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ABSTRACT

Rainfall data of twelve gauged stations of the NdEast India has been taken for selecting beshditlel for
rainfall frequency analysis. The five probabilitistibutions, namely Generalized extreme value (EVeneralized
Logistic (GLO), Pearson type 3 (PE3), 3 parametay hormal (LN3) and Generalized Pareto (GPA) digtions have
been considered. The methods of L-moment and LQ@nbrhave been used for estimating the parameteitheof
probability distributions. L-moment analysis shotliat PE3 is the best fitting distribution. On thithey hand based on
LQ-moment analysis GPA is selected as the bestdittlistribution for the North Eastern Region. Rieka root mean
square error (RRMSE) and RBIAS are employed to @ampetween the results found from L-moment andnh@prent
analysis.It is found that PE3 distribution is selected agatle and the best fitting distribution for raitiferequency
analysis of the North East India. Also the L-momethod is significantly more efficient than LQ-ment for rainfall
frequency analysis of the North east Indiae rainfall frequency model for the region hasrbdeveloped by using the

identified robust distribution for the region.
KEYWORDS: L-Moments, LQ-Moments, Probability DistributionRRISE Error
1. INTRODUCTION

Agriculture plays a vital role for the economic d®pment of the North East India. Rainfall has cliienpact on
agriculture. Therefore, the rainfall frequency gsd# of this region is one of the essential tagso the study of extreme
rainfall is very much useful for design of dam,dmy@ and hydrological planning. The proper estinmatid rainfall

frequency analysis will help to develop and alsatget the economic loss of this region.

In this study regional rainfall frequency analysis North East India has been considered for devedoyp of
frequency analysis model. For this study the L-motmand LQ-moment method has been used for estimaifo
parameters of the probability distributions. Theefprobability distributions, namely generalizedreme value (GEV),
generalized Logistic(GL), Pearson type 3 (PE3), @ameter Log normal (LN3) and generalized Paret®AG
distributions have been considered for this stuihye homogeneity of the study region has been chwig by using
heterogeneity measure proposed by Hosking and $\(a8i93). Two goodness of fithess measures namstgptistics and
L-moment (LQ-moment) ratio diagram have been emgiofpr identification of the best fitting distrilboih for our study
region. Also RRMSE and RBIAS is used to make a cmspn between the two best fitting distributiorttigey from

L-moment and LQ-moment analysis.
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2. REVIEW OF LITERATURE

Application of extreme value distribution to raitifdata have been investigated by several autmors ifferent parts
of the world. Shabri, A. B. et. al (2011) used Lyment and TL-moment to analysis the maximum raindalla of 40
stations of Selangor Malaysia. Comparison betwéentivo approaches showed that the L-moments anthdinents
produced equivalent results. GLO and GEV distritmgiwere identified as the most suitable distrdngifor representing
the statistical properties of extreme rainfall Eléhgor. Monte Carlo simulation was used for penfamce evaluation, and
it showed that the method of TL-moments was mofieiefit for lower quantile estimation compared wiitle L-moments.
Deka, S. et. al (2011) fitted three extreme valis¢ributions using LH moment of order zero to feund found that GPA
distribution is the best fitting distribution fdneé majority of the stations in North East Regionmafia. Also Deka, S. et. al
(2009) tried to determine the best fitting disttibn to describe the annual series of maximum dalgfall data for a
period of 42 years of nine stations of North Easgjign of India. Generalised Logistic distributi@neimpirically proved to
be the most appropriate distribution for the mayoof the stations in North East Region of Indidofthitoye, O.O. et. al
(2009) analysed annual rainfall data of 54 yearsfR0 different stations of Nigeria using GumbeigtGumbel, Normal,
Log-Normal, Pearson and Log-Pearson distributidre flesult showed that the Log-Pearson Type llfridigtion was the
best distribution. Lee (2005) studied the rainféitribution characteristics of Chia-Non plain af®a using different
statistical analyses such as normal distributiog;rormal distribution, extreme value type | distition, Pearson type Ili
distribution and log-Pearson type Il distributiofhe result showed that the log-Pearson type Htrithution performed
the best probability distribution occupying 50%tloé total station number. Zalina et. al (2002) sddnaximum rainfall
frequency analysis of Malaysia and found that Gdistribution is the most appropriate distributiar flescribing the
annual maximum rainfall series in Malaysia. Oguml€001) studied the stochastic analysis of rdirgaént in llorin
using probability distribution functions. He foutitat the log Pearson type Il distribution is thesbfor describing peak

