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SYNOPSIS

Annual flood peak series at 93 stations located all over India have been analysed.
Out of the various frequency distributions available, it is found that GEV type I fits
the data more closely. It is then found that flood with return period 2.33 yr (Q, 33)
is related to catchment area A, catchment slope S, percent arca covered by Forest
AF and P, where, P is 2 yry 45 mt, 3 hr, 6 hr or 24 hr rainfall depending on A/S value.
it'is also found that the coefficient of variation of flood series is related to coefficient of variation of
maximum monthly rainfall series in the catchment.

1.0 INTRODUCTION

The estimation of flood magnitude and its return period is one of the most
important information required for flood management in a basin. Design of various
hydrologic structures such as. spillways, barrages, levees requires a realistic estimation
of flood of given return period.

Flood Frequency Analysis approach is commonly used for estimation of design
flood. When the data record of sufficient length are available,flood frequency analysis
can be based on that record alone. However, historical records of floods are not available
for all the sites of interest in the country and quite often the record -length is not
adequate for the single site frequency analysis. When the data available are limited
or when there is no record available at a site, the regional flood frequency approach
provides reasonable estimate of expected floods. In order to have a consistent approach
for estimation of design floods, it is necessary to develop standard procedure and guide-
lines for deciding about the frequency distribution that the flood series follow and relation
of narameters of frequency distribution with climatic, hydrometeorologic and catchment
characteristics. i

At present some empirical formulae such as those of Dicken (10), Ryves (12),
Inglis (11), Ali Nawab Jang Bahadur (12), the rational formula and envelope curves of
Kanwar Sain and Karpov (12) arc available for the estimation of flood magnitude when
little or no data are available, for any catchment. Because of the limited data on which
they are based and because of the fact that they do not include all the variable on
which flood discharge of given return period depends, these formulae are not expected
to give results with satisfactory accuracy. Use of design rainfall alongwith synthetically
generated unit hydrograph for the catchment can be alternatively used to obtain the
peak discharge when little or no data exist. It may be me=tioned that the results of
such procedure are greatly dependent upon the accuracy of unit hydrograph that will
be used. However, at present enough information is not available so that a reliable
synthetic unit hydrograph can be obtained for any caichment in India.

Keeping the above mentioned points in view, all the available flood data for
different rivers in the country have been analysed using the regional flood frequency
approach. The results of this study are presented herein.

2.0 DATA

Data for yearly flood peaks of scveral catchments were obtained from various
sources , which are listed in reference (1). The length of data for yearly flood peak
varied froin a minimum of 10 years to &3 ycar. In all, flood data were available for
93 catchiments. The data were from small, medium and large catchments from all over
the country. For 43 catchments the data length was twenty years or more; hence these
data were used for flood frequency distribution studies. Since all the flood data used
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in this study have been already analysed by various investigators and also published
else-where, need for reexamination of data for likely error was not felt.

The catchment areas were also available {from the literature. The average
rainfall values having recurrence interval of 2 years, duration of #5 tiinutes, 3 hours, 6 hours
and 24 hours were obtained for all the catchments {from the maps to a scale of 1:6000000
given in the Indian Meterologic Department (IMD) monograph (13) The coefficient of

variation of maximum monthly rainfall CVR for different catchments was obtained

from the Rainfall Atlas oi India to e scale of 1:6000000. The catchment slope was defined
as S = (1/N) LAS;, where S, is the slope of the portion of catchment having area A

The slope for a large number of catchments was available from previous studies made
by the investigator(l). The slope for the remaining catchments was obtained from the
maps given in the National Atlas of India and in the irrigation Atlas of India, to a scale
of 1:6000000. The land usage of four types viz. arable land (AA)’ grass and scrub (AS),

waste land (A, ) and forest land (A.) were found in earlier studies by investigators to
have influence on the hydrologic variables. The data on land usage of several catchments
were available with the investigators from earlier studies; for remaining catchments
the portion lying under each of these types was measured from the maps given in
the Agricultural Atlas of India and in the Forest Atlas of India to a scale of 1:1000000.
It is rcalised that land usage must have changed auring the period of record of data
However, in the absence oi any other information, information available in the Agricul-
tural Atlas and Forest Atlas was considered average over the period and used. The

range of various quantities for the data used in the present study is given in Table
55

