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Abstract
Frequency analysis of data on flood and extreme rainfall, for estimation of the peak flood magnitude, is among the most
commonly adopted design procedures in Hydrology. The best fitting among the different available Probability functions, selected
based on analysis of recorded data of 30 — 40 years, is used in estimation of design values of different return periods like 50, 75
and 100 years. The present study has been carried out to test the performance of the ‘best fitting’ functions in estimating design
values of extreme daily, 2- daily and 4-daily rainfall in the region of Western Ghats in Karnataka, for which rainfall records of
over a century is available. The work has been carried out by analyzing 40 years’ data from four stations, and by adopting the
Normal, Log-Normal, the Gumbel and the Log-Gumbel distributions. Commonly used tests of goodness of fit have been used to
select the best fitting function. Peak values of 50, 75 and 100 years are estimated and compared with the observed values. The

results are discussed and inferences drawn.
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1. INTRODUCTION

One of the most important Engineering applications of
Hydrology is the estimation of the Design peak flood, values
of which are used in design of vent ways, and spillways.
When data of flood magnitudes at the site where a structure is
to be located is available, frequency analysis of extreme
events is used for the purpose. Otherwise, design
methodologies developed to estimate flood magnitude from
peak rainfall intensities are used for the purpose. In either
case, extreme values, most generally annual extremes, are
subject to frequency analysis and theoretical distributions are
used to extrapolate peak values of the desired return periods.
Most commonly, data of 30 - 40 years are used to determine
the best fitting theoretical distribution, which is then used to
estimate peak values of the variable for return periods of the
kind 50-, 75-, 100-, 200- years. The assumption that the
theoretical distribution found to fit the available length of
data, also fits the lengthier records, if they were available,
forms the basis for the estimations done in Probability
studies. Hence, there is a pinch of uncertainty involved in all
predictions, however well the theoretical function fits the
available data. Consequently, Confidence limits are attached
to the point estimates and Reliability studies are also taken up
as a part of Frequency studies. However, when lengthy
records are available, it would be indeed interesting to
understand the extent to which the probability functions
perform well in extrapolating peak values. The present work
has been taken up in order to understand this particular aspect
pertaining to the estimation of peak daily and peak multi-
daily rainfall values, which are often used in estimation of
design flood (Ellis and Gray, 1966; Williams, 1983; Putty
and Dayananda, 1996). The Central Water Commission uses
Peak 24 - hour rainfall values of estimation of Peak t-hour
intensities (CWC, 1982, 1986, for example), which is in turn

used in estimation of the peak flood. Since daily rainfall
records pertaining to some stations in Karnataka are now
available for lengths of over 100 years, it is possible to cross
check the estimations done using shorter records. In the
present study records of three stations in Karnataka —
Agumbe, Kottigehara and Ponnampete, situated in the
Western Ghat areas, are used to study the reliability of the
“best fitting” probability functions. Some details regarding
these stations are presented in Table 1. The methodology
used is explained below, and the results and discussions
follow.

2. METHODOLOGY

The methodology used in this work can be summarized into a
series of steps as below:

(1) A 40 year period of data is chosen for probability analysis
from the available length of records;

(2) From the daily data, continuous records of 2-daily 3-daily
and 4-daily values are created and the extreme values of
these data for each year are obtained. Hence, for each set of
data, a forty year length of extreme rainfall record is
prepared. These records are subject to probability analysis.
(3) The statistical parameters required for fitting the chosen
distributions by the Method of Moments are computed. In the
present work the Log-Normal, Gumbel and Log-Gumbel
distributions have been adopted. Hence, the parameters
required to fit these distributions (Putty, 2010) are computed.
The details are shown in Table 2.

(4) Actual probability of the data corresponding to the
various years is computed using the Weibull Plotting Position
formula, by arranging the set of data in descending order.
Then, using the theoretical distributions, the corresponding
theoretical values of the rainfall are computed.
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(5) The theoretical values of extreme rainfall estimated using
the various distribution are compared with the observed
rainfall values by the commonly used methods. In the present
study, scatter diagrams and the test statistics of Coefficient of
Efficiency (CE) and Kolmorgov — Smirnov (K-S) test are
used. The best fitting function, selected based on the results
of the tests, is then adopted for further work.

(6) Extreme values of recurrence interval 50- and 100-years
are estimated using the selected function and tabulated for
being compared with the corresponding actual values
obtained from the complete length of the available records.

3. RESULTS AND DISCUSSIONS

A few scatter diagrams showing the values of extreme
rainfall estimated by the various distributions plotted against
the observed values are presented in Fig. 1. The values of
the test statistics (CE and A for K-S test) are presented in
Table 3 and Table 4, respectively. It is evident from these
illustrations that all the three distributions fit well the data.
However, relatively, the Log-Normal in the case of Agumbe
and Log-Gumbal in the other two, are found to be the better
performing. It is observed that even in the higher ranges of
magnitude these two distributions perform well. Hence the
two are chosen for extrapolation and further scrutiny.