daily rainfall data of llorin.
3. STUDY REGION AND DATA COLLECTION

For this study 12 gauged stations of the North Hadia viz. Imphal, Agartala, Shillong, Guwahatijc8ar,
Jorhat, Dhubri, Lengpui, Lakhimpur, Pasighat, Mdben and Itanagar are considered. Annual daily maxrn rainfall
data of these stations for a period of 30 yearmfi®84 to 2013 are considered for this study. Ratacollected from

Regional Meteorological centre, Guwahati.

4. METHODOLOGY
4.1 Method of L-Moment
The probability weighted moments (PWMs) of a randesmiable X with cumulative distribution function (CDF),

F(.) were defined by Greenwood et al. (1979) as
Br = My ,o = E[X{F(X)}] (4.1.1)
where, M, = E[XP{FCOY {1 - F(0))] 12)
ﬂ and can be rewritten as:

B, = [} x(F)F'dF, r=012.. (4.1.3)

Impact Factor (JCC): 2.6305 NAAS Ratj 3.19



Regional Analysis Of Maximum Rainfall Using L-Momert And Lg-Moment: A Comparative Case Study For The Nrth East India 81

wherex (F) is the inverse CDF of evaluated at the probabilify.

The general form of L-moments in terms of PWMsiiseg by Hosking and Wallis (1997) as

Ars1 = k=0 Pr 1P (4.1.4)
where p; , defined by Hosking and Wallis (1997) as

DT RE R

Pric =~z (4.1.5)

The first four L-moments can be defined as:

A1 = Bo (4.1.6)
Ay = 2By = Bo (&)
A3 = 6B, — 6B + Bo (4.1.8)
Ay = 20B5 — 30B, +12B, — B (4.1.9)

Hosking and Wallis (1997) defined L-moments rafiosIRs) as:
Coefficient of L-variationz = 1, /4,
Coefficient of L-skewness; = 1;/1, (4.1.10)
Coefficient of L-kurtosis 7, = 1,/4,
4.2 Method of LQ-Moment

Let X, X5, X5, ... ... X;, be a sample from a continuous distribution funcfip(.) with quantile functiorQ, (u) =
Folu). If Xip < Xom < X3y < - ....< X, denote the order statistics, then tfeLQ-moments{,of X proposed by
Mudholkar. et al. (1998) are given by

1 ke -1

= e L () L (42.1)
where0 <«< % 0<sp< % and

Tpa(Xr—ker) = PQup_pe, (@) + (1 = 2D)Qy, ;. (@) + POy, .. (1 — ) (4.2.2)

The linear combination, , is a quick measure of the location of the samplimgribution of order statistic
X,_k.r- With appropriate combinations efandp, estimators for, ,(.) can be found which are functions of commonly

used estimators such as median , trimean and G#stivhe trimean-based estimator is defined as

er—k:r(%) + er—k:r(%) + er—k:r(%)
4 2 4

The first four LQ-moments of the random varialilare given by:
(1 = Tp,a (X), Z‘B)

G = 2 [Tpaa2) = Tpa(Xa)], (4.2.4)
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{3 = %[Tp,a(XSS) = 27,0 (X2:3) + Tp o (X1:3)], ez

(s = i[Tp,a(th:z;) —3Tpq (X3.4) + 3T (X2.4) — Tp,a(X1:4)] (4.2.6)

The LQ-CV, LQ-skewness and LQ-kurtosis are defingd

n {1,n3 2 and 1, 2 (4.2.7)

5. REGIONAL RAINFALL FREQUENCY ANALYSIS USING L-MOM ENT
5.1 Screening of Data
The Discordancy tesD);, proposed by Hosking and Wallis (1993) has beew ts screen out data from stations

whose point sample L-moments are markedly diffefiearh other stations. The objective is to check the