3.0 ANALYSIS
3.1 Testing of FFrequency Distributions

The frequency distributions that arc gencrally fitted to the ammual peak flood
data are the 2 and 3 parameter Log-normal, GEV type 1 (Gumbel's distribution) or
GEV type I, PT-3 and LPT-3. Recently (3) five parameter Wakeby distribution has
also been fitted to the annual peak flood series. In addition to these the use of trans-
formations to convert the series to near normal has also been advocated. Howcever,
thee is no single distribution which is in universal use. The five parameter Wakeby distri-
bution is the most flexible distribution but the parameter estimation based upon single
site data is poor even when the probability weighted moment method is used (3). Moreover,
in the regional flood study using Wakeby distribution, five different relationships for
the five parameters of the distribution will have to be developed. In the family of GEV
distribution, the GEV type I or Gumbel's distribution has been most popular. The Log
Normal, The LPT-3, PT-3 distributions have also been used quite frequently. It has
been found that the normalisation procedures applied to peak annual flood spell trouble
Irequently(l).

Therefore, it is worthwhile to make comparative study about the closcness
with which distributions GEV type-1, PT-3, LPT-3, 2-parameter and 3-parameter Log-
normals can be fitted to the annual peak flood series from Indian Catchments.

The computer programme given by Kite (16) was used to test the distributions.
The method ol maximum likelihood was uscd lor estimating the parameters ol all the
distributions.
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The closeness of fit of these distributions to the observed data was evaluated by compu-
ting standard error of the distributions. The standard crror of distribution is defined as

n
2 1/2
Sg = [E55 (x.—y.))/(N—m.)]/ (1)
. i i ]
i=1
where S.. is the standard error of the distribution x., i = 1, ..... n are the standard
events, y. iz l.....n are the event magnitudes computed froimn particular frequency distri-
bution at Iprobabiliti::‘s computed from the stored ranks of x., i l..n and m is the number

of parameters estimated for the jth distribution. The data from 43 catchments having
minimum length of 20 years were used in this analysis. The catchments considered
have been taken from all parts of the country.

A close study of the standard crror of the distribution for the data ol all
the sites was made. It was noticed that for most of the catchments the standard error
for all distributions was nearly the same. It can also be mentioned that for 20 catchments
the skewness of log values were negative; therefore the application of LPT-3 distribution
to these catchments would result in lower estimates of the flood magnitudes.

In order to check which of the distributions fits better to the upper tail of
the data, the standard error fTor cach distribution was computed using the heighest ten
percent values of the series of all catchments. It was noticed that for 33 out of 43
series the standard error was minimum for Gumbel's distribution and in case of remaining
series also the standard error of Gumbel's distribution is not much higher than that
of the other distributions.

It is known that there is a reasonable mathematical basis for the annual peak
flood series to follow the Gumbel's distribution. The Gumbel's distribution has been
extensively used in flood frequency analysis clse where (2, 4, 6, 7, 9, 5). However,
having only two paranetcrs and a constant skewness the Gumbel's distribution may not
be flexible enough to represent adequately a number of flood scquence. Nevertheless,
it remains "a useful model for many f(léod serics, particularly treated in the context
ol single-site or al site analysis., In addition to this, the distribution is a simple one
and the long term data from 43 Indian Catchments reveal that this distribution fits
more closely to them than the others; hence for further investigations only the Gumbel's
distribution with the method of maximum likelihood for parameters estimation has
been used. :

3.2 Relationships for the Parameters of Gumbel's Frequency Distribution

Mean Annual Flood

The flood magnitude having a recurrence interval of 2.33 yrs. i.e. Q 33 becomes
the mean annual flood when the Gumbel's disiribution is fitted to the %‘Iood series.
The values of Q, 33 were computed wusing the Gumbel's distribution with procedurc

of maximum likelihood for the data from 93 catchments. Based upon the review of
literature the following functional relationship was assumed for the mean annual flood.

