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Abstract
Rainfall is a meagre and crucial hydrological parameter in arid and semi-arid region. Junagadh (Gujarat-
India) reels under monsoon rainfall uncertainties and thereby the agriculture and other water resources
management activities suffer. Therefore, urgent attention is needed to address water resources
conservation and crop damage issues due to de�cits or excess rainfall. The amount of runoff produced
and rainfall received determine the development of water resources in any region. Appropriate probability
distributions need to be selected and �tted to the historical rainfall time series for better frequency
analysis and forecasting of the rainfall. The daily rainfall data was collected for a period of 38 years i.e.,
from 1984 to 2021. In this study an attempt was made to �nd the most appropriate probability
distributions for the better prediction of maximum rainfall by �tting the eight different hypothetical
probability distributions to the monthly and annual maximum rainfall for one to �ve consecutive days.
Chi-Square and Nash-Sutcliffe E�ciency were employed to determine goodness of �t. The results
indicated that the Gumbel distribution appears to be the best �t to predict monthly and annual maximum
rainfall of Junagadh region.

1 Introduction
India receives 75 to 80 percent precipitation out of total 4000 km3 annual precipitation during rainy
season under the in�uence of south-west monsoon (Kumar et al., 2005). In the arid and semi-arid regions,
the yields of farmers are often badly affected due to extreme climate uncertainty. Due to its erratic nature
and characteristic spatiotemporal variation, rainfall becomes the predominant key risk factor that has a
direct or indirect effect on agriculture. Hence, the design and management of hydraulic structures,
irrigation water supply, soil conservation planning, �ood control systems, and optimal crop planning are
based on rainfall depths that can be expected with a certain probability rather than the long-term average
of rainfall data. There are various unpredictable sources of uncertainty concerning the physical processes
that occur during hydrological events (Hosking and Wallis, 1997). The stochastic model (hydrological
frequency analysis) can, however, be used as a tool to estimate how frequently a speci�ed event will
occur on average in a region based on the available data (Bhakar et al., 2006). In this method the
magnitudes of events for design return periods are determined beyond the recorded range. Due to the
high spatial and temporal variability of rainfall, irrigation water supply, �ood control systems, and
hydraulic structures are designed and managed based on rainfall depths that can be expected for a given
probability.

Rainfall analysis using probability distribution models has been studied by a number of researchers.
Kumar (2000) and Singh (2001) found that the Log Normal (LN) distribution is the best-�t probability
distribution for annual maximum daily rainfall in India. Amin et al. (2016) found that the Log-Pearson
Type-III (LP-III) distribution was the best-�t distribution to estimate annual maximum rainfall in the
northern regions of Pakistan. Eslamian et al. (2007) suggested that the Generalized Extreme Value (GEV)
and LP-III distributions provided the best �t to estimate maximum monthly rainfall as an extreme event in
Iran. Lee (2005) and Ogunlela (2001) found that the LP-III distribution best �tted the rainfall distributions
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of Taiwan's Chia-Nan plain and Nigeria's Chia-Nan plain, respectively. For one to �ve consecutive days of
maximum rainfall in Accra, Ghana, the LN-II distribution was shown to be the best-�t probability
distribution (Kwaku et al., 2007). Olo�ntoye et al., (2009) identi�ed that 50% of stations follow LP-III
distributions and 40% follow Pearson Type-III distributions for peak daily rainfall in Nigeria. Sen et al.
(1999) observed that the Gamma probability distribution provided the best �t to monthly maxima rainfall
in arid regions of Libya. The US Water Resources Council (USWRC) recommended the LP-III distribution in
1967, and it was considered to be the best way of �ood frequency analysis in the United States (Arora &
Singh, 1989). Zalinaet al. (2002) concluded from their study on the annual maximum rainfall series in
Malaysia that the GEV distribution is the best �t for analysing the annual maximum rainfall series.
Hanson and Vogel (2008) reported that Pearson Type-III distribution �tted the best to the daily rainfall in
the United States. According to Bhakar et al. (2008) the Gumbel distribution was the best �t for monthly
maximum rainfall in India. Sharma and Singh (2010) evaluated that the LN and Gamma distributions
were the best �t probability distributions for the annual and seasonal time scales, while the GEV
distribution was found to be the best �t probability distribution for the weekly time scale in Pantnagar
(India). The current study seeks the best-�t models for determining the frequency of extreme rainfall
events as well as the maximum monthly and annual rainfall present over return periods of 3, 4, 5, 10, 15,
20, 25, 30 and 35 years in the Junagadh (Gujarat-India) region. These can be used to develop plans and
policies for better management of water resources and agricultural issues. The �ndings would be useful
for agriculturists, hydrologists, designers of hydraulic structures, irrigation engineers, environmental
managers, and planners of water resources to develop better plans and policies.

