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ABSTRACT

Whenever annual peak flow data are available or the historic
recorded annual peak flow data are very short at a site, there are
several methodologies available for the estimation of flood at that
site using flood frequency analysis approach. A number of studies
have appeared to-date which apply some sort of regionalisation in
flood frequency analysis for such situations. Some methods of importa-
nce are the USGS Index Flood Method, parameter regionalisation method,

methods based on regression equations and the region curve method

recommended Tn UK. Flood studies veport.

This report describes the study of regional flood frequency
analysis carried out for the region of subzone 3-d of Mahanadi basin
with annual peak flood series data available at 18 stations for
varying number of years. The following three methods were used for
the analysis: (i) the fndex Flood method,(ii) the method based on
normalisation of peak flood data of different sites with reference to
then respective site mean values and combine these normalized values
to form a single series for regiocnal analysis,and(iii) the method
based on regional parameters of Wakeby distribution and James-Stein
corrected means. Except the first method, the other two are relative-
ly unknown in the area of regional flood frequency analysis. Out of
18 bridge sites where data are available, the data of 15 sites were
analysed and the data of remaining 3 sites were kept as independent

data for verifying the results obtained from the analysis. The study
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indicates comparable performance of the later two methods with that
of Index-Flood method in estimating the peak floods of ungauged

catchments. However, further studies are warranted on these two

methods .




1.0 INTRODUCTION

Reliable estimates of the magnitude and frequéncy of occur-
rence of floods are essential tc the proper design of hydraulic stru-
ctures across rivers as well as to the delination of flood risk areas.
One of the commcn method of estimating the design flood for the design
of bridges and culverts especially in small catchments, is by the
use of frequency analysis of annual peak flood data recorded at site
under consideration. “Flood frequency analysis for a river basin site
with a long record can be based almost exclusively on that reccrd alone.
Unfortunately many of the streams in small catchments have not been
gauged or very scanty data are available at the site. When only a
short record or no record is available at a site, the need for proce-
dures for augmenting site specific hydrologic information with regional
information arises in order to improve wupon or stabilise site specific
estimates or to make inference at ungauged river basin sites. The
need for such procedures is particularly great in the estimation of
extreme hydrologic events where a combination of limited site data and
need for inference in the tails of probability distributions unite to

destabilise such estimates.

In regional frequency analysis, attempts are made to define
a region that is hydrologically homcgeneous in terms of the character-
istics being studied. Then hydrologic data from several locations withir
this region are combined for regional frequency analysis. There are
many ways that regional studies can be made. Some methods of importance
are the USGS Index-Flood method (Dalrymple,1960), parameter regionalis-
ation method (USWRC,1977), methods based on regression equation({Benson,
1962), and the region curve method recommended in U.K.flood studies

report (NERC,1975}.




This report describes a case study of regional flood frequeny

analysis carried out for the region of Mahanadi basin(subzone 3-d}

with annual peak flood series data available at 18 bridge sites for

varying numters of years. The following three methods were used for

the analysis:

{1)
(i)

(ii1)

The Index-Flood method

The method based on normalization of peak flood data

of different sites with reference to the respective site
specific mean values and combine these normalized values to
form a single series for regional analysis.

The method based on regional parameters of Wakeby distribution
and James-Stein corrected means. Except the first method,

the other two are relatively unknown methods in the area of
flood frequency analysis. It may be inferred from the
study that the later two methods are comparable with that
of Index-Flood method in estimating the peak floods of vérious
return periods at ungauged catchments indicating that further

studies are warranted on these two methods.

Review of relevant literature in the area of regional flood

frequency analysis, description of the methodologies adopted, data

used, analysis procedure and discussion of results are presented in the

following sections.




2.0 REVIEW

During the first two decades of the twentieth century, the
data acquired with the expansion of stream gauging activities were used
to advantage by the early practioners of statistical methods{Jarvis,193€;.
This made it possible to relate the peak discharge with the correspond-
ing return period of T-years. Given the QT value, the fiood correspo-
nding to T-year return period, the prediction of flocd flows for
flows for ungauged river basins within the same region may be approached
in several different ways. For example, separate equations may be

derived relating QT to catchment characteristics for each return

period:

0 = o -1 e (1)
where A,B,....P are characteristics of the catchment, rainfall etc.,
which affect the peak flow and c,m,n,..... r are constants. The work

of Benson(1962) on the floods corresponding toc nine return periods in
the north-eastern states of America, and of Rcdda (1969) on those
associated with 4 return periods in England, Wales and Scottland provide
redady examples of tnis approach. Alternatively, one of the meost
widely used methods of regionalizing ficod estimates is that deviced by
the U.S.Geclogical Survey{USGS) and reported by Dalrymple(1960). The

USGS methed involves the preparation of two graphs:

(i} A curve based on Gumbel EV-1 distribution showing the variaticn
with return periopd of the ratio between the T-year fiood and
the mean annual flood obtained from graphical fitting of Gumbel

EV-1 distribution.




