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Abstract— Estimation of rainfall for a given return period is considered as one of the important parameters in hydrological
studies to estimate flood discharge, which is needed for the planning, design and management of civil engineering infrastructure
projects. In this paper, a study on effect of data length on assessment of uncertainty of error in rainfall estimation by adopting
2-parameter Log Normal (LN2) distribution for Pune and Vadgaon Maval rain-gauge sites of Maharashtra was carried out. The
parameters of LN2 were determined by Method of Moments (MoM), Maximum Likelihood Method (MLM) and Method of
L-Moments (LMO), and used for estimation of rainfall. The selection of best fit method of LN2 for rainfall estimation was made
through Goodness-of-Fit (viz., Chi-Square and Kolmogorov-Smirnov) and diagnostic (viz., correlation coefficient, Nash-
Sutcliffe model efficiency and root mean squared error) tests. The outcomes of rainfall analysis of Pune and Vadgaon Maval
indicated that the estimated rainfall increases when data length increases. The study showed that the standard error in the
estimated rainfall using three (viz., MoM, MLM and LMO) methods of LN2 are in decreasing order when data length increases.
The study also showed that the standard errors in rainfall estimates computed by MoM for Pune and MLM for Vadgaon Maval
are less than those values of other methods. The results indicated that the estimated rainfall by LMO for Pune and MoM for
Vadgaon Maval is higher than those values other methods. Based on GoF and diagnostic tests results, it was found that the LMO
is superior to MoM and MLM, and hence adjudged as best method for rainfall estimation at Pune and VVadgaon Maval.
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1. Introduction

Extreme rainfall is one of the hydrology quantities that can be
used for computing the flood discharge. This can be used for
planning, design and management of civil engineering
structures [1]. Moreover, the determination of extreme (i.e.,
annual 1-day maximum) rainfall would enhance the
management of water resources projects as well as the
effective utilization of water resources. Also, the extreme
rainfall is one of the important parameters in hydrological
studies and urban drainage systems, as it directly contributes
to runoff. This can be estimated by recorded rainfall data over
many stations in a given region, which may have some
uncertainty that has traditionally been estimated by
probability distribution model [2].

Number of attempts has been made by various researchers in
estimating the uncertainty of error in rainfall estimation [3-6].
Generally, the uncertainty in hydrological modelling can be
classified as (i) data and sampling errors and (ii) modelling or
structural errors [7]. The use of limited quantity of rainfall
data (i.e., data of short record length) in the frequency

© 2023, IJSRMSS All Rights Reserved

analysis introduces sampling uncertainty. Also, the estimates
of higher order moments (skewness and kurtosis) become
unstable, in particular due to the presence of extremes or
outliers in data series. Hailegeorgis et al. [8] described that
the regional frequency analysis of extreme rainfall events and
the derivation of intensity-duration-frequency curves is
subject to the uncertainties of different sources that includes
(i) data quality (viz., stationary and independent), sampling
of data related to the time period and length of data series and
the sampling type (viz., annual maximum series or partial
duration series); (ii) selection of frequency distribution to
describe the data; (iii) parameter estimation; and (iv)
regionalization and quantile estimation.