2 Study Area And Data Sets

2.1 Study area
Junagadh (Gujarat-India) region lies between 20° 26’ to 21° 24’ North latitudes and 69° 24’ to71° 03’ East
longitudes. Figure 1 shows the location of the study region. Junagadh District population in 2022 is
2,891,917. Junagadh district has a total geographical area of 8831 km2, making it the state's seventh
largest district by area. Population density of the district is 327 persons per km2. The region is semi-arid
region and it has mean annual rainfall of 1186 mm, mean maximum temperature 38.56°C and mean
minimum temperature 14.82°C. The maximum mean of monthly rainfall was received as 93.79 mm in the
month of July while minimum mean of monthly rainfall was received as 53.43 mm in the month of
August.

Over-exploitation and mismanagement of ground water, limited aquifer water storage capacity,
insu�cient natural water conservation, and periodic unpredictable and inadequate rainfall patterns are all
critical challenges for this region. Because water availability is a major issue in this area, rainfall has a
signi�cant impact on water resource management, cropping patterns and crop water requirements,
irrigation scheduling, and environmental evaluation.

2.2 Data sets
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The daily rainfall data for 38 years (1984–2021) were obtained from the website
(http://www.jau.in/index.php/annual-weather-reports--weather-data) of Junagadh Agro-meteorological
Cell which is located at between latitude of 21°31’ N and longitude of 70°33’ E with an altitude of 61 m.
The weather parameters are recorded and published annually at the Agro-meteorological observatory;
Department of Agronomy, Junagadh Agricultural University, Junagadh. The daily rainfall data for years
1984-2021were considered and analyzed for extreme rainfall events. The monthly and annual series of
extreme rainfall datasets are derived from the daily rainfall data and used in frequency analysis. The
relation between the magnitudes of is obtained by arranging the sample data in descending order of
magnitude. Then each data is assigned with rank m = 1, for the �rst entry and so on till m = N, for the last
event. The probability P of an event to or exceeded is given by the Weibull formula P = m / (N + 1).

3 Methodology

3.1 Selection of Probability Distributions
It is di�cult to select probability distribution models in order to �nd the best-�t probability distribution for
any location. In this study total eight probability distributions (Gumbel, Van Te chow (V. T. Chow), (LP-III),
Log Normal (LN), Exponential (EXP), GEV, Generalized Pareto distribution (GP) and Gamma
distributions)which are most frequently used or recommended in extreme rainfall analyses are presented.
Table 1 shows the description of selected probability distribution functions viz. probability density
function (PDF), cumulative density function (CDF), quantile function and parameter estimates. The
parameters of the chosen distributions are estimated using the method of moments (MOM) and the L-
moments.

3.2 Goodness of �t criteria

3.2.1 Chi-square test
The validity of selected probability distribution models is checked using goodness-of-�t test statistics,
which quantify the compatibility of a random sample with the theoretical probability distribution. The Ch-
square test is used to test the degree of agreement between observed data and those expected upon a
given null and alternative hypothesis. The null hypothesis is usually set up as the uninteresting
hypothesis and hence, we wish to reject it. The Chi-square test is applied for testing the null hypothesis:
the rainfall data follows the selected probability distribution adequately. If the calculated values of the
Chi-square test statistic are less than the critical values at the chosen signi�cance level, the null
hypothesis is accepted, and the chosen distribution is assumed to be suitable for rainfall estimation. For
this study the critical value of Chi-Square distribution is obtained 15.5073 at signi�cant level of 0.05 and
8 degree of freedom.