(ii} A plot relating the mean annual peak flood of all the sites to

the size of the drainage area of the corresponding sites.

The USGS method has been applied in many parts of the world in which
the catchment area is adopted as the sole independent variable, relating
to the mean annual flood as:

G=cAl _ ' o (2)
Where § is the mean annual flood by the graphical fitting of Gumbel
EV-1 distribution to the given annual peak flood series; A, the catch-
ment area, and ¢ and m are constants. The form oOf the first curve, which
is often referred to as the regional growth curve, may be expressed
graphically following USGS practice (Cole,1966) or by means of equa-
tions similar in form to equation(1) relating the coefficient of
variation of observed floods (Nash and Shaw,1966) or the guotient of
the T-year flood and the mean annual flood(Gunter,1974) to catchment
characteristics.

The regional flood frequency analysis for the British Isles
reported in the Flood Studies Report (NERC,1975), employed a similar
approach to that described by Darymple (1960). However, the procedure
for estimation of region curve and the relationship between mean
annual flood and catchment characteristics is different in the case of
method recomrended in U.K. flood Studies Report from that of USGS
methods.

An application of the Probability Weighted Moment(PWM) technique
of parameter estimation to regional flood frequency analysis was
proposed by wWallis (1982). The method proposes to combine regicnal
and site specific information by simple averaging and scaling. Moments
of the reg'omal  distripution are obtained by simple averaging of the

respective probability weighted mements at each site. The regional
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quantile estimate is then obtained by scaling at site estimate by a
regional estimate of the mean. This methodology appears to work well
for situations where reccrds are extremely short;and streamflow obser-
vations are highly skewed and highly kurtotic.

Perumal and Seth (1985) have suggested a regional analysis
approach in which the annual peak flood data of each gauging site is
normalized with reference to the mean annual flood and based on the
assumption that normalized series of different gauging sites are the
realizations from a single population. These normalized samples of
different length are combined to form a single series. Analysis is
performed on this series to estimate the ncrmalized floods of required
return periods. The mean annual flood is related to the catchment

area as adopted in the Index-Flood method.

Singh and Seth{1985) have suggested the use of Wakeby distribution

for regional freguency analysis. In this method, the regional parameters
of Wakeby distributions are estimated using the probability weighted
moments technique and the catchment area is related with the James-Stein
corrected mean ( as quoted by Wallis,1982). The regional parameters
of Wakeby distribution and James-Stein corrected means are used to
estimate floods of different return periods. The results obtained in
this study indicate good perfcrmance of the procedure adoied for

regional frequency analysis.




3.0 STATEMENT OF THE PROBLEM

The main objective of the study is to develop regicnal
relationship based on frequency analysis of annual peak flood series
recorded at various gauging sites of a hydrologically homogeneous
region, for use in estimating floods of desired return period at
river sites of the same region where no annual peak flood series data

is available.




4.0 DESCRIPTION OF THE STUDY AREA

The subzone 3-d, Mahanadi basin for which sufficient annual
peak flood values are available for small catchments was selected as
the study area. The subzone 3-d covers an area of 1,95,000 sq.km.
and is located between longitudes of 80° -25' E and 8? E and latitudes
of 16) - 15" N and 23%35'N. It comprises part of Madhya Pradesh
Orissa and Bihar States and it is traversed by South-eastern railway
system, Figure 1 shows the extent of the subzone, railway lines and
location of bridge site concerned with this study. The drainage

areas of these sites vary between 17 sq.km. to 1150 sq.km.
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FIG. 1- BRIDGE SITES LOCATED IN SUB ZONE- 3d, MAHANADI BASIN




5.0 DATA AVAILABILITY FOR THE STuDY

The annual peak flood series data are available at 18 bridge
sites of this zone. These values were computed based on observed peak
stage values and the respective stage-discharge curves. Data in
respect of years, for which observed peak stage values were missing,
have been obtained(Gupta,198) using the correlation between peak
stage values of the concerned site and that of the nearest site for
which annual peak records for long period are available. The available
and estimated data of 23 annual peak flocd series of each of the 18

sites have been presented by Gupta (1983).




6.0 METHODOLOGY
The fcllowing three procedures/methodclogies were used in this

study for regional freguency analysis of flood data:

i) The Index-Flood method

ii) The method based on normalization of peak flood data of different
gauging sites with reference to the respective site specific mean
values and combine these normalized values to form & single series
for regional analysis using power transformation.

111) The method based on regional parameters of Wakeby distribution and
James-Stein corrected means .The description of each procedure is

given below:

6.1 Index-Flood Method
Basically, the Index-Flood method(Dalrymple, 1960} extrapolates
statistical information ¢f runoff events for flood frequency analysis
from gauged catchments tc ungauged catchments in the vicinity having
similar catchment and hydrologic characteristics. The Index-Flood
method for estimating design flood of ungauged watersheds consists of
eight sequentiai steps:
1. Select gauged catchments within the region having similar character-
istics to the ungauged catchments.
2. Determine time base period to be used for study.
3. Establish flood frequency curves for data at each gauging site
using Gumbel EV-I distribution probability paper.
4. Estimate the mean annual flood,02_33 at each station.
5. Test homogeneity of data
6. Establish the relationship of mean annual flood and catchment

characteristics, usually drainage area at each station.
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7. Rank ratios of selected return period floods to the mean annual
flood at each station, and

8. Compute median flood ratio for each of the selected return period
of step(7}, multiply by the estimated mean annual flood of the
ungauged catchment and plot versus recurrence interval on Gumbel
probability paper.
The end resuit of these eight sequential steps is a flood frequency

curve for an ungauged catchment.