A number of probability distributions such as Extreme Value
Type-1 (EV1) (commonly known as Gumbel), Extreme Value
Type-2, 2-parameter Log Normal (LN2), Log Pearson Type-
111 (LP-111), Exponential (EXP), Generalized Extreme Value
(GEV), Gamma (GAM), Generalized Pareto, etc., are
generally available for extreme value analysis of rainfall. Cho
et al. [9] made an attempt to investigate the properties of
tropical precipitation by characterizing the gamma and LN2
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models of rain rates using TRMM (Tropical Rainfall
Measuring Mission) dataset. Chifurira and Chikobvu [10]
applied LN2, GAM and EXP distributions to assess the effect
of data length on the selection of a suitable distribution for
rainfall estimation of Zimbabwe. Amin et al. [11] applied
Normal, LN2, LP-111 and Gumbel distributions for modelling
annual maximum rainfall in the northern regions of Pakistan
and identified the best fit distribution through Goodness-of-
Fit tests. Rosmaini and Saphira [12] applied Normal, GAM
and LN2 distributions for estimation of monthly rainfall of
Tuntungan, Tanjung Selamat, and Medan Selayang Stations
in Medan City, Indonesia. Hasan et al. [13] evaluated the
GAM, LN2 and Weibull distributions for predicting rainfall
in ungauged catchments of Australia. They found that the
LN2 model overestimates extremely high rainfall events
whereas the LN2 model underestimates low rainfall events.
Study by Vivekanandan [14] revealed that LP-IlI is best fit
distribution for estimation of peak flood at Haora site. Kaur et
al. [15] applied Gumbel, LP-11lI, LN2 and Ven Te Chow
distributions for the prediction of annual 1-day, 2-day and 3-
day maximum rainfall values of Roorkee. In light of the
above, LN2 distribution is adopted for rainfall estimation and
the results are presented in this paper.

In statistical theory, the Method of Moments (MoM),
Maximum Likelihood Method (MLM) and Method of L-
Moments (LMO) are generally applied for determination of
parameters of LN2 [16, 17]. Research reports indicated that
MoM s a natural and relatively easy parameter estimation
method [18, 19]. But, the studies carried by various
researchers indicated that the estimated parameters of
distributions fitted by MoM are often less accurate than those
obtained by other parameter estimation procedures like
MLM, PWM (Probability Weighted Moments) and LMO.
MLM is considered the most efficient method, since it
provides the smallest sampling variance of the estimated
parameters and hence of the estimated quantiles compared
to other methods [20]. But, the method has the disadvantage
of frequently giving biased estimates and often failed to
give the desired accuracy in estimating the extremes from
hydrological data. To overcome from this issue, the LMO as
suggested by Hosking [21] that has been widely applied to
determine the parameters of various probability
distributions. He also described that LMOs are linear
combinations of the PWM tend to share similar
characteristics with PWM and MLS (Method of Least
Squares), and also the computations are simpler. However,
there was no general agreement in applying particular
method for a region because of the characteristics of the
estimators of LN2. Hence, in the present study, MoM,
MLM and LMO were considered for determination of
parameters of LN2 that are used in estimating the rainfall.
The characteristics of rainfall data series used in the analysis
was examined through Wald-Wolfowitz runs test for
independence, Mann-Whitney U-test for homogeneity and
Grubbs' test for identifying the outliers in data series. The
adequacy of fitting three methods of LN2 distribution to the
data series was evaluated by Goodness-of-Fit (GoF) tests viz.,
Chi-Square () and Kolmogorov-Smirnov (KS). The
selection of best method of LN2 for rainfall estimation was
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made through diagnostic tests viz., correlation coefficient
(CC), Nash-Sutcliffe Model Efficiency (NSE) and Root Mean
Squared Error (RMSE). This paper presented a study on effect
of data length on assessment of uncertainty of error in rainfall
estimation by adopting three methods of LN2 distribution
with an illustrative example and the results obtained thereon.

In this paper, Section 1 describes the significance of
importance for rainfall estimation in hydrological studies and
the assessment of uncertainty in model error. Section 2 details
the methodology applied in determining the parameters of
LN2 distribution by MoM, MLM and LMO, and evaluation
of the results through GoF and diagnostic tests. Section 3
gives the description of the study area and data used in the
study whereas the results and discussions obtained from
rainfall data analysis are elaborated in Section 4. The
conclusions and scope of future work are given in Section 5.

