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Abstract

The estimation of the extreme flood at a site is required for the design of a variety of urban planning
and river engineering works. An accurate estimatio of extreme flows for the associated recurrence interval
is difficult to obtain if the length of the available stream flow records at the site of concem is shorter than
the recurrence interval of interest. An even greater difficulty occurs if there is no flow record available at the
site of interest. To cater the problem arising due to an insufficient length of data record, the trade off between
the spatial and the temporal characterization of extreme flows can be effected through the use of regional
flood frequency analysis. Regional flood frequency analysis facilitate the estimation of an extreme flow value
at a location for which limited flow data exist, based on an extreme flow relationship derived using the
information from basins with similar hydrologic responses.

This report describes the study of regional flood frequency analysis using peak flood series data of
34 gauging stations of Krishna basin using the following methods,

i) Index-Flood method
ii) PWM based EVI distribution
iii)PWM based GEV distribution
iv) PWM based Wakeby distribution
based on at sitc and regional data combined.

Out of 34 sitcs, 6 sites were omitted after USGS homogeneity test. From the remaining 28 sites, 26
siles were considered for analysis under 3 different sub-group i) medium catchments, ii) large catchments and
iii) considering the basin as whole. In order to evaluate the fitting performance of different methods used,
some of the error functions respectively their descriptive ability are computed. The results indicate that, the
Index-Flood approach and PWM based EVI distribastion are best suited for medium catchments for the basin
as whole. Howeve, it is recomnmended to include the other physiographic characteristics also for developing
more rational regional flood formulae using good data base.
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1.0 Introduction

Flood frequency analysis is a tool being widely used for predicting the future flood at different
recurrence intervals. The reliable estimates of the magnitude and frequency of occurrence of flood are
essential to the proper design of hydraulic structure across a river as well as to identify the flood risk area.
Mainly there are two methods of estimating the floods; i.¢., deterministic and statistical approach. In the
deterministic approach, the rainfall-runoff relationships estabtished based on the physical concepts of the
various hydrological processes are used to estimated the floods. In the statistical approach, the past records
of flood peaks are subjected to the statistical analysis which provides the distribution pattern for the flood
peaks. The frequency analysis is a statistical technique by means of which it is possible to estimate the floods
of various magnitudes and their frequencies. The flood frequency analysis for a river site with a long record
can be based almost exclusively on the flood record at that site. The records used for the frequency analysis
should satisfy certain assumptions in order to have a meaningful estimates;

a) data should be random

b) data considered for analysis should be homogeneous

¢) data should be of good quality

d) data should be representative of the population

¢) sample of data should be long enough to provide reliable estimates of the parameters.

Generally, the flood frequency analysis is carried out in the following steps;
i) Process the annual peak flood series from the frequency analysis point of view
i1) Select the thearetical frequency distribution
iii) Fit the selected frequency distribution to the annual peak flood serics and estimate the parameters of the
distribution using a suitable parameter estimation techniques
iv) Choose some goodness of fit criteria and select a best fit distribution based on those criteria
v) Estimate the floods for differeat recurrence intervals using the estimated parameters of best fit distribution.

There are various distributions and methods of parameter estimation available in literature for flood
frequency analysis. Correct inference about the distribution which fits the peak flood series of a site is a
crucial in the frequency analysis, as various distributions fitted to the same data result in different estimated
values in the extrapolation range. The reason being that the hydrologists try to infer about the population
distribution from the sample data which is subjected to sampling variability. As data arises from various
situations form their own distributions, the procedure of transforming the data to a particular distribution has
been suggested by same hydrologists without adopting a prior distribution for fitting the sample.



The mference about the best fit distribution for a sample data observed at a site is made based on
some goodness of fit criteria. lmpiteofmnnhﬂ'ofmanpuithasnotbempouiblelochvel@mﬂ'um
goodness of fit criteria for selecting the best distribution. In order to avoid such subjectivity, hydrologists are
always in search of a robust frequency distribution for fitting the peak flood series. A distribution or 2 method
ofmmmmmnm',ﬂnmmmmmmmmm
bias, coefficient of variation (CV) and root mean square error (RMSE),

The flood frequency analysis for those gauging sitos, where the recorded peak discharges over
number of years are available, is carried out using the conventional procedure available in the hiteratore.
However, the rcliability of such analysis is somewhat limited for the ungauged sites or sites with shorter
record length. Suchasimaﬁmcanbeombyudopﬁngmgimﬂwmdumdpuﬁmningﬂwd
ﬁequuymalysisndthmgiomldaﬂandatsiteda&mwiththeasitemdmgimﬂm

Thuchasbemsiglﬁﬁcandcvekpmmmmﬂmﬂieshdwmofmgimdﬂmdﬁeqmymdyﬁs
n India as well as abroad. Estimation of regional flood frequency parameters is performed for a specific site
for two reason: i)becmseofﬂmsamplcvaﬁaﬁmspmuninﬂnsbmhy&dogicmds,ﬁw
estimates of rare events based on at site frequency analysis are subjected to large error and thus unreliabie.,
Tlﬁsmmbemdmdbyoumbhﬁ:gdﬂa&mmmymsﬁu.ﬁ)ﬂﬂemmmymeﬁmhﬂnm
mgimwhachy&dog‘cdﬂmnﬂwaﬂathdedgnﬂooduﬁmﬂmdefuthedeﬁmofmﬂ
structures. In such a situation regional flood frequency analysis helps in transferring the knowledge arrived
from gauged sites to ungauged sites.

This report describes a study carried out for the Krishna basin with anmmal peak flood series data
uvailablefa'34sitmfa'vm'yingmnnberofyms.Thcfolhwingmedndswuemedfanﬂysismduhg
the at site and regional data.;

i). The Index- Flood method

ii). PWM based EVI distribution
iii). PWM based GEV distribution
iv). PWM based Wakeby distribution

Out of 34 sites, 6 sites were omitted after the USGS homogeneity test since they fall outside the
envelope curves of homogeneity test. From the remaining 28 sites only 26 sites were considered for the
analysis under three different sub-groups, i. medium catchments, ii). large catchments and iii), comprising
all the catchments of the basin. The classification was based on the measured catchment area { Wiltshire,
1985), and data of other 2 sites were used as test sites for judging the performance of the developed regional
formulac. Descriptive ability of various methods is tested based on the three numerical measures of
goodness of fit. The performance of different methods has been compared.



2.0 Objectives of the study

The objective of this study is 1o establish s regional relationship betwoen mean anmual peak flood
and the catchment arca based on the frequency analysis for available anmal peak flood for various gauging
sites of Iydrologically homogeneous region of Kriskna basin, and to uso the same for estimating the floods
for various recurrence intervals for the catchment which are not used for analysis. Also, the descriptive sbility
of some of the flood frequency methods, used for the analysis arc compared based on the performance



3.0 Description of Study Area

The Krishna basin for which sufficient annual peak flood scries at mumber of gauging station were
available was selected as the study area. The total catchment area of the basin considered for the analysis is
90,000 sq.km and is located between longitude of 73°E 1o 78°E and latitude of 15°N to 19°N and it
comprises the part of Maharastra and Karnataka states. The fig 1, shows the river system and gauging
stations with all it tributary of river Krishna. The drainage arca of these gauging sites varies from 540 sqkm
170,000 sq km. The main tributary of river Krishaa are river Bhima, Ghataprabha, Malaprabha and Tunga-
Bhadra. The Tunga-Bhadea basin which forms a past of the Krishna basin has not been inchuded in the study.
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4.0 Data Availability for study Area

The annual peak flood series data for 12 to 30 years varying over a period of 1969 to 1993 for 26
station of krishna basin is available for the study. The drainage area of these sites vary from 520 sq.km to
69863 sq.kan. The data were collected from the record of Water Resources Development Organisation, Gowt.
of Karnataka and CWC annual data reports. The list of the gauging sites maintained by CWC and WRDO
which are used for the study along with the data availability is given below:

1990-91

4 Warunji Koyna 1690 1969-70 to
1990-9}

5 Gokak Ghataprabha 2776 1971-72 to
: 1990-91

6 Bagalkot Ghataprabha 3510 1969-70 to
1990-51

7 Cholchgod Malaprabha 9373 1960-70 %0
1990-91

8 Gotur Himya 1100 1980-81 to
keshi 1990-91

9 Daddi Ghataprabha 1150 1979-80 to
1990-91

10 Bestwad Vedganga 640 1979-80 10
199091

1 Tarewad Panchgangs 2425 1979-80 to
1990-91

12 Yadgeer Bhima 69863 1965-1992

13 Wadakbal Sina 12092 1965-1992

14 Takali Bhima 33916 1965-1992

15 Shirdon Doddahalla 630 - 1979-80 to 1992-93




16 Konkangson Borinala 1640 1979-80 to
199293

17 Bori-omergaon Bori 2640 1979-1993
18 Jewani Kangs 1920 1979 -1992
19 Dhoad Bhima 11660 19691992
20 Narasing Bhima 22856 1969-1992

pur

Sarathi Nira 7200 1969-1993
2 Khanapur Malaprabha 540 1972-1993
23 Chichalgod Hirnakeshi 1175 1970-1991

Yamagardi Vedganga 655 1971-1993
25 Koogana Dudhgangs 603 1984-1993

Krishna

PR T

Phetan

CIEL i

1971-1992




5.0 Literature Review

In the recent work on regional flood frequency estimation, shown that accurate flood quantile
estimates are possible when the underlying flood distnibutions are identical at all the sites in the region except
for a scaling factor, particularly when the underlying distribution has two parameter form and regional
homogeneity in moments of order higher than one. where as two parameter distributions belonging to the
extreme value family perform quite well when the form of the underlying distribution is close to that of fitted
distribution, large bias can result, when the distribution is misspecified. The three parameter generalised
extreme value distribution, when fitted using the regional PWM method has shown to be relatively
insensitive to violations of the distributional assumption and to have low variability and bias(Choudary,et
al,1991). Some of the researcher shown that regional estimation method using three parameter GEV
distribution are relatively insensitive to modest regional horogeneity in the coefficient of variation and to
regional vanation in the skewness coefficients. Following are some of excerpts from the recent research
papers on regional flood frequency analysis.

