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PRIELE INFO o ABSTRACT
ibf@lis(%w éon S Accurate wind speed modeling is critical in estimating wind energy potential for harnessing
gﬂ@u §24 5 1] wind power effectively. One of the bases for assessment of wind energy potential for a specified
@ 2 as o region is the probability distribution of wind speed, therefore wind speed data is needed to
o ‘2 n§ §_ c produce statistical modeling, especially in determining the best probability distribution. For this
%- .%. = 2 purpose, several modified distributions will be used and tested to determine the best model to
; a Y= describe wind speed in Pekanbaru. Six continuous probability density function such as Two
g > % % Parameters Gamma (GM), Three Parameters Slashed Quasi-Gamma (SQG), Three Parameters
@ S:n Lo Quasi Gamma (QG), Three Parameters Generalized Gamma (GG), Four Parameters Poly
= _8 ?D Weighted Exponentiated Gamma (PWEG) and Four Parameters Exponentiated Gamma
= ;’j 2 § Exponential (EGE) distributions were fitted for these tasks using the maximum likelihood
5 E}' 7 g, technique. To determine the model’s fit to the daily wind speed data, several goodness-of-fit
'gtorre?pog:iing Author: tests were applied, including the graphical methos test (pdf plot) and numerical criteria method
M. Rziif_ly3 amaesa Putra test (AIC). The QG and GG distributions are found to be the best-fitted probability distribution
a5 a based on goodness-of-fit tests for the daily wind speed data at the Pekanbaru station.
E‘KEY\@’ORDS: Gamma, Slashed Quasi-Gamma, Quasi Gamma, Generalized Gamma, Poly Weighted Exponentiated Gamma,
&xpo@n@ted Gamypa Exponential, Wind Speed
3 s 5
Iz INTBO@UCTIOR' used commonly in modelling the wind speed data [4,5,6,7,8].
GlOwiné e@ironmen concern is a challenging issue in There are also studies in which different distributions are

preferred in modelling these data [9,10,11,12]. Morgan et al.
[13] have used Generalized Rayleigh, Bimodal Weibull
Mixture, Kappa and Wakaby distributions for modelling the
wind speed data. In this study, preliminary study on wind
energy potential was evaluated statistically using the daily
wind speed data between 2008 and 2017 in Pekanbaru.
Research on the use of several of the best models for daily

IErdonesg; % a result, fie government intends to increase the
usege oi%ergwable enégy to increase energy usage efficiency
. Ind_@ega, as an archipelago country, has huge potential
fof Wih(%x\;)ﬂ/er generdfion, due to high wind intensity in most
régions. Wind energyras a new source, is rapidly developing
imthe Wgrid due to itssnatural abundance, renewability, low
cgét, a@ inability t@_pollute the environment. There are

several ffiportant factgrs in obtaining wind speed power. One
onhicji is determige the characteristics of wind speed
s%isticéj_[y [2]. It is well-known that wind energy potential
c?@ be %_timated by uji_rllg the distribution of the wind speed.
Quer thg)ast years, re,garch activity in the area of wind-speed
(ﬁ_étribug?;n modelling=has increased considerably. For the
predictian of wind-sgéed distributions statistical models,
several Statistical digributions have been used for the
descriptjon of the wingt speed distribution. Determining the
distribu%bn of wind speed is quite effective in calculating the
wind foege [3]. In the ﬁ;erature, Weibull distribution has been

wind speed data in the city of Pekanbaru has also been carried
out by several researchers [19,20,21]. The objective of this
study is to propose six distributions such as Two Parameters
Gamma (GM), Three Parameters Slashed Quasi-Gamma
(SQG) [14], Three Parameters Quasi Gamma (QG)[15], Three
Parameters Generalized Gamma (GG)[16], Four Parameters
Poly Weighted Exponentiated Gamma (PWEG)[17] and Four
Parameters Exponentiated Gamma Exponential (EGE)[18]
distributions were used for modelling the wind speed data of
Pekanbaru. Comparison of the proposed distributions with
existing distribution functions is done to demonstrate their
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Y&Iescrlblng wind speed characteristics. Unknown
paramet estimations were obtained with the Maximum
Lilkelihood _Magthod. @?.raphlcal methods and Numerical
cifeda suc@s?é\lc were used to obtain the distribution which
pmvidemhg b_glt fit fhe wind speed data. In the following
3 3 3 -

@ EEEC@lPElON@F DATA

I@tanused ith workwere downloaded from the website of
Eederdp Cﬁ‘flce of Meteorology and Climatology of
I@jogesg (EMEG Indpnesia).

