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HAZARD CHARACTERISTICS OF NATURAL

FLOOD: A CASE STUDY OF PADMA RIVER
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ABSTRACT

Flood in river Padma is one of the very complexrblabic processes. The present study aimed at stadeting
flood hazard characteristics in the river Padmaobtain this objective, secondary data about wiaterl and discharge in
river Ganges have been collected and analyzeddRtequency analysis was done. Very vulnerabledadith more than
70000cumec water discharge occurred five timesnduttie year 1960 to 2010 and the flood frequencydi®3. Havoc
flood with a water discharge of 50001-60000cumetucx 22 times during the year 1960 to 2010 andldioel frequency
is 1.13 to 2.01. The return period of the extretoed event (with highest discharge) is 10 years fi@turn period of the
flood with second highest discharge is 8 years.lyaiiag the water level data it is clear that durihg year 1960-2010
water level crossed the danger level for 21 times.
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INTRODUCTION

Padma River the downstream of the Ganges, moréfispdlg, the combined flow of the Ganges and thendina
after their confluence at Goalandaghat. The Gaisgese of world’s biggest trans-boundary river eypss flowing through
India and Bangladesh (Abbas, 1982; Haroun, 1998&w@hury, 2003; Hossain et al., 2005). In BangladbshGanges is
popularly known as the Padma (Islam, 2011) from ptent of entrance at Manakosa and Durlabhpur wmioh
Shibganj upazila, Nawabganj district. Flood in ri®adma is one of the very complex hydrologic psses. Number of
sorrows and sufferings are caused by flood. Répetdf flood hazard can solely increase peoplelmenability to flood
hazard. According to Subramanya (1997), the hydyagrof flood peaks of extreme floods and stagesigeomportant
information for the purposes of hydrologic design.

Flood-peaks vary from year to year at a given locadf a river and their magnitude constitutes drbipgic
series which is able to assign a frequency to argilood-peak vary from year to year at a giveratmn of a river and
their magnitude constitutes a hydrologic seriescivhg able to assign a frequency to a given floedkpvalue and that
frequency (i.e. 1 in 100 years) is useful for aldraulic structure’s design (Subramanya, 1997).dlgun the Gangetic
flood occurs when water level cross the dangerllduethe present research, it is necessary toyaadhow many times
water level crossed a danger level in a given peoiotime. Flood causes annual deaths of 25,00@elessness, disaster
induced disease, and crop and livestock damag®tied serious harm (UNU, 2004)... In a “normal” yaaproximately
20 percent of the country is affected by overflogviivers caused by heavy rainfall (Bhuiyan and Ba&y14). Flooding
cause damages crops, infrastructure, island settlenand communication network (Mafizuddin, 1992).
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The main objective of this study was to understimaid hazard characteristics in the river Padmafulidl this
objective flood frequency and water level data wanalyzed. The results from this study explain Hoeguently and

severely flood occurs in the present study area.

METHODOLOGY
Study Area

Ganges-Padma River System is one of the three miagr systems of Bangladesh (Figure 1). Total {engf
Ganges is about 2,600 km and approximately 907s0¢m of catchment area. Within Bangladesh, theg€sis divided
into two sections - first, the Ganges (258 km losigyting from the western border with India todtmfluence with the
Jamuna at Goalandaghat, some 72 km west of Dhaan8 one is the Padma, about 120 km long, runfnorg the
Goalandaghat confluence to chandpur where it jiasMeghna. The total drainage area of the Garsmyabaut 1,087,400
sq km, of which about 46,300 Krties within Bangladesh. The present study was gotedl to understand Padma river
flood hazard characteristics. To fulfill this puggowater discharge data were collected from haedimigfige hydrological
station and Water level data were collected froenttiddrological station in Rajshahi city along theer Padma. The main

reason of flooding in this study area is the traoandary flow from upstream catchment carried bgrriGanges.
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Figure 1: Ganges- Padma River System, Banglapedia
Methods to Estimate the Magnitude of Flood Hazard

Different approaches are applied to estimate flpedk. There are seven leading methods to estinhate t

magnitude of flood peak. The methods are:
* Physical indicators of past flood-flood marks aodal enquiry
¢ Empirical formulae and curves
¢ Concentration time method
¢ OQverland flow hydrograph
¢ Rational method
¢ Unit hydrograph

* Flood frequency analysis
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RESULTS AND DISCUSSIONS

Flood Frequency Analysis

The magnitude of an extreme event is inverselytedldo its frequency of occurrence, very severenesve
occurring less frequently then more moderate evéifits purpose of frequency analysis of hydrologitads to relate the

magnitude of extreme events to their frequencycsiorence through the use of probability distribng (Maiti, 2007).