5.1 Studies Abroad

Wiltshire (1985) proposed a method for grouping the basin for regional flood frequency analysis.
The study was conducted using the data of the basins in United Kingdom wherein the basin were classified

into three groups on the basis of soi

by the same author for identification of homogeneous region for flood frequency analysis (Wiltshire, 1986).
In this study, a procedure has been described to classify the basin into two distinct homogeneous groups using
the catchment area and the average annual rainfall (AAR) as variables.

11 t}rpe nfl ih. anm wal a‘v’m l.--....rau lﬂ 1985’ a s‘- ’ was -....J.“cn.)

Denis et al (1993) presented a study for delineation of homogeneous region based on annual flood
mechanisms. The mechanisms like rainfall and snow melt which are mainly responsible for the generation
of flood were considered. The concept was applied to a river basin in New Brunswick in Canada using non
parametric frequency analysis considering unimodal and bimodal distribution shapes for the basins. Finally
the homogeneous regions were delineated by grouping the basins which have exhibited similar shape of
density function.

Farquharson et al (1992) developed regional flood frequency curves for arid and semiarid regions.
In thus study, 162 catchrnent from 12 different countries in five continents with the drainage arca varying from
1 to 357000 sq.lan baving an average annual rainfall of 600mm were selected. The analysis was carried out
to develop dimensionless frequency curves for different countries and to study the effect of climate on the

shape of the regional frequency curves.



Chowdinrry et al{ 1991) developed critical values and formulae for computing several poodness of
fit tests for the GEV distribution. These tests can check available data for a site consistent with regional
GEV distribution, except for scale factor, or the consistency of the data with a regional value of shape factor
k The test employed are PWM estimator of L-moment's coefficient of variation and co-efficient of skewness.
From the study it was concluded that a test based on L-cs generally has equal or greater power than
probability plot correlation test of detecting L-cs differences.

Vegal et al (1993) studied the suitability of flood flow frequency models such as GEV, Generalised
Pareto (GP) distribution and wakeby distribution using L-moment techniques. These methods were applied
for 61 catchments in Australia. The study revealed that, the GEV distribution was the best approximation
to the distribution of flood flows of winter dominated regime. Also, the ability of alternate flood frequency
models were assured. Number of distributions were used as alternative distribution. However, both GP and
GEV appeared to be good for flood flows for the region out side winter dominated rainfall regime. From the
study it was concluded that, GEV procedures performed welt for all regions considered, mspite of the fact
that the L-moment diagrams did not always favour the GEV procedures.

Zrinji et al( 1994) estimated extreme flow quantiles at ungauged catchment using the region of
influence approach to regionalisation and explicitly incorporating a homogeneity test in the process of
selecting the collection station that comprise the ‘region’ for ungauged sites. This method was applied to
extreme flow data for sites in Newfoundland in Canada. The results obtained by new approach was compared
with those obtained from the regtmsim analysis. An improvement was cbserved in the estimates of extreme
flow quantiles at unganged site.

Lettenmaier et al {1987) studied the effect of the heterogeneity on flood frequency estimation. In this
study, the robustness of selected regionat and at site flood frequency cstimation procedure was examined with
respect to i) the underlying flood distribution, ii) regional heterogeneity iii} variation in record length over
the region and iv) the regional flood estimation methods that provide site to site variations in the higher
moments than the first moment. From the study it was concluded that, the regional index flood and PWM
estimation method for the GEV distribution were relatively less sensitive to modest regional heterogencity
in the coefficient of variation when performance was measure in teyms of regional RMSE.



5.2 Studies in India

Goswami (1972) carried out regional flood frequency analysis for Brahmaputra basin in North-East
India using modified USGS procedure. in this study annual peak flood series data for 25 sites having
catchment area ranging from 63 sq km to 69230 sq ki were analysed. The mean annual flood Q for 2.33 year
retumn period was graphically correlated with the catchment area.

Seth & Goswami (1974) carried out regional flood frequency analysis for ten tributaries of
Brahmaputra in North-East India for the available varying length of dsta on anmual peak flood sexies, The
study was carried out considering: i) the annual flood series of all stations in the region having more than 10
years data, ii) extended records of some streams by developing suitable relationships with concurrent peak
flood records of neighbouring stream.

Secth & Perumal (1985) carried out a study on parameter estimation of Gumble-EV] distribution
using Monte-Carlo experiments. In this study, the Gumbel's method was modified by replacing the weibull
plotting position formula with that of Gringorton formula recommended for EVI distribution. The estimates
were compared with that obtained from the other two methods viz; i) the method of moments and ii) method
of maximum likelihood. Then these methods were tested for bias, coefficient of variability and root mean
square error for 1000 sample size. The study showed that after using the Gringorton plotting position
formula, the Gumbel distribution using least square performed better than in comparison of the method of
moments and method of maximum likelihood parameter estimation procedure.

‘Seth et al(1986) carried out a regional flood frequency analysis for the region of subzone 3-d of
Mahanadi. In this study, the methods used for the analysis include; i) index-flood method based EVI
distribution, ii) power transformation method and iii) regional wakeby distribution using James-Stein
corrected mean for 18 different gauging stations in the basin for varying number of years of record. Out of
18 sites, the data of 15 sites were used to develop regional flood frequency curve and the remaining 3 sites
data were used for the verification of the results obtained from the analysis.

Hugq et al (1986} attempted to formulate the flood frequency formulae for country wide application
using the rainfall of given frequency in the rainfall-rnmoff relationship. While developing the relationship,
author considered 50 years flood peak values as dependent variable and the catchment size and slope of the
stream as independent vanables. The country was divided into the distinct regions such as alluvial plains of
Indus, Ganges and Brahmaputra river system with equivalent slope upto 1.5 m/km. The arca sloping above
1.5m/km upto 3.5 m/km included in the second region. The area having slope 3.5m/kin and above were
classified as third region. These three distinct regions are considered for the analysis. The flood formulas were
developed for respective classification based on slopes.

10



Seth & Singh (1987) carried out the frequency analysis using wakeby distribution for three typical
regions viz, i) lower Godavari basin, ii) Brahmaputra basin and iii) sub Himalayan region.

Singh et al(1991) carried out a study using the peak flood series data of hydro-metearologically
homogeneous region of Godavari basin sub zone 3f imvolving application of EVI (PWM) and GEV (PWM)
methods based om i) at site data, ii)at sitc and regional data combined and iii) regional data alone.
Homogeneity of the region was tested using USGS and Cocfficient of variation based homogencity test. From
the study it is concludes that GEV (PWM) approach using at site and regional data in a combined form
provides estimates of flood peaks for different return period with computationally less bias and comparable
10Ot Mean SQUAre error.

Rakesh lammar et al {1994) carried out a study to develop regional flood frequency curves fitting the
PWM based GEV distribution with the anmial maximum flow data of 20 gauging station of Mahanadi basin
subzone 3d. Also a relationship between the mean annual peak floods and the physiographical characteristics
of the catchment area was developed. The developed regional flood formula for this region was represented
in the form of Dicken’s formula for different return periods estimated using the dicken's formmuia.

11



6.0 Methodology

The methods used in the present study to carry out the regional flood frequency analysis involves
the USGS method and fitting of PWM based Extreme Value type-1 distribution, General Extreme value
distribution and Wakeby distribution. The parameters of these distribution were estimated using the method
of probability weighted moments.

6.1 Modified USGS Method

The USGS method for estimating the floods of given recurrence intervals for ungauged catchments
consists of following sequential steps ;

1. Select gauged catchments within region having more or less similar hydrological characteristics to that
of the ungauged catchments.

2. establish flood frequency curves for each gauging station using EV-I distribution probability paper

3. estimate mean annual flood Q, ;; at each gauging station.

4. test the homogeneity for gauged catchment.

5. rank ratios of selected retum period floods to the mean annual flood at each station, and .

6. compute median flood ratio for each of the selected retum period of step (5), multiply by the estimated
mean annual flood of the ungauged catchment and plot them against recurrence interval on Gumble
probability paper.

The end result of these 6 step is a flood frequency curve for an ungauged catchment.

The gauged catchments in the vicinity of the ungauged catchments having similar characteristics are
selected for the analysis. Although the similarity would include characteristics such as average clevation,
goology, climate and soil structure etc, the measure of the similarity will be determined from peak flow data
through the homogeneity test described by Dalrymple (1960). Since the effect of one or more combination
of several characteristics of a catchment on runoff is not well defined or quantified, it is reasonable to look
only at the statistics of the runoff events to determine homogeneity.