6.1.1 Selection of gauged catchments
The first step is to select gauged catchments in the vicinity of
the ungauged catchments having similar characteristics. Although the
similarity would include characteristics such as average elevation,geology,climate,
soil structure etc., the measure of the similarity will be determined
by the runoff data in the homogeneity tests (see section 6.1.5)described
by Dalrymple(1960), as the runoff from a catchment is the integrated
resuit of all the characteristics of the catchment. Since the effect of
one or a ccmbinatioin of several characteristics of a catchment on
runoff is not well defined nor quantified, it is reasonable to look only

at the statistics of the runoff event to determine homogeneity.

6.1.2 Base period determination

Befcre the homcgeneity of the data can be tested, a time tase
period of the analysis must be established. The time;base reriod', is
the longest period of record during which data from each gauging site is
utilised. However, missing data poses problem in determining the base
period and this problem can be sclved using ccrrelation techniques.
6.1.3 Flood Frequency curves

Having established the base period, Flood frequency curve using

11




the ranked annual maximum series and the correspcnding plotting position
is developed by plotting these pcints on the Gumbel EV-I probability
paper. Care should be taken not to incorporate the estimated missing
flood data for developing the frequency curve. These missing flood data
nave been usec cnly for assigning the plotting pcsition to the observed
peak floods according to their rank énd not directly used in developing
the frequency curve. The data are plotted on Gumbel probability paper
with the ebscissa being the probability of non-exceedence or exceedence
or the reduced variate of EV-I distribution and the ordinate being the
magnitude of observed peak floods. Gringorten plotting-position as
recommended in the Flood Studies Report{NERC,1975) has been used for
plotting the observed peak floods or the Gumbel EV-1 probability paper.
The Gringortan plotting position for a giver protability of non-exceedence

is given as:
p.__ 1044
N+ (3.12

.. (3)

where, i is the rank c¢f the flood and N is the sample size.

A straight line 1s drawn through the plotted points. The suita-
bility of the streight line, fitted fcr the cbservations plotted on
Gumtel probability paper by eye jucgement as envisaged by Dalrymple, is
checked by constructing 95% confiden:e interval for each of the individual
predicted value by the fitted relationship. The lower and upper confi-

dence interval respectively are given by the expressions{an, 1977).

Q@ =0 -sa F(1- #/2), (n-2) (4)
k1 k Qk E « ..
ak - g + S5 Ll o2y, (n-2) ...(5)
u k .
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Where t(1-“¢2),u+2) s the value obtained from t-distribution correspo-
nding to the confidence limit of (1-«) and (n-2) degrees of freedom, and
ﬁk is the predicted value of flcod, Q for the given reduced variate of
Gumbel EV-1 distribution. 6K1 and ELu respectively are the liﬁer and
upper level of confidence limits. Sdk is the standard error of Qk which

is expressed as (Haan,1977):

2 2]1/2 ...(6)

Sak =S[ 1+ t/n+ {yk - yk} / (‘yk-yk)

in which S is the residual standard deviation,yk is the reduced variate
of Gumbel EV-I distribution ccrresponding to the kth observation and 7k
is the mean of the reduced variates of all observations at a gauging

site.

6.1.4 Determination of mean annual flood
The mean annual flood, which is the Index-Flood, is estimated
from the flood frequency curves, determined in step(3) as the flow

having an average return period of 2.33 years.

6.1.5 Homogeneity test

The ratio of the 10 year flood tc the mean annual flood is the
statistic to be used to measure homogeneity of the runoff data from the
gauged catchment. The 10 year flood, which is eguivalsnt  to the flood
magnitude having a probability of non-exceedence of 90 percent, is
estimated from the flood frequency curves. Each 10 year flood should be
divided by the mean flood to get the 10 year ratio and an average of
these ratios should be obtained. For each station of the region the
return period corresponding to a discharge equal to the average flood
ratio times the mean flood and the length of record in years is computed.

If this recurrence interval falls within the envelope curve developed

13




by USGS (Dalrymple,1960) for homogeneity test, the data is regionally
homcgeneous, and applicable for the analysis. If the return period is
not within the domain of the envelope curves, the data is not regignally

homogeneous and is eliminated from the analysis.
6.1.6 Relationship of mean annual flood to catchment area

The mean annual flood of an ungauged catchment can be determined
from & plot of the log of the drainage area versus the log of the mean
annual flood estimated from the developed frequency curve on Gumbel
probability paper using observed floods at gauged catchments of the
region.