2. Methodology

The probability distribution function (f(x)) and cumulative
distribution function (F(x)) of LN2 distribution is given by:

In(x)-a)
f(x):;ei[( Zﬁz )J,x>0, a>0} ﬂ>0 (1)
pln
_[In00-a ?
F(x)=
() w[ : ]

Where, x is the variable (i.e., annual 1-day maximum rainfall
(AMR)), « is the scale parameter, 3 is the shape parameter,
f(x) is the probability distribution function of x, F(x) is the
cumulative distribution function (CDF) of x and ¢(...) is the
CDF of the standard normal distribution [22]. The parameters
of LN2 were determined by MoM, MLM and LMO that are
further used to estimate the extreme (i.e., 1-day maximum)
rainfall (ER) for different return period (T) and given by:
X(T):eOH—K(T )ﬂ (3)
Where, x(T) is the estimated extreme rainfall (ER), K(T) is the
frequency factor for a return period (T) that can be derived
from the following equations.

2515517 +0.802853 W +0.00110328 W 2
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Where, P is the probability of exceedance R is the rank
assigned to the sample arrange in ascending order in such a
way that x(1)<x(2)<x(3)<.....x(N) and N is the number of
samples. Table 1 presents the equations used in determining
the parameters of LN2 using MoM, MLM and LMO.

Table 1. MoM, MLM and LMO Estimators of LN2 distribution

Method Scale parameter () Shape parameter ()
/2
MoM a :7%In£|gl(x(i))2]-ZIn[Iglx(i)J—%In(N) B :{Ir{i%(x(i))2}—2|n[i%x(i)}+In(N)}
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In Table 1, x(i) is the observed AMR for i sample, In(x(i)) is
the logarithmic transformed value of x(i), A, and A, are the
first and second LMO, by and b; are the first and second
moments of sample, and N is the number of samples.

2.1 Computation of Standard Error

The standard error (SE) in rainfall estimation using MoM,
MLM and LMO of LN2 distribution was computed from the
following equations that are expressed by:

SE(T (2 sr (oS5O oSBT ®)
SE( y(T)):[%j (1+o.sK<T)2)°'5 (7)

The lower and upper confidence limits (LCL and UCL) of the
estimated rainfall for a return period (T) at 99% level were
computed from the following equations.

LCL= x(T)-2.58*SE(x(T) and UCL=x(T)+2.58*SE(x(T)) (8)

2.2 Goodness-of-Fit Tests
The theoretical descriptions of GoF tests viz., Chi-square (?)
and Kolmogorov-Smirnov (KS) applied in checking the
adequacy of fitting LN2 distribution to the AMR series are
given as below:

, NC(0j(x\)-Ej(x)* and
xc = j:liEj(x)

N
KS¢ = Max X|Fe(x(i)) - Fp (x(i)) ©)

i=
Where, ,Z and KS; are the computed values of * and KS tests

statistic using three methods of LN2, O;(x) and E;(x) are the
observed and expected frequency values of x in j" class,
Fp(x(i)) is the derived CDF of x(i) using LN2 and F(x(i)) is
the Empirical CDF of x(i) using Weibull plotting position
formula for i=1,2,3,...N with x(1)<x(2)<....x(N). The
acceptance region of y’ statistic at the desired significance

level (7)) is given by 42 S}f%—q,NC—m—l wherein m is the number

of parameters of the distribution and NC is the number of
frequency classes. The theoretical values of GoF tests statistic
for different significance level can be read from the technical
note on ‘Goodness-of-Fit Tests for Statistical Distributions’
[23]. If the computed values of GoF tests statistic given by
the method is less than its theoretical value at the desired
significance level (77) then the selected method is acceptable
for rainfall estimation.

2.3 Diagnostic Test

The theoretical expressions of CC, NSE and RMSE [24]
applied in selecting the best fit method of LN2 distribution
for rainfall estimation is given as below:

N 1
X)) = e (2(1) - w(2)) ( 0)
cC = i=1
N o N 2
T (x(D) - a00) T(2(i) - p(2))
i=1 i=1
Em-zu»z (11)
NSE(%)=|1-4=L— |x100
N 2
()~ (x))
i=1
12)
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Where, z(i) is the predicted AMR of i sample, u(x) is the
average of observed AMR and (z) is the average of predicted
AMR. The method with high CC (say, CC>0.9), good NSE
and minimum RMSE is adjudged as best method for
estimation of rainfall.