6.2, Extreme Value Type-I Distribution (EVI)
This is a two parameter distribution and it is popularly known as Gumble distribution. The

cumulative density function for EVI distribution is given by

12
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F(X)e™ Eq.. (1)

whutF(x)isthcprobabilityofnmcxceedmocmdeqmltol-lfl‘;Tisthemmnmeinturvalinyws,u
and ¢ arc the location and shape parameters respectively. These parameters can be estimated from the sample
of annual maximum peak flood using the parameter estimation techniques available. The method of
probability weighted moments(PWM) is one of such methods for estimation of the parameters and which has
been successfully applied by Landerwehr et al (1979) and Singh (1991) for estimating the parameters of EVI
distribution more efficiently. The method is described below.

6.2.1. At site EVI FWM method (EVI),

Mecthod based on probability weighted moments generally required expressing the distribution
function in inverse form which is given below for EVI distribution

x=u-oah(hF) Eq........(2)
where, u and «, as mention carlier, are the parameters of the distribution.

Following the Landwehr ct al. (1979) the r* order probability weighted, M, is given by the equation:

1 r
Mlo‘--;g x1 (1'!.l) Eq ......... (3)

where F; the probability of non exceedence which is compated using the plotting position formmlac;

1-0.35
Fr—0 Eq...... (4)

where i is the rank in the arranged flood series, and n is the sample size.

Putting r=0,1,2, ....1n, M5, My, My, ... €tc are computed from the flood series. The parameters
uwand e of EV] distribution and quantile Q; are computed by this method following the steps given below,

1. Arrange the flood serics and compute M, o, and M, using equations (3)& (4).
2. Standardise the computed values of M, 4, and M, obtained from step (1) dividing them by at site mean,

13



( same as M, ). Hence:

CHoeo g0
" Moo Eq....... (5)
My
- — W (:
m, ", Eq )

u=m;-05772 « Eq........ ()]

m,-2m,
TV Eq........ (8)

4. Estimate the T - year recurrence interval flood using the relation:
X, =u + a (n-(n(1-1/T))) Eq.........(9)
5. Scale the quantiles x, by at sitc mean in order to give an estimats for the site, Qy:
Qr = Mg Xy Eq..... (10)
6.2.2. Using EVI PWM method on at Site and Regional Data(SREVI).
The steps are;

i). Test for regional homogeneity of data for selected gauged catchments, using USGS homogeneity test.
ii). Rank the flood series of cach ganging site and compute the at site values of PWM, Mo, and M, ; a8 :

1 }
.Hlma’ - ﬁ x-hj
a(d) Eq.. (11)

1 )
My, g "ij.g Xy, (1-Fyy)
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where n(j) is the record length for the j* ganging site,
M, (o, i the zetoth oeder probability weighted moment for the j* gauging
site ( same as the at site mean)
M,.,,.i,istlmﬁrstu::rdel'probal:n’lii.yvmightedmomentt‘ortlmj‘ll
gauging site.
F,, is the probability of non-exceedence and computed by the following
plotting position formulae:

1-0.95
BLt nh) Eq..... (13)

X,;, is the i rank value in the sample of annual maxinmum peak scries
for the j* gauging site

jii). Standardize the at site values of PWM obtained from the previous step by the at site mean. Thus ;

Moo 4.0 Eq....(14)

mﬂ'j Mmo-.‘l

. ‘Mlbigj

m, 4
| Ha00.3 Eq....(15)
where M, is the zeroth order standardised PWM, for j* gauging site, and
M, ; is the first order standardised PWM for j* gauging site.
iv). Compute the regional values of the standardized PWMs averaged across the number of sites in the region
in the ratio of the record lengths. Hence:

'io'%g m,, n.)-1.0 Eq..... (16)

- 1
%‘;Iﬁd“m By Eq... (17)

where, L =X ap = total record length
=
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m,, and my, are the standardized regional PWMs.

v).Compute the regional EVI parameter u and & using the relationships

u-% | Eq..... (18)
uio-o .5772a Eq.... (19)
X, =u+a (-BCi(l- VTY) " Eg...Q0)

vii). Scale the quantiles x; by at site mean ( as same as M, ) to estimate quantiles (Q;;) for cach gauging
site. Hence:

Qyj = Mooy Xr Eq... 21)
6.3.0. General Extreme Value Distribution (GEV)

GEYV is a gencralised 3 parameter extreme value distribution proposed by Jenkinson (1955). The
theory and the applicability of GEV arc reviewed in the British {lood studics report (NERC, 1975). The
amulstive density foaction F(X) for GEV distribution is expressed as ;

-lu-l-’;-!ll i
PiX)-0 Eq.... (22)

where u, « and k are Jocation, scale and shape factors of GEV distribution respéctively. The probability
weighted moment (PWM) method has been used to estimate these parameters for 2 different cases and are
described below.

’
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6.3.1. At site GEV PWM Method

As method of probability weighted moment require the density function expressed in inrverse form
which is stated below,

X=u+a(l. -(-in(F)*¥K) Egq... (23)

where u, & and k are the location, scale and shape parameter of the distribution. for K= 0, GEV distribution
converges to the EVI distribution, if K <0 or K > 0, it represents the EV1 and EV2 distribution respectively.

The parameters u, « and k of the distribution and the quantile Q. are estimated using the method of
probabihity weighted moment in the following steps :

1). Arrange the flood series and compute M, o, Mo, Mo, Using the Eq (3) and (4).
2). Standardise the computed values of M, M, and M, ,, obtsined from stop (1) dividing them by the at
site mean. Hence,

mo.%"::_ 1.0 Eq.....(24)

My, Eq....(25)
1 Mpoe
M’.DZ

" Mgy Eq..(26)

3). From normalised vatues of m, m, and m, , estimate M,,, and M, , using oquations :
Mo =m,-m, Eq..(27) |
M= m, -2 m, +m, Eq..(28)
4). Calculste a constant C
C={(2M;;p-mg) /(3 Myp-m))-(In,-ny) Eq..(29)

5). Calculste the shape parameter K using the relation :

17



K =7.8590 C - 2.9554 ¢2 | Eq...(30)

6). Calculate the scale parameter, «, using the relation :

{({(2M,,,-m,) -K)
Y (1K) +(1.0-2%) Eq...(31)

Ole

7). Calculste the location parameter, w using the reistion :

uqmncmi(l_:f)_'}. Eq...(32)

where, Gamma(y) (1+K)'? is the value of Gamma(y) of (1+K) computed from the Gamma function
subroutine.
8). Estimate the quantile x, uging the relation :
Xy =ut+ a(l- -n(l. - /TF% Eq...(33)
9). Scale the quantiles x, by the at site mean for the at site estimates of quantiles Q,:
Qr = %Mo Eq....(34)

-~

6.3.2. FFA of GEV based on at Site and Regional data (SRGEV)

Following are the steps to be followed to estimate the regional parameters and the quantiles for GEV
at the site using the regional data.

1). Test for regional hamogeneity test of data for selected ganged catchment using USGS homogeneity test.

2). Estimate ot site values of PWM Mg, M 10,5, M ,0p; for each site puiting r = 0,1,2,3,..n in the following
cquation.

1 )
— X, . (1- o
a0z, 1 n(i)g g 150y} Eqg....(35)

3). Standardised the at site mean values of PWMs obtained from step (2) by the at site mean:

18



m,, j-ﬁi'l Eq...(36)
Mlnﬂ,j

where r = 0, 1 and 2 respectively
4). Compute the regional values of standardised PWMs averaged across the number of sites in the region in
the ratio of record lengths. Hence : -

— 1y
mr"fgmrd n(j)
where L is record length
5). Estimate the regional parameters K, u and « of the GEV distribution using the procedure described for
at site GEV PWM method where in place of at site standardized PWMs regional standardized PWMs are
used.
6). Estimate the regional quantiles x, using the relation :
X;=u+a (L. --In(1-/T* )V K Eq...(38)
7). Scale the quantiles X by at site mean for the estimation of quantiles Q,; at any gauging site :
Q=M Xy Eq..... (39)

6.4. PWM based Wakeby Distribution

The wakeby distribution method is used for regional flood frequency analysis. The average value of
computed from the annual peak flood serics of different gauging sites. The regional parameters are estimated
using the algorithm snggested by Landwehr et al(1979) based on these sveraged nomalised vahues of
probability weighted moments.
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6.4.1. Estimation of regional parameters of wakeby distribution,
A random variable, say flood Qr is wakeby distributed, then the relationship is expressed as follows,

Ot pea[1-(1-8)2)-c[1- (2-) ) Bq.... (40)
e

where, F=F(Q)=P(Q < Qy), and a, b, ¢, d and m are the parameter of the wakeby distribution.
The regional parameter of the wakeby distribution are estimated based on the concept of probability
weighted moments which is defined as,

S MR AL

M N{j) T

where j=1,2,. NS
K=0,1,234
M, = k™ order probability weighted moments for the j* gauging site.
NS =Number of gauging station.
N(j) = Number of annual maximmen peak flood at j* gauging site
Q,; = i item in the sample of annual peak flows at j* gsuging station.
F,; = probability of non-exceedence for the i* item in the sampic of
annual maximum peak flows at the j* gauging site and it is evaluated
using the plotting position formulae,

F =1.1T

, .4-0.35 Eq.....(42)
ded N{T)

The probability weighted moments expressed as Eq (41). are normalised after dividing them by zeroth order

probability weighted moments which is the sample mean Therefore, the normalised probability weighted
moments may be expressed as
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Ea,,(lf

M, - Eq....(43)

g 24,4

The average values of normalised probability weighted moments may be estimated using the equations

AH-—%—

M
.4 NS bIT 4
Eq.....(44)

where AM, is the average value of normalised probability weighted moments of the arder K
Aspecmlalgmtlmmggestedby Landwehr et al (1979) is followed for estimation of the regional

parameters of the wakeby distribution using the average values of normalise probability weighted moments
obtained form Eq (44).