6.1.7. Regional flood frequency relationship

Following the test for homogeneity and determining the relation-
ship between mean annual flood and catchment area,. the estimates of peak
discharge for selected return periods for each gauging site are ccmputed
and they‘;re divided by the respective site specific mean annual flood.
The estimated flood ratios corresponding to each selected return period
for all stations are to be ranked in ascending or descending order and
the median flood for that recurrence interval is noted. Similarly, the
median flood ratios for ail stations can be computed. These median flood
ratios are plotted on the Cumtel EV-1 distribution probability paper and

this plot forms the Megiondl figod frequency relationship.

6.2 Method Based con Power Transformation

In this method, the annual peak flood series of all the gauging
sites of homogeneous region are normalized with reference to the site
specific mean annual flood, and flood frequency analysis was carried out
on the series cbtained after combining the normalized series of each

site. Power transformation is used for transforming the combined flood

ratio series to near normality (Box and Cox,1964). The flood estimation
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procedure for ungauged catchments using this methodclogy involves the
following steps:
1} Select gauged catchments within the region having the similar

characteristics to the ungauged catchments,

2} Estimate mean annual flocd from the observed floods at each
station |
3) Compute the normalized flood series at each gauging site by

dividing the observed floods by the corresponding site specific mean
value,

4) Test homcgeneity of data, based on the USGS method using the
mean annual floods of all gaugiry  sites computed from observations
instead of 02.33,

5) Establish the relationship between mean annual flood ang the
catchment area,

6) Combine the normalized flood series of all the gauging sites to
form a single series and transform them to near normal distribution
using Box-Cox transformation.

7) Perform fiood frequency analysis on this transformed series and
estimate the normalized flood ratio of desired return period. Multiplication
of these ratios by the mean annual flood estimated from step(5) for any

ungauged site gives the flood of desired return period.

6.2.1 Determination of mean annual flood

It is computed as the simple arithmatic mean of the observed
floods at a gauging site.
6.2.2 Homogeneity test

This method also uses the same technique as the USGS prodedure

except the observed mean annual flood is used, instead of mean annual

fl00d(Q2_33) computed based on Zumtel EV-1 distribution.

15




6.2.3 Relationship of mean annual flood to catchment area

The mean annual flood of an ungauged catchment can be determined
from a plot of the logarithm of the drainage area versus the logarithm
of the mean annual flood estimated from the observati® of each gauging

site which belong to a hydrologically homcgeneous region.

6.2.4 Regional Flood frequency relationship
The variates of annual peak flood series of each site are divided
by the site specific annual flood to arrive at the normalized series.
This series is assumed independent of catchment characteristics and
therefore the normalized series of all the gauged sites are ccmbined
together to form a series assumed to be derived from a single populatiom.
This combined normalized series is power transformed to near normalization
using Box-Cox transformation-method (Box and Cox,1964}.
The power transformation is achieved using the transformation formula

which 1s given as:

when » £0 L./

Z. = 1In (Qi) when A=>0 .../D

Where Qi is the observed flood corresponding to ith observation and Ais

an exponent.

TheZ; series Is considered to be a near normglized series for thata
which reduces the coefficient of skewness (Cs)to nearly zero. The
estimate of required return period flood is made in the transformed
demain first and then the corresponding estimate in the original domain

is arrived by inverse transformaticn as:

16




ap = @r+ 1A (8)
where,

7 _ = Estimated variate in the transformed domain with T-year

T
return period,
Q 1= Estimated variate in the original demain with T-year return
period
Using this procedure the flood ratios for any desired return period may
be estimated and the flood of same return period at any ungauged site can

be arrived at by multiplying the flood ratio by the estimated mean annual

flood for the given catchment area.

6.3 Method Based on Wakeby Distribution and James-Stein Corrected
Means

In this method the Wakeby distribution is used for regional
flood frequency analysis. The average values of normalized probability
weighted moments are estimated from the normalized probability weighted
mcments computed from the annual peak flood series of different gauging
sites. The regional parameters are estimated using the algorithm
suggested by Landwehr et al (1979) based on these averaged normalized
values of probability weighted moments. A regression relationship 1is
developed between the computed James-Stein corrected means and the
respective cafchment areas. This relationship is then used to estimate
the James-Stein ccrrected means for the ungauged catchment. Using this
James-Stein corrected means and the regional parameters of Wakeby
distribution the floods of desired return periods for an ungauged
catchment are estimated. The regional frequency analysis is carried out
using this method in the following steps:

1) Select gauged catchments within the region having similar char-
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characteristics to the ungauged catchments,

2) Compute James-Stein corrected means for each of the gauged
catchment after arranging the flood series at each site in
ascending order,

3) Test homcgeneity of the sites,

4) Estimate the regional parameters of the Wakeby distribution,

5) Obtain the relationship between James-Stein corrected means and
catchment area,

6) Using the regional parameters of Wakeby distribution obtained in
step(4) and the James-Stein corrected means, obtained using the
relationship of step(5), estimate the flood of desired return

period for the ungauged catchment.

