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Abstract—Estimation of Peak Flood (PF) for a given return period is of utmost importance for planning, design and
management of civil and hydraulic structures. Depending on the design-life of the structure, the estimated PF with a desired
return period is used. This can be achieved through Flood Frequency Analysis (FFA) that involves fitting probability
distribution to the series of observed Annual Peak Flood (APF) data. In this paper, a study on comparison of estimators of
2-parameter Log Normal, Log Pearson Type-3 (LP3), Generalized Extreme Value (GEV), Extreme Value Type-1 and
Extreme Value Type-2 distributions adopted in FFA for river Tapi at Bhusawal and Savkheda sites is carried out. Based on
the intended applications and the variate under consideration, standard parameter estimation procedures such as Method of
Moments (MoM), Maximum Likelihood Method (MLM) and L-Moments (LMO) are used for determination of parameters
of the probability distributions. The adequacy of probability distributions applied in FFA is quantitatively assessed by
Goodness-of-Fit (GoF) tests viz., Chi-square and Kolmogorov-Smirnov, and diagnostic test using D-index. The paper
presents the GEV (LMO) distribution is better suited for estimation of PF at Bhusawal whereas LP3 (MLM) for Savkheda.

Keywords—Chi-Square, D-index, Generalized Extreme Value, Kolmogorov-Smirnov, L-Moments, Log Pearson Type-3,

Maximum Likelihood Method, Peak Flood

I. INTRODUCTION

Flooding is the most common hazard among the
environmental hazards that impose damage in commercial
buildings, roads, bridges, water supply systems and sewage
disposal and agricultural lands. One of the most important
objectives in Flood Frequency Analysis (FFA) is to
estimate a design flood for a region. These flood estimates
have been used to design the hydraulic structures viz.,
dams, culverts, channels and other structures that are used
in flood management [1]. This can be achieved through
Flood Frequency Analysis (FFA), which involves fitting
probability distribution to the series of observed Annual
Peak Flood (APF) data.

A number of probability distributions viz., Normal (NOR),
2-parameter Log Normal (LN2), 3-parameter Log Normal
(LN3), Pearson Type-3 (PR3), Log Pearson Type-3 (LP3),
Generalized Logistic (GLO), Generalized Extreme Value
(GEV), Extreme Value Type-1 (EV1) and Extreme Value
Type-2 (EV2) are widely applied in FFA [2]. However, by
considering the purpose of the study and data availability,
appropriate distribution will be applied for arriving at a
design flood. Based on the intended applications and the
variate under consideration, standard parameter estimation
procedures viz., Method of Moments (MoM), Maximum
Likelihood Method (MLM) and L-Moments (LMO) are
used for determination of parameters of the distributions
wherever applicable.
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This research paper is arranged in the following manner.
Section | contains the introduction on the essentiality of
estimation of peak flood. The studies conducted by
numerous researchers on flood estimation are presented in
Section II. The methodology adopted in FFA is presented
in Section Il1. Section IV describes the results of the data
analysis and discussions made thereof. The conclusions
and recommendations made from the study are presented in
Sections V and VI respectively. The Section VII concludes
the research work with future direction.