Some of commonly used frequency distribution fuoresi for the predictions of extreme flood values giken
below.

¢  Weilbul method
* Gumbel’'s theory of extreme values
* Log-Pearson Type Il distribution and

* Log normal distribution
Only the second method is dealt with in this study.
Gumbel’'s Method

The purpose of these method is to develop theioal#etween the probability of occurrence (retueniqgd) of a
certain event, and its magnitude. Floods or rdirfiad the heavy events in hydrology. As discussetiez that probability
of event with a certain magnitude is called hazdidere are two aspects of a hazard: i.e. magnitue frequency.
Frequency is how often an event of a given mageitothy be expected to occur in long-run average.niiagde is
interrelated to the amount of energy released dutie disaster event, or it can refer to the sizthe disaster (Maiti,
2007).

Disasters generally follow the magnitude-frequeralgtion that means the events with a smaller ntadeiand
high frequency happen more frequently than eveiitts large magnitudes and low frequency. Probabititg measure of

the degree of certainty. This measure has a vatveden O(impossibility) to 100(certainty).
Data Preparation for the Gumbel’s Method

The annual peak discharge data of the river Ga(ig¥0-2010) at hardinge bridge station are seleftteéiood
frequency analysis. Then the given annual floockpee arranged in descending order of magnitudeassigned an
order number m.

The yearly peak discharged values are ranked frigim to low. So assign rank 1 to the highest dataevand
assign the highest rank N to the lowest data v&ddaeexample, for the first entry m=1, for the set@ntry m=2 and so on

till the last event for which m = N = Number of yea&f record.

The probability P for each observation equaledxaeeded is given by the following formula:

-1
o

P=1-¢" (1)

Where e = base of natural logarithm
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y = a reduced variate given by

1 —
Y=078s (x-x + 0.4%) forn>50

x = flood magnitude with the probability of occurrenbe,

X = arithmetic mean of all the floods in the series
Recurrence interval of the event of magnitide

1

T=——=
1—ee” )2

Where, T = Recurrence interval

And Percent probability (P) is calculated by thiéof@ing formula

1
P=—=x100
r (3)

Table 1: Flood Frequency and Probability Analysis bthe River Ganges, 1960-2010

196(¢ 4800( 1 7600( 2.2¢ 1C 1C

1961 7320( 2 7320( 1.9¢ 7.5 13.2
196z 5870( 3 7320( 1.9¢ 7.5 13.2
196: 5610( 4 7320( 1.9¢ 7.5 13.2
196¢ 4900( 5 73091 .- 1.9¢ 740 13.t
196¢ 3680( 6 6790( 1.31 4.2¢ 23.€
196¢ 4190( 7 6540( 1.01 3.2¢ 30.5
1967 5080( 8 6160( 0.5¢ 2.2¢ 43.€
196¢ 4520( 9 61122, 0.5C 2.1¢ 45.¢
196¢ 5520( 1C 6000( 0.37 2.01 49.¢
197¢ 4870( 11 59875. 0.3¢ 1.97 50.C
1971 4430( 12 5910( 0.2¢ 1.8¢ 50.1
1972 3820( 13 5870( 0.21 1.8C 55.€
197z 5070( 14 5780( 0.1C 1.67 59.¢
197¢ 5070( 15 5650( -0.0¢ 1.52 65.¢
197¢ 7320( 16 5610( -0.1C 1.4¢ 67.1
197¢ 5110( 17 5600( -0.12 1.4¢ 67.€
197 6540( 18 5520( -0.21 1.41 70.¢
197¢ 5110( 1¢ 54487 .t -0.2¢ 1.36 73.5
197¢ 6790( 2C 54216.¢ -0.3¢ 1.3¢ 75.2
198(¢ 3690( 21 5350( -0.42 1.2¢ 78.2
1981 5780( 22 53407. -0.4:5 1.27 78.1
198 4790( 23 52538. -0.5¢ 1.22 81.¢
198¢ 6160( 24 5130( -0.6¢ 1.1¢ 86.2
198¢ 6000( 25 5110( -0.7C 1.1¢ 86.¢
198¢ 5650( 26 5110( -0.7C 1.1¢ 86.¢
198¢ 5060( 27 5080( -0.74 1.14 87.7
198 5350( 28 5070( -0.7¢ 1.14 87.7
198¢ 7600( 29 5070( -0.7¢ 1.14 87.7
198¢ 7320( 3C 5060( -0.7¢ 112 88.t
199¢ 3160( 31 50562.. -0.77 1.1z 88.t
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Table 1: Contd.,
1991 5130( 32 4900( -0.9¢ 1.0¢ 926
1992 5600( 33 4870( -0.9¢ 1.07 93.4
1992 4190( 34 4800( -1.07 1.0t 95.2
199« 4480( 35 4790( -1.0¢ 1.04 96.2
199t 4610( 36 4610( -1.3C 1.02¢ 97.4
199¢ 5910( 37 4520( -1.41 1.015 98.2
1997 54487.¢ 38 4480( -1.4€ 1.01: 98.7
199¢ 42465.; 39 4430( -1.52 1.01¢ 99.C
199¢ 73091. 4C 4362( -1.6C 1.00: 99.2
200C 61122. 41 42465.; -1.74 1.00z 99.7
2001 52538.¢ 42 4190( -1.81 1.00z 99.¢
2002 53407. 43 4190( -1.81 1.00z 99.¢
2002 4098( 44 4098( -1.92 1.007 99.¢
200/ 59875. 45 38600.¢ -2.2C 1.000: 99.¢
200¢ 37259.; 46 3820( -2.25 1.0000¢ 10C
200¢ 4362( 47 37259.; -2.3€ 1.0000: 10C
2007 37254.; 48 37254.; -2.37 1.0000: 10C
200¢ 54216.¢ 49 3690( -2.41 1.0000: 10C
200¢ 50562.: 5C 3680( -2.4z2 1.0000: 10C
201C 38600.¢ 51 3160( -2.9¢ 1 10C