6.5. USGS Homogeneity Test

The USGS homogeneity test has been widely used for testing the homogencity of data in a region.
The steps involved in USGS homogeneity test are,

1. Compute the EVI reduced variate corresponding to 10 year return period flood using Y,, the relation
Yr=[-In (-la (1-1/T))) Eq......(45)
example Yo = [ -In (-In (1-1/10))) = 2.25
2. Compute the 10 year flood putting Y,, = 2.25 in the following equation developed for different catchments
using least square approach
Xo=u+a Y, Eg.......(46)

X, =u+2.25 Eq.....(47)

3. Repeat step (1) and (2) to compute 2.33 year flood, which is the annual mean flood for EVI distribution
for different catchments.

4. Compuie the ratio of 10 year flood to annual mean flood at each gauging sites. The ratio is known as the
10 year frequency ratio.
5. Average the 10 year frequency ratios of all the gauging sites to obtain the mean 10 year frequency ratio
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as a whole.
6. Determine the EVI reduced varniate corresponding to the products of annual mean flood and the average
10 year frequency ratio from the linear regression equation developed for each catchment. Thus;

Y =(X;-u)e Eq....... (48)

7. Plot the EVI reduced variate obtained from step (6) against the effective length of record for that station
on a test graph where upper and lower regional limits of 95% confidence are already plotied using the
following coordinates

If the plotted points for all stations under consideration falls within the upper and lower regional
confidence limit(as given in the above table) developed by USGS then the data are regionally homogencous
and applicable for analysis. Any station for which the plotted points lies outside the envelope curve is to be
excluded from homogeneous region and hence from the analysis.

The upper and lower limit as listed in table above, have been computed for a return period of 10
years. The reduced variate (y) for T=10 years in the Gumble distribution is 2.55 and the limits are given as

Y+2¢/[N(T-1)]*? Eq......(49)
225 +6.33 /[N]\? Eq.......(50)
where N is the length of record.
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6.6. Flood Frequency Curves

The process of developing the regional flood frequency curves uses a sample data comprising the
station year data of standardised values of annual maximum peak flood i.c., Q/ Q for different catchment of
the basin. Then the frequency analysis is carried out using Q/Q values. In the present study, Extreme Value -
Type I distribution is used. The canulative density fonction of EVI is expressed as

e

F{X)-e™* Eg..... (51)

here,u and & arc location and scale parameters of the EVI distribution. The parameter u & « were estimated
using index-flood method. The form of the regional frequency relationship can be written as

X4=Q/Q=u+ea Y, ! Eq.....(52)
where Qy is the T-year return period flood.
Q is the mean of the annual peak flood
Y; is the EVI reduced variate corresponding to T- year return period.
The EVI reduced variate can be expressed as a function of return period

Yy =[-In(-In (1-1/T))] Eq.....(53)

6.7.Relationship of Mean annual flood and Catchment Area

The mean annual flood of an ungauged catchment can be determined from a plot of the log of the
drainage area versus the log of the mean annual flood estimated from the observed sequences on Gumble
probability paper.

The relationship can be written as
logQ =logc +alog A Eq....(54)
where Q is the mean annual flood ( Cumecs)

A is the drainage area
¢ & a are the constants of regression
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The equation can be written in its natural form
Q=cA* Eq....(55)

Followh:garethcsomeofﬂ:edistribuﬁomusedfoumlyxingthe&equmcyofﬂnmnualpeakﬂowseries
and in developing the relationship between mean annual flood and catchment area.

6.8. Development of Regional Flood Formulae

The regional flood formula may be developed using the froquency curves developed for different
mcthods and the relation established between the mean annual flood flows and the catchment area. The
regional flood formulae developed using the equation (52) & (55) is shown as below

Q;=CA® Eq.....(56)
where C is the cocfficient of regional flood formulae
C= (uc+ ac)

where Q, is the flood estimated for T year return period ;
C is the regional coefficient of T year retumn period flood to be
estimated from regional frequency curves.
From the above equation, it is evident that the flood estimated for return period T is a function of
regional flood curves developed using the different methods. This equation can be used to compute the flood
for desired return periods of various un-gauged catchment in the region.

6.9.Evaluation Criteria for Selecting a Suitable Frequency Analysis Method

Evaluation criteria for selecting an appropriate frequency analysis procedure can be divided into two
categorics: 1). Descriptive ability, and 2).Predictive ability,

Descriptive ability critcria relate to ability of a chosen model to describe/reproduce chosen aspects
of observed flood peak hydrology. Predictive ability criteria relate to statistical ability of procedure to achieve
its assigned task, with mininwm bias and maximum cfficiency and robustness. However, for this study, only
descriptive ability criteria are considered for the evaluation of the different frequency analysis methods. The
descriptive ability criteria used in the study are :
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a).Avergaeofﬂaerdnﬁwdwilﬁmbetmoompmndmdobwwd values of anmmal maxyman

discharge peak (ADF)
b). Efficiency (EFF)
c). Standard ecror (SE)

a). Computation of ADF Values:
For computation of ADF values the following relationship is used:

P__); tm,-ocl

b). Computation of EFF values :
EFF values are computed using the relations :

¢) Computation of SE values

Eq......(57)

_SEvahmmcanpuad,hnmdimmsiondfumusingthefollowingrdnﬁmships

1 .
SE=,] — RO ,-QRC
Jngm ~ORC,)

where, QRO, = QO;
QRC; = QC/Q
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7.0 Analysis

The annual maximum peak flood series of 34 gauging station are considered for the USGS
homogeneity test. The record of 6 stations are omitted after the USGS homogeneity test since they are falling
out of the USGS homogeneity envelop curves. Then the remaining 26 and 2 gauging station data are used
to develop and test the regional flood frequency curve respectively using the methods discussed in the
previous chapter. These gauging stations data then classified under three groups, 1) medium catchments
(catchment arca less than 5000 Km?), ii) large catchments (which are above 5000 Km?) and iii) considering
all the catchments together as one region. The initial statistical parameters of the data used for analysis are
given in the table. 1.

The data of the following 2 gauging site are used to verify the developed regional relationship.

S1. no Stream Gauging site Drainage Arca
| Tunga Shimoga | 2381 I
I 2 Varad Marol 4901 I
e —

7.1. USGS Homogeneity Test

The USGS homogeneity test is carried out using the data of all the stations. The homogeneity plot
for all 34 station is shown in fig.2. The computational details to arrive at this plot is given in table 2. The
data of each of the 34 sites considered for the analysis were plotted on the Gumble EVI probability paper.
From the plot it is noticed that, there are 6 sites which falls outside the envelop curves, and these stations are
considered as statistically non- homogeneous. Therefore these 6 sites were excluded from the present
analysis,
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Fig.2. USGS Homogeneity Test
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Table. 1. Preliminary statistics of the data used for study.

Slwo | Geuging Site Stream Catchmen | Moan Standard Coefficient of of |
tarca M'/sec deviation Variation Skewness
(km®) (M%/3ec
Karad Krishna 5462 2649.3 911.2 0.3438 0.332
Arjunwad Krishna 12660 3956.5 1213.7 0.3667 0.3213
Koynanagar Koyna 920 987.05 T12.58 07219 0.5634
Warunji Koyna 1690 1586.1 43813 0.276 1.1835
Gokak Ghataprabha 2116 15373 737.19 0479 0.275
Bagalkot Ghataprsbha | 8610 1282 8 52720 0.410 0.1218
Cholchgod Malaprabha 9373 911.70 447.06 0490 0.294
Gotur Himya 1100 786.20 2534 0322 0.5208
keshi

Daddi Ghataprabha 1150 108%9.0 379.37 0.348 0.7912
Bestwad Vedganga 640 469.0% 118.30 0.2522 0.174
Tarewad Panchganga 2423 2196.6 1529.2 0.693 3.892
Yadgeer Bhima 69863 4595 2325 0.566 0.8327

13 Wadakbal Sina 12092 1148.1 729.79 0.6356 0.8862 ||

14 Takali Bhima 13916 3657.1 1858.7 .508 1175 !!

15 Shirdon Doddahalla 630 112.25 123.29 1.09 2093 "

16 Konkangaon Borinala 1640 420.65 549.72 1.366 2713

17 Bori-omergaon Bori 2640 44927 314.33 0.699 09102

18 Jewani Kanga 1920 6784 603.02 0.888 1218

19 Dhond Bhima 11660 3551.8 1283.3 0.3613 0.0867

20 Narasingpur Bhima 22856 4023.0 1816.3 0.4515 0.973

21 Sarathi Nira 7200 1427.4 704.15 0.4532 0.908

22 | Khanapur Malaprabha 540 470.5 180.41 0.383 0.845

|| 23 Chichalgod Himakesh: 1175 570.% 22697 0.397 2,302

24 | Yamsgardi Vedgangs 655 77336 31174 0.403 1.021

25 Kongana Dudhganga 603 735.74 421.57 0.572 2.502
halli

|£__‘ Kudachi Krishna 18417 6766.0 1803.4 0.266 1.131
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Table.2. Computational details of Homogeneity test.