Il. LITERATRUE REVIEW

A number of studies have been carried out by different
researchers on FFA. Kjeldsen et al. [3] carried out the
study on Regional FFA (RFFA) using LMO for KwaZulu-
Natal Province of South Africa. Study by Kumar et al. [4]
revealed that the GEV distribution is better suited for FFA
for eight gauging sites of Middle Ganga Plains. Yue and
Wang [5] determined the parameters of the distributions
using LMO for modelling of annual stream flow in
different climatic regions of Canada. Kumar and Chatterjee
[6] employed the LMO to define homogenous regions
within 13 gauging sites in Brahmaputra, India. Study by
Modarres [7] revealed that the LMO approach is a suitable
tool for Regional Frequency Analysis (RFA) for Isfahan
Province. Bhuyan et al. [8] found that the RFFA based on
the GEV distribution using level one LH-moment gives
better results over LMO. Malekinezhad et al. [9] reported
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that the GEV (LMO) is better suited for modelling APF of
three different regions in Iran. Sarhadi and Heydarizadeh
[10] studied the RFA and temporal pattern characteristics
of dry spells in Iran using LMO. They also described that
the GLO, GEV and PR3 distributions are the best-fit for
most of the regions. Markiewicz et al. [11] applied the
generalized exponential and inverse Gaussian distributions
in frequency analysis of annual maximum flows for Polish
rivers. Kossi et al. [12] carried out the RFFA for Volta
River Basin (VRB) using LMO of five probability
distributions. They found that the GEV and GPA
distributions are better suited to yield accurate flood
quantiles in VRB. Mohammed and Azhar [13] derived the
hydrometeorological approach to estimate the design flood
at Kol Dam in the Satluj River Basin using Snyder’s
probable maximum flood hydrograph. Suhartano et al. [14]
applied the NOR, LN2, LP3 and EV1 distributions to
analyse the design flood by FFA in Lesti sub watershed. Ul
Hassan et al. [15] adopted the GEV, GLO, LN3, PR3 and
EV1 distributions in estimating the flood at five gauging
sites of Torne River. Parvez and Inayathulla [16] analyzed
the rainfall data using LN2 distribution and developed the
intensity-duration-frequency curves for Upper Cauvery,
Karnataka. However, when different distributions are
adopted in FFA, a common problem that arises is how to
determine which distribution fits best for a given set of
data. This can be answered by quantitative and qualitative
assessments; and the results are quantifiable and reliable
[17]. For the quantitative assessment on APF data within
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the observed range, Goodness-of-Fit (GoF) tests viz., Chi-
square (yx2) and Kolmogorov-Smirnov (KS) are applied. In
addition to GoF tests, a diagnostic test viz., D-index is used
for the selection of best suitable probability distribution for
estimation of PF. Qualitative assessment is made from the
fitted curves of the estimated PF.

The literature thus presents a varied spectrum of
applications of probability distributions and the parameter
estimation methods that are used in FFA. In this paper, a
study on comparison of MoM, MLM and LMO estimators
of five probability distributions (viz., LN2, LP3, GEV,
EV1 and EV2) adopted in FFA is presented with
illustrative example for selection of an appropriate
distribution for estimation of PF.

1. METHODOLOGY

The procedures involved in FFA are: (i) prepare the APF
data series from the daily stream flow data series; (ii)
determination of parameters of the distributions using
MoM, MLM and LMO, and estimate the PF for different
return periods; (iii) conduct quantitative and qualitative
assessments; and (iv) analyse the results and made the
suggestions thereof. Table 1 presents the Cumulative
Distribution Function (CDF) and quantile estimator (x(T))
of probability distributions adopted in FFA.

Table 1. CDF and quantile estimator of probability distributions

Distribution CDF Quantile Estimator (x(T))
In(x) —n(y) .
LN2 F(x)= d{ (y;l ] x(M=ep (uy)+o ()¢~ (P)
G(k M] ,0>0 .. . .
LP3 F0 - o No explicit expression of the quantile
1 G( In(x) - &j w<0 function is available
1/k O
GEV F(x)em[ el J * x(T) =&+ --n@)] )
EV1 F(x)=e><p( e j @0 (M =t—ah[-InPE)]
0
EV2 F(x):exp( a] ] ~ X(T)=c [~ (P)] ¥

In Table 1, € is the location parameter, o is the scale
parameter, Kk is the shape parameter, u(y) and o(y) are the
average and standard deviation of the log transformed
series of the observed data (i.e., y=In(x)), F(x) is the CDF
of x (i.e., Annual Peak Flood), ¢is the inverse of standard
normal  distribution  function and defined by
ot :(p°-135 _(1_p)°-135)/o,1975 where in P is the probability of

exceedance, G(...) is the incomplete gamma integral and
X(T) is the estimated PF for a return period (T). A relation
between F, P and T is defined by F(x)=1-P=1-1/T. The
procedures involved in FFA viz., determination of the
parameters, estimation of PF for different return periods
and computation of Standard Error (SE) on the estimated
PF using LN2, LP3, GEV, EV1 and EV2 distributions are
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briefly described in the text book titled ‘Flood Frequency
Analysis’ by Rao and Hamed [18].

