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ABSTRACT. The return periods analysis of extreme events of rainfall for selected 15 stations of
Krishna river basin have been studiéd and. presented in this paper. The annual one-day rainfall data
for 60-years (1901-60} was used for the study, The rainfall estimates were computed for different
return periods using two different distributions, namely, Gumbel’s distribution and Fisher & Tipett type
II distribution. Return- periods corresponding to highest recorded rainfall were interpolated for both
the distributions. Results show that while Gumbel's distribution seems to indicate . very high return

‘periods of extreme events, the Fisher & Tipett type-II disriibution provides lower cstimates of the

recurrence interval. As rainfall events are randomly distributed in nature, the return periods of out-
liers should also be determined with reasonable accuracy. The present study shows that the rainfall
estimates for different return periods as obtained by using Fisher & Tipett type I distribution techni-
que are much higher than those obtained by using Gumbels technique. It is suggested that Fisher &
Tipett type I distribution may be preferred for evaluating the return periods of extreme rainfall

events {0 Gumbel distribution.

1. Introduetion

In the design of water-way engineering structures -

the twin factors of safety and economy are both
important as in other engineering structures. By safety
of the structures, it is implied that the structure should
be able to withstand the rainstorms in the catchment
or over the site itself in a given period. While safety
takes precedence over all other considerations, it is an
indication of the technological progress to design a
structure in an optimum cest benefit ratio. The return
period estimates of the maximum rainfall likely to
occur are used by the hydraulic engineers for the
design purposes. The optimum design of a structure
,is made by striking a balance between a calculated
risk on estimated return periods of rainfall and the
constraints on the availability of funds. The maximum

» rainfall estimates for specified periods can be made

by using suitable extreme value distributions (India
" Met. Dep. 1972).

Rao and Krishnan (1958) applied Gumbel’s and
= Jenkison’s methods for the determination of maximum

(531}

probable rainstorms. They applied the above methods
of the data of Damodar river catchment for the period
1891 to 1950. They computed rainfall estimates for
various return periods for the rainstorms of 5 to 7 days.
The comparison of the results by two methods showed
marked difference between the computed and observed
frequencies. They suggested that all rainfall amounts
rather than extreme values should be considered while
evaluating probabilities. Harihara Ayyar and Tripathi
(1971) studied the heaviest rainfall over India re-
corded in relation to return period, For the purpose,
50 stations all over the couniry and 50 years one day
annual maximum rainfall data were utilised and apply-
mg Gumbel’s distribution to the series the return
period values for the extreme events were computed
by them. The return periods of the extreme events
pregsented by above authors vary from 21 to 2883
years; they did not discuss the implication of this wide
range, and left it to the users to decide appropriate
methodology for selecting the design value. This gives
rise to an under-estimation of the rainfall in a given
return period for design criterion endangering the
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Fig. 1. Locations of stations used in the study
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stations for different return periods
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safety of structures. The reason for low value is that
Gumbel’s extreme value distribution does not estimate
outliers, within reasonable degree of accuracy.

Dhar and Kulkarni (1970) estimated one-day rain-
fall estimates for different return periods in Uttar
Pradesh. They selected 226 stations in plains of Ultar
Pradesh and computed the 2-year and 100-year return
periods rainfall estimates. They presented generalised

. chart of 2-year one-day rainfall. The ratios of 100 to -

2-year rainfall estimates were worked out for the dis-
tricts in UP. However, the problem of outliers was not
d’scussed.

In the present study, an attempt has, therefore, been
made to estimate the rainfall values for different return
periods, by two extreme value distributions, namely
Gumbel’s distribution and Fisher & Tipett Type-1I
distribution. The annual rainfall series were tested for
the outliers. If the extreme value exceeded 3 times
the median value of the data set, that value was
treated as off-shoot or an outlier (UK, Flood Report
1975).

2. Data used

The input variate for the study has been taken as

the one day annual maximum rainfall, Fifteen stations
in Krishna river basin (Fig. 1) were considered. and
60 years (1901-60): rainfall data have been utilised.