3. Study Area and Data Used

In this paper, a study on effect of data length on assessment of
uncertainty of error in rainfall estimation of Pune and
Vadgaon Maval rain-gauge sites of Maharashtra was carried
out. These sites are located on the western side of Deccan
Plateau and are on leeward side of Sahyadri mountain range
which forms a barrier from Arabian Sea. Figure 1 presents
the index map of the study area with locations of Pune and
Vadgaon Maval sites [25].

Figure 1. Index map of the study area with locations of rain-gauge stations

From Figure 1, it was witnessed that the Pune IMD (India
Meteorological Department) rain gauge site is located
approximately between the latitude 18° 31’ N and longitude
73° 51" E and whereas the Vadgaon Maval site is located
within latitude 18° 42' N and longitude 73° 38" E. In this
paper, the daily rainfall observed at Pune (1901 to 2017) and
Vadgaon Maval (1901 to 1965, 1968 to 1971 and 1973 to
2017) sites was used. By considering the importance of the
hydrologic extremes, the missing data for the years 1966,
1967 and 1972 were not considered in rainfall data analysis
for Vadgaon Maval. The AMR series is derived from the
daily rainfall data and used to generate the data series (DS)
with different data length viz., DS1 (series with 50 years
data), DS2 (series with 75 years data for Pune and 72 years
for Vadgaon Maval), DS3 (series with 100 years data for
Pune and 97 years for Vadgaon Maval) and DS4 (series with
entire data viz., 117 years for Pune and 114 years for
Vadgaon Maval). The generated AMR series was used in
rainfall estimation by applying three methods (viz., MoM,
MLM and LMO) of LN2. Table 2 presents the descriptive
statistics of AMR with different data length used in rainfall
estimation for Pune and Vadgaon Maval. From Table 2, it
was noted that the average and standard deviation of AMR of
DS4 series is higher than those values of DS1, DS2 and DS3.
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Table 2. Descriptive statistics of AMR of DS1, DS2, DS3 and DS4 series for Pune and VVadgaon Maval

Data series Pune Vadgaon Maval
AVG (mm) SD (mm) C, Ci AVG (mm) SD (mm) C, Ck
DS1 69.8 22.2 0.695 0.458 89.3 318 1.241 1.683
(4.196) (0.321) (-0.184) (-0.013) (4.437) (0.330) (0.369) (-0.126)
DS2 70.7 24.6 0.780 0.148 93.9 35.7 1.315 1.640
(4.201) (0.344) (-0.052) (-0.155) (4.480) (0.347) (0.460) (-0.124)
DS3 72.2 25.0 0.764 0.098 97.8 40.7 1.598 2.813
(4.222) (0.342) (-0.030) (-0.265) (4.512) (0.366) (0.601) (0.123)
DS4 74.2 26.1 1.010 1.695 102.5 429 1.420 2.143
(4.249) (0.344) (-0.042) (-0.014) (4.556) (0.377) (0.472) (-0.187)

AVG: Average; SD: Standard Deviation; Cs: Coefficient of Skewness; Cy: Coefficient of Kurtosis. Numbers given within brackets indicates the descriptive

statistics of log-transformed data.

4. Results and Discussion

By applying the procedures, as described above, the
assessment of uncertainty of error in rainfall estimation using
MoM, MLM and LMO of LN2 distribution with reference to
data length for Pune and Vadgaon Maval sites was carried out
and the results are presented in the following sections.

4.1 Analysis of AMR Series Based on Statistical Tests
In this paper, Wald-Wolfowitz runs test and Mann-Whitney
U-test were used for checking the randomness and

homogeneity of AMR series. Grubbs’ test was used for
detection of outliers in the data series. Tables 3 and 4 present
the results of statistical tests applied to the AMR series of
Pune and Vadgaon Maval respectively. From statistical tests
results, it was found that the computed values of Wald-
Wolfowitz runs test and Mann-Whitney U-test using DS1,
DS2, DS3 and DS4 series of Pune and Vadgaon Maval are
not greater than its theoretical values either at 1% or 5%
level, and at this level, the data series used in rainfall data
analysis is random as well as homogeneous. The Grubb’s test
results indicated that there were no outliers in the data series.