6.3.1 Estimation of regional parameters of Wakeby distribution

A random variable, say flood Qp, s said to be Wakeby distributed,if;

b

Q=m+a(1-(1-F)°) - ¢ 1-(1-F)'d] -..(9)

p
where F=F(Q)=P( Qg Qp),
and a,b,c,d and m are the parameters for Wakeby distribution.
The regional parameters of Wakeby distribution are estimated

based on the cencept of probability weighted marent which is defined as:

Mj,k ﬁﬁj;_—‘ g) QPi,j (F) (1-Fi,‘].)k ... (10)
where,
J= 1.2,....,NS
k=20,1,2,3,4

Mj K= kth order probability weighted mcment for the Jjth gauging
U site

NS=  Number of gauging sites

N(j) = Number of annual maximum peak floods at jth gauging site

18




QP‘ = ith item in the sample of annual maximum peak flows at jth gauging
1,J  sites, and
Fi,j = The probability of non-exceedence for the ith item in the sample

of annual ma;imum peak flows at the jth gauging site and it is
evaluated using the plotting position formula (Landwehr,1979)

_ (i-0.35)
Fiog® TROT -1

The probability weighted mcments as expressed by equation(10)

are normalized after dividing them by zero order probability weighted
moment, which is the sample mean. Therefore, the normalized probability

weighted moments may be expressed as:

YMad g (py (-7,

C_ist Py +J

Mg = TETR T — ...{(12)
5 Pi,
=1

The average values of normalized probability weighted moments may
be estimated using the equation:
1 NS
- [}
M= 1 J_% M K ...(13)
where AMk = the averagé value of normalized probability weighted moments
of the order k

A special algorithm suggested by Landwehr et al (1979) is followed
for estimating the regional parameters of the Wakeby distribution using
the average values of normalized probability weighted moments obtained

from equation (13).

6.3.2 Estimation of James-Stein ccrrected means
The James-Stein corrected means are estimated using the following
expressions:

JSMJ = SUM + ({ 1-AJ*BJ)*(XBJ-SUH1)) ... (14)
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NS oNG)

p.
st = > 5 I .. (15)
J=1 i=1 N(j)*NS
_ (NS - 3.0)
AJ' = J T ---(16)
Sum2
° N{JJ*SUM3 ()
se = 5 M3 g g, (18)
J=1 i=1 DI;J J
1 N(J)
o) 3 o -+ (19)
i=1 Pi,;
NS
SUM3 = 5 (x8; - SUM? )2 ... (20)
j=1

where, JSMj= James-Stein corrected means for jth gauging site, and

Estimates from equation(15) to (20) are required to corpute James-

Stein corrected means for each gauging site using equation(14).

6.3.3 Homogeneity test

The homcgeneity test for this method is mede by testing the
closeness of normalized probability weighted mements of the first order,
computed for each of the site using the observed data. If all site
specific ncrmalized first order probability weighted mcments are not very
much different from the mean of the same, then it may be considered that

all the sites are located in a hydrologically homogeneous region.

6.3.4 Relationship between James-Stein corrected means and catchment area
Simgle linear regression can be carried out between the log of

the James-Stein corrected means of different gauging sites with the log

of the catchment areas of cerresponding gauging sites, in order to develop

@ regional relationship of the form given below:

20




JM, = a(CAj)b c(21)
where
JSMj = James-Stein corrected means, computed using the procedure
described in section 6.3.2, for jth gauging site
CAj = Catcrment area for the catchment of jth gauging site

a and b = Coefficients to be obtained from regression analysis

6.3.5 Estimation of floods for ungauged catchments

The floods cf required return period for an ungauged catchment
cen be estimated using the regional parameters of the Wakeby distribu-
tion and the relationship developed in section 6.3.4. First, an estimate
for the variate.Q'T for T-year return period is méde using the regional

parameters of Wakeby distribution in the following equation:

Qr=mea  [1-(1-F)P] —cl1-(-F ™ .. (22)
where F. = 1_% = P(Q'; ¢ Q'p) and Q' and Q' are the normalized floods
for T-year return period.

Then the value of Q’T can be nultiplied by the James-Stein
corrected means of the ungauged catchment, obtained from the relationship
developed in section 6.3.4 to arrive at the estiméte of T-year return

period flood.

2t




7.0 ANALYSIS

In order to verify the erplicability of the regional frequency
analysis using the methods discussed herein, only 15 bridge sites data
were used for analysis and the preliminary statistics of the Cdata

considered for analysis are given in Table f.

The data of remaining 3 bridge sites were used for verifying the
applicability of regicnal frecuency results. The details of these three

sites are given below:

S1.No. Stream Er.No. Drainage Area(Sq.km.)
1. Lehardonga 59 (KGP) 47

2. Kelo 121 1150

3. Barai 69 173

Although the data at each site observed were for different
durations,Gupta(1982) has adjusted the data base at each site for the
base period c¢f 23 years after filling the missing years data by correl-

ating with nearby sites.