3. Return period analysis

The probability density functions used for the esti-
mation of return periods corresponding to the extreme
rainfall recordded over a station, are given below :

(a) Using Gumbel distribution

Let Xy, Xopeooivnnonn... X, be the extreme value
annual series of one day rainfall over the station.
Gumbel’s distribution (1958) is given by :

P ~exp[ e ] )

where the parameters « and v may be estimated using
the method of moments as suggested by WMO (1981)
leading to relation. :

a=1/0.78s )
and

U =x—0.58/a (3)

Here x and s are the mean and standard deviation
of the extreme rainfall series. :

The rainfall estimate xp for a given return period
T may be computed by :

Xp = u +yrfa )
where yp is the reduced variate given by
yr=—log log. [T [(T—1)] )

(b) Fisher and Tipett type II distribution

_The type II distribution is also known as log Gumbel
distribution (Flood Report 1975). The density function
of x is given by

F(x) = exp [~-E"a G- u)] (6)

and where z = log x. The parameters « and u are
estimated by method of momer.ts. These are :

a=1/0.785 . (7
and
U=2z—0.58 a (8)

where z & s are the mean & standard deviation of fhe
log of rainfall series.

The rainfall estimate x; for any given return period

T may be computed by :

Xy = antilog (4 + yp/ «) \ &)

where yp is given by Eqn. (5). The rainfall estimates
as computed from Eqn. (9) for various return periods
are given in Table 1. The return periods of highest
recorded rainfall as estimated by this technique are
shown in Table 2. '

4. Standard errors of quantiles estifnates

_ From Eqn. (4) we find that x7 is a function of mean
x and standard deviation s :

xXr =xg (X, §)

It is asymptotically normally distributed with variance
(Flood study Rep. 1975) given by

{ oxT 2 - GxT 2
var Xgr = | —— 3 - pant.
7 ( o ) var x - (as2 ) var s2 4

0 0 —
+ 2 (—ax?T) (éj_zT) cov (x,s2)

where the partial derivatives are evaluated at the expec-
ted values of x and s2 and are given by :

oXp _, 9xr _ (—0.454-0.78 y;) 0 78

ax 952 2

The variance and covariance terms are given by :

- 1
VAl X = 5 gty
4.40

2 = e
VSt = 08 i

—— 1.14
A e (N D

The moment ratios ;/,3/@23/2 & u4fps? are the co-
efficients of skewness & kurtosis Wwhich are 1.14
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TFABLE 1

Return period estmates of rainfall (mm)

S. Station x-25yr x-50 yr x-100 yr x-150 yr x-200 yr x-500 yr
No. ‘ ey Aoy — A N - A P . A §
G T-11 G T-11 G T-H G T-1I G T G T-II
{ Nagpur 203 211 228 270 252 330 266 370 276 402 308 521
2 Chanda 194 214 217 260 238 315 . 252 353 - 261 382 290 492
3 Seoni 230 255 260 31e 289 399 306 454 318 498 357 667
4 Aurangabad 146 168 164 208 181 258 191 292 159 319 221 423
5 Hyderabad 132 143 148 173 163 209 172 234 178 283 197 325
6  Belgaum 182 194 205 240 228 296 241 335 251 365 - 281 482
7 Poona. 119 130 132 156 145 187 152 207 158 234 175 283
3 Kurnoo! 109 121 121 146 133 176 140 196 145 211 161 270
9  Bellary 132 150 147 185 168 227 in 256 178 278 198 364
10 Bijapur 14 147 139 i85 154 233 162 266 168 292 188 394
11 Hanamkonda 189 212 215 273 241 352 256 407 466 452 300 530
12 Chitradurg 128 152 143 189 159 236 167 268 173 293 193 391
13 Ahmednagar 153 185 171 231 190 288 200 328 204 359 231 480
14 . Raichur 126 49 141 185 155 230 164 260 170 284 189" 3717
15 Sholapur 141 159 157 195 173 238 183 267 189 250 211 31
G — Gumbel's estimate T -TI — Fisher & Tipett type 11 x — Rainfall estimates
TABLE 2