Table 3. Statistical tests results for randomness and homogeneity for Pune

Wald-Wolfowitz runs test

Mann-Whitney U-test

Data — ——

series Computed Theoretical Slgr;éf\;g?nce Randomness Computed Theoretical Slgr;éf\;g?nce Homogeneous

DS1 1.053 1.960 5% Yes -1.174 1.960 5% Yes

DS2 2.564 2.580 1% Yes 0.207 1.960 5% Yes

DS3 1.709 1.960 5% Yes -0.496 1.960 5% Yes

DS4 1.942 1.960 5% Yes -1.325 1.960 5 % Yes
Table 4. Statistical tests results for randomness and homogeneity for Vadgaon Maval

Data Wald-Wolfowitz runs test Mann-Whitney U-test

series Computed Theoretical Slgr;::;g?nce Randomness Computed Theoretical Slgr;éf\;g?nce Homogeneous

Ds1 -0.168 1.960 5% Yes -1.261 1.960 5% Yes

DS2 -0.561 1.960 5% Yes -2.123 2.580 1% Yes

DS3 -1.264 1.960 5% Yes -1.872 1.960 5% Yes

DS4 -2.681 1.960 5% Yes -2.845 1.960 5% Yes

4.2 Analysis of Results Based on Estimated Rainfall
The parameters of LN2 were determined by three methods
and are used for estimation of rainfall for different return
periods at Pune and VVadgaon Maval that are given in Tables
5(a & b) and 6(a & b) whereas the plots are shown in Figures
2 and 3. From the estimated rainfalls of Pune and Vadgaon
Maval, it was found that:
i) The estimated rainfall
increases.
ii) The standard error in the estimated rainfall decreases
when data length increases while using DS1, DS2, DS3
and DS4 series for estimation of rainfall at Pune and
Vadgaon Maval.
The standard errors in rainfall estimates computed by
MoM for Pune and MLM for Vadgaon Maval are
comparatively less than those values of other methods.
The estimated rainfall by LMO for Pune and MoM for
Vadgaon Maval is higher than those values of other
methods.

increases when data length

© 2023, IJISRMSS All Rights Reserved

4.3 Analysis of Results Based on GoF Tests

The GoF (viz., 7/ and KS) tests were applied for checking the
adequacy of fitting three methods (viz., MoM, MLM and
LMO) of LN2 to the rainfall series with different data length
of Pune and VVadgaon Maval sites, and are presented in Tables
7 and 8. These results indicated that the computed values are
lesser than its theoretical value at 1% significance level, and
at this level, all three methods are acceptable for rainfall
estimation for Pune and VVadgaon Maval.

4.4 Analysis of Results Based on Diagnostic Tests

The results obtained from three methods of LN2 for Pune and
Vadgaon Maval sites were evaluated through diagnostic tests
using CC, NSE and RMSE. The diagnostic values were
computed by MoM, MLM and LMO of LN2 and the results
of Pune and VVadgaon Maval are presented in Tables 9 and 10.
From the diagnostic tests results, it is noticed that (i) CC
obtained through three methods of LN2 vary between 0.993
and 0.996 for Pune while 0.984 to 0.992 for Vadgaon Maval;
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(ii) NSE in rainfall estimation vary from 98.2 % to 99.0 % for
Pune while 94.8 % to 98.2 % for Vadgaon Maval; (iii) RMSE
values computed by LMO for Pune and MoM for Vadgaon
Maval are minimum when compared with those values of
other methods considered in rainfall estimation.