D, = gzv(ui —D)TSL(u; — W) (5.1.1)

whereS = ¥V (u; — ) (w; — )T andu; = [té,té,t};]Tfor i-th station, N is the number of stations jsScovariance
matrix ofu; andu is the mean of vector; . Critical values of discordancy statistics ateutated by Hosking and Wallis

(1993), forN = 12, the critical value is 2.757. If the D-statistiofsa station exceeds 2.757, its data is discorftant the

rest of the regional data.
5.2 Heterogeneity Measure

An essential task in regional frequency analysthésdetermination of homogeneous regions. HoskimyWallis
(1993) suggested the heterogeneity test, H, wherendments are used to assess whether a group tadnstanay
reasonably be treated as belonging to a homogenemisn. The proposed heterogeneity tests are basedhe

L-co-efficient of variation (L-Cv), L-skewness (Lkpand L-kurtosis (L-Ck). These tests are defirespectively as

V= Shn (e - 2/, 521)
Vo = 2 ) — 8y + (£ — ) ) /2 m, (5.2.2)
Vs = SN[ — 892 + (£ — %) T2} / 2N (5.2.3)

The regional average L-moment ratios are calculasiug the following formula

th =X, nith/ T n;,

t =Y, nity/ Xy, (5.2.4)
_ vN i

th = XN, it/ X

where N is the number of stations anés the record length at i-th station. The hetereggrtest is then defined

Vimhv; .
as H; = , =123 (5.2.5)

ij

where p,, and oy,are the mean and standard deviation of simuldtedalues, respectively. The region is
]

acceptably homogeneous, possibly homogeneous dimitelg heterogeneous with a corresponding ordelc-onoments
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according as H<1,4H<2 and H>2.

The heterogeneity measures of our study region baea found to beH; = 1.54,H, = —0.35andH; = 0.40. It

has been observed from heterogeneity measureothagiudy region can be considered as a possilshogeneous one.

5.3 Goodness of Fit Measures
5.3.1 Z-Statistics Criteria
The Z-test judges how well the simulated L-Skewreass L-kurtosis of a fitted distribution matches tiegional

average L-skewness and L-kurtosis values. For selgleted distribution, the Z-test is calculatefodlews
ZPIST = (¢Dist — By /o, (5.3.1)
where DIST refers to a particular distributial’ST is the L-kurtosis of the fitted distribution whitee standard

deviation oft} is given by

0y = [(Noim) 2 ZVsm (™ — e8y2] " (5.3.2)

m=1

tis the average regional L-kurtosis and has to beutsed for them™ simulated region. This is obtained by
simulating a large number of kappa distributiomgsMonte Carlo simulations. The value of the Zistats is considered
to be acceptable at the 90% confidence leviiiT| < 1.64 . If more than one candidate distribution is atakle, the

one with the lowestZ?’S7| is regarded as the best fit distribution.

The Z-statistics values of five distribution used éur study are given in Table-2. It has been oleskthat the Z-
statistic values of GEV, LN3 and PE3 distributi@rs less than 1.64. But that of PE3 distributiothés lowest i.e. 0.19.
Therefore the PE3 distribution is identified as test fitting distribution for rainfall frequencynalysis of North-East
India.

5.3.2 L-Moment Ratio Diagram

L-moment ratio diagram is a graphical tool whicim ¢&& used as another goodness of fit measure l&otisa of
best fit distribution. It is a graph of the L-skesas and L-kurtosis which compares the fit of sdwisdributions on the
same graph. According to Hosking and Wallis (1997, expression of, in terms ofr; for an assumed distribution is

given by
Ty = Yoo AiTH (5.3.2)
where the coefficientd,, are tabulated by Hosking and Wallis (1997).