f oA .8 ;PG F

Qo33 v
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where A is the catchment area, S is the catchment slope, P is the rainfall term , and
FV is the vegetal cover factor. Based on previous hydrologic studies carried out by

investigators, the term FV is defined as follows :
i} a AA + azAS + aBAF +a,A
v T A

W

E

where 2, i = 1,4 are weighting factors. These were determined using the grid scarch

technique. Different sets of values were given to the coefficients a; i = 1,4 and the
correlation coefficient of FV with Q2 33 obtained. The combination of values of these

I 2:.3[‘(10.0

and ag = 1.0. Thus FV becomes equal to the forest area in the catchment as a fraction

weighting factors that gave maximum correlation cocefficient are a, - a

to total area. The other morphometric terms such as' drainage density, shape factor,
etc. have not been included in the functional relationship for mean annual flood because
the authors, earlier investigation (1) had shown these to be strongly interrelated with
A and/or S in case of Indian Catchments. The lithologic variable and/or soil type variables
were also found to be strongly correlated with the vegetal cover and rainfall. The rain-
fall values having recurrence interval of 2 years and duration 24 hour were considered
in the begining of analysis for all catchments. As a first step in the analysis the influence
of various factors on mean annual flood was studies by the simple correlation analysis
and graphical plotting. Table 2 gives the correlation coefficients between the independent
variables and their log-transforms with the dependent variable and its log transform.

Table I : Ranges of Data Used

Sl.No. Variable ‘Abbreviations Range
15 Mean annual flood Q2 33 37.4 |r13/5 to 72915 n|3/s
2. Coefficient of Variation of C 0.15 to 1.3
VF
annual peak flood
3. Coefficient of Variation of Cyr 0.3 to 0.95
maximum monthly rainfall
4. 2 years, 24 hour rainfall qu 65 mm to 200 mm
D% 2 year, 3 hour rainfall b 10 mm to 50 mm
6. 2 year, 6 hour rainfall P6 20 mm to 80 mm
78 2 year, 45 minute rainfall Pys 15 mm to 35 mm
8. Catchment area A 20 km2 to lxlOE’ kr'n2
9. Catchment slope S 0.004 to 0.50
lOO("\F
10. Percent forest area ( ) 1% to 90%
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Table Z : Correlation Coefficients

Variables A/LogA P,,/LogP,, S/LogS Fr/Log Fp
(Q2_33/A) -0.28 0.45 0.59 -0.47
Log(Q,_35/A) -0.84 0.59 0.84 -0.57

As expected the log-transforms have higher correlation coefficients than the
linear ones. Hence for further analysis only log-transforms have been considered. Further,
all other independent variables are strongly correlated with Q,5 33/A. The closeness

of association between the dependent variable Log(Q2 3 /A) and each of the independent
variable after the effect. of other variables on the'd%ependent variable has first been
removed by evaluation of the B -coefficient (14) which is given by

Bl = bl Ui/Ul

where B ., bi and 0; are the B-coefficient, regression coefficient and the standard deviation
of the it independent variable respectively and oy is the standard deviation of dependent

variable. The 8 -coefficients of log-transforms of each independent variable with the
dependent variables were obtained thiough multiple regression analysis (Table 3). A
close study of B-coefficients reveal that the catchment area is the most influential
factor on the dependent variable followed by the 2 years 24 hours rainfall, forest arca
and catchment slope. However, all the independent variables strongly influence 02'.33;

hence none of them can be dropped from analysis withoutloss of accuracy, for further
simplification.

