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Absga& SMgdeling @lnfall is very important to be developed in managing natural resources to deal with the impacts of

u

clirr@te;ci% ge. We modelled the daily rainfall for data recorded in Pekanbaru City from 1999 to 2008. the main goal of
thls%t(giyds find t@ best fitting distribution to the daily rainfalls by using the maximum likelihood approach. for this
purgpsg dma distr. @utlon and some Extended Gamma Distribution will be used and tested to determine the best model to
des @ rainfalt-in Pekanbaru City. the extended gamma distribution meaning some mixture two and three gamma
dlstggb@uﬁ famely rau shanker and sujatha distribution. the maximum likelihood method will be used to get the estimated
par‘@nme ~v4lue from the distribution used in this study. the distributions will be selected based on graphical inspection
prol?abﬂltg (fensny function (pdf), numerical criteria Akaike’s information criterion (AIC) and Bayesian Information
Crllﬁngw @I%) in most the cases, graphical inspection gave the same result but their AIC and BIC result differed. the best
fit rgsudb viasthosen as the distribution with the lowest values of AIC and BIC. in general, the Gamma distribution has been

sele&eﬁ;a@t@ best model

u

Keygogds -é’xtented Gamma Distribution, Rainfall Modelling, Rani Distribution, Shanker Distribution, Sujatha Distribution.

1. I@tro ugtlon

@Iust vgse regression is a method that finds simultaneously an optimal member of data in k cluster and each cluster
hav@the bg’st?egressmn model. Analysis of a simulated data set has also been presented for illustrative purposes. Gamma and
noriial dlgr@utlons were used for distribution of responses scenario with different parameters. This simulation study is
car@d oyt bg initializihg the number of clusters, classify observations randomly as an initial partition, move observation to
the gustegglging the sthallest residual and re-estimate the regression model from final partition. This simulation showed that
clusiérwisg regressionis able to form partition according to the distribution of data, also to form the best generalized linear

I W|t§ Gamma dlgrlbutlon and linear regression model [1].

'D

'dl'her aré many observations in the economics, social and science that arise with a high variance. When the data was
estnﬂated% smgle regfession model there was a mistake in presenting the data structure. the data can be classified to reduce
varigince. Bne of the vaiys to classify the data is clusterwise regression techniques. the clusterwise regression is based on the
con%mat‘gn of these tﬁ/o techniques that find simultaneously an optimal partition of data in k cluster and regression function
within cluster [2]. It E assumed that samples come from a certain number of populations and consider the existence of
sub@pul%ions of hegrogeneous populations. the proportion of subpopulations is unknown. A specific form for each
sub@pulaﬁon can be determined and the purpose of clusterwise regression is to describe the sample into mixture components
baséfl on fhe subpopulgtion. Estimating parameters in the cluster wise regression method is needed to estimate the regression
coe%uenﬁ for each gluster. Various kinds of algorithms are formed to overcome this problem, among others, based on
exchange g’lgorlthm [%: statistical techniques [4], and optimization techniques [5] [6]. the application of cluster regression to
varigus flgds of reseatrgh has been carried out, such as business research, physics, and social studies. Data not only arise from
normal dlzstrlbutlon but also arise from exponential families. Statistical techniques from [4] developed the cluster wise
method fonthe appro§§h for generalized linear models.

(,, _.
Wategresource aasessment involved various variables that can be simplified and tackled by developing a suitable

mathematigal model. Rainfall-Runoff (RR) modeling considered as a major hydrologic process and is essential for water
resources Bihanagemer‘@ This study presents the development of rainfall-runoff model based on artificial neural networks