4.5 Selection of Method for Estimation of Rainfall

On the basis of analysis of results using GoF and diagnostic
tests, it was found that the RMSE of LMO for Pune and MoM
for Vadgaon Maval are minimum than those values of other
methods of LN2 distribution while estimating the rainfall
using DS1, DS2, DS3 and DS4. But, as described earlier, the

Vol.10, Issue.6, Dec 2023

rainfall estimates computed by MoM were considered as less
accurate than those values obtained by MLM and LMO
though its RMSE is noted as minimum. By considering these
aspects, after eliminating the MoM from the selection of best
method, the MLM is found as the second best next to MoM
on the basis of its RMSE values for Vadgaon Maval.
However, on the basis of CC and NSE values, LMO was
found as superior than MLM and hence LMO is identified as
best method for estimation of rainfall at Vadgaon Maval. In
light of the above, the LMO of LN2 distribution was
adjudged as best suitable method for rainfall estimation of
Pune and Vadgaon Maval.

Table 5(a). Estimated 1-day maximum rainfall (mm) with standard error by LN2 distribution using DS1 and DS2 series for Pune

Return DS1 DS2
period MoM MLM LMO MoM MLM LMO
(year) ER SE ER SE ER SE ER SE ER SE ER SE
2 66.5 2.9 66.4 3.0 66.4 3.0 66.8 2.6 66.7 2.6 66.7 2.7
5 86.4 4.4 86.8 4.5 87.2 4.6 88.8 4.0 89.0 4.1 89.3 4.2
10 99.1 5.9 99.8 6.1 100.5 6.2 103.0 5.4 103.4 55 104.0 5.6
20 110.9 75 112.1 1.7 113.0 7.9 116.4 7.0 1171 7.1 118.0 7.2
50 125.9 9.8 127.6 10.1 128.9 10.4 133.6 9.2 134.7 9.4 135.9 9.6
100 137.1 11.6 139.2 12.1 140.8 12.4 146.5 11.0 147.8 11.2 149.4 11.5
200 148.1 135 150.6 14.1 152.6 145 159.4 12.9 161.0 13.2 162.8 135
500 162.7 16.2 165.8 16.9 168.3 17.5 176.5 15.6 178.5 16.0 180.8 16.4
1000 173.8 18.4 177.4 19.2 180.2 19.8 189.6 17.8 192.0 18.2 194.6 18.7
Table 5(b). Estimated 1-day maximum rainfall (mm) with standard error by LN2 distribution using DS3 and DS4 series for Pune
Return DS3 DS4
period MoM MLM LMO MoM MLM LMO
(year) ER SE ER SE ER SE ER SE ER SE ER SE
2 68.3 2.3 68.2 2.3 68.2 2.4 70.0 2.2 70.0 2.2 70.0 2.2
5 90.5 35 90.8 3.6 91.2 3.7 93.3 34 93.4 34 93.6 35
10 105.0 4.8 105.5 4.8 106.1 49 108.4 4.6 108.6 4.6 109.0 4.7
20 118.6 6.1 119.3 6.2 120.3 6.4 122.7 5.9 123.0 6.0 123.5 6.1
50 136.0 8.1 137.1 8.2 138.5 8.4 141.1 7.8 1415 7.9 142.3 8.0
100 149.1 9.6 150.5 9.9 152.1 10.1 154.8 9.4 155.3 9.5 156.3 9.6
200 162.1 11.3 163.8 11.6 165.8 11.9 168.5 11.0 169.2 11.1 170.3 11.3
500 179.4 13.7 181.6 14.0 184.1 14.4 186.8 134 187.7 135 189.1 13.7
1000 192.7 15.6 195.2 16.0 198.1 16.4 200.8 15.2 201.8 15.4 203.4 15.6
Table 6(a). Estimated 1-day maximum rainfall (mm) with standard error by LN2 distribution using DS1 and DS?2 series for Vadgaon Maval
Return DS1 DS2
period MoM MLM LMO MoM MLM LMO
(year) ER SE ER SE ER SE ER SE ER SE ER SE
2 84.2 4.1 84.5 3.9 84.5 4.0 87.8 3.8 88.2 3.6 88.2 3.6
5 1125 6.4 111.3 6.0 111.8 6.1 119.6 6.0 117.9 5.6 118.1 5.6
10 131.0 8.6 128.5 8.0 129.4 8.2 140.6 8.2 137.2 7.5 137.6 7.6
20 148.4 11.1 144.7 10.3 146.0 10.5 160.6 10.7 155.5 9.7 156.1 9.8
50 170.9 14.7 165.4 135 167.2 13.9 186.6 14.3 179.0 12.8 179.8 13.0
100 187.8 17.7 180.8 16.1 183.1 16.6 206.3 17.2 196.6 154 197.7 15.6
200 204.7 20.8 196.1 18.9 198.9 19.5 226.1 20.4 214.2 18.1 2155 18.3
500 227.2 25.2 216.5 22.7 219.9 235 252.7 24.8 237.7 21.9 239.3 22.2
1000 244.4 28.7 232.1 25.8 236.0 26.7 273.1 28.5 255.8 25.0 257.6 25.3
Table 6(b). Estimated 1-day maximum rainfall (mm) with standard error by LN2 distribution using DS3 and DS4 series for Vadgaon Maval
Return DS3 DS4
period MoM MLM LMO MoM MLM LMO
(year) ER SE ER SE ER SE ER SE ER SE ER SE
2 90.3 3.7 91.1 34 91.1 3.4 94.6 3.6 95.2 3.4 95.2 3.4
5 126.4 6.0 123.7 5.3 123.6 5.4 132.6 5.8 130.6 5.1 130.8 5.3
10 150.7 8.2 145.2 7.2 145.0 7.3 158.3 8.0 154.0 7.0 154.5 7.1
20 174.2 10.7 165.8 9.4 165.5 9.4 183.1 10.6 176.5 9.2 177.3 9.3
50 205.2 14.3 192.4 125 192.0 12.6 215.8 14.1 205.9 12.3 207.0 12.5
100 228.8 17.2 2125 15.1 212.0 15.1 240.8 17.0 228.0 15.0 229.4 15.2
200 252.8 20.4 232.7 17.8 232.1 17.9 266.2 20.2 250.5 17.5 252.1 17.6
500 285.2 24.3 259.8 21.7 259.0 21.8 300.6 24.0 280.6 214 282.7 215
1000 310.5 28.4 280.7 24.8 279.8 25.0 327.3 28.3 303.9 245 306.3 24.8
© 2023, IJISRMSS All Rights Reserved 13
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Table 7. Theoretical and computed values of GoF tests statistic by LN2 distribution for Pune