Estimation of Confidence Interval Limits

The lower and upper confidence limits (LCL and UCL) of
the estimated PF at 95% level are computed from:
LCL=Estimated PF-1.96(SE) and

UCL= Estimated PF+(1.96)SE

wherein SE is the Standard Error of the estimated PF.

Goodness-of-Fit Tests

The theoretical descriptions of GoF tests (viz., x*and KS)
applied in checking the adequacy of fitting probability
distributions to the APF data series are given as below:
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,_wel0,00-E;(0f ()
=i E;(x)

where, Oj(x) is the observed frequency value of x for i
class, Ej(x) is the expected frequency value of x for j" class
and NC is the number of frequency classes.
KS = Max(F, () - F (<)) - (2)
where, F¢(x;)=i/(N+1) is the empirical CDF of x; wherein
‘i’ indicates the rank assigned to the observed data
arranged in ascending order (i.e., X;<X,<X3<.....<Xy), X; and
Xy are the lowest highest values in the observed data series,
Fpo(x)) is the computed CDF of x; by the probability
distribution and N is the number of samples. The
acceptance regions of y?and KS tests statistic at the desired

significance level (n) are given hy Xégxf—n,NC—m—l and

KS. <KS,, \ respectively. Here, m denotes the number of

parameters of the distribution, X(Z: is the computed value

of x? statistic and KSc is the computed value of KS statistic.

Test criteria: If the computed values of GoF tests statistic
given by the distribution are less than its theoretical values
at the desired significance level then the distribution is
acceptable for FFA at that level [19].

Diagnostic Test
The GoF tests results may not offer a conclusive inference
in sometimes and thus a diagnostic test is applied for the
selection of suitable probability distribution for estimation
of PF. The theoretical description of D-index [20] is given
as below:
D—index =+
index N E

*

Xi =X

. (3)

where, X; is the observed value of i sample and XT is the

estimated value of i sample. For computation of D-index,
the first six highest values in the observed APF data series
and its corresponding estimated APF will be considered.
The distribution with minimum D-index is identified as
better-suited distribution in comparison with other
distribution (or method) for estimation of PF.

Application

In this paper, a study on comparison of MoM, MLM and
LMO estimators of five probability distributions (viz.,
LN2, LP3, GEV, EV1 and EV2) for estimation of PF for
river Tapi at Bhusawal and Savkheda gauging sites is
carried out. The Tapi river basin is situated in the northern
part of the Deccan Plateau and extends over an area of
65.145 km that is about 2% of the total geographical area
of the country and nearly 80% of the basin lies in the State
of Maharashtra. The river basin lies between the longitudes
of 72°38' to 78° 17" E and latitudes of 20° 05’ to 22°03"" N.
The Bhusawal gauging site is located between the latitude
of 75° 46' 56" E and longitude of 21° 03’ 54" N with
catchment area of 32478 km®. The Savkheda gauging site is
located between the latitude of 75° 30’ 54" E and longitude
of 21° 08’ 53" N with catchment area of 48136 km?. Daily
stream flow data observed at Bhusawal for the period 1987
to 2016 and Savkheda for the period 1991 to 2016 (with
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some gaps) are used. The APF data series is extracted from
the daily stream flow data series and used in FFA. From
the scrutiny of the stream flow data of Savkheda, it is
found that the observed data for the period of six years
(viz., 1991, 2001, 2009, 2011, 2012 and 2015) are not
available. However, by considering the importance of the
observed extreme events at Savkheda, the data for the
missing years are ignored while carrying out FFA. For
Bhusawal site, there are no missing values in the observed
data series. The descriptive statistics viz., Average,
Standard Deviation (SD), Coefficient of Skewness (CS)
and Coefficient of Kurtosis (CK) of the observed and log-
transformed series of APF data are presented in Table 2.