Source:Bangladesh Water Development Board, Surface Wétdrology Department, Dhaka.

Return period as well as probability of occurremfethe annual peak floods of the river Ganges heesnb

calculated using the above formula. The probabdityccurrence of the highest flood peak is oncdQOnyear (percent
probability 10). The return period of second highexd peak is 7.5 years (percent probability 128d the third highest

flood peak is 7 years (percent probability 13.5p[€dl).

Due peak water Discharges Island has been affdmteftbod every year. Devastating flood occurs dgrthe

month of July, August and September. The peak wditeharge of the river Ganges has been clasdifi¢ghde discharge
range of 30001-40000cumec that has been calledasall Flood (Table 2) and the frequency has besemied 1-1.0001

and that has been occurred seven times betwegrang 1960 to 2010. The second classified rang8d81-50000cumec

that has been called moderate flood and the freayubas been observed 1.001-1.08 and this typeoofifhas been

occurred thirteen times in 51 years. The next flaation is called havoc flood and the dischargeges from 50001-

60000cumec. The frequency of this range is 1.13-2110 Gangetic delta this type of flood occurrecemty two times
between the years 1960 to 2010.

Table 2: Flood Frequency of the River Ganges, 1962010

Flood Year | Flood Type Water Discharge Class Cumec| Flood Frequency
7 Normal Flood 30001-40000 1-1.0001
13 Moderate Flood 40001-50000 1.001-1.08
22 Havoc Flood 50001-60000 1.13-2.01
4 Great Havoc Flood 60001-70000 2.19-4.23
5 Very Vulnerable flood >70000 >4.23

Mean 2.70

Criteria of Assessment
1 2 3 4 5

Normal Flood| Moderate Flood Havoc Flood Great Haklood | Very Vulnerable flood

SourceBangladesh Water Development Board, Surface Wiytdrology Department2, Dhaka

The peak water discharge in the river Ganges hes blassified into the discharge range of 600010060mec

and this flood type has been called Great Havood-lnd the flood frequency of this type of floocblsserved (Table 1
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and 2) 2.19-4.23. Great Havoc flood occurred fammes in Gangetic delta, Bangladesh. The peak digehia the river
Ganges has been classified in the discharge rahg@0®00cumec that has been called as Very VulterBlmod and
flood frequency has been observed >4.23 and this ¢f flood has been observed five times in thegmestudy area. For
preparing flood disaster risk index all these typeBood have been score 1 to 5 considering thewerity. Finally a mean

score representing over all condition flood frequyehas been calculated.
Water Level

From the year 1960 to 2010 there are so many upsiawns in the water level of the river Gangesthim river
Ganges water level crossed the danger level irbthigears. In the year, 1961, 1971, 1974, 19763,19980, 1982, 1983,
1984 1985, 1986, 1987, 1988, 1991, 1994, 1995, 10988, 1999, 2000, 2003 the danger level was etbs30 in these
years flood occurs in Gangetic delta. In the ye&#8ithe water level reached the highest peak.isnytrar 1,00,000 sq. km
area was gone under water (UNDP/MEF(GOB), NAPA,500