Data Theoretical value Computed values of 3 Theoretical value at 1% Computed values of KS
series at 1% level MoM MLM LMO level MoM MLM LMO
DS1 18.475 7.200 7.203 7.205 0.231 0.041 0.040 0.044
DS2 26.217 8.000 8.012 8.030 0.188 0.045 0.044 0.047
DS3 18.475 6.000 6.014 6.020 0.163 0.043 0.042 0.045
DS4 23.209 7.556 7.558 7.559 0.151 0.038 0.037 0.039
Table 8. Theoretical and computed values of GoF tests statistic by LN2 distribution for \Vadgaon Maval
Data Theoretical value at 1% Computed values of Theoretical value at 1% Computed values of KS
series level MoM MLM LMO level MoM MLM LMO
DS1 13.277 3.760 3.766 3.763 0.231 0.069 0.071 0.070
DS2 16.812 9.250 9.258 9.254 0.192 0.083 0.085 0.084
DS3 20.090 16.516 16.519 16.517 0.166 0.093 0.095 0.094
DS4 23.209 19.421 19.425 19.423 0.153 0.070 0.072 0.071
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Figure 2. Estimated rainfall using AMR series of different data length
by three methods LN2 distribution for Pune
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Figure 3. Estimated rainfall using AMR series of different data length

by three methods LN2 distribution for Vadgaon Maval
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Figure 5. Estimated rainfall together with 99% confidence limits using AMR series of different data length by
LMO of LN2 distribution for Vadgaon Maval
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Table 9. CC, NSE and RMSE values given by three methods of LN2 distribution for Pune

