger level.
c Serajeani ie likely to fall by 9 em (3.54 inches) and may Flow 34 em (1,12 (1)

helow dnnger level,
4 Aricha is likely to fall by 6 cm (2.36 inches) and may flow 36 cm (1,18 I'L)

helow danger level.
The 0Jd Reahmapolra al @

Al dnmalpur is likely to fall by 6 em (2.36 inches) and may flow 44 cm (1.41 Tt)
brlow danger level,
h) Mymensineh ia likely Lo remain sleady and flow 55 cm (1.80 fL) below danger Joevel.v

The Megona al :

a) Whnirah NBazar is likely Lo remain steady & may flow 68 em (2.23 Tt) above danger
level.

FORECAST_FOR TR NFXT 48 HOURS. (For 28th July al 0600 hours)
The Nralimapulra at

a) Chilmari is likely Lo further fall by 4 cem (1.58 inches) and may rlow 58 cw (1.90
11) below danger level,

h) Rahadurabad is likely Lo fall Further by 2 em (0,79 inch) and may V'low 22 cm (B.66
inchea) helow danger level.

) Sernjgani is likelv Lo fall fucther by 3 em (.18 inches) & may Flow 37 em (1.7
11] helow danger level, ) udb-T

A Aricha s likels to fall by 5 em (1,97 inches) and may Flow 41 em (1.35 I't) below

ilwmitor level.
The Od Weabhmaputea af, @

<1 bamaionre is likely to fall further by 4 em (1.58 inches) & may flow 48 em (.58 1)
e low daneger Jevel.

b1 Mymensingh is likely to fall by 5 em (1.97 ‘inches) and may [low 60 cm (1.97 Tt)
beJow danger level,

The- Mewhna al

a) Ithareah Mazar is likely ko fall by 1 em (0.39 inch) and MQz Mow 67 cm (2.20 (1)

anove danpinr leve],
/)[/ {7:
Miva

{ Wt:rvnl Talam |
opuby i Viesy:
Thond Marecastin
itk
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