G)@@ =
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(AEI L&’r'no in Shipra river basin of Madhya Pradesh. the ability of model was evaluated based on sum of squares error
ve error. the Sum of squares error obtained during this study was 30.525 in training and 53.076 in testing and
error value obtained was 0.939 in training and 0.874 in testing at Mahidpur station but at Ujjain station, the SSE
obtained during_this study was found to be 30.488during training and 10.703 during testing while the relative error value
obtgined \4@5&.@8 intraining and 0.915 in testing. the model was found suitable for simulating hydrological response of the
basig tq, the Fainfall add predicting daily runoff with high degree of accuracy. the study demonstrates the applicability of
ANQ %}p@)@'h%sing%e statistical tool SPSS 16.0 in developing effective non-linear models of rainfall-runoff process in
ordey t_’r@r&eg the iternal hydrologic structure of the watershed [7]. We need to study the basin response to the catchment
rain&l’gfog'\/\étefresog?ce planning of a basin. This requires development of a relationship between basin rainfall and runoff.
Mo@ @r@e@c@chmf@ts in India are ungauged and generally the limited discharge data are available with the concern state
and Befrd} agefiies. %nder such circumstance’s rainfall-runoff model can be developed to simulate the natural hydrological
pro&@ses o gstﬁnate e runoff from the catchment. A rainfall-runoff model is a mathematical. representation describing the
rainfallerugofy r§1ation?of a catchment area or a watershed. More precisely, it produces the surface runoff hydrograph as a
resp@r@ @ Erénfall as an input. Rainfall-runoff models are classified as deterministic, stochastic, conceptual, theoretical,
black @xgcogltﬁuous_event, complete, routing or simplified [8]. the widely known rainfall-runoff models identified are the
rati@aﬁnﬁthﬁdﬁg] Sa#f Conservation Services (SCS) Curve Number method [10] and Green-Ampt method [11]. Considered
wateskedzasa @ries 6Pidentical reservoirs and prepared a conceptual rainfallrunoff models by routing a unit inflow through
thegesp‘?,r@irg- [12]. I@mbhare and Rastogi (1984) tested the Nash conceptual model (1958) and found that runoff was
gen&ag@d - good agreement with actual runoff hydrograph [13]. Kumar and Rastogi (1989) developed a mathematical model
of tEe %s@n@neous dhit hydrograph based on time area histogram for a small watershed at Pantnagar [14]. Now-a-days,
artiﬁlﬁTzl‘a rgml networKs (ANN) have found increasing applications in various aspects of hydrology. ANN approach is faster
con@aédgvigz its con¥entional compatriots, robust in noisy environments, flexible in the range of problems it can solve, and
higiily Zdaptiye to th& newer environments. Data-driven black box models such as ANNSs are preferred alternatives for
syst&@msg i§ viich different mechanisms impact each other and precise identification of the interactions among all these
mechaids@s & not possible.

Q Z g _g

&rfé’ apgnded generalization of both function generalization and gamma distribution has been highlighted in recent
dec@egf@ tBeir widespread use in important application areas in pure and mixture models, and this expansion provides a
co@re;negiﬁ?e mathematical treatment to trace the behavior of some random phenomena represented by this distribution. the
auttr Sntfodiices some key characteristics of extended generalization to gamma, modified and extended gamma, and
prowides ﬁ:o%ents, quantitative function, and other important metrics. the findings of this work will be useful and
con§ructi§e for practitioners in various fields of theoretical and applied sciences [15]. the gamma distribution is the most
popglar nidBt for analysing skewed data and hydrological processes. Standard lifetime distributions usually present very
stropg resB,icgons to produce bathtub curves, and thus appear to be inappropriate for analysing data with this characteristic.
the gwee—ﬁargmeter generalized gamma distribution [18] includes as special models the exponential, Weibull, gamma and
Rayleigh gisgibutions among others [16, 17, 18]. One of the important families of distributions in lifetime tests is the
extended @r&na distribution. the extended generalized gamma distribution is a highly known distribution due to its utility in
mocéllingﬁifﬁime data where the hazard rate function is monotone in special cases [19, 20]. in 2004, Bachioua proposed an

n

extefded §arﬁma dist'rg)ution with the special feature of being able to adapt failure rates with bathtub and unimodal shape
cur@s 2. § =2
O O (o)