Table 2. Descriptive statistics of APF data

Gagglng Average SD cs CK
site (cumecs) (cumecs)
Bhusawal 5625.7 3350.8 1.746 (3.474)
(8.489) (0.548) (0.028) 0.430
Savkheda 884.9 921.8 2.623 8.321
(6.427) (0.829) (0.538) (-0.183)

Numbers given within the brackets indicates the descriptive
statistics of the log transformed values of APF data

IV. RESULTS AND DISCUSSIONS

By applying the procedures of FFA, as described above,
the parameters of LN2, LP3, GEV, EV1 and EV2
distributions were determined by MoM, MLM and LMO,
and are used for estimation of PF. The PF estimates for
different return periods from 1.01-year to 100-year are
presented in Tables 3 and 4 while the plots are shown in
Figures 1 and 2.

For Bhusawal, it is found that the MLM is not feasible
(NF) for determining the parameters of LP3 and hence the
estimated PF using LP3 (MLM) is not presented in Table 3.
Likewise, the estimated PFs using LP3 (LMO) are also not
presented in Tables 3 and 4 due to non-existence of LMO
for determination of parameters of LP3 distribution. From
Tables 3 and 4, it is noted that the estimated PFs using EV2
(MLM) distribution for a return period from 20-year to
100-year are higher than those values of other probability
distributions adopted in FFA. From Figures 1 and 2, it is
noticed that the fitted curves of the PF estimates using LP3,
GEV and EV2 distributions are in the form of exponential
while the EV1 and LN2 curves are in the form of linear.

Analysis of Results Based on GoF Tests

For Bhusawal and Savkheda, the GoF tests statistic values
of five probability distributions (using MoM, MLM and
LMO) were computed and the results are presented in
Tables 5 and 6. In the present study, number of frequency
class was considered as 5 while computing the y® test
statistic. The theoretical value of y* at 5% significance
level was determined based on the degrees of freedom,
viz., one for 3-parameter distributions (viz., LP3 and GEV)
and two for 2-parameter distributions (viz., LN2, EV1 and
EV2). From the analysis, it is found that the LP3 (using
MLM and LMO) for Bhusawal while LP3 (LMO) for
Savkheda are not feasible (NF) for FFA and hence the GoF
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tests results of LP3 (using MLM and LMO) are not
presented in Tables 5 and 6. From GoF tests results, it is
noticed that the computed values of GoF tests statistic
using MoM, MLM and LMO estimators of five probability
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distributions (viz., LN2, LP3, GEV, EV1 and EV2)
adopted in FFA are less than its corresponding theoretical
values at 5% significance level, and at this level, all five
distributions are found to be adequate for FFA.

Table 3. Estimated Peak Flood (cumecs) using LN2, LP3, GEV, EV1 and EV2 distributions for Bhusawal