7.1 Index-Flood Method

The homcgeneity of all the 18 bridge sites located in subzone-3d,
Mahanadi basin were tested as discussed in section 6.1.5. The homogeneity
test plot using the data of all 18 sites is shown in Figure(2). The
computational details to arrive at this plot are given in Tables 2 and 3.
The data of each of the 15 sites ccnsidered for analysis were plotted on
the Gumtel EV-I probability paper after rarking the data in order and

assigning the probability of non-exceedence to each of the ranked data




Table 31

i PRELIMINARY SLATISTICS OQF ANNUAL MAXIMUM
FLOOD SERIES DATA CONSIDERED FOR ANALYSIS

Sle srream Bridge Drainage Mean Standard Coefficient gﬁ
NO. No. a(rea (mB/ deviat- varia=- Skeaw-
sq. km. ) sec) ion (m3/ tion ness
sec}
1, nilagarh 12 665 469 210 0.447 0.851
2, Barjhora 48 109 157 178 1.136 2.951
3, Malania 66K 154 314 221 0,721 0.971
4., oildna 176 66 59 52 0.878 2. 209
5. Kolera klo]:} 17 44 23 0.516 0.224¢
&, Kujanjhor 325 21 n 29 0.778 1.113
7. FParri 332(NGF) 225 165 134 0,815 0.973
8. Bigra 698 113 220 131 0.593 0.821
9. Sagar 40K 115 212 204 0.753 1.781
10, Sandyl 85 194 124 71 0.574 0,426
11, Pithakalia 332 (KGP) 175 72 59 0,819 1.967
12. Jetha 59(83P) 136 221 i72 0.7711 1,167
13, Karo 489 823 964 624 0.647 1.544
14, Ahera 154 58 105 T1 0.677 3.446
15. Barjhora 42 49 69 86 1.252 3.665




1000

-8.

RETURN PERIOD YEARS—

UPPER REGIONAL CONFIDENCE LIMIT
—___-_-—'_'—-
o
¢ .
o °°
LOWER REGIONAL CONFIDENCE LIMIT
0 10 20 X &0 50 60 0 80 90 100

EFFECTIVE LENSTH OF RECORD K YEAR —»

FIG. 2- HOMOGENEITY TEST GRAPH.
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Table

2

COMPUTATION OF 10 YEAR RETURN PERIOD FLOMD

RATIOS FOR THE FIFTEE BRIDGE SITES OF
SUBZONE-3d, MAHANADI BASIN

Yo, BT. No. Stream panal  faongT %0

flood :)lo Q2 33=

Q 3 :

2,33 (m”/sec.)

(méfsec)
1 2 3 4 5 6
1 12 Nilagarh 477 748 1.58
A 48 Barihora 160 378 2.36
3. 66K Malania 318 616 1.94
4 176 Sildha 60 126 2,11
5 308 Kolera 44 74 1.68
6., 325 Kujanihor 37 76 2.05
7 332(NGP) Parri 162 353 2,18
8 698 Bisra 207 409 1.80
9 40K Saqgar 287 560 1.95
10 385 Sandyl 128 229 1.79
11 332{KGP) Pithakalia 66 126 1,91
12 59(BSP) Jetha 227 464 2.05
13 489 Karo 997 1921 1.93
14 154 Ahera 131 244 1.86
15 42 Barjhora 59 109 1,86
16 89(KGP) Lchardonga 66 127 1.92
17 121 Kelo 782 14388 1,90
18 69 Barai 218 350 1,60
MEAN & = 1,92




TATLE 3 : COMPUTATIO! OF HLTUSN PUlll0ODS QF PEAK FLOV
FOR TH! FIFTEZEMN BRIDGE STTES OF MANANADI
DASIN ESUBZONE 3-d) USTIG MEAM FREYIENCY

RATIO (@) OF 10 Y143 FLOCDS

3 I = - tod of

Mo, Dt Ho. ?;3;zég?§a YT (yegrs) i:;;gg °

available

{vears)

1 5 3 F:] 5 2
1 12 905,24 3.208 25,16 23
2 43 307.720 1.704 6.01 22
3 66K 610,56 2,218 9.70 23
4 176 115,20 1.967 7.56 23
S 308 84.48 2.833 17.50 20
6 325 71.04 2,0308 8.20 14
7 332(1GP) 311,04 1,884 7.09 16
8 698 435,84 2,496 12,564 16
o 40K 551.04 2.106 9.50 1%
10 3¢5 245,76 2.520 12.06 15
11 332(KGF) 176,72 2.7271 10.19 15
12 5a{B3p) 475,84 2,040 8.077 14
13 4ce 1914,24 2.7237 9.87 14
14 174 751,52 2.357 11.07 13
12 42 113,79 n.377 11,782 12
15 5a(¥nP) 106,72 n,134 0.n6 22
17 171 1501, 44 2,703 10.31 15
1P 50 118,56 3.175 23,29 11




using Grincorton plotting position. [t is to be noted that the missing
data observed by correlation with neighbouring site are used only for the
the purpose of plotting position assignment and not for the development

of frequency curve. The Cumbel probability plots for all 15 sites con-
sidered are shown in Figs.3 to 17 alongwith the 95% confidence bands
developed as per the procedure discussed in section & ©~ . The mean annual
floods 02_33 were estimated for all the sites from *  probability

plots and they were used in the development of the relationship between
catchment areé and mean annual flood by plotting the log of catchment

area with the log of mean annual fiooed as shown in figure 18. The

following relationship has been obtained with the correlation coefficient

of r = 0.842

0.753 ...(23)