SLNo Qi Q' Qn Rev.Q,, Reduced variate
1 3772.64 1.492 4330.72 3.00
2 5640.10 1418 6809.72 343
3 202538 2.009 172631 1.76
4 219132 1.375 272847 37s
5 272763 1.701 2747 .42 228 18
6 2004.37 1.555 2207.32 272 20
7 1547.47 1.586 1671.07 261 20
R 1158.82 1.460 135915 3.17 9
1806.94 1.449 2135.31 323 10
1006.07 1.669 1032.26 236 0]
4038.80 1.888 366293 1.92 I3 ||
7798.14 1.687 7916.83 231 27
214535 1.864 197047 196 27
7544 .48 1.826 7072.77 202 26
297.68 2337 218.14 147 12
16 912.89 2.381 656.43 144 12
17 895.16 1.960 782.06 1.82 12
18 1546.27 2.231 1186.64 1.55 12
19 5301.04 1.484 61135.59 3.04 21
20 6220.29 1.692 6294.38 230 2
21 2421.31 1.653 2507.74 2.40 24
22 723.56 1.529% 810.51 283 21
23 872.14 1519 983.36 287 22
24 1199.42 1.541 1332.50 278 21
25 1182.11 1.847 1095.83 198 12
26 9285.79 1.366 11633.96 3.83 20

confidence band are shown in fig 3 to 28.

The EVI probability plots for all the 26 sites considered for analysis along with lower and upper 95%
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7.2. Development of Regional Frequency Curves

The annual maximum peak flood data were used for development of regional frequency curves of
Krishna basin based on the fittings of different methods to the sample of Q,/ Q values.

i) Index flood method
The probability density function used in this method is
Qp 1
~fect(-1n (-1n (1-3))) Eq...... (60)

0 r

the parameter u and ¢ were estimated using the index-flood procedure.

ii) Extreme Value - I distribution
The probability density function of the EV] distribution is
O wa(-n(in(1-1y)) Eq..... (61)
o r
The parameters of the density function were estimated using the method of probability weighted moments.

iii)General Extreme Value Distribution

The parameters in the probability density fimction of gencral extreme value distribution were
estimated using the method of probability weighted moments( Rakesh Kumar and Singh 1994).

iv) Wakeby Distribution

Thcnwdndofpmbabﬂitywdghtedmmmhasbemmedwmmemgimﬂpmof
the wakeby distnibution. The probability density function of wakeby distribution is given below

Or rea (1-(1-FY® -c(1-(1-F) %)) Eq...(62)
e

whechTistheﬂoodmtimatedforTywrehn'npuiod,m,a,b,canddmthcwakebypm.

56



7.2.1. Medium catchments

In this case, 15 catchments having catchment area less than 5000 sq.km are considered for
developing a relation of Q,/Q interms of the regional parameters of the respective methods. The growth
factors (median ratio) were estimated for different methods are given below ;

Index-Flood method

3:'-0.768540.401'!, Eq......(63)
Q

32552 | 3.532 |

PWM Based EVI distribution

Using the probability weighted moments approach, the parameters of EVI distnbution were
cstimated. The regional relationship for the evaluation of growth factor using this method is developed and

given as

P 0.749.0.435 Y,
Q Eq.....(64)

The growth factors evaluated for different return period using Eq (64) is tabulated below

200 500 1000

3.753

b
~a
w
=)
w
o
=]
NE
w
'Y
h
I
=

PWM based GEV Distribution

The regional parameters for the GEV distribution were estimated using PWM method and the

equation for the growth factors is given as

57



Zr2.38 (-lntl-—;) )0-1%% _1.659 Eg......(65)
Q

The growth factors evaluated for different return periods using Eq (65) are given below

2.6985 | 3.196

PWM based Wakeby distribution

The regional relationship developed for growth factors using PWM based wakeby distribution is
given below,

Qr
—T-0.045 + 0.439(1-(1-F)*6-99%).9,279 (1-(1-P) 0055
) ( Eq.....(66)

Eq (66) is used to estimate the growth factors corresponding to different return periods which are tabulated
below

7.2.2. Large catchments

In this case annual peak flood series of 11 catchments having catchment area more than 5000 sq.kom

were considered for regional frequency analysis. The relationships developed using different methods along
with growth factors for some specific return periods are given below;
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Index-Flood method

-Q—_r-O. 780.0.382Y

o
Eq......(67)
Return 2 5 10 20
period
Q 0.925 - 1.323 1.586 | 1.838
PWM Based EVI distribution
al'
-=s0.780.0.382Y Eq.......(68)

2537 2803 |3.153 ) 3418

PWM based GEV Distribution

2 9.972(1n (1-—11-,)‘°-°”) -9.199 Eg.....(69)
o

1.9318 | 2.321
PWM based Wakeby distribution
Qr
—+0.255¢0.328 (1-(-F)5+25%.9,538 (1- (1-F) ©-0%2
> Eq.......(70)
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7.2.3.Considering all the catchment as a single region

Index Flood Method

In this case, all the catchment of varying catchment area were considered for the analysis. The
relation of Q,/Q is obtained for Index-Flood approach with the correlation coefficient of 1.0

2 5.7712.0. 39547 Eq.....(71)
0

The growth factors for various retum period for the region are given below.

PWM Based EVI1 distribution

2 0.764.0. 408 Eq.....(72)
0

PWM based GEV Distribution

3_’-3.69(-1:1(1-%)“"“’)-2.943 Eq....(73)
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PWM based Wakeby distribution

fé-o. 178.0.348 (1-(1-F)*-1%5-236.878 (1-(1-F) ©-002
o Eq......(74)
Return 2 5 10 20
period

Growth 0.854 |1.289 {1619 | 1949
factor

_ e~ " =

7.3.Development of Relationship between Mean Annual Peak Flood and Catchment
Area.

The relation between mean annual peak flood (Q) and the catchment area (A) has been developed
using lincar regression approach; wherein the mean annual flood and the catchment area were plotted(
Fig.29,30,31) taking the log of catchment area on X-axis and log of mean annual peak flood on Y-axis.

7.3.1. Medium catchments

The relation between at site mean annual peak flood (Q) and the catchment area (A) for the medium
catchment area is given below. The correlation coefficient for the equation is 0.6

logQ -3.898.0.386loga or the equation in its natural
form is

Eg.....(75)
0-49.3340-306

The regression coefficients, absolute T values and standard error for the equation is given below

Regression coeffici Value of coefficient

Ina 3.898 1.696 2,289
0.386
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7.3.2. Large catchments

The relationship between the mean annual peak flow (Q) and the catchment area considering the
large catchments is developed as

logQ -1.6432.0.641510gA

the above equation in its natural form can be written as

0-5.17a°%¢ Eq....{77)

The correlation coefficient of the equation is 0.56

Value of coefficient

1.6432 0.623 2613

0.6415 2.357 0.272 I

7.3.3. considering basin as whole

The equation obtained for at site mean annual peak flow and catchment area with the correlation
coefficient of 0.784 is given below

log0-2.878:0.521610gA Eq......(78)
or the equation in its natural form
Eq.......(79)
0-17.78A0:%2

Mregudmcoefﬁdm,ﬁmudmmddwabmhmTvduuoﬂheequﬁmmgimbehw.

Value of Coefficient | T value Std. Error I

2.8780 4279 0673 |
0.5216 6.339 0.082

The correlation coefficient of 0.784 implies that only 78.4% of the initial variance has been sccounted by
considering the catchment as independent variable.
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The mean flood for all the station were computed using regional formula for the mean flood. The
floods for different recurrence intervals are estimated using the regional mean. These are tabulated in tables
3,45, respectively for medium catchments, large catchment and considering the basin as whole. A plot of the
nmvalueofthcobsavedmnualpcakﬂoodsaiesvcrsusmemﬂoodvaluecsﬁmatedushgtherelaﬁon
mentioned above is shown in fig 32,33,34. The plots show the more scatteredness of the estimated mean
values, It indicates that, the estimated mean flood values not only depend on the catchment area but on other
physiographical parameters as well,

Table.3.Mean Fiood flow estimated using regional flood formula (Eq.75) for medium catchments.
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Table.4. Mean Flood flow estimated using regional flood formula (Eq.77) for Large catchments.