Return period values of the exfreme events

Highest ' Gumbel’s method .
S. Station rainfall Date parameters Type-1f parameters
No. (mm) P 2 oS g A —
: Mean >  St.Dev. s R.P, value z § R.P. value
(mmy) {mm) (y1) (mm) (mm) 1)
1 Magpur 315.0 12-6-1911 112,03 44,36 652 2.022 0.158 88
2 Chandrapur 249 .4 14-9-1959 112.46 63.71 141 2.018 0.153 44
3 Seoni 281.9 2-8-1912 120.61 53.68 88 2.044 0.178 35
4 Aurangabad 245.1 29-1891 85.45 45.73 1648 © 1.877 0.170 87
5 Hyderabad 190.5 1-8-1954 74.16 28.32 380 1.843 0.152 74
6 ‘Belgaumi 279.4 10-7-1975 95.35 42.23 485 1.945 0.168 85
7 Poona 149.1 14-9-1892 69.89 23.80 130 1.821 0.144 43
8 Kurnool 200.1 9-9-1888 §3.45  22.24 4830 1.777 0.149 164
9 BRellary . 162.3 21.5-1940 74.38 28.06 100 1.841 0.164 34
0 ﬁijapur 176.0 30-7-1964 67.81 27.30 3i8 1.795 0.182 ) 44
11 Hanamkonda . 304.8 29-9.1%08 91.84 47.44 585 1.916 0.201 70
12 Chitradurg 181.6 21-5-1955 .77 37.63 . 32 1.823 0.175 45
13 Ahmednagar 190.0 18-9-1970 85,07 32.98 102 1.903 0.166 28
14 Raichur ' 170.5 7-10-1975 71.85 26.62 210 1.826 0.171 40
15 Sholapur 191.0 12-8-1940 30,19 29.66 208 1.876 0.160 47
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Standard errer (mm) of the rainfall estimates for different returnlperiods-(){r')

TABLE 3

835

150vrs S.E. 200yrs  SE. 500 yrs

S. Station S.E. 25 yrs S.E, 50 yrs  S.E. 100 vrs S.E.
. No. G T-II G TG TiH G U G T, . G T
1 Nagpur 16,1 294 19.2 430 224 612 243 744 259 853 . 297 1293
* 2 Chanda 4.6 27.6 174 4001 203 567 22,0 688 .23.4  78.6 269 -1i8:2-
. 3 Seoni 1904 380 23,20 UST.L 27,0 83.3 - 293 1028313 --11879. " 35:97 186:4-
4 Aurangabad 1.6 240 139 357 162 5.6 17.6 63.4 U833 731 L QRSEII3iL.
S Hyderakad 104 182 12,4 265 144 375 5.6 454 16.7  51.8 192 718
* 6 - Belgaum 15,5 274 18,6 40,6 21,7 S84 23.5 . TL.7 . .25.0 8250
7 Poona 8.6 5.7 103 225 120 315 13.0 379 13.9 43
8  Kurnool §.0  15.1 9.5 206 111 30,7 f2.8 371 12,9 422 14.8  63.1
9 Bellary 108 207 130 305 153 437 153 534 163 0 613 2000 93.9
10 Bijapur 101 22,6 121 339 140 498 IS} 617 163 716 18.7 13,0
11 Hanamkonda 17.2 359 20,6 554 240 832 261 1046 27.8 ~122.5 31,9  199.6.
12 Chitradurg 101223 120 333 4.0 485 153 597 163 690 18.7 10T.7 .
13 Ahmednagar 11.9 4.4 4.2 6.l 16.6 51.9 18.0 63.6 19.2 3.1 .22.0 H2oa iy
14 Raichar 9.6 214 115 M8 135 461 147 566 156 6530 179 101173
15 Sholapur 10.8 2083 129 3.2 151 M5 164 5420 175 621 200 944
TABLE 4 where yy is reduced variate given by Eqn. (5).. .

Confidence banls of return periods of extreme events

Return period

(""m'""“)\"_'"“ -
S. Station Highest Ix Gumbel Type I{
No. rainfall Median median up- -

. on re- {mm}  {mm) per per
cord up fimit limit
to 1979 (yrs} (yrs)
{mm) o

1 Nagpur* 315.0 1015 304.5 2004 153
2 Chanda 249.4 1006 301.8 307 74
3  Seoni 281.9  107.3  323.4 166 53
4 Aurangabad®*  245.1 70,5 211.% 4122 154
5 Hyderabad 1505 87.7  263.1 820 127
6  Belgaum* 2794 826 2478 1339 147
7  Poom 1491 549  194.7 274 72
8  Kurnool* 200. 1 62.3  187.0 5000 339
9 Bellary 162.3 71.E 0 2434 00 52
10 Bijapur 176.0 65.8  197.4 729 T
11 Hanamkonda* 304.8 857 257.1 1752 17
12 Chitradurga 181.6 67.4  202.2 690 75
13 Ahmednagar  190.0 77.3 2319 195 42
14 Raichur 170.5 67.9  203.8 458 63
15 Sholapur 191.0 77.2  231.7 436 72

« and 4.40. Using above values, var xy can be computed

*For outliers

and the standard error of estimate is given by ;