02.33 = 4,11 (CA)

From the @mbel probability plots of each site, the floods of 5,10,20
5C,100 and 200 years return period were estimated and the ratios of
these floods to the respective site specific mean annual flood, Q2.33,
were computed. The ratios for 15 sites were arranged in order as given
in table 4 and the medium flood ratios for 5,10,20,50,100 and 200 years
return period were computed. These ratios were plotted in a Cumbel

protability paperand a straight line was drawn through the rlotted
points. This plot showrn in Figure 19 forms the regional frequency curve

for the subzone-3d,Mahanadi basin.

The validity of the regional frequency curve was testec bty estimating
floods of 2,5,10,20,50,100 and 200 years return pericd for the three test
data sites and comparing these estimates with the corresponding estimates
arrived by analysing each of the three test bridge sites data in a similar

way as was dcne for each of 15 sites considered for regional analysis.
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Figures 20 to 22 show the Gumbel probability . plots developed for these
test sites based on the otserved data. The mean annual floods for the
three test bridge sites were estimated from the relationship between
the catchment area and 02.33 given by equation(23). The ratios of 2,5,
10,20,50,100 and 200 years return period floods estimated from &the
regional curve shown in figure 19 were multiplied by the mean annual
floods for arriving at the respective return period floods. The compa-
rison between these estimates and the correspcnding estimates arrived

by individual site analysis was carried out using the following measure;

Qe
ER= X 100 ...(24)

where,ER is the percentage difference between estimated and observed
flood magnitude, Qobs is the given return period flcod arrived from the

direct analysis of the test data and Qestis the same return period flood

arrived using the regional relationship. The results of this analysis

carried out for three test sites are presented in tables 7 to 9.

7.2. Method Based cn Power trnasformtion

The arnial peak flocd series of eack of the 15 sites censi-

dered for aralysis were divided by the site specific mean annual

flocd to arrive at the normalized series. This series was assumed

independent of catchrent characteristics and therefore the normalized
series of all 15 bridge sites were grouped together to form & series

assumed to be derived from a single population. This ncrmalized

series was sutjected to power transformetion analysis as described

in section 6.2 The estimated statistics of the transformed

normalized flocds are given below:

A =(C.24
7=-0.1967
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S,= 0.7217
€S= 0.025
CK= 3.414

where,7, Sz’ CS and Ck are the sample mean, standard deviation, co-
efficients of skewness and ccefficient of Kurtosis respectively of

transformed series. The following regional relationship between mean
annual flood and catchment area has been arrived.

T = 4.142 (ca)0-7484 .. (25)

This relatiorship as shown in figure 23 has a correlation coefficient
&f 0.86., As the estimate for mean annual flood is very close to the
mean annual flocd estimated using the Index-Flood method, it may be
considered that the homogeneity test adopted in the case of Index
flood method is also valid for this method. Accordingly, all the 18
gauging sites were corsiderec as located in hydrologically homogeneous
regicn. The estimated normalizedrflocds for 2,5,10,20,50,100 and 200

years return period  flocds are given in Table £.

Table 5. Estimeted Normalized Floods for Various
Recurrence Intervals

Sl.No. Recurrence Interval Estimated standerdized flood
(Years)

1 2 0.817

2 5 1.479

3 10 1.856

4 20 2.432

5 50 3.066

6 100 3.5539

7 200 4.0504

The validity of the regional frequency analysis using  the
method under ccnsideratior was tested by estimating floods of 2,5,
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10,20,5C,100 and 200 years return periods for the three test sites,
censidering them as ungauged catchments, and comparing these estimates
with the estimetes arrived by aralysing each of the three sites test data.

This ccmparison was carried out as follows:

Using the regional relationship given by equation (25), the mean
annual flood for the three test data sites were estimeted as 74 m3/sec.,
809 m3/sec. and 196 m3/sec. while the same mean annual floods were esti-
mated from observed deta as 65 m3/sec., 753 m/sec., and 214 m3/sec.
respectively. The flood peaks of return periods 2,5,10,50,100 and 200
years were ccmputed for three test data sites by multiplying the respective
flood ratios by the estimated mean annual floods obtained from regional
relationship and were ccmpared with the corresponding estimates arrived
at using power transformation analysis directly on the test
data of the three bridge sites. The comparison is made
based on the absolute percentage difference
between regional relationship based estimates and direct analysis based
estimates as expressed by equation(24). The result of this analysis
carried out for data of three independent test sites have been presented

in tables 7 to 9.