SLNo Gauging station Catchment Arca Observed Computed mean
KM? Mean flow flow

cumec cumec
1 Karad 5462 2513.88 1274.66
2 Arjurrwad 12660 3956.51 218297
3 Bagalkot 8610 1280.60 1705.66
4 Cholchgod 9373 1436.93 1800.1%
5 Yadgeer 69863 459324 651341
6 Wadakbal 12092 1016.54 2119.717
7 Takali 33916 4097.05 4301.56
8 Dhond 11660 3551.79 207098
9 Narasingpur 22856 3645.80 3186.03
10 Sarathi 7200 1453.57 1521.18
11 Kudachi 18417 6766.0% 2774.79

Table.5. Mean Flood flow estimated using regional flood formula (Eq.79) for Considering the basin as

whole.
I 8LNo | Gaging  station Catchment Arca Observed Computed mean I
KM Mesn flow flow
GAlmec clumec f
1 Koyna nagar 920 987.05 1562.82
2 Warunji 1890 1586.11 2416.58
3 Gokakfalls 26 1590.09 618.16
a Gotur 1100 786.2 1413.44
s Daddi 1150 1236.24 1766.50 Il
6 Bestwad 640 595.08 3405.90
7 Tarowed 2425 2108.45 3577.84
8 Shidron 630 124.46 1032.61
9 Konkangeon 1540 37428 1059.58 I
10 Bori- Omerga 2640 922 75425 |
1 Jewani 1920 674.11 1632.29
12 Khanapur 520 47048 £1470.00
13 Chickalgudd 1175 57091 4147.44
14 Yomagardi 655 77336 754338
15 Konganshalli 603 630.63 74739 “
16 Karad 5462 2513.38 1301.79
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17 Arawad 12660 3956.51 1715.78 ||
18 Bagalkot 8610 1280.6 142641 Il
19 Cholchgod 9373 1436.97 4060.84
20 Yadgeer 69863 459324 6000.00
21 Wadakbal 12092 1016.54 307032
2 Takali 33916 4097.05 668.67
23 Dhond 11660 ISS1.79 1072.88
24 Narsingpur 22856 3646.8 764.45
25 Sarati 7200 1453.57 728.64 n
26 Kudachi 18417 6766.09 5293.69 ﬂ

7.4.0. Development of Regional Flood Formula
The forms of the regional flood formula developed for Krishna basin are given below.

7.4.1. Medium catchments
1)Based on Index-Flood Method

The formula for estimating the flood at different recurring interval using the catchment area is
Qr=(37.93 +I9.73 (-In(-In(1-1/T)))) A** Eq.....(80)
ii) Based on PWM EVI distribution

The formula for estimating the fiood at different retur period using the catchment area and the estimated EVI
parameter is

Q;=(36.94 +21.45 (-In(-In{1-1/T)))) A®* Eq.....(81)
1ii) Based on PWM GEY distribution

The cocficient of the GEV estimated using PWM are

-0.155 0.721 0.369
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Using thesc estimated parameters together with the coefficients of a and b of the regional relationship
betwommcanmnudpcakﬂowandcawhmcntmthmﬂnrdaﬁmfm%isobuimdas

Qr = (117.43(-In(1-1/T))*'** - 81.87)A%* Eqg......(82)
iv) Based on PWM Wakeby Distribution

The estimated regional parameters of wakeby distribution are

The relationship established between Q; and catchment area for medium catchment is given below

Qr={2.219 +21.65 (1-(1-F)!*%5 . 457.7 (1-(1-F)°%5%)} A0 Eq.....(83)

7.4.2. Large catchments

i) Based on Index-Flood method

The relation between flood Q; versus catchment area is as follows
Qr = (4.136 + 1.8095 (-In(-In(1-1/T))) A% Eq....(84)

1i) Based on PWM EVI distribution

The relation between Q; and the catchment area with the estimated regional parameters is
Qr=(4.032 + 1.974 (-In(-In(1-1/T))) A*** Eq.....(85)

tii) Based on PWM GEYV Distribution
The regional parameters of GEV distribution is estimated using the method of probability weighted moments,
The values of the parameters are shown below

k
-0.037

u
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The relation between Q. and the catchment area obtained using these regional parameters is given below
Qr = (51.56 (-In(1-1/T))*%" - 47.56) A** Eq.....(86)

iv) Based on PWM Wakeby Distribution

The regional parameters of the wakeby distribution were estimated using the method of probability moments
and are tabulated below

A relation was developed using these regional parameters and the catchment area to estimate the flood at
different return periods. The relation is as follows,

Qr = { 1.318 + 1.695(1-(1-F)** + 49.31(1-(1-F)°%} A0 E.....(87)

7.4.3. considering basin as whole
i} Index-Flood Method

The equation for estimating the flood at different return period using the catchment area is
Qy=[7.03 (-In(-In(1-1/T))+ 13.71) A% Eq.....(88)
ii) Based on PWM EVI distribution

The equation for cstimating the flood at different recurring interval using the catchment area and the
computed regional parameters is

Qr=[13.58+ 7.254 (-In(-In(1-1/T))) A°* Eq......(89)

ii)Based on PWM GEYV Distribution

The values of the regional parameters estimated for the GEV distribution and the regression coefficients are
given below

.
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using these values, the regional flood formula was obtained for Krishna basin as
Qp = [65.60 (-In(1-1/T)1 - 52.35] * A°%? Eq.....(90)
iii) PWM based Wakeby Distribution

The estimated values of regional wakeby parameters are tabulated below

A regional relationship of Q; and the catchment is established using these estimated wakeby parameter and
the regression coefficients obtained by relating the mean annua) peak flood and the catchment arca. The
regional flood formula is given below:

Qr = [(3.16+6.16(1-(1-F)*'%) - 4211.54(1-(1-F)*%2) A0 Eq........... (o)
The regional formula has been used to estimate the floods for various return period.

7.5. Evaluation of the methods used for analysis.

In order to evaluate the methods used for the present analysis, the values of ADF, EFF and RMSE
have been estimated for all the methods. The values of ADF, EFF and RMSE for all the methods under
different cases namely, i) medium catchments, it) large catchments and iii) considering the basin as whole are
given in table 6,7.8, respectively.

Table.6(a). ADF Values for different methods for medium catchments.

Catchment EV1 GEV WD INDEX SREV1 SRGEV RWD
Koynanagar 0.393 0.388 0.281 0.669 0.602 0.662 0.668
Warunji 0.052 0451 0.040 0.204 0.246 0236 0237
Gokak 0.066 0.051 0.046 0.102 0.069 0.138 0.134 |
Gotur 0.067 0.066 0.065 0.138 0.179 0.164 0.163 l
Daddi 0.051 0.048 0.051 0.158 0.201 0.191 0.18%
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0.108 0.107 0.088 0.124 0.148 0.11% 0.106

0.320 0.408 0.194 0.350 0.348 0.376 0328

1.376 0.350 0.199 1.964 1.752 2077 1.983

1.062 0.302 0399 1.074 0571 L1t 1.048

0.195 0.143 0.097 0338 0.289 0332 0.335

0479 0.304 0.0 0.839 0.758 0.824 0.931

0.089 0.091 0.093 0.085 0.103 0.095 0.075

0.038 0.038 0.038 0.498 0.141 0.123 0.125

0.071 0.071 0.038 0.159 0.193 0.174 0.176

0.111 0.113 0.052 0.131 0.161 0.162 0.140

Table.6(b). Efficiency Values for different methods for medium catchments.
_ ___

Catchment EVI GEV WD INDEX SREV1 SRGEV RWD

l Koynanagar 0.926 0.922 0.938 0.827 0.385 0.872 0.863

Warunji 0.946 0.946 0.946 0378 0.820 0.329 0374

Gokak 0.938 0.962 0.965 0.967 0941 0.853 0.845

Gotur 0.914 0.921 0911 0.769 0.456 0311 0.268
Daddi 0.96% 0.968 0.958 0.750 0.452 0.360 0316 I

Bestwad 0.930 0.932 0.93% 0919 0.909 0910 0913

Tarewad 0.720 0.877 0.907 0.639 0.711 0.784 0.791

Shirdon 0.959 0.985 0.987 0.694 0.779 0.813 0318

Konkangacn 0.854 0.883 0.897 0.603 0.681 0.719 0.730

I Bori 0.916 0.835 0.925 0.843 0.889 0.868 0.867

I Jowani 0.958 0.946 0.0 0.752 0.839 0.346 0.348

0.902 0.949 0.954 0.913 0.831 0.832

0.967 0.970 0.923 0.783 0.652 0.637

0.540 0.986 0.818 0.726 0.709 0.694

0.931 0.925 0.889 0.776 0.678 0.684
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Table.6(c).RMSE Values for different methods for medium catchments.

[orboen ]

EVI GEV WD INDEX | SREVI SRGEV | RWD
Koynanagar 193.0 198.9 177.7 295.6 2406 254.7 2632 I
Warunji 102.0 101.9 101.9 345.4 455.7 505.6 5135
Ookak 201.5 158.2 153.1 147.8 197.8 4 3190
Gotur 7429 71.91 75.59 1217 186.8 2104 2168
Daddi 68.83 70.05 7929 194.3 2878 310.7 321.5
Bostwad 76.25 79.02 1265 81.75 87.04 86.34 24.79
Tarewad 8474 561.0 487.7 961.4 861.2 749.4 7296
Shirdon 277 1471 14.01 67.47 5731 52.56 51.95
Konkangson 153.4 137.5 129.1 253.1 227.1 213.1 208.8
Bori 9137 106.5 36.03 1244 104.8 114.0 114.6
Jewani 108.6 140.4 0.0 300.1 2489 2367 2354
Khanapur 179.0 2199 1583 149.9 206.9 2882 2578
Chickalgudda 2828 3262 14 $0.09 84.03 106.4 108.7
Yamagardi 66.94 55.14 2720 96.90 118.7 122.5 125.5
I! Konganahalli 80.07 87.16 85.46 103.7 147.6 176.4 1753
Table.7(a) ADF values for different methods for large catchments
= -
EVI GEV WD SREVI | srRGEV |mNDEX |RwD
0.069 0,063 0.069 0.114 0.110 0.085 0.113
0.049 0.044 0.044 0.135 0.135 0.102 0.138
0.088 0.065 0.061 0.082 0.090 0.083 0.09
0.093 0.097 0.046 0.093 0.094 0.096 0.096
0.078 0.076 0.048 0.090 0.091 0.109 0.089
0.112 0.097 0.126 0.250 0.264 0316 0.257
0.107 0.072 0.064 0311 0.106 0.132 0.109
Dhood 0.083 0.068 0.041 0.101 0.102 0.078 0.107
Narsingpur 0.237 0.231 0.134 0.307 0.326 0.350 0.326
Sarathi 0.185 0.063 0.067 0.146 0.135 0.137 0.137
Kudachi 0.035 0.035 0.032 0.174 0.171 0.138 0.173

76




Table.7(b) Efficiency values for different methods for large catchments.