. 12
S.E. (xg) = %(i A7 4 0.196 ppet-1 .099).»,2) /N

(10)

If xy is estimated from ‘fype' II distribution, theil
the standard error estimate can be computed by : '

S.E. (z7) == i (i,i"/ 0,196 yp - 1,099 yrzf)i""-/ N
where zy is the rainfall estimate, -

5. Results and discussion 'J

5.1. Gumbel distribution. :

The 60 years (1901-60) datd of 15 stations of Krishna
river basin.were analysed by Gumbel and Fisher &
Tipett type . distributions. Rainfall” estimates ™ for
return periods of 25, 50, 100, 150, 200 and. 500-vear
were computed and fisted in Table 1 (foweér ieturn
periods.. not shown). Corresponding’ return "periods of
extreme events on-record -were interpolated "By ‘using
both methods, which may be seen in"Table 2." According
to Gumbel’s estimate, return periods of extreme event
on record -varies from 88 years to 4830 years. Such
a large variation in- return periods of ‘éxtréeme events
on record suggest need for trying an alternative metho-
dology. ' L

As a maftter of fact, the Gumbel’s distribution does
not give correct rainfall estimates for various return
periods for the rainfall series containing outliers. The
outliers were worked out as a value exceeding 3 times
the median of the data series. These outliers are listed
in Table 4. It may be mentioned that 5 out of 5 stations
fell in the category of outliers. The Gumbel’s estimate
of return periods of these outliers varies from 8§ to 80
time of the length of the series. This shows that these
outliers should be treated with an alternative method.
The authors suggest the application of Fisher Tipett
type H distribution for the computation of rainfall
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. estimates for various return periods for those stations
having outliers in the series in order to avoid under
estimation of design rainfall which may otherwise have
serious consequences,

5.2. Fisher & Tipett Type II distribution

Application of Fisher & Tipett type II distribution for
estimation of return periods of extreme events was
made (Table 2). The return period estimates for outliers
varies from 70 to 164 years,

It may be added that the above distributions can be
expressed by the equation :

X = g {l— &t

where k = 0, represents Gumbel’s distribution and
k < 0 stands for type I distribution. Gumbel’s dis-
tribution when plotted is a straight line ft and type
Il is a curve with no upper bound. Perhaps that is why
the return period estimates are very high in case of type
H distribution beyond return periods of 50 years,

5.3. Standard error of estimates

The rainfall events are random in nature and at
677, level of confidence are expected to be within the
im.ts of variate - standurd error, Therefore, standard
errors were computed for extremes under the probability.
density functions given by Gumbel and type II for all
the return periods. These are shown in Table 3. By
using both methods, return periods were also computed
for the rainfall events (extreme on record} for lower and
higher limits of extreme rainfall, ie., variate - S.E.
These are shown in Table 4. The lower limit of the
variates are already covered under the extréeme events
itself and its return period carries no significance for
statistical analysis of extremes. The return period of
upper limit have further gone up in both methods.
The type II values vary from 118 years to 329 years for
outliers and also for significant exfreme.

The fitting of Gumbel and type I distributions have
been shown in Fig. 2. Three stations were chosen taking
mto account highest event, lowest amongst outliers
and & medium event from  series. Graphical repre-
sentation is shown upto a return period of 100-yr only.
From the graphs it can be seen that for lower values
of return periods, say less than 25 years, the estimate
by both methods do not differ significantly. This suggests
that wherever return period values of 25 years
or less are required by design engineers, Gumbel’s

method can be applied safely. Further, the graphs
showed a large and signficant variation for the higher
return periods of 50-vear or 100-year which are most
needed for design purposes. For such return periods
due cognisance should be made of the events on re-
cord and if the highest or 2nd highest event of a series

-corresponds to a very high return period (more than

4 to 5 times the length of the series) Gumbel’s technique
should not be applied. Else, the series may be treated by
type I1 ditribution for high return period estimates of
50-year or 100-year.

6. Conclusions .

The following conclusions can be made from the study:

(1) For return periods of more than 25 vears Gumbel’s
technique does not estimate some highest rainfall
events within acceptable degree of accuracy, for certain
conditions of rainfall occurrence.

(2) If Gumbel’s method shows a return period of an
extreme events on record more than 4 to 5 times of the
length of serxies, type II distribution may be applied to
estimate design rainfall for required return periods
(50 years or more), ‘ )

(3) Test for outliers should be made before applica-
tion of any method for return period analysis.

.
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