The Chi-Square values, χ2 can be calculated as Eq. (1):



Page 5/13

Where

Oi = Observed frequency

Ei = Expected frequency

i = number of observations (1, 2, …….n)

3.2.2 Nash-Sutcliffe e�ciency (NSE)
NSE is a normalised statistic that is used to calculate the relative magnitude of residual variance (Moriasi
et al., 2015 and Son et al., 2019). It is widely used and offers a better option for dimensionless goodness
of �t (Green and Stephenson, 1986, Pretorious et al., 2013). NSE quanti�es how well a model simulation
can predict the outcome variable. It lies between 1.0 (perfect �t) and −∞. A NSE value of zero has the
same predictive power as the mean, whereas an NSE value less than zero indicates that the observed
time series' mean value would have been a better predictor than the model. NSE goodness of �t ratings
for model calibration is presented in Table 2. NSE is calculated using Eq. (2):

4 Results And Discussion
In this section, the eight selected probability distributions were used to compute the annual maximum
rainfall for one day to �ve consecutive days. The results obtained from the �tting of the eight probability
distributions are presented from Table 3 to 26. The goal is to identify which distribution provides the best
�t for the month and year to daily precipitation data extracted from 1984 to 2021. The Chi-Square test
results, NSE values, rating and ranking based on the NSE values and estimated parameters values of all
the distributions are presented from Table 3 through Table 27.

4.1 Annual maximum rainfall
To evaluate the quality of the �t of the previously mentioned distributions, the Chi-Square test statistic
and NSE coe�cient must be calculated. From Tables 3 and 5, it can be seen that the Chi-Square test
values obtained for all the distributions were more than the critical value of Ch-Square distribution
(15.5073 at signi�cant level of 0.05 and 8 degree of freedom) which indicated that they have not passed
the test and none of them are considered to be a good one.However, according to NSE ranking V T Chow,
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LN and GEV distributions performed better to estimate one day annual maximum rainfall while Gumbel,
LN and V T Chow distributions performed better to estimate three days annual maximum rainfall. It is
observed from Table 4 and Table 6 that only Gumbel distribution has passed the Ch-Square test.
However, Gumbel, LN and V T Chow distributions performed better with rank 1, 2 and 3 respectively based
on NSE statistics to estimate two days annual maximum rainfall whereas LN, Gumbel and GEV
distributions performed better with rank 1, 2 and 3 respectively based on NSE statistics to estimate four
days annual maximum rainfall. For �ve days annual maximum rainfall (Table 7) only Gumbel distribution
has passed the Ch-Square test. LN, Gumbel and GEV were identi�ed as good performance distribution
with 1, 2 and 3 rank based on NSE statistics. Overall, the best performance was found by Gumbel
distribution to estimate two days annual maximum rainfall (passed the Chi-Square test, NSE value
0.9166 with rank 1).The worst result obtained by EXP distribution with NSE value − 0.2447 and poor
rating for three days annual maximum rainfall. Figure 2 was created to aid in the spatial visualisation of
the chosen distribution for estimating the annual maximum rainfall over two days. It is expressed see
that the Gumbel distribution was the best �t to the data; it underestimated the two days consecutive
rainfall up to 15 years return period. After that it overestimated the two days consecutive rainfall.

4.2 Monthly maximum rainfall (June)
The selected probability distributions were adjudge by comparing the average of Chi-Square and NSE
values obtained for these distributions corresponding to return period 3, 4, 5, 10, 15, 20, 25, 30 and 35
years respectively for the month of June as shown in Tables 8 through 12. From the Chi-Square test and
NSE values it was concluded that one day to �ve days consecutive maximum rainfall of June was best
�tted by Gumbel and GEV distributions as compared to other distributions. Except three days maximum
rainfall of June Gumbel distribution stood on 2nd rank based on NSE values; rest of the cases Gumbel
distribution attained 1st rank. The best result was obtained for �ve days consecutive maximum rainfall of
June by Gumbel distribution with NSE value 0.9933.The worst result obtained by GP distribution with
NSE value − 8.0486 and poor rating for one day annual maximum rainfall. By looking at Fig. 3 it is
possible to identify that Gumbel distribution had the highest intimacy of best �t among all for �ve days
maximum rainfall of June.

4.3 Monthly maximum rainfall (July)
For July, Gumbel and GEV were passed Chi-Square test for all one to �ve days maximum rainfall while LN
was passed Chi-Square test for only three days maximum rainfall with NSE value 0.8461 and attained
3rd rank (Table 13 to Table 17). Gumbel distribution was attained 1st rank four times and attained rank 4
in two-day maximum rainfall of July. The GEV distribution was reached to 2nd rank four times and 1st
rank once in two days maximum rainfall of July. The Gumbel distribution consistently performed better
for three to �ve days maximum rainfall of July but the GEV distribution performed best for two days
maximum rainfall of July with NSE value 0.9899. The GP distribution had shown nastiest performance
with NSE value − 13.2470 and poor rating for one day maximum rainfall of July. Figure 4 shows the best
performance of the GEV distribution for two days maximum rainfall of July. It can be seen that the GEV
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distribution mostly under estimated while the Gumbel distribution slightly overestimated the rainfall after
15 years of return period.