Catchment EVi GEV WD INDEX SREV1 SRGEV RWD
Karsd 0920 0.903 0.924 0912 0.797 0.776 0.774 I
Arjunwad 0917 0.954 0.958 0.807 0.570 0.529 0.515
Bagalkot 0.908 0.967 097 0.944 0.880 0.856 0.855
Cholchgod 0.877 0.920 0.979 0.925 0.877 0.854 0.853
Yadgeer 0.966 0.958 098 0.956 0.971 0.966 0.968
Wadakbal 0.957 0.935% 0.963 0.865 0911 0911 0913
Takali 0.938 0.986 0.985 0.837 0.901 0915 0.914
Dhond 0.981 0.960 0.984 0.895 0.767 0.733 0.726
Narsingpur 0.949 0.952 0.958 0.942 0.955 0.947 0.949
Sarathi 0.833 0.966 0.968 0.715 0.796 0.813 0.814
Kudachi i 4,971 0.969 0.958 0.634 0.297 0.262 0.241

Table.7(c) RMSE values for different methods for large catchments
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Table 8(a). ADF values for the methods used for analysis considering the basin as whole.

78

Catchment EVI GEV WD INDEX SREV1 SRGEV | RWD
Karad 0.069 0.068 0.069 0.123 0.137 0.128 0.127
Asjunwad 0.049 0.044 0.044 0.146 0.162 0.162 0.167
Koynanagr 0.393 0338 0.284 0.681 0.663 0.700 0.702
Warunji 0.02 0.051 0.040 0.199 0218 0212 0.214
Gokak 0.066 0.051 0.046 0.108 0.099 0.140 0.134
Bagalkot 0.088 0.065 0.061 0.074 0.087 0.103 0.103
Cholchgud 0.093 0.097 0.046 0.092 0.096 0.099 0.113
Gotur 0.067 0.066 0.065 0.134 0.153 0.145 0.146
Duddi 0.051 0.048 0.051 0.153 0.174 0.109 0.170
Bestwad 0.108 0.104 0.88 0.120 0.123 0.108 0.101
Tarewad 0.320 0.408 0.194 0.335 0.365 0.385 0354
Yadgoer 0.078 0.076 0.043 0.084 0.080 0.084 0.097
Wadakbel 0.112 0.097 0.126 0.226 0.209 0.237 0230
Takali 0.107 0.072 0.064 0.097 0.094 0.083 0.084
Shirdon 1376 0.350 0.199 2.007 1.199 2.188 2.080
Konkangoan 1.062 0302 0.399 1.096 1.093 1.780 1118
Bori-omerga 0.195 0.143 0.097 0.348 0.337 0.360 0.353
Jewani 0479 0.304 0.0 0.854 0.839 0878 0.869
Dbond 0.083 0.068 0.041 0.114 0.127 0.129 0.135
Narasingpur 0.237 0.231 0.134 0.264 0.259 0319 0.283
Sarathi 0.089 0.091 0.093 . | 0.086 0.089 0.090 0.083
Khanapur 0.038 0.035 0.038 0.093 0.11t 0.100 0.101
Chckalgod 0.071 0071 0.035 0.154 0.164 0.152 0.154
Yamagardi 0.113 0.113 0.052 0.129 0.141 0.145 0.135
Kooganahslii 0.185 0.063 0.067 0.144 0.155 0.121 0.125
Kudachi 0.035 0.035 0.032 0.181 0.20 1 0.193 0.194




Table.8(b).Efficiency values for the methods used for analysis considering the basin as whole.

——
Caichment EVI GEV WD INDEX SREV1 SRGEV | RWD
Karad 0.920 0.503 0.924 0.837 0.722 0.640 0.633
Arjunwad 0.917 0.954 0.965 0.644 0.427 0280 0.282
Koynanagar 0.926 0922 0.938 0.882 0.363 0.859 0.856
Warunji 0.946 0.546 0.546 0.408 0151 | 0033 0.006
Gokak 0.938 0.962 0.965 0.965 0.950 0.907 0.906
Bagalkot 0.908 0.967 0.970 0.914 0.839 0.753 0.741
Cholchgud 0.877 0.920 0.979 0.911 0.847 0267 0.755
Gotur 0.921 0311 0.969 0.783 0.588 0.515 0.483
Daddi 0.968 0.958 0.930 0.766 0.594 0.552 0.521
Bestwad 0.930 0.932 0.936 0919 0.925 0932 0.936
Tarewad 0.720 0.877 0.507 0.636 0.697 0.743 0.354
Yadgeer 0.966 0.958 0.986 0.977 0.970 0.943 0.94 I
Wadakbal 0957 0935 0.963 0.913 0.932 0922 0.926 l
Takali 0938 0.936 0.985 0879 0.919 0.953 0.953
I Shirdon 0.959 0.985 0.987 0.688 0.749 0.772 0.778
I Konkangoan 0.854 0.883 0.897 0.598 0.654 0.679 0.668
BoM 0916 0.885 0.925 0.839 0.869 0.802 0.864
Jewani 0.968 0.946 ne 0.747 0.80 0.813 0.816
Dhond 0.391 0.960 0.984 0814 0.687 0.568 0.546
Narsingpur 0.949 0.952 0.958 0.264 0.954 0.921 0.926
Sarathi 0.935 0.902 0.949 0.955 0.932 0.897 0.896
Khanapur 0975 0.967 0.970 0.930 0.854 0.773 0.785
Chickalgod 0.913 0.941 0.986 0.825 0.793 0.797 0.787
Yamagardi 0.934 0.931 0.925 0.895 0.336 0.793 0.799
Konganahalli 0.333 0.966 0.968 0.356 0814 0.358 0.862
Kudachi 0.971 0.969 0.958 0.722 0.075 0.02 0.098

79



Table.8(c). RMSE values for the methods used for analysis considering the basin as whole.

Catchment vn ] GEV WD INDEX SREVI SRGEV RWD i
258.0 2847 250.7 368.3 4812 547.2 5529 H
Arjurwad 350.1 360.8 2623 726.9 918.8 1030 1049
Koynanager 193.0 198.9 177.7 299.9 2629 2673 269.3
Waruni 102.0 1019 101.5 377.0 403.8 4308 4369
201.5 158.0 153.1 1514 182.4 2478 2488
Bagalkot 159.4 95.76 91.2 154.3 2111 1 2611 2674
Cholchgod 149.0 1202 61.1 126.5 1659 205.2 2104
7429 71.41 75.59 118.0 162.6 171.0 182.1
63.83 70.05 79.28 188.1 2475 260.1 268.9
Bestwad 76.25 74.92 72.65 819 79.0 74.88 7267
Tarewad 8474 561.0 487.7 965.5 3816 £10.9 2017
| Yadgeer 4259 477.7 272.8 353.6 4022 5559 569.9 H
| Wadakbal 1519 186.0 140.5 216.0 1914 204.8 198.5
6416 303.1 32 896.9 7335 559.4 559.1
| Shirdon 24.77 14.1 14.01 68.07 61.07 58.17 57.43 I
| Konksngoan 1534 1376 129.1 254.6 236.4 227.6 2244 H
Boti-Omeorgan 91.37 106.5 86.03 126.3 1137 | 169 115.8
| Jewsai 1086 140.4 ne 303.5 269.5 260.5 2583
Dhond 4240 2577 159.9 5541 7179 843.3 864.5 I
i Narasingpur 416.9 403.0 818 3513 399.3 522.5 5049
Saruthi 1790 2199 158.3 149.6 1829 226.9 226.2
Khanapur 28.28 3262 L4 4167 68.95 81.99 83.55
Chekalgovd 66.94 55.14 27.20 94.94 103.3 102.3 104.6
Yamagardi 80.07 82.16 85.46 100.9 126.3 141.8 139.8
Kongsnahalli 1724 77.88 75.10 209.5 182.7 158.7 156.6
|l Kudachi 3089 3183 368.6 147.7 173.4 185.7 188.9

From the given tables it may be noticed that the index-flood and PWM based extreme value type-I
distribution methods have yielded good results as compared to other two methods for most of the catchment.
It shows that the flood series in Krishna basin may follow distribution similar to that of the Index-Flood and
PWM based EVI distribution. The results obtained for the other two methods SRGEV and RWD are not so
good, for some of the catchments. The efficiency values for each methods have increased when regional

relationship developed considering only the data of large catchments instead of the catchment of different
sizes.
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8.0 Results and Discussion

The gauging sites at Shimoga and Marol having a catchment area of 2831 and 4901 km? are
considered as test sites to verify the developed regional flood formulae under different cases namely,i)
mediumn catchments, ii) large catchments and iii) considering the basin as whole. The flood estimated at test
sites for desired return period using regional flood formulae are tabulated in table 9 to 16. The gauging
records of the two test sites were used to compute the paramieters of Index-Flood, PWM based EVI]
distribution, PWM based GEV distribution and PWM based Wakeby Distribution, The flood values obtained
from these methods (independently applied on the data of test sites) were compared with those values
computed for the test sites using the developed regional flood formulae. The comparison is made based on
the ratios of absolute difference between observed and estimated flow expressed in percentage are also shown
in table 9 to 16, respectively.