(= T D

%xte@e@ Generaﬁed gamma distribution has proved to be of considerable interest in the field of reliability. It is a
reasgnable’model for tife-time distribution of a component (or a system of components) [22, 23]. This distribution does not
hav€&the ef'g(pected impact due to its complicated form. Among these, the extended five gamma distribution was presented by
Bacgiouag_l al., among.others. A good review of these models is presented in Abdul Moiz and Bachioua [23]. Large-scale
rainfall dafa such as daily is a useful input in statistical models to produce simulations of rainfall data for several years to
confe as ia effort to $naintain the availability of water resources. Modelling of daily rainfall data using some statistical
modgllingzhave been @one to understanding about the rainfall pattern and its characteristics. the statistical modelling of
rainfall has become WEll established over the past 30 years. in particular, the gamma distribution has been used many times
to né)Bdel gainfall total§fon wet days [24]. Although many daily rainfall modelling studies use a single distribution, there are
several stéies that use a mixed distribution. Daily rainfall modeling is very well done using a mixture of exponential
distributics [25], [ZGrSingle log normal distribution with two parameters is not good when compared to a mixture of two
log norma} distributiolis in modeling daily rainfall [27]. Shimizu [28] suggests using a mixed log normal distribution as a
daily rainfall probability model if there are zero data. Selection of the best distribution in modeling daily rainfall is a major
part of resarching raitrfall. in this study we will determine the best distribution for daily rain based on several goodness-of-fit
tests nam%y on graph@al inspection probability density function (PDF) and numerical criteria (AIC and BIC). the objective
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propose Gamma Distributions and some extendedSGamma Distributions namely Rani Distribution or Two
24

3 LI L . . . B
mixtu vdma (1, B) and Gamma (5, B) with their weighted and respectively [29], Shanker Distribution or
B5+24 35?24 )

TW@omixture._\ochan‘@a (1, B) and Gamma (2, B) with their weighted — and — respectively [28] and Sujatha

Distibtiop §r§hreemmixture of Gamma(l, B), Gamma(2, ) and Gamma(3, B) with their mixing weighted ,
$2a35s8 = B2+pB+2

:_ respictively [30]. Comparison of the proposed mixture distributions with existing distribution functions is
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ate thgir suitability in describing daily rainfall characteristics.
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‘:’Pegari‘aqgj a bigscity which is the capital of Riau Province. Pekanbaru which has a tropical climate, with daily rainfall
witiﬁv@.yn:wggnaunt. the initial information about the nature of daily rainfall in Pekanbaru can be seen in table 1. Some basic
stati%:ié% @e oligplayedzbased on daily rainfall data in PekanbaruFrom. From Table 1, it can be seen that the variation of
raingal Bjs 08 1924 w%ch means that the city of Pekanbaru has a very varied rainfall from 0.10 m/s to 93.30 m/s. the average
dai}g r@nﬁll@f 13.944m/s indicates that Pekanbaru is still experiencing less heavy rain. .the original data consisted of wind
speegl §c§d§ from 1999 to 2008, which were provided by the meteorological, climatological, and geophysical agency of
Pek%@rwcﬁy, Indoa’i}sia. the data and the histogram or characteristic wind speed are presented in Fig. 1. From the
hist@@m%& it can afso be seen that the rain modeling can use an unbalanced distribution such as the Gamma distribution

and gv@:i%% the sarrg-properties asit.
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% 2 % = Fig. 1 Plot and histogram daily rainfall data on Pekanbaru respectively
B Ty &
) o % (= Table 1. The descriptive statistics for daily Rainfall
§  Statistics 2, Mean Variation Minimum Maximum
= 5] SD 13.94 304.1024 0.10 93.30
— W =
5 E ®
3. Methgds <