Table 3 : B - Coefficients

Variable A qu S FF

B - Coefficient -0.84 0.71 0.49 -0.45

The equation obtained for Q, ‘33.using all the data is

0.81 P0.69 S0.28 A—f?.ZS (2)

= 0.393 A 24

olgy -+
The multiple correlation coefficient for Eq.2) is 0.95. The comparison of Q,.33

observed and computed using Eq.(2) showed that for 70 percent of the data, error was
less than +50 percent.
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In order to obtain a more accurate relationshipgthe data were divided according
to the catchment area. Establishing different relationships for  small  catchments

(Area £ 500 kmz) medium catchments (500 km2 < Area £ 10000 kmz)J the large catch-

ments (10000 km“ > area),did not result in better accuracy than finally obtained. Then
the data were divided according to the geographical locations. Five divisions of the
country were made based upon geography viz. Northern, Central, Eastern, Western
and Southern India. But this also did not produce relationships giving better accuracy
as compared to the final equation discussed below.

It can be mentioned here that in any flood formula the duration of rainfall
should be slightly larger than the time of concentration for given catchment. From
the consideration. of Manning's equation the term A/S should be proportional tothe
time of concentration. The plot between (Q2 33 observed) / (Q2 33 computed)"using

Eq.(2) with A/S supported this notion (See Fig. 1). It suggests that duration of the rainfall
term in Eq. 2 should vary with the ratio of catchment area to catchment slope. Hence
different values of P were used depending on A/S values. The equation for Q2 33 that
gave best results is as follows : :

03

) 1.03 ,0.74 (0.36 ,-0.30
Q33 = 0485 p 7 AT 5526 A7l .(3)
where,
P = 2 years, 45 minute, rainfall in mm if A/S £ 300
P = 2 years, 3 hour rainfall in mm if 300< A/S < 3000
P = 2 years, 6 hour rainfall in mm if 3000<A/Sg 6 x 10
P = 2 years, 24 hour rainfall in mm if A/S>» 6x 10

A is the catchment area in kmz, S is the catchment slope and A. is the forest

l"."
arca in the catchment as percentage of catchment arca guxIQ? 33Is the nean HoadComparison

of Q, 33 values computed using Eq.(3) with Q.33 observed values revealed that Eq (3) gives

results within +30 percent error for all the data,see Fig.(2).

It can be mentioned here that data used in present analysis are from allthe
parts of the country. Therefore Eq.(3) is having countrywise use. Since the data used
in the analysis are from different parts of the country, the accuracy obtained has been
considered, adequate.

339 Coefficient of Variation

As mentioned carlier, for 43 catchments the flood secries had length of minimum
20 years. The data from these catchments were used for establishing the relationship
for the coefficient of variation of flood series C, .. Since the length of flood series
is more than 20 years the.sarmpling error in the compulation -of CVF should be small.

The coefficient of variation of flood series is found to vary with the climatic
conditions and the catchment area (8,15). Following functional relationship was assumed
for the coefficient of variation of flood scries.




CVF = $4C

A)

VIR?

where C is the coeificient of variation of maximum monthly rainfall series in the
catchment.” The term CVR takes into account the yearly deviations in the flood causing

rainfall. The relationship obtained for CVF is as follows :

-0.06 C1.16 (1)

C = 1920 VR

VF

The coefficient of multiple regression of FEq.4) is 0.96: The comparision of

computed using Eq.(4) with observed values of C,,. showed that Eq.(4) gives resuits

WItﬁin +25 percent error for all the data (See Fig. 3J. As the data used from different
parts of the country the accuracy obtained has been assumed to be satisfactory.

CONCLUSION

Testing of the various frequency distributions viz. 2-parameter and 3-parameter
Log-Normal, GEV type-l, PT-3 and LPT-3 using data from 43 catchrinents having minimum
record length of 20 ycars has shown that GEV type-l distribution can be assumed to
be most closely followed by annual peaks of Indian catchments. The statistical para -
meters of Gumbel distribution viz. mean and the coefficient of variation obtained using
the method of maximum liklihood for 93 catchments have been found to be related
to the catchment characteristics and the flood producing rainfall characteristics, as
shown by Eq.(3) and Eq.(%) which have countrywise applications.
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