Return LN2 LP3 GEV EV1 EV2
‘z;g;?‘)j MoM | MLM | LMO | MoM | MLM | LMO | MoM | MLM | LMO | MoM | MLM | LMO | MoM | MLM | LMO
10l | 13725 | 13576 | 13628 | 13550 | NF NF 7630 | 13000 | 13961 | 4201 | 0189 | 4224 | 26633 | 16373 | 21556
2 | 48546 | 48598 | 4859.8 | 4859.8 | NF NF | 49466 | 48480 | 47534 | 5075.1 | 50615 | 51053 | 47951 | 45130 | 44585
5| 76670 | 77085 | 76979 | 77085 | NF NF | 77793 | 7527.2 | 74610 | 8037.4 | 75382 | 79050 | 68153 | 82742 | 68845
10 | 97358 | 98107 | 9790.L | 98106 | NF NF | 9806.3 | 95830 | 96230 | 9998.7 | 91779 | 97586 | 86015 | 12360.1 | 9179.1
20 | 11850.0 | 119725 | 119403 | 119725 | NF NF | 11872.2 | 11796.8 | 120254 | 11880.0 | 10750.8 | 11536.7 | 10753.3 | 181642 | 120958
25 | 125605 | 12687.6 | 126513 | 126875 | NF NF | 12563.7 | 125531 | 12862.7 | 12476.8 | 11249.8 | 12100.7 | 11542.5 | 205235 | 132022
50 | 14807.3 | 14980.5 | 14930.2 | 149804 | NF NF | 14735.6 | 15061.3 | 15696.2 | 143152 | 12786.8 | 13838.2 | 14356.7 | 29897.0 | 17288.0
75 | 16320.8 | 16536.2 | 164758 | 163770 | NF NF | 16063.3 | 16652.0 | 17536.1 | 15383.8 | 13680.2 | 14848.1 | 16297.9 | 372040 | 202212
100 | 17169.0 | 17394.2 | 173282 | 173947 | NF NF | 17030.4 | 178414 | 18932.3 | 16140.0 | 143125 | 15562.8 | 17828.3 | 43430.0 | 22593.3
Table 4. Estimated Peak Flood (cumecs) using LN2, LP3, GEV, EV1 and EV2 distributions for Savkheda
Return LN2 LP3 GEV EV1 EV2
period | MoM | MLM | LMO | MoM | MLM | LMO | MoM | MLM | LMO | MoM | MLM | LMO | MoM | MLM | LMO
(year)
101 | 876 | 899 | 861 | 1250 | 1499 | NF | 2927 | 2867 | 2658 | 629.7 | 4720 | 4148 | 121.3 | 151.3 | 1804
2| 6200 | 6186 | 6186 | 5744 | 559.1 | NF | 6734 | 587.6 | 5746 | 7334 | 7265 | 7549 | 687.2 | 5388 | 5305
5 | 1261.0 | 1242.8 | 1262.3 | 12056 | 1161.8 | NF | 1402.9 | 1063.3 | 115015 | 1548.3 | 1263.6 | 1454.2 | 1082.7 | 11516 | 1010.8
10 | 1826.1 | 17890.8 | 1832.7 | 1855.8 | 18100 | NF | 19610 | 1484.4 | 17234 | 2087.9 | 1619.2 | 1917.2 | 1462.8 | 1904.0 | 1548.9
20 | 2479.3 | 2418.8 | 24935 | 27126 | 2697.6 | NF | 2563.1 | 1992.2 | 2478.1 | 26055 | 1960.4 | 2361.3 | 1952.2 | 3084.1 | 2332.7
25 | 2710.3 | 2640.6 | 27275 | 3042.0 | 30475 | NF | 2768.3 | 2178.6 | 2771.2 | 2769.6 | 2068.6 | 2502.2 | 2139.4 | 3593.9 | 2656.2
50 | 3497.8 | 3394.8 | 3526.2 | 4267.1 | 43842 | NF | 3448.4 | 2843.6 | 3880.5 | 3275.4 | 2401.9 | 2936.2 | 28365 | 5757.8 | 3962.9
75 | 4070.9 | 3942.0 | 4108.3 | 5149.0 | 5376.7 | NF | 3879.3 | 3302.7 | 4699.3 | 3569.4 | 2595.7 | 3188.5 | 33418 | 7572.3 | 5000.5
100 | 4399.7 | 4255.4 | 44425 | 5861.4 | 61947 | NF | 42013 | 3664.8 | 5373.3 | 3777.4 | 2732.8 | 3367.0 | 37529 | 91925 | 5895.2

Table 5. Theoretical and computed values of GoF tests statistic of LN2, LP3, GEV, EV1 and EV2 distributions for Bhusawal