The magnitude of rainfall corresponding to the return
periods of 50- and 100- years estimated using the ‘best
fitting” distributions are presented, along with the observed
in Table 5. It is evident from the information in Table 5 that
in two of the three stations, where Log-Gumbel distribution
is used, the estimated values are 30 to 40% higher than the
observed magnitudes. The consequences are obvious - all
the structures turn out to be over-designed and extremely
safe. But, the question remains - is there justice in assuming
the best fitting function to be the best always?
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Table 1: Rain gauging stations selected for the study

Station District Lat. Long. Data used Record length
for Pr. Anls.

Kottigehara Chikamagaluru 1308 75 36 1958 — 1997 1898 — 1997

Ponnampete Kodagu 12 09 75 56 1955 — 1994 1898 — 1997

Agumbe Shivamogga 1331 75 06 1936 — 1975 1898 — 1975

Table 2: Distribution parameters for the peak rainfall data chosen for Probability analysis.

Daily | 2- 3- 4- Daily | 2- 3- 4- Daily | 2- 3- 4-
Daily | Daily Daily Daily | Daily | Daily Daily | Daily | Daily
Normal | MEAN, | 312.1 | 522.8 | 6935 | 284.6 | 489.0 | 6554 | 799.7 | 1948 | 307.1 | 3914 | 446.7 | 836.6
Dist. Stdev, | 80.3 1234 | 1685 |140.3 | 238.3 | 3141 | 394.0 | 116.9 | 183.7 | 229.4 | 253.9 | 199.2
LNor.- | S, 0.253 | 0.233 | 0.239 | 0.466 | 0.461 | 0.454 | 0.466 | 0.554 | 0.553 | 0.543 | 0.529 | 0.23
Dist Uy 5711 |6.232 | 6513 | 5542 | 6.086 | 6.382 | 6.576 | 5.119 | 5574 | 5.822 | 5.962 | 6.7
Gymb. o 62.6 96.2 | 1314 | 1094 |1858 |245.0 |307.3 |91.1 143.3 | 178.9 | 198.0 | 1554
Dist a 2759 |467.2 | 617.7 | 2214 |381.7 |513.9 |6223 | 1422 | 2244 |288.1 | 332.4 | 746.9
LGum. | oy 0.20 0.18 ]0.19 0.36 | 0.36 0.35 0.36 | 0.43 043 042 |[041 |0.8
Dist ay 5597 |6.127 | 6.405 |5.332 | 5.878 | 6.17 6.36 | 4869 |5.325 | 5578 | 5.724 | 6.59
SKEW | 1.37 0.33 ] 0.26 2.2 2.2 1.7 1.7 2.1 2.0 2.0 1.9 -0.12

Table 3: Coefficient of Efficiency for estimation of rainfall magnitudes

CE test Agumbe Kottigehara Ponnampete

n— daily Daily | 2- 3- 4- 1- 2- 3- 4- 1- 2- 3- 4-
Log Norm. 0.92 096 | 097 | 097 | 093 | 093 | 096 [0.96 |094 |095 |095 |0.95
Gumbel 0.93 095 | 097 | 094 | 090 | 090 [094 |094 | 090 |092 |091 |0.92
Log Gumb. 0.96 092 | 091 | 087 | 098 [ 099 [0.99 |098 |098 |098 | 098 |0.98

Table 4: Values of Smirnov-Kolmorgov statistic (DEL) for various distributions.

Agumbe Kottigehara Ponnampete
Daily | 2- 3- 4- 1- 2- 3- 4- 1- 2- 3- 4-
Log Norm 0.11 006 |006 |004 |0.06 |008 |009 |007 |0.05 |0.06 |005 |0.07
Gumbel 0.09 006 |005 |005 |0.08 |010 |0.11 |0.09 |0.07 |0.10 |0.08 |0.09
Log gum. 0.04 0.07 |007 |0.07 |0.02 |001 |002 |0.01 |0.05 |009 |0.06 |O0.05
Table 5: Values of extreme rainfall estimated by the best fitting functions compared with the observed values
50 years Return | 1-Daily 2-Daily 3-Daily 4-Daily
Period Est Obs Est Obs Est | Obs Est Obs
Kottigehara 855.8 | 538.5 | 14554 | 1050.3 | 1922.2 | 1281.4 | 24035 | 1568.5
(L-G) (L-G) (L-G) (L-G)
Agumbe 582.8 | 562.2 | 820.7 777.1 1102.0 | 1088.4 | 1318.3 | 1232.7
(L-G) (LN) (LN) (L-N)
Ponnampete 703.6 |523.0 | 13195 | 712.7 1382.2 | 944.6 1531.6 | 1102.3
(L-G) (L-G) (L-G) (L-G)
100 years Return | 1-Daily 2-Daily 3-Daily 4-Daily
Period Est Obs Est Obs Est Obs Est Obs
Kottigehara 1103.3 | 869.2 | 18714 | 14534 | 2462.4 | 1809.1 | 3098.2 | 2215.4
(L-G) (L-G) (L-G) (L-G)
Agumbe 669 .0 - 874.5 - 1176.4 - 1405.4 -
(L-G) (L-G) (L-N) (L-N)
Ponnampete 951.6 643.6 | 1495.0 | 1036.6 | 1858.2 | 1308.6 | 2043.0 | 1417.6
(L-G) (L-G) (L-G) (L-G)
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Fig 1: Scatter diagrams (sample) comparing rainfall estimated by probability functions with those observed.
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