3.1.frobe§‘9ility Density Function

gRainfall modellingyrequires analysis of daily rainfall data over a number of years. the primary tools to describe rainfall
chaacteristics are prébability density functions. Four probability density function namely the Two parameter gamma
distebutiol with contifiuous shape parameter (o)), continuous scale parameter () and some extended Gamma Distibutions
Witf?:’contiﬁ-uous scalesparameter (B) (Rani, Shanker and Sujatha) associated with modeling daily rainfall, are considered in
this pape@the probah@ty density function for each distribution that we consider are as given in Table 2, where y denote the
observed alues of theffandom variable representing the event of interest.
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= Table 2. Probability Density Function (PDF) Gamma and some Extended Gamma distribution
&0‘5: |ﬁa and some Extended Gamma distribution Probability density function (PDF) dan distributin
5 = function (CDF)
1 | Gamma (a, ") B
N &P @) fo.p) = y«lexp(-yf), y>0,>0
gl gx o r(a)
AT D X 12 ;
29 DEure amma (1, f) and Gamma (5, B) with
Béggc o g ( 5)4 ©-P fO.p) = Sﬁ ¥,y >0,>0
3 |3hgir Beghted———— and ——— respectively™ p°+24
3 SR 2z '2 +24 B>+24
clzgca ,
3 mmixxture o Gamma (1, dG 2 ith
SEPRE (Eﬁz (& Py and Gamma 2, ) wi 08 =L g +yery>o0p>0
% |aner gelhted= - pr+1
Sl Eag Pl B+l
@;Z%S c
4 3 |3Thge turezef Gamma(l, Gamma(2, and 3
3 |5 Begrgaurenf Gamma(l, ), Gamma(2, f) fo.0=— P atytyreny>op>0
3 gsgmat% B) Liith their mixing weighted - , pr+p+2
3@ = Be+p+2
e % e
2 [7FpE2 'p2+p*2
the %agnﬁaﬁnd Som@) Extended Gamma distribution have known a Gamma distribution”, Rani distribution™, Shanker
distbgiog?, and Su;atha Distribution™
25>

gop’ selegmg the best fit model, choice of the model definition, parameter estimation tools are important. the parameter
estlr&at@ngg)f@e distribution function are calculated using maximum likelihood method. the function of maximum likelihood
for tBlsmc@egls in implicit and complicated and we will not discuss detail in this paper. the non-linear equation generated by
the r@gaﬁ’rm; log likelihood function (In L) requires a numerical method, namely the newton rhapshon to get the solution of
the equ%tI@ owever this method has been employed in the iteration system to find the solution. Some initial value have
beerStesie@ f&r this procedure. If the initial value coverge to the same value, it is considered to be the chosen estimated
paraﬁe@r nV;h(-'g-procedure of goodness of fit tests for model selection, both numerically and graphically, is discussed.

Jl

3.2. EMxmgm@leellhood Estimate (MLE) and Goodness of Fit Tests (GOF)
9 et ($, 82, -, ¥») be random sample from Gamma and Extended Gamma Distributions. the natural log likelihood (In L)

are greser@edgn Table 3. the MLE of 6 is the solution of the equation dlnL— 0 and thus it is the solution of the following

nontinear qu%tlon the€"most appropriate distribution is identified using results found based on several goodness-of-fit tests.
the EGOFEte cons@’ered are based on graphical inspection probability density function (PDF) and numerical criteria
Ake@«: S’@f&matlon QEI'[GI’IOI’] (AIC) and Bayesian information criterion (BIC) were applied to determine the goodness-of-fit
crltq_la ofgh@dlstrlbuﬁbns in most the cases, graphical inspection gave the same result but their AIC and BIC result differed.
the gest flﬁregjlt was (gfnosen as the distribution with the lowest values of AIC

_.