Probability

Theoretical value

Computed values of GoF tests statistic

distributi at 5% level $? KS

Istribution " KS MoM MLM LMO MoM MLM LMO
LN2 5.990 0.231 0.667 0.667 0.667 0.094 0.094 0.094
LP3 3.840 0.231 0.667 0.089
GEV 3.840 0.231 0.667 0.667 0.667 0.089 0.089 0.089
EV1 5.990 0.231 1.667 1333 1.333 0.095 0.086 0.081
EV2 5.990 0.231 1.667 0.667 0.667 0.150 0.115 0.090

Table 6. Theoretical and computed values of GoF tests statistic of LN2, LP3, GEV, EV1 and EV2 distributions for Savkheda

Theoretical value

Computed values of GoF tests statistic

Frobability at 5% level " KS
Istribution L KS MoM MLM LMO MoM MLM LMO
LN2 5.990 0.280 1.200 1.200 1.200 0.125 0.113 0.113
LP3 3.840 0.280 4.800 1.750 0.096 0.087
GEV 3.840 0.280 4.800 1.800 1.600 0.150 0.123 0.098
EV1 5.990 0.280 4.800 1.800 1.600 0.178 0.186 0.193
EV2 5.990 0.280 4.800 2.221 2.000 0.278 0.198 0.124

Analysis of Results Based on Diagnostic Test

In addition to GoF tests, for identifying a best suitable
distribution for estimation of PF amongst five probability
distributions adopted in FFA, second line of action, say,
diagnostic test (i.e., D-index) was applied. For Bhusawal

Table7. D-index values given by LN2, LP3, GEV, EV1 and EV2

Probability Bhusawal Savkheda

distribution | MoM | MLM | LMO | MoM | MLM | LMO
LN2 1.377 | 1457 | 1.417 | 2.458 | 2.884 | 2.675
LP3 1.376 2.263 | 2.481
GEV 1.435 | 1.438 | 1.315 | 2.483 | 4.152 | 2.899
EV1 1.523 | 1.956 | 1.617 | 2.838 | 3.505 | 2.683
EV2 2.138 | 2.639 | 1.375 | 4.120 | 2.074 | 3.868
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and Savkheda, the D-index values for LN2,LP3, GEV,
EV1 and EV2 distributions were computed and are
presented in Table 7.

From diagnostic test results, it is noticed that the D-index
value of GEV (LMO) is minimum when compared to the
corresponding values of other distributions for Bhusawal.
For Savkheda, it is noticed that the D-index values of EV2
(MLM), LP3 (MoM), LN2 (MoM) and LP3 (MLM) are the
first, second, third and fourth minimum in the order of the
magnitude when compared with the D-index values of
other distributions. The diagnostic test results of LP3
(using MLM and LMOQO) are not presented in Table 7
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because of non-feasibility for fitting LP3 (MLM and LMO)
to APF data of Bhusawal while LP3 (LMO) for Savkheda.
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Figure 1. Plots of estimated PF using LN2, LP3, GEV, EV1 and
EV2 distributions with observed APF for Bhusawal
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Figure 2. Plots of estimated PF using LN2, LP3, GEV, EV1 and
EV2 distributions with observed APF for Savkheda

Selection of Probability Distribution
Based on FFA
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observed that the analysis offered diverging inferences and
thus called for qualitative assessment using the plots of the
estimated PFs (Figures 1 and 2). Hence, the best fit for
estimation of PF is re-assessed through fitted curves of the
estimated PFs together with D-index values; and
accordingly final selection is made.

i) For Bhusawal, it is noted that the estimated PF using
GEV (LMO) is higher than those values of GEV
(using MoM and MLM).

ii) For Savkheda, it is noted that the estimated PF using
LP3 (MoM) is less than those values of LP3 (MLM)
while LN2 (LMO) gave higher estimates than LN2
(MoM). This indicates that the MoM estimators are
less accurate when compared with MLM and LMO
when different distributions are applied in FFA.

iii) Also, for Savkheda, it is noted that the fitted line
(Figure 2) of the estimated PFs using EV2 (MLM) are
well above the observed data and thus there is no
good correlation between the observed and estimated
values.

iv) So, after eliminating the D-index values of EV2
(MLM), LP3 (MoM) and LN2 (MoM) from the
selection, it is identified that the D-index value of LP3
(MLM) is the next minimum in the array of D-index
values and hence LP3 (MLM) is considered as the
best choice for estimation of PF for Savkheda.