The L-moment ratio diagram of our study regiontiewsn in Figure 1. It has been observed from Fiduthat the
regional average values of L-skewness and L-kwgtissalso lies near to the PE3 distribution. Hetlge,L-moment ratio

diagram also shows that the PE3 distribution isbis fit distribution to our study area.
5.4 Quantile Estimation

The quantile function of the best fitting distritart PE3 is given by

Q(F) = u+0Qo(F) (5.4.1)

www.iaset.us edi@iaset.us



84 Dhruba Jyoti Bora, Munindra Borah & Abhijit Bhuyan

2 yo i) v 2 4 o .
where Q,(F) = ;[1 +T_§] - and@~'(.) has a standard normal distribution with zero mead

unit variance. Parameteysu ando are the standard parameterizations which can tzéneldl by setting

a="p=;olylandé=p-=
The regional parameters for the PE3 distributiorgpaesented in Table 4. Substituting the regivahles of PE3

distribution in equation (5.4.1) quantiles arerastied. The estimated quantiles are given in table 5

6. REGIONAL RAINFALL FREQUENCY ANALYSIS USING LQ-MO MENT
6.1 Screening of Data
The procedure discussed in section 5.1 is empléged Q-moment also. For discordancy test L-cv, lewkess

and L-kurtosis are replaced by LQ-cv, LQ-skewnemblzQ-kurtosis respectively.
6.2 Heterogeneity Measure

The procedure discussed in section 5.2 is similarhployed for LQ-momenmt. For Heterogeneity testvl -

L-skewness and L-kurtosis are replaced by LQ-cvdk@®wness and LQ-kurtosis respectively.

The heteroginity measures of our study region Hmeen found to bed; = —1.45,H, = 0.87andH; = 1.77. It has

been observed from heterogeneity measures thastwty region can be considered as a possibly hensmys one.

6.3 Goodness of Fit Measures
6.3.1 Z-Statistics Criteria

The procedure is similar as discussed in sectiBnfor Z- test L-cv, L-skewness and L-kurtosis @glaced by
LQ-cv, LQ-skewness and LQ-kurtosis respectivelye Phstatistics values of five distribution used éar study are given
in Table-6 It has been observed that the Z-statistiues of GEV, LN3, PE3 and GPA distributions lass than 1.64. But
that of GPA distribution is the lowest i.e. 0.46efé&fore the GPA distribution is identified as thestfitting distribution

for rainfall frequency analysis of North-East India
6.3.2 LQ-Moment Ratio Diagram

The procedure is similar as discussed in secti8r25The coefficientgl, are calculated by Bhuyan A. & M. Borah.
(2011). The LQ-moment ratio diagram of our studgioa is shown in Figure 2. It has been observethffégure 2 that
the regional average values of LQ-skewness and Ww@is is also lies near to the GPA distributiblence, the LQ-

moment ratio diagram also shows that the GPA bistion is the best fit distribution to our studgar
6.4 Quantile Estimation

The quantile function of the best fitting distrimt GPA is given by
QPR =g+ {1- Q-4 (6.4.1)

where Q(F) is the quantile estimate at return period Fua, k are the parameters. The parameters of the GPA

distribution are given in table-9.

Substituting the parameters in equation (6.4.1) ghantiles are estimated. The estimated quantilesgaven in
table 10.
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7. RESULTS AND DISCUSSION

For both L-moment and LQ-moment methods it is olesgfrom table-1 and table-5 that thevalues of all the
twelve stations are less than critical value 2.7bferefore all the data of twelve stations are mmred for the

development of regional frequency analysis.

It has been observed from heterogeneity measuatfahboth L-moment and LQ-moment methods, oudtu

region can be considered as a possibly homogemawus

Z-statistics criteria for L-moment and L-momentigadiagram shows that the PE3 distribution is thetHitting
distribution for our study region. The parametei$&3 distribution using L-moment and quantile rasties using PE3

distribution are given in table-3 and table-4 resipely.

On the other hand, Z-statistics criteria for LQ-nearh and LQ-moment ratio diagram shows that GPA
distribution is the best fitting distribution fouostudy region. The parameters of GPA distributismg LQ-moment and

guantile estimates using GPA distribution are givetable-7 and table-8 respectively.

The robustness of the two best fitting distribusiatesignated by L-moment and LQ-moment are alsesiigated
using Monte Curlo simulation proposed by Meshgi &twlili (2009). Commonly used two error functioase relative

root mean square error (RRMSE) and relative bi&AR) are given by

M 2
12 Q7' — Q7
RRMSE = |— _—
M L ( Qf
m=1

M
1 Q7' — Q7
RBIAS = — _—
i ()

where M is the total number of sample@f*and Q5 are the simulated quantiles of mth sample andutztkd

guantiles from observed data respectiva@llye minimum RRMSE and RBIAS values and their asgedi variability are
used to select the most suitable probability distion function. For this purpose, box plots, apfiaal tool introduced by
Tukey (1977) are used.