V]

@

p
e
1

Pu

£iey yninjas neje ueiBeqs

Buepun-Bye

The histogram of daily wind speed

1BnJaw

4
ipuad uebunuaday Hrggun

P

os
)

0.4
L

03
L

4 e)sng NINS !

b4 |
|

frequency

0z
!

-~
01

3

e>1 unsgies neje ueibegaseAUEGiddwaw.uep uexw

i
C mg ZKE' 3000 4000 5000 6000 0 5 10 15
= = _g times Daily Wind Speed Data
w8 o

g3

|@r'@1 Plot and histogram daily wind speed data on
20, E 8 Pekanbaru respectively

g‘ g =

'Tgﬂe onginaﬁdata consisted of wind speed records from 2008
tg2017§ wHich were provided BMKG of Pekanbaru city,
Iffdonesﬂa The data and the histogram or characteristic wind
sgeed aE esented in Figure 1. Pekanbaru City located in
F&au Préiﬂme with au:roplcal climate that has wind speeds
tBat vargfrtgn 0.2 m/sw 15.8 m/s. Initial information on wind
sheed mghegcny of Pe’Ranbaru can be seen in the descriptive
sétlstlcﬁfo@ally Wlnab speed are presented in Table 1.

:

'Eble 13TI§ descrlpEVe statistics for daily wind speed
Statistics Mean " ~ Variation ~ Min Max
Value 2.088 1.51451 0.200 15.800

- 2'
|§ METHOD ©
ﬁ ProEtllty Density functlon (PDF)
his sgdy, Six prob‘ablllty density function (pdf) associated
vy);h mogeling daily wihd speed, GM, SQG, QG, GG, PWEG
aiad, EGE:are considered in this paper. The equations defining
the prokbility den5|t)Efunct|ons (pdf) for various candidate

(@trlbutmns of interesbare given below, for each distribution
that Wef()nsider are a(?’given in Table 2, where y (daily wind
speed) @note the observed values of the random variable
represen%ng the even?—'bf interest. In order to fit a particular
theoretlgl distributionto the observed distribution of daily
wind sp&d paramete@are estimated. The parameter

arlson Some Models Daily Wind Speed Data in Pekanbaru City Using Two, Three and Four Parameters
Gamma Distributions”

section, the distributions to be used in modelling the wind
speed data are included.

Table 2. Probability Density Function (pdf) of some
distributions

The Probability density function (pdf)
Dist-
ribution
S
1 y
— a-1 _Z
GM fO) = gary” exP( ﬁ)'
y>0 af>0
_qBly™@ g 1 y\¢ q

fo) _F(T)F<§+E)F ) 5

SQG 10
1
10 ) y>0,q,p,6>0
Zkeayzka—lexp(_gyzk)
Q(; f(Y)'— F(a) ’y >.0’
k,0,a >0
'89 Ba—-1
G(; f(y)'_ F( )y exp( gy )
y>0,a>0,>006>0
f)
2a+c
= 0
a+c

PWEG I'(a+c)b

— g)ate-1 exp <_2(3;_ 9)) ;

y>6 anda,b,c >0

8 exp(—0y)(1

— exp(—6y))"
- X (—log (1
— (1 — exp(—@y))) )

1
X (1 — (1 — exp(—@y))c)ﬁ 1,
6,a,B,c>0

f(y)—r( VT

a-1

estimation of the distribution function are calculated using
maximum likelihood method. The parameter estimation of
the distribution function are calculated using maximum
likelihood method (MLE). The function of maximum
likelihood for this model is in implicit and complicated and
we will not discuss detail in this paper. The non-linear
equation generated by the maximum log likelihood function
(I(©2), Q are parameters) requires a numerical method, namely
the newton rhapshon to get the solution of the equation.

However, this method has been employed in the iteration
system to find the solution. Some initial value, have been
tested for this procedure. If the initial value coverge to the
same value, it is considered to be the chosen estimated
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h&?ﬂe procedure of goodness of fit tests for model
selectl oth numerically and graphically, is discusse

BY Maximath Eikelih€dd Estimate (MLE) and Goodness of
R Estlcshy T

L@t Q’pg/z.m 9.) begl‘andom sample from GM, SQG, QG,
@@Vﬁgcﬁan%EGE Ristributions. The log likelihood (/(€2))

a% p??es&n%q ableg The MLE Q" of Q is the solution of
t@ g;ugt_lcoé %-ﬁp and thus it is the solution of the
f@l@iﬁ %lo%mearg equation. The most appropriate
d%t@uﬂbn%ﬁs ige ntIfIEIt using results found based on several
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+(a+c— 1)2 log(x; — 0)

n

2> - 6)

i=1

l(c,a,B,0) =nlog(c) — nlog(F(a))
—nalog(B) + nlog(a)