Data series MoM MLM LMO
CC NSE (%) RMSE (mm) CC NSE (%) RMSE (mm) CC NSE (%) RMSE (mm)
DS1 0.996 98.5 2.7 0.996 98.8 24 0.996 99.0 2.2
DS2 0.993 98.2 3.2 0.993 98.4 31 0.993 98.5 3.0
DS3 0.995 98.8 2.7 0.995 98.9 2.6 0.995 99.0 25
DS4 0.996 98.9 2.7 0.996 99.0 2.6 0.996 99.0 2.5
Table 10. CC, NSE and RMSE values given by three methods of LN2 distribution for Vadgaon Maval
Data series MoM MLM LMO
CC NSE (%) RMSE (mm) CC NSE (%) RMSE (mm) CC NSE (%) RMSE (mm)
DS1 0.989 97.3 5.2 0.988 96.1 6.2 0.989 96.5 5.9
DS2 0.989 97.4 5.7 0.987 96.0 71 0.988 96.2 6.9
DS3 0.987 97.1 6.9 0.984 94.8 9.2 0.984 94.8 9.3
DS4 0.992 98.2 5.8 0.991 96.8 7.6 0.991 97.0 7.4

The plots of observed and estimated rainfall by LMO of LN2
distribution with 99% confidence limits for different return
periods using DS1, DS2, DS3 and DS4 series for Pune and
Vadgaon Maval are shown in Figures 4 and 5. From these
figures, it was witnessed that the range of observed AMR
viz., 70 to 180 mm of Pune and 80 to 240 mm of Vadgaon
Maval are within the confidence limits of the estimated
rainfall using LMO of LN2. From Figures 2 to 5, it was also
witnessed that the fitted curves using MoM, MLM and LMO
of LN2 are in the form of linear curves for Pune and Vadgaon
Maval.

5. Conclusion and Future Scope

The paper presented a study on effect of data length on
assessment of uncertainty of error in rainfall estimation using
MoM, MLM and LMO methods of LN2 distribution for Pune
and Vadgaon Maval rain-gauge sites of Maharashtra. The
data series with different data length viz., DS1, DS2, DS3 and
DS4 was used. The GoF tests (viz., z* and KS) results
indicated that all three methods of LN2 are acceptable for
determination of parameters of LN2 that are used in rainfall
estimation. The study showed that the estimated rainfall
increases when data length increases whereas the standard
error in the estimated rainfall decreases when data length
increases while using DS1, DS2, DS3 and DS4 series for
estimation of rainfall at Pune and VVadgaon Maval. Moreover,
the standard errors in rainfall estimates computed by MoM
for Pune and MLM for Vadgaon Maval are comparatively
less than those values of other methods. The study also
showed that the estimated rainfall obtained through LMO for
Pune and MoM for Vadgaon Maval are higher than those
values other two methods. From the diagnostic tests results, it
was noticed that there is generally good correlation between
the observed and estimated values using MoM, MLM and
LMO of LN2. However, on the basis of CC, NSE and RMSE
values, LMO was found superior than MoM and MLM, and
hence LMO is adjudged as best method for estimation of
rainfall at Pune and Vadgaon Maval. The results presented in
this paper would be helpful to the stake holders for arriving at
a design value for planning and design of civil engineering
infrastructure projects in the study area.

The study focussed on three parameter estimation methods of
LN2 for rainfall estimation. However, as a part of the

© 2023, IJISRMSS All Rights Reserved

research work in future, it is suggested that the study can
possibly be carried out with rainfall series of different data
length by adopting standard parameter estimation procedures
of other distributions like EV1, GEV, LP-1llI, GAM, etc that
are commonly used for estimation of rainfall.
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