Box plot is a simple plot of five quantities, nagiethe minimum value, the®fjuantile, the median, the
3“quantile, and maximum value. This provides the tiocaof the median and associated dispersion ofittea at specific
probability levels. The probability distribution thithe minimum achieved median RRMSE or RBIAS vajues well as
the minimum dispersion in the median RRMSE or RBMsues, indicated by both ends of the box plotsatected as the
suitable distribution.

RRMSE and RBIAS values are given in table-9 andetd® respectively. From table-9 it is observed tha
RRMSE values of PE3 distribution are less thanquaéto the respective RRMSE values of GPA distitu Also from
table-10 it is observed that the absolute RBIASigalof PE3 distribution are smaller than the rebpe&®BIAS values of
GPA distribution. Figure 3 and Figure 4 represéetliox plot of RRMSE and RBIAS values respectivelpm figure 3
and Figure 4 it is observed that PE3 distributias the minimum median RRMSE and RBIAS values asageatinimum

dispersion. Hence PE3 distribution is selecteduétaldle and the best fitting distribution for ratiffrequency analysis of
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the North East India. Also the L-moment methodiggigicantly more efficient than LQ-moment for réatl frequency
analysis of the North east India.

8. DEVELOPMENT OF MODEL

The regional rainfall frequency relationship is éieped by using suitable and the best fitting tistion PE3.

The form of regional frequency relationship or gtieiactor for PE3 distribution is

3
Q(F) = u+a§{{1+@—§—6}} —%l*@ (8.1)

where Q(F) is the quantile estimation at non-exaeéarobability F,Q is the mean annual maximum rainfall of

the sitep~1(.) has a standard normal distribution with zero mesash unit variance. Parametgrg: ando are the standard
parameterizations which are given in the table-dbs8tuting these values in expression (8.1) rdinfiiequency

relationship for gauged sites of study area is @sgad as:

Q(F) =

1.155 6 36 1.155

3
1.000 + w{{1 411807 ﬂ}} _2 l ) (8.2)

For estimation of rainfall of desired non-exceedapoobability for a small to moderate size gaugathiments
of study area, above regional flood frequency i@ship may be used. Alternatively, rainfalls ofieas non-exceedance
probabilities may also be computed by multiplyihg tmean annual rainfall of a gauge station by spording values of
growth factors based on the PE3 distribution givetable-4.

9. CONCLUSIONS

For both the methods, L-moment and LQ-moment Dk@mocy measure shows that data of all gauging eftes
our study area are suitable for using regional Uesgy analysis. By using the L-moment and LQ-momesded
homogeneity test, the region has been found to dssilply homogeneous. Regional rainfall frequencglysis was
performed using five frequency distributions: vi@LO, GEV, GPA, LN3 and PE3. Using L-moment ratiagtiam and
Z-statistic it is found that PE3 distribution isstbest fitting distribution for rainfall frequen@nalysis of the North East
India. Also using LQ-moment ratio diagram and Ziste it is found that GPA is the best fitting ttibution for rainfall
frequency analysis of the North East India. UsiRMBE and RBIAS values it can be concluded that &iEBibution for
L-moment is the most suitable distribution for falhfrequency analysis of the North East Indias@lthe L-moment
method is significantly more efficient than LQ-mamhéor rainfall frequency analysis of the North elaglia. The regional
flood frequency relationship for gauged stations baen developed for the region and can be usedstimation of