— exp(—@x)) +
EGE (a—1) Z log (—log ((1
_ -(1- exp(—@x))c)»
1
4 <E
— 1)2 log ((1
i=1

— (1 — exp(—Bx))C))

The GOF tests considered are based on graphical inspection
(pdf plot) and numerical criteria Akaike’s information
criterion (AIC) were applied to determine the GOF criteria of
the distributions. In most the cases, graphical inspection gave
the same result but their AIC result differed. The best fit result
was chosen as the distribution with the lowest values of AIC.
The formula of numerical methods such as AIC is exhibited
in the following Table 4.

Table 4. The formulas of numerical criteria for model
evaluation

Numerical Formula
Criteria
AIC 21+ 2p

| = log likelihood, p = Number of parameters

IV. RESULT AND DISCUSSION

In this section, we analyze a daily wind speed data set to
demonstrate the performance of the GM, SQG, QG, GG,
PWEG and EGE distributions in practice. The fitting of that
distributions was considered using data from the period
between 2008 and 2017. Computed parameter values of
different probability density function used for the BMKG
Pekanbaru stations are presented in Table 5.
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“|)mputed parameter values of different
probab y density functions

NMar | GM ISQ% QG GG PWEG EGE
@ o 92.@9:_: T - - - -
R
& a8 2 B985 - - - -
§ 5535 22902 - - - -
S @ 25
g 323 3137 - - - -
@ =>25- o o068 - ; ]
gp Sa '
3 S5 c- 3 o054 - - -
232832- = 1589 - - -
B2385- = - 1356 - .
=
== IS - 0541 - ;
3Sgos- Z - 1.588 - -
m m
g%%-clg- I - 1.138 -
58 - - - 1661 -
(9] =3 o c g
& sE S - - - 1.293 -
—
1€ > - o - - 0.069 -
< 5 @ x
y_.é Eg - = - - - 2.744
g0 - = - - - 0.249
Q (X = QO
g<sRE - < - - - 0.979
@'% % 2. - - - - 0.322
N C3
@u@ Z=3.ghd 4 shows the fitted GM and SQG distributions,
(@3’3 g’nd%G% distributions, PWEG and EGE distributions,

16
ey
e

respectively. From this figure, all distribution
@d% ap a@le to provide a good result for wind speed data.
I-@weveg)i iadtead of graphical evaluation, Table 6 provides a
@)re meaniBgfuI comparison using AlIC values.

ﬁble GENA& values

GI@' 3 SQG QG GG PWEG EGE
AEjC 19%!2% 20333.7,19893.7 19893.7 19919.1 19926.2
4h)

S g2 5l 1 7 1
o 5 g o
@ ~<

%bles sa'ows the gBOF of pdf namely AIC currently
a?'r‘alyze&fo? the six distribution at Pekanbaru station. From
@ble 6%b omparm@ each model, it is clear that the SDQ
@strlbl.@o@has the hi’ghest AIC values, implying that pdf is
nat a gogd model for Wwind speed in Pekanbaru. However, as
tg:e number of compenents increase for QG and GG
o‘}’strlbu@ns the AICmaIues decrease, which implies that the
L% of more components in the six distributions models
ptbwdeﬂ}a model that fore adequately fits the data.

o 3z =4
= —
7z} = wn
SN =
EJF_ GM Distribution ey
E b ; —— SQG Distribution
£ r = i
X 0p]
<
o]
o Lo | |
© ,—U‘,—,—!—u_‘ il ; X :
0 c 0 M=y s o 10 15

m Dally Wind Speed

Flgureg Fitted pdf@lots of GM and SQG distributions

Dally Wind Speed
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Figure 3. Fitted pdf plots of QG and GG distributions
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Figure 4. Fitted pdf plots of EGE and PWEG
distributions

V. CONCLUSION

In this research focused on determining the best statistical
model wind speed in Pekanbaru. The Six distribution such as
Two Parameters Gamma (GM), Three Parameters Slashed
Quasi-Gamma (SQG), Three Parameters Quasi Gamma
(QG), Three Parameters Generalized Gamma (GG), Four
Parameters Poly Weighted Exponentiated Gamma (PWEG)
and Four Parameters Exponentiated Gamma Exponential
(EGE). Thise of were fit to the data. The results obtained
based on graphical and AIC values indicated that QG and GG
distributions adequately modelled the wind speed distribution
in Pekanbaru. Additionally, from Figure 3, can be seen that
the most probable wind speed occurs at a speed of 0.5-1 m/s
with the probability of 32%.
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