Hence, the qualitative assessment (plots of FFA results) of
the outcomes is weighed with D-index values and
accordingly GEV (LMO) distribution is found to be best fit
for estimation of PF at Bhusawal and LP3 (MLM) for
Savkheda. The estimated PF with 95% confidence limits by
the selected probability distribution (i.e., GEV (LMO) for
Bhusawal and LP3 (MLM) for Savkheda) for different
return periods from 1.01-year to 100-year are presented in
Table 8 while the plots are shown in Figures 3 and 4. The
percentages of the observed APF falls within the
confidence limits of the estimated PFs using viz., GEV
(LMO) for Bhusawal and LP3 (MLM) for Savkheda are
about 97% and 95% respectively

results obtained from quantitative

assessment by using GoF and diagnostic tests, it is

Table 8. Estimated PFs with 95% confidence limits for different return periods using GEV (LMO) for Bhusawal and
LP3 (MLM) for Savkheda

Return period Bhusawal Savkheda
(year) Estimated PF 959% confidence limits Estimated PF 95% confidence limits
(cumecs) Lower Upper (cumecs) Lower Upper

1.01 1396.1 275.4 2516.8 149.9 50.0 249.8
2 4753.4 3200.1 6306.7 559.1 350.2 768.0
5 7461.0 5525.3 9396.7 1161.8 749.9 1573.7
10 9623.0 7000.4 12245.6 1810.0 1050.3 2569.7
20 12025.4 8249.0 15801.8 2697.6 1399.7 3995.5
25 12862.7 8652.1 17073.3 3047.5 1575.4 4519.6
50 15696.2 9651.5 21740.9 4384.2 2249.8 6518.6
75 17536.1 10248.9 24823.3 5376.7 2850.5 7902.9
100 18932.3 10749.6 27115.0 6194.7 3250.1 9139.3
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V. CONCLUSIONS

This paper described a study on comparison of MoM,
MLM and LMO estimators of LN2, LP3, GEV, EV1 and
EV2 distributions adopted in FFA for estimation of PF for
river Tapi at Bhusawal and Savkheda sites. The adequacy
of fitting probability distributions was checked by
quantitative (viz., GoF and diagnostic tests) and qualitative
(viz., fitted curves of the estimated values) assessments.
Based on the results of the data analysis, the following
conclusions were drawn from the study:

i) x®and KS test results supported the use of LN2, LP3,
GEV, EV1 and EV2 (using MoM, MLM and LMO)
for FFA for Bhusawal and Savkheda.

ii) Qualitative assessment (plots of the estimated values)
of the outcomes was weighed with D-index values and
accordingly GEV (LMO) distribution was found to be
better suited for estimation of PF for Bhusawal
whereas LP3 (MLM) for Savkheda.

iii) The qualitative assessment also indicated that about
97% of the observed APF of Bhusawal and 95% of
APF of Savkheda were within the confidence limits of
the estimated PFs using GEV (LMO) and LP3 (MLM)
respectively.
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VI. RECOMMENDATIONS

The study recommended that the PFs given by GEV
(LMO) for Bhusawal and LP3 (MLM) for Savkheda could
be used for design purposes. By considering the data length
(i.e., 30 years for Bhusawal and 20 years for Savkheda) of
the observed APF, the study indicated that the estimated
PFs for a return period beyond 100-year may be cautiously
used due to uncertainty in higher order return periods.

VII. FUTURE WORK

The study presented in this paper could be further enhanced
by adopting Extreme Value, Normal and Gamma families
of probability distributions with voluminous data to arrive
at a suitable PF for the design purposes of civil and
hydraulic structures in Bhusawal and Savkheda sites.
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