7.3 Method Rased on Wakeby Distribution and James-Stein
Corrected Means

The normalized probability weighted mcmerts of the zeroth,first
second,third and fourth order were ccmpiLted using equation{12) for the
fifteen bridge sites which were considered for regiongl analysis. They
are giver. in table 6 along with the arithmatic average of the respective

moments.
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TASLE 6 : MORUALIZED PROCABILITY “ETSHTED MONDITS
FOi THS 2RIDGE SITES OF SUBZONE-3d,
MAH/HADI BASIY

ﬁi Strean nr. No. Norma&ized nrohabilitv weighted momente
; 7ero First  Second  Third  FBourth
Order order  order order order
1 N4lnmarh 12 1.0 ©.37% 0.718 0.150 0.112
-2 Barjhora 48 1.0 C.2%1 0.121 0.072 0,048
3 Malania 66K 1.0 0.304 0,157 Q.100 0.071
4 Sildha 176 1.0 0.286 0.145 0.093 0.066
5 Kolera 308 1.0 0.350 0.187 0.119 0.084
6 Kujanjhar 32% 1,0 0.290 0.145 0.090 0.063
7 Parri 332(NGP) 1.0 0.276 0.128 0,075 0.049
8 Bisra 698 .0 ¢.334 0.177 0.113 0,08
9 Sagar 40K 1.0 0.308 0.162 0.104 0.074
10 Sandyl 385 1.0 0.337 c.178 0.112 0.077
11 Pithakalia 332(KGP) 1.0 0.303 0,167 0.112 0.084
12 Jetha 59(BSP ) 1.0 0.7289 0,140 0.083 0.0%%
13 Kara 489 1.0 0.329 0.175 0.112 0.079
14 Ahera 154 1.0 0.3959 0.208 0.141 0.104
1% Barjhora 42 1.0 0.281 0.119 0.069 0.04%

AVERAGE NOSMALLZED
PROBABILITY /EIGHEED .
MOMENTS 1.0 0.309 0,162 0,103 0.07M3
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The individual probability weighted moments of the same order are not
very much different from the respective average probability weighted
moments, and from this it may be inferred that all the sites are located
within a hydrologically homogenecus region. The James-Stein corrected
means were estimated as described in section 6.3.2 and their logarithmic
values were related with the respective catchment areas in log dorein
and a linear regression line is fitted as shown in Figure 24. The relati-
onship thus arrived has a correlation coefficient of 0.86 and it is
expressed as:

Y 0.71

Q, m = 2-00 (CA)

is ...(26)

The validity of this regicnal frequency analysis was tested by
estimating floods of 2,5,10,20,50,100, and 200 years return periods for
three test sites using the regionral frequency relationship and comparing
these estimated floods with the corresponding return period floods
obtained by analysing data of each individual test site directly using
Wakeby distribution. The results so obtained have been compared ard the
absolute percentage difference between respective values have been
computed using the equation (24). These results are presented in tables

7 to 9.
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8.0 DISCUSSION OF RESULTS

The floods estimated at three test sites for desired return
periods using the regional relationships of the three methods studied
herein were compared with the flooc estimates of respective methods
applied independently on the test data set for the same return
periods. Tables 7 to 9 show the comparison of estimated and observed
flood peaks for the three test catchments using the parameters
arrived from regional analysis and direct analysis respectively
based on three methods studied herein. The comparison is made
based on the ratio of absolute difference between observed and

estimated floods of the desired return period to that of observed

flood expressed in percentage. If it is considered that bridge

sites Nos.59(KGP),121 and 69 were ungauged, then the estimates
arrived using regional parameters at these sites could be very well
compared with the estimates arrived from direct application of
these three methods studied on the available data at these sites,
barring some exceptions. The exception may be due to the reason
that the observed annual flood series at these sites are only a
single realizatiop,, i.e. & sample of limited size. Therefore,
based on the analysis of a single realization observed at each of
these three test sites, we may not be able to conclude which method
out of the three methods studied herein would be mor~ gujtable for

other regions . since their performance has compared well with



each other. However, if may be mentioned that the Index-flood method
yields less absolute percentage errors and also yields consistent
absolute percentage differences for all the three sites. These results
emphasize need for further study of the methods based on power trans-
formation and Wakeby distribution using field data representing different

conditions of flow, catchment sizes etc.




9.0 CONCLUSIONS

This regional frequency analysis study based on the data of
annual peak flood series at 15 gauged sites, which consist of both
observed and estimsted flood peaks, of subzone 3d,Mahanadi basin brings
out the following:

i) The Index-flood method of USGS yield consistently better regional
estimates than the other two methods.

ii) However, the regional estimates of other two methods are
comparable with that of Index-flood method and so they may be
accepted as possible candidate methods for regional flood frequency
analysis.

iii) Further studies with better data base are necessary to arrive
at definite conclusions regarding the capability of the other two

methods for regional frequency analysis.
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