In the year 1983 and 2006 the minimum water leva$ wery low almost 7 meters (Figure 1). Usuallytha
month of August and September the water level ik highest peak and in the month of April aralyNhe water level
reaches its lowest peak. The annual maximum waiezl lis becoming lower day by day. The presentysam@a is an
Island so that normal water level brings flood ¢hand causes adversities every year. In the ye8 @faximum water
level shows the highest value during 1951-2010his year (Figure 2) water level was highest in tiver Ganges.
Similarly in 1987 the level of water represents skeond highest value and 1999 shows the thirdebigialue. In the year
1987, 1988 and 1998 the level of water was so thighmore than 90% of the study area was gone waaler.

Flood disaster is directly related to water levdle higher is the level of water the higher islthes| of flood risk.
When water level crossed the danger level the t8itudecomes worst there. In Rajshahi station dateyel is 18.50 m-

pwd. In July, august and September peoples becoone sasceptible to flood because of higher watezlle
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Figure 2: Water Level Crossing Danger Level
CONCLUSIONS

Flood in river Padma is one of the very complexrbiahic processes. Very vulnerable flood that mefiord
with more than 70000cumec water discharge occuivedimes during the year 1960 to 2010 and thedlérequency is

>4.23. Havoc flood with a water discharge of 5080000cumec occurs 22 times during the year 196D1i® and the
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flood frequency is 1.13 to 2.01. The return periddhe extreme flood event (with highest dischange)lO years. The
return period of the flood with second highest bige is 8 years. Analyzing the water level dais dear that during the
year 1960-2010 water level crossed the danger fevéll times. The higher is the level of water kigher is the level of

flood risk.
ACKNOWLEDGEMENTS

The authors are also grateful to Dr. S. Rafiquim\Rumi and Dr. M. A. Hanif Sheikh Department of @eaphy
and Environmental Studies, Rajshahi Universitytfair help during this research. The authors aaakful to the Ministry

of Science and Technology, Bangladesh for fundiigresearch.
REFERENCES
1. Abbas, B. M. (1982): The Ganges Water Dispute. &mity Press Ltd., Dhaka, Bangladesh.

2. Bhuiyan, S. R., Baky, A. A. (2014) : Digital Elei@t based flood hazard and vulnerability studyaious return
periods in Sirajganj Sadar Upazila, Bangladesterimttional Journal of Disaster Risk Reduction, 2044.10,
Part A, pp 48-58, http://dx.doi.org/10.1016/j.ij@014.06.001

3. Chowdhury, M. H.( 2003) : Padma River. In: Bangldipethe National Encyclopedia of Bangladesh Volpb,
217-218, Asiatic Society, Dhaka, Bangladesh.

4. Haroun E. R., Babar K. (1998): Case study: Banglad#/ater Resources and Population Pressures {Bahges

River Basin. Center for ecology and hydrology.

5. Hossain, M.L., Mahmud, J., Islam, J., Khokon, Z.Klam S (eds.) (2005) : Padma, Tatthyakosh Vand 2,,
pp. 182 (in Bengali), Dhaka, Bangladesh.

6. Islam, M.S. (2011) Water sharing issue: Bangladedla Cooperation, www.thefianancialexpress-bd.com.

7. Mafizuddin, M.(1992) : The physiography of Bangldue&n overview.In: Elahi K M, Sharif AH M R, Kalar&A
K A M, eds. BangladeshGeography, Environment aneeldpment. Dhaka: Momin Offset Press, pp20- 25

8. Maiti, S., 2007, Definig a Flood Risk Assessmemddedure Using Community Based Approach with Intégna
of GIS and Remote Sensing, Indian Institute for BenSensing, National Remote Sensing Agency, Deyeett
of Space, Govt. of India, Dheradun, India & Intd¢imaal Institute for Geo-Information Science andrtBa

Observation Enschede, The Netherlands.

9. Subramanya, K., 1997, Engineering Hydrology, Tata®ftaw-Hill Publishing Company Limited, New Dellet

John A. Blume Earthquake Engineering Center.
10. UNDP/MEF (GOB), 2005, National Adaptational Prografction (NAPA), Final Report

11. UNU(2004) : United Nations University Annual report

Impact Factor(JCC): 2.7341 - This article can be denloaded from www.impactjournals.us







