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FREQUENCY PREDICTION ANALYSIS OF FLOOD DATA OF CHENAB
RIVER AT MARALA BY GENERALIZED EXTREME VALUE
DISTRIBUTION
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Gumbel and GEV (generalized extreme value) flood frequency curves for river
Chenab at Marala have been developed using 64 years (1925-1988) data concerning
annual maximum {lood series. The GEV distribution was estimated by the method
of probability weighted moments. Jts goodness of fit was determined by KS test.
This distribution appeared Lo be appropriate for modelling the Mood data. The flood
estimates at various return periods i.c. 4, 5, 7, 10, 20, 50, 100 were worked out using
GEV distribution. The estimatcd 100 years llood by this distribution was found to be

1.52 million cusecs.
INTRODUCTION

Floods cause many casualilies and
monetory losses in different countries of the
world, Prediction of Mood occurrence can
save the destruction caused by floods:
Forecasting can be beneficial in two ways.
Firstly, the forecasting of an approaching
flood can enable the people 1o leave the
place where the risk is involved. The inhab-
. itants of that area can transfer their valu-
ables Lo a saler place and make preparations
to cope with this siluation. Secondly, the
- benefits through forccasting might be
achicved by using the flood frequency analy-
sis in the design of struclures within the
flood plan. Frequency analysis of flood data
is a powerful source of providing plans of
hydraulic structures, e.g. dams, spiliways,
-bridges, etc. For efficient design ol such
structures the design engineers require es-
timation of flood quantities of various return
periods. Estimation of the flood quantiles
depend on previous llooding behaviour. We
have taken annual maximum serics [or
Marala Barrage from the Directorate of
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Hydrelogy, Lahore [or flood frequency anal-
ysis. Some lalest probability distributions,
methods of estimation, goodness of fit tests
are used for prediction of flood frequency.
We have attempted Lo model the [lood data
by generalized extreme value distribution.
This distribution was fitted by the method of
probability weighted moment. To check
goodness of fit, we have applicd Kalmogorov
Smirnov (KS) test and estimates of floods
with different return periods have been
worked out.

Source of data: Marala Weir situated at the
confluence of the Chenab and Tawi was
constructed in 1910-12 as a part of Tripple
canals project (Ahmad and Chaudhary,
1988). 1t supplied water to upper Chenab
canal having 16,500 cusec capacity. It was
mainly a [ecder canal supplying water Lo
Balloki headworks. In 1954-56, Marala-Ravi
Link canal was constructed to divert 22,000
cusecs to Lthe Ravi to be utilized Lo {eed
Balloki-Sulemanki Link canal No, 1. Due to
defeclive pond, it was not possible to feed
both the canals. As remodelling of the old
Weir was not possible, it was decided to



construct a new barrage (about 1,200 fect
down stream of the old Weir) and two hcad
regulators for upper Chenab and Marala-
Ravi Link. It is 4472.25 feet long and is de-
signed to pass 11,00,000 cusecs through 66
bays each of 60 fect width with 10 bays on
the left as undersluices. For feeding the
canals, 6 bays each 40 feet wide, are con-
structed to feed upper Chenab canal and 8
bays of the same width to feed Marala-Ravi
Link. This barrage is provided with radial
type gates operated clectrically. The under-
sluices have 13 bays each 60 feet wide, India
has constructed a Dam at Salal as a hydro-
electric project in Jammu lerritory about 49
miles upstream of Marala Barrage.
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culated and the resuits have been presented
in Table 1.

Frequency analysis: In order to model the
flood frequency data, Gumbel and GEV
(Jenkinson, 1955) distribution were consid-
ercd and their parameters were estimated by
the method of moments and by that of
probability moments respectively.

Gumbel distribution: The Gumbel distribu-
Lion has probability density function, cumu-
lative distribution function and inverse cu-
mulative distribution function as Tollows:

F(x) = 1/aexp [-(x-u)/ e " W] (1)
F(x) = exp [-ex-v/a] (2)
x(f} =u +aY 3

Table 1. Summary statlstics of annual maximuv series of river Chenab at Marala

N Mean Median STDEY

o4 342794 247564 262054
MIN MAX Q Qs

54383 1483592 170100 454577
cV, KURTOSIS Cocfl. of Sk
76.4582 7.828836 0.61637

TRMEAN SEMEAN

313207 32762

Annual maximum series Lype data were
taken vp stream Marala Barrage from the
Directorate of Hydrology at Feroze Pur
Road, Lahore for flood frequency analysis
for the period from 1925 o 1988, A look at
these data revealed maximum lNood occrru-
ence during the months of July and August,
indicating that the series have been gener-
ating water by a single phenomenon i.e. the
torential rains, The data were first scruli-
nised and preliminary analysis was made for
the summarisation, The basic stalistics such
as mean, media, standard deviation, stan-
dard error, skewness and Kurtosis were cal-
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where, u is a localion parameter, @ is a scale
parameter, and

Y = -In (-1nF)

is the reduced form which does not depend
on parameters.

GEYV distribution: The gencralized extreme
value (GEYV) distribution, introduced by
Jenkinson (1955), combines into a single
form the three possible types of limiting
distribution for exireme values, as derived
by Fishers and Tippett (1928). The distribu-
tion function is:



F(x) exp [ {1-k(x - u)/a} /% k £0

exp [-exp {-(x-u)/a}] k=0 (4)

with x bound by u + a/k from above if k>0
and from below if k<0. Here v and & are
location and scale parameters, respeclively,
and the shape parameter k determines
which extreme value distribution is repre-
sented: Fisher and Tippett types 1, 11 and
111 correspond to k = 0, k<0 and k>0, re-
spectively. When k = 0, the GEV distribu-
tion reduces to the Gumble distribution. The
inverse distribution function is:

x(F)

i

u + a[l-(-log F}}/K, K # 0
u-alog(-logF), K =0 )

H

In praclice the shape parameter usually lies
in the range of -1/2<k<1/2. For example,
the data base used in N.E.R.C, (1975 a) in-
cluded 32 annual flood series with sample
size of 30 or more. GEV distribution was
fitted Lo these 32 samples by the method of
maximum likelihood. The estimated shape
parameler ranged from -0.32 to 0.48.