From these tables, it is observed that the flood estimated using the relationship developed between
Q; and catchment area (A} using Index-flood method and PWM based extreme value type-1 distribution for
the medium catchments and the case of considering basin as whole yielded very good result. The ratios of
absolute difference between obscerved and estimated using the regional parameter is very low for Index-Flood
and PWM based EV1 approach compared to the ratios obtained by other two methods for most of the cases.
It is further supported by the low values of (table 6 to 8) ADF, RMSE and higher cfficiency obtained for these
two methods. It is also seen that the results of other two methods considered for the analysis is not so good

for some of the cases and they yielded high ratios of absolute difference between observed and estimated
flood series.

From the results, it is also noted that, estimated ratios of absolute difference of the flood series
computed using the relation developed for the large catchments (catchment area above 5000 ian®) are very
high. This indicates that, the size of the catchment area plays an important role in estimating the regional
parameters and in developing relation between Q; and catchment area(A) apart form the other factors like
flow, morphological and soil conditions of the basin.

The results obtained from the 4 methods for different cases gives a good comparison of the
distributions used for analysis. However, it may be worth to mention that the relation developed between
mean annual peak flow and the catchment area using Index-Flood approach and PWM based extreme value
type-1 distribution for medium and the case of considering the basin as whole yielded very low ratios of
absolute percentage error. It clearly indicates that, the effect of catchment sizes on the form of the
relationships. Here the relative performance of the methods are Judged based on some deseriptive ability
criteria. However, the main objective of the flood frequency analysis is to predict the floods of various
frequencies even on the extrapolation range. For this purpose the performance of these methods must be
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judged based on the predictive ability criteria before recommending a particular method. Also these result
emphasize the need to study the methods based on PWM based GEV and PWM based wakeby distribution
using the field data of varying flow conditions and the size of the catchment area.
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Table.9. Comparision of observed and computed floods for various recurring intervals for test site at
Shimoga.

INDEX Method
Return  Estimated using Flood estimated using Absolute difference
period  actual parameter regional parameters factors
Case] Casell Caselll Casel Casell Casclll

2.00 1220.84 100235 77690 1015.87 18 38 17
10.00 223049 182731 132886 1841.93 18 40 17
20.00 2730.00 214253 153974 215757 22 44 21
50.00 3256.85 2550.55 1812.70 2566.13 24 44 2]
100.00 3756.85 285630 2017.74 287229 24 46 24
200.00 414369 516094 2221.04 2146.15 24 46 24
500.00 4550.19 3571.56 248991 3579.78 22 45 21
1000.00 5121.13 3866.60 2693.12 3883.95 24 47 24

Table.10. Comparision of observed and computed floods for various recurring intervals for test site st
Shimoga.

GEV Distribution

Retum  Estimated using Flood estimated using Absolute difference
period  actual Parameters regional parameters factors

Casel Casell Casell  Casel Casell Caselll
2.00 1091.67 948.65 76156 97920 13 30 10
10.00 2330.28 1877.09 137238 185910 19 41 20
20.00 2703.98 231313 161726 224150 14 40 17
50.00 3503.89 2963.73 1944.06 277930 15 45 21
100.00 4036.89 350026 219645 326146 13 46 20
200.00 4994.00 4033.09 245448 368334 19 51 2
500.00 5462.77 494450 230523 453536 S 4 17
100000 591047 5786.00 307833 489845 2 48 17
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Table.11. Comparision of observed and computed floods for various recurring intervals for test site at
Shimoga.

Wakeby Distribution
Retumn Estimated using Flood estimated using Absolute difference
Period actual parameters regional parameters factor
Casel Casell CaseIll Cascl Casell Casclll

2.00 132677 92434 761.56 945.08 30 42 29
10.00 2105.77 1899.87 137238 179387 10 34 15
20.00 2680.66 234936 1617.26 2159.17 12 39 19
50.00 2540.23 296848 194406 2644.72 16 45 25
100.00 4186.98 3458.00 219645 301199 17 48 28
200.00 4836.94 3966.55 245448 3379.80 18 50 30
500.00 5136.48 4609.27 2805.23 3366.78 10 48 25
1000.00 5989.47 522488 307833 423576 13 52 29

Table.12. Comparision of observed and computed floods for various recurring intervals for test site at
Shimoga.

EVI Distribution
Return Estimated using Flood cstimated using Absolute difference
period actual parameters regional parameters factors
Casel Casell Caselll Case] Cascll Caselll

2.00 1169.91 92951 77005 1013.09 21 34 13

10.00 215340 176740 137186 1865.37 18 36 13
20,00 2305.19 208870 160371  2193.60 9 30 5
50.00 3219.05 2503.20 190001 2611.74 22 41 19
100.00 3720.24 2814.30 2123.50 2927.82 24 43 21
200.00 4277.25 3143.89 234610 324278 26 45 24
500.00 4997 31 3532.68 2639.10 3658.66 29 47 27
1000.00 5536.91 384083 2860.90 3972.51 3 48 28

84



Tabie.13. Comparision of observed and computed floods for various recurring intervals for test site at Marol.

INDEX Method
Return Estimated using Flood estimated using Absolute difference
period actual parameters regional parameters factors
Casel Casell . CaseIll Casel Casell Casellf

2.00 1665.05 1243.08 1100.00 147382 25 34 11
10.00 2820.94 2264.84 1886.14 245047 20 33 13
20.00 3420.94 26542 218583 287093 22 36 16
50.00 4277.24 316047 257353 341384 26 40 20
100.00 4997.31 354780 286371 382102 29 43 24
200.00 5536.91 391669 315388 422672 29 43 24
500.00 6074.53 4414.68 353563 476226 27 42 22
1004.00 6783.83 4790.08 382569 516695 29 44 24

Table.14. Comparision of observed and computed floods for various recurring intervals for test site at Marol.

GEV Distribution
Return Estimated using Flood estimated using Absolute difference
period actual parameter regional patameters factors

Casel Casell Caselll Casel Casell Case Il

200 180555 117360 1081.02 1304.16 35 40 28
10.00 300636 231489 194798 247550 23 35 18
20.00 3806.36 2854.77 229739 298452 25 40 22
50.00 5166.01 366786 2760.24 370000 29 47 28
100.00 574080  4363.00 311930 428130 24 46 25
20000 6313.50 511393 348629 490241 19 45 22
500.00 7069.06 6220.77 397398 579054 12 44 18
1000.00 7640.10 716470 4371.67 651934 6 43 15
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Table.15. Comparision of observed and computed floods for various recurring intervals for test site at Marol.

Wakeby Distribution
Return Estimated using Flood estimated using Absolute difference
period actual parameters regional parameters factors
Casel Casell Caselll Case]l Cascll Caselll

2.00 1685.70 1150.73 134547 1259.98 32 20 25
10.00 2678.36 235435 244750 2388.50 12 9 11
20.00 3770.66 291039 272194 287535 23 28 24
50.00 5136.44 367732 344924 3520.06 28 33 31
100.00 570020 428280 385642 400838 25 32 30
200.00 624977 4913.48 418984 4498.18 21 33 28
500.00 6955.77  5784.17 474455 514584 17 32 26

1000.00 7473.10 6471.76 510305 5637.11 13 32 25

Table. 16, Comparision of observed and computed floods for varions recurring intervals for test site at Marol.

EVI Distribution
Retum Estimated using Flood estimated using Absolute difference
period actual parameter regional parameters factors
Case]l Casell Caselll Casel Casell Caselll
2.00 1585.50 1178.50 1081.02 1304.16 26 31 17
10.00 2806.35 2324.50 194798 247550 17 30 i1
20.00 3656.85 2864.28 229739 298452 22 37 18
50.00 5166.01 3659.69 276024 370000 29 46 28
100.00 5740.80 433439 311930 428130 24 45 25
200.00 6313.50 5804.37 348628 450241 B a4 2
500.00 7069.00 620590 398398 5790.54 12 43 18
1000.00 7640.10 716470 437167 651934 6 42 4
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9.0. Conclusions and Recommendations

The regional frequency malysis camiod out using annual peak discharge data of Krishna basin under
three different groups yislded the following facts.

1. For the basins having catchment arca below 5000 sq.kms, following equation can be used for the
estimation of quantiles quite accurately (table 9 & 12)

Q= (36.94 +21.45 (-In(-In(1-1/T)))) A*¥

2. For the case of considering the basin as whole, it is seen that the regional coefficients of the EVI
distribution are different than the coefficients obtained for the medium catchments and it is shown below

Q, = [ 13.58+7.254 (-In(-In(1-I/T))) A%

Also the study reveals that, the size of the catchment plays (table 9 to 16) an important role in developing
the regional flood formula. Therefore, a comparative study is nceded to identify most robust flood frequency
method not only based on the descriptive ability criteria but also on the predictive ability criteria.

established as there are only few gauging stations in the basin which falls in this category.

4. It is also seen from the study, the high standard errors associated with estimated mean flow using the
equations 75 to 79, indicates that the mean flow does not only depends on the catchment area ( fig. 32 to 34),
but also on other physiographic characteristics. Therefore it is recommended to carry out a study to develop
regional flood formulae based on the various physiographical characteristics of a catchunent inchading the
catchment area.
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