rainfalls of desired return periods.
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APPENDIES
Table 1: Discordancy Measures of each Sites of titNE Region Using L-Moment
No. of Site | No. of Observation | Name of Sites| L-CV L-Skewness | L-Kurtosis D;
1 30 Guwabhati 0.150¢9 0.2298 0.1551 0.p7
2 30 Mohanbari 0.1458§ 0.1521 1011 0.09
3 28 Silchar 0.1449 0.1420 0.1345 0.61
4 30 Lakhimpur 0.1394 0.2107 0.0976 0.93
5 30 Passighat 0.2224 0.3773 0.3455 1{82
6 30 Agartala 0.1763 0.1421 0.0529 1.30
7 30 Imphal 0.1772 0.2015 0.1711 0.19
8 30 Shillong 0.1863 0.1569 0.1778 1.82
9 26 Itanagar 0.171(¢ 0.3629 0.2452 1.45
10 22 Dhubri 0.1798 0.1620 0.0904 0.75
11 25 Jorhat 0.1196 -0.0514 -0.0832 1.[72
12 13 Lengpui 0.1166 0.1523 0.1265 1.56
Table 2: Z-Statistics Values Of the Distributions W$ing L-Moment
Name of the
SI.No. Probability Z-Statistics Values
Distribution
1 GLO 2.58
2 GEV 0.87
3 LN3 0.55
4 PE3 0.19
5 GPA 2.97
Table 3: Parameters of Best Fitting Distribution Usng L-Moment
S Parameters
Name of Distribution Location(u) | Scaleg) | Shapeg)
PE3 1.000 0.302 1.155
Table 4: Quantile Estimates by Using Best Fitting 3tribution
Distribution Qlahiles |
0.010 | 0.020 | 0.050 | 0.100 | 0.200 | 0.500 | 0.900 | 0.950 | 0.990 | 0.999
PE3 0.553| 0.576 0.620 0.669 0.745 0943 1405 1574942 | 2.434
Table 5: Discordancy Measures of Each Sites of thi¢E Region Using LQ-Moment
No. of Site | No. of Observation | Name of Sites | LQ-CV | LQ-Skewness | LQ-Kurtosis D;
1 30 Guwabhati 0.1492 0.3960 0.1093 1.02
2 30 Mohanbari 0.1565 -0.0545 -0.0625 0.83
3 28 Silchar 0.1534 0.0931 0.2052 0.69
4 30 Lakhimpur 0.1518 0.2525 -0.0085 0.75
5 30 Passighat 0.1893 0.2302 0.2472 0{58
6 30 Agartala 0.2032 0.2278 -0.1384 2.2
7 30 Imphal 0.1744 0.2548 0.2233 0.14
8 30 Shillong 0.1779 0.2374 0.3275 0.62
9 26 Itanagar 0.1546 0.5586 0.5756 1.[r7
10 22 Dhubri 0.2042 0.0123 0.0151 1.25
11 25 Jorhat 0.1530 -0.1019 -0.1672 1.p6
12 13 Lengpui 0.1339 0.2634 0.1863 0.Y7
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Regional Analysis Of Maximum Rainfall Using L-Momert And Lg-Moment: A Comparative Case Study For The MNrth East India

Table 6: Z-Statistics Values of the Distribution

1 GLO 2.12
2 GEV 1.50
3 LN3 1.25
4 PE3 0.91
5 GPA 0.43

Table 7: Parameters of the Best Fitting Distribution

GPA

0.668 0.511 0.357

Table 8: Quantile Estimates by Using Best Fitting Btribution

Table-9: RRMSE Values of Different Quantiles of PEdistribution and GPA

Distribution for L-Moment and LQ-Moment Method Respectively

PE3 0.153| 0.125 0.094

0.079 0.0y2 0.064 0.068 0)084124

0.172

GPA 0.108| 0.106] 0.09

9

0.089 0.077 0.067 0.109 0.18r568

3.387

Table 10: RBIAS Values of Different Quantiles of PB Distribution and GPA Distribution for L-Moment an d
LQ-Moment Method Respectively

PE3 -0.012| -0.005 -0.00(

D

0.008 0.0g2 0.000 -0.00D.004

0.001

0.003

GPA -0.006 | -0.006| -0.003

-0.00g -0.001 0.0p4  0.028).058

0.188

0.676
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Figure 1. L-Moment Ratio Diagram for NE Region
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Figure 2: LQ-Moment Ratio Diagram for NE Region

LAY Ve
&

Impact Factor (JCC): 2.6305

WTWEL by

L2 il ars

Figure 3: Boxplot of RRMSE Values
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Figure 4: Boxplot of RBIAS Values
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