The probability-weighted moments of
the GEV distribution [or k = 0 are given by:

Br=(r+ V! u+af{l-r+ 1" r(1+
K)}/klk > -1 (6)

when k < -1 8, (the mean of the distribu-
tion) and the rest of the Br do not exisl.
From (6}, we have

Bo=u+a{l- r(1+k}/k €]
281-B, = r(1+ky(1-2%)/k (3)
and

(38:- Bo)/(2B1- Bo) = (1-3%)/(1-2%) (9)

The PWM cstimalors 1, &, k of the param-
eters arc the solution of (7) - (9) for u, &
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and k when the Br are replaced by their es-
timators br or Br[p.). To obtain k the
equation given below needs to be solved:

(3bz - bo)/(2b1 - bo) = (1-3%)/(1-27%) (10)

The cxacl solution requires iterative meth-

ods, bul because the function (1-3%)/(1-2°%)

is almost lincar over the range of values of k

(-1/2 <k<1/2), which is usually encoun-

lered in practice, low-order polynomial ap-
proximation lor K are very accurate. Hosking

et al. (1985) proposed the [ollowing ap-

proximate estimator:

7.8590c + 2.9554¢2,

k
¢ = 2b, - b,/3b, - by - log 2/log 3 (11)

The error in k due to using (11) rather than
(10) is less than 0.0009 throughout the range
of -1/2 <k<1/2, Given k, the scale and lo-
calion paramelers can be eslimated succes-
sively from cquations (8) and (7) as:

@ = (2b, - b)¥/ (1 ¥ K)(1-29),
u=be+ & {r(+k)-1}/% (12)

Equations (10) and (12) or their equivalent
forms with br replaced by Brip,.), define the
PWM cstimates of the parameters of the
GEV distribution. Given Lhe estimated pa-
ramciers, the quantiles of the distribution
are estimated using the inverse distribution
function (5).

Gouodness of fit: After the Giting of distribu-
tion our next step is to test the goodness of
fit. In addition to theoretical justification, it
is desirable 1o assess how well a distribution
fits the observed llood series.

Goodness of fit tests are of several
types and Lhe test used here is based on em-
pirical distribution function (edf) statistics.
We have sclecled KS test out of various tests
bascd on cdf statistics. It is a nonparametric
test based on the difference between the



empirical distribution and the fitted distri-
bution function.

edf = i/N & edf = F(x)
D* = sup [i/N-F(x)]
D = sup {F(x) - {i - 1)/N]
D = max (D*, D7)

Three test statistics are made by above D',

N/%(D*)
Nx(D)
N% (D)

If the calculated value is greater than the
tabulated value then the hypothesis of good
fit is rejected (Stephen, 1977).

RESULTS AND DISCUSSION

The preliminary analysis of the annual
maximum series is presented in Table 1.
Various statistics presented in Table 1 reveal
that there is a substantial difference between
mean and median. Moreover, the coeflicient
of skewness is 0.61637, which indicates that
the distribution is skewed. Thus, the (irst
candidate distribution was Gumbel distribu-
tion. The estimated paramecters of this dis-
tribution are presented in Table 2 along with
KS statistic. The KS statistic rejectcd the hy-
pothesis of Gumbel distribution suggesting
that this distribution was not appropriate o
model the flood series of river Chenab at
Marala. Consequently the GEV distribution
was considercd. lts parameters were esti-
mated by the method of probability
weighted moments as given in Scction 3 and
presented in Table 2.

The goodness of fit was tested by KS
tesl and the value of which is given in the
.same table. The KS test suggests that the
GEV distribution fits the data well and
hence can be used to predict the {requency
of flonds using the inverse distribution func-
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tion

X(F) = u + (@/K) [1- (-InF) K#£0

Table 2, Parameters estimating Gumble
and GEV distributions fitted the
64 annual maximum Mood series
of river Chenab at Marala

Gumble GEV
@ = 05959 & = 03452
A = 06560 & = 06315
D' = 0185 K = -03357
D" = 01612 D' = 0116401
D = 01885 D = 00777575
Deal = 1508 D = 0116401
Dw = 09570 D. = 09312
Dw = 09570

The quantitics at various return periods i.c.
4,5, 7,10, 20, 50 and 100 years were worked
out and are presented in Table 3. For both
the distributions (GEV and Gumbel), the
growth curves were developed. The KS test
evidently favours the GEV distribution for
modelling the flood data at this gauging sta-
tion. It gives the estimates of higher loods
at lower return periods desired by the hy-
drologists.

Conclusion: Gumble and GEV distributions
are comparcd for modelling annual maxi-
mum serics of river Chenab at Marala on
the basis of KS test. GEV distribution is re-
commended for modelling flood frequency
data, Estimates of floods at return periods 4,
5,7, 10, 20, 50 and 100 have been derived
and the growth curves Lo predict flood at any
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Table 3. Flood estimates at various return periods by GEV

Row Excedence Return Quantile
probability period magnitude
1 025 4 117 X =399558.16
2 0.20 5 131 X =447234.23
3 0.15 7 1.50 X =512725.97
4 0.10 10 1.79X =614321.76
5 0.05 20 239 X =819413.72
6 0.02 50 3.41 X =1170264.61
7 0.01 100 442X =1515293.19

return period both by Gumble and GEV
distributions have been established.
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