4.4 Monthly maximum rainfall (August)
The goodness of �t test and the overall ranking based on NSE of the selected distributions for one to �ve
days maximum rainfall of August are presented from Table 18 to Table 22. From the values that are
shaded in the above tables, it is clear that the LN and Gumbel distributions consistently passed goodness
of �t test for all one to �ve days maximum rainfall of August. Based on the comparison of the NSE
values, LN distribution was attained 1st rank for all cases except for two days maximum rainfall of
August. Gumbel distribution was attained 1st rank for two days, 2nd rank for three days, 3rd rank for four
and �ve days and 5th rank for one day maximum rainfall of August. V T Chow distribution received 2nd
rank for one- and four-days maximum rainfall of August. Exponential distribution was found unreliable as
it was not passed goodness of �t test and shown poor rating with NSE value − 1.2754 for two days
maximum rainfall of August. LN distribution was emerged as the best �t distribution with NSE value
0.9946 for four days maximum rainfall of August (Fig. 5).

4.5 Monthly maximum rainfall (September)
It is noticed from Table 23 through Table 27 that the selection of the Gumbel distribution showed an
interesting behaviour. Only Gumbel distribution was passed Chi-Square test for all �ve cases followed by
LN distribution which was passed all the cases except for �ve days maximum rainfall of September.
Gumbel distribution was showed good �tting potential with 2nd rank for one day, 3rd rank for two days
and 1st rank for three to �ve days maximum rainfall of September with NSE values 0.8740, 0.9126,
0.9284, 0.9531 and 0.9603 respectively. LN distribution was showed reasonable �tting potential with 1st
rank for one and two days, 2nd rank for three days and 3rd rank for four days maximum rainfall of
September with NSE values 0.9176, 0.9492, 0.9188 and 0.8998 respectively. The Gumbel distribution
gave the best �t for �ve days maximum rainfall of September and the EXP distribution gave the poorest
rating with NSE value − 0.4871for three days maximum rainfall of September. Comparative plot of
selected distributions showing observed and estimated �ve days maximum rainfall of September is
presented in Fig. 6.

5 Conclusions And Recommendations
Regional rainfall analysis was made by eight different probability distributions for one to �ve days
maximum monthly and annual rainfall of Junagadh region. Daily rainfall data from 1984 to 2021 were
used to determine the best �t probability distribution for the study region. The �ndings of this study
allowed us to draw the following conclusions and recommendations.

1. Gumbel distribution showed the best �ts for two days, four days and �ve days consecutive annual
maximum rainfall while others were not passed goodness of �t test for any cases.

2. The best �t performance of Gumbel distribution was found for two days consecutive annual
maximum rainfall with NSE value 0.9166 in the Junagadh region.
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3. Gumbel and GEV distributions were �tted well to the rainfall data as compared to other
distributionsfor one to �ve days days consecutive maximum rainfall of June and July. However,
Gumbel distribution gave the best result with NSE value 0.9933for �ve days consecutive maximum
rainfall of June and the GEV distribution performed the best with NSE value 0.9899for two days
maximum rainfall of July.

4. LN and Gumbel distributions presented the overall best �ts to the datafor all one to �ve days
maximum rainfall of August. LN distribution was appeared as the best �t distribution with NSE value
0.9946 for four days maximum rainfall of August

5. Only Gumbel distribution was passed Chi-Square test for all one to �ve days maximum rainfall of
September.Gumbel distribution showed the best �t with NSE values 0.9603 for �ve days maximum
rainfall of September.

It is recommended that Gumbel distribution should be considered in the �nal selection of optimum
probability distribution for one to �ve days maximum monthly and annual rainfallin Junagadh (Gujarat-
India) region.
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Tables
Table 1 to 27 are available in the Supplementary Files section.

Figures

Figure 1

Junagadh (Gujarat-India) region
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Figure 2

Observed and estimated two days annual maximum rainfall using selected probability distributions

Figure 3

Observed and estimated �ve days maximum rainfall (June) using selected probability distributions
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Figure 4

Observed and estimated two days maximum rainfall (July) using selected probability distributions

Figure 5

Observed and estimated four days maximum rainfall (August) using selected probability distributions
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Figure 6

Observed and estimated �ve days maximum rainfall (September) using selected probability distributions
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