'c )
5 8 5 ¢-Table 3. Log Likelihood function (In L) for Gamma and Some Extended Gamma Distrbuitons
§  Distributions InL
= <
© B Gamma ® nalog(B) + (@ — 1) Y log(x) — B x — nlog(T'(a)
g' g s B5
c @ P o nlo )+ > log(B +y*4) —nfy
c g Rani < 9 (/35 > g
() 3. =N
é = Shanker ® n(log(B2) —log(B2 + 1)) + > log(B +y) — nBy
o L ot
%J_ 2 Sujatha gr n(log(B3) —log(B2+ B+ 2)) + > log(1 +y +y2) —nfBy
S 5 =
2. (n

the formlga for comwtlng AIC and BIC are as follows: AIC=-21InL + 2k, BIC=-2InL +kInn, where k = the
number of parameters; n = the sample size
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|of daily rainfall collected across Pekanbaru part of Riau Province was considered using data from the period
9 and 2008. the data used for are presented and also the daily rainfall data histogram are presented on Figure 1.
delling the rainfall, various distributions have been used, such as Gamma distribution ,
istribution and Sujatha distribution. Behavior of the pdf for varying values of parameters B shown in
rom the graphs of pdf it is obvious that four simple mixture distribution is monotonically decreasing.

pdf of Sujatha
nn LN m

4

[
L

[}

— b=l
— be=05

bets=0.8

—_— bel=10

E

- -

rainfall data

=)
r%h of pdf some Extended Gamma Distributions (the Rani, Shanker and Sujatha) for different values of the parameter beta (§) .

cl'ﬁl@ ﬁshows the estimated parameter value and Table 5 show the statistical parameters for GOF evaluation of pdf
nanﬁl;ﬂ’ﬁgcjand BIC currently analyzed for the Gamma distribution and some extended Gamma distributions at the

barugst ion. From Table 5, by comparing each model, it is clear that the Rani have the highest AIC values, implying
that‘jpdf issn@t a good model for rainfall in Pekanbaru. However, Gamma distribution has the lowest AIC and BIC values,
whiEﬂ im%iegthat Gamma distribution models provides a model that more adequately fits the data.
=5,

2_' = _3 Table 4. The estimated parameters distributions

2 53 ® Gamma Rani Shanker Sujatha

3 T3 a(shape) 0.651 - - -

§ 2 ¢ B(SKale) 0.047 0.369 0.146 0.206

E B3 2

;f 3 @ o Table 5. The In L, AIC and BIC values for daily rainfall data

8 35 =h Gamma Rani Shanker Sujatha

g S % “InL -12259.74 -20651.96 -14191.61 -15300.37

& g I AIC 24523.47 41305.93 28385.21 30602.75

é ; EBIC 24535.76 41312.07 28391.35 30608.89

= (D

N

Fig. §-shows thei‘fltted for Gamma and some Extended Gamma distribution, based on pdf. From this figure Gamma
prol%bllltg density function is very close to the histogram data, this can be interpreted Gamma distribution model is able to

prowﬂe a good result fgr daily rainfall data.
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232 s :
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) n:?)v =2 . —_— theontmalll s g ‘,‘ — theaoritical
cgo iy = _>7 Shanker's model 2 . - - Sujatha's model
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(_D‘ =3 % o z @ & a0 100 @ E) 0 & E 100
S _ . rainfall data rainfall data
SQQ o S
< 9 ® x 5
3’: 3 Fgg @ Fitted pdﬁ)lots of Gamma and some Extended Gamma distributions (Rani, Shanker and Sujatha) for the given dataset.
225%
D 3 = m
5. @ogcﬁ:é}pn c
ar hs searg rgh for the best distribution in fitting daily rainfall has become a main interest in several studies. in this research
focuse¢-og degermining the best statistical model daily rainfall in Pekanbaru. the Four Distribution namely Gamma and some
Extéhdzd ?@ma distribution (Rani, Shanker and Sujatha distribution). There of were fit to the data. the results obtained
basggl ¢ gra g ical and AIC values indicated that Gamma distribution adequately modelled the daily rainfall distribution in
Peksmki%r[g Aglditionally,From the pdf curve Gamma distribution can be seen that the most probable daily rainfall occurs at a
0-1 2 8
Z o 7 2 =
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