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ZARTICLE INFO' ABSTRACT
;P@h%uag Online: 7~ With the increase in hot temperature events in recent years, there is growing interest in measuring
EF;OEﬂ] apuagy 2024 = the frequency of recurring temperature events. One of the basis for assessing the frequency of
afj.‘f‘ 5 2 @ recurrence of temperature events is the probability distribution of temperature events, therefore
=] E[S =) temperature data is needed to produce statistical modeling, especially in determining the best
% % f:i g probability distribution. The study intended to estimate the best-fitted probability model for the
ﬁ_ 0 § IS daily temperature at the Pekanbaru station in Indonesia from 2010 to 2020 using several statistical
g E_ i é analyses. Five continuous probability distributions such as Gamma (GM), Slashed Quasi-Gamma
f:j % 3 5‘: (SQG), Three Parameters Quasi Gamma (TPQG), Two Parameter Gamma-Exponential (TPGE),
=5 = and Modified Log-Logistic (MLL) distributions were fitted for these tasks using the maximum
< e E likelihood technique. To determine the model’s fit to the temperature data, several goodness-of-fit
1;; § g tests were applied, including the graphical methos test (density plot) and Numerical criteria method
& B a test (AIC, BIC, and - Log Likelihood). The GM and MLL distribution are found to be the best-

fitted probability distribution based on goodness-of-fit tests for the daily temperature data at the
Pekanbaru station.

“KEYWQRDS Gamma Distribution, Slashed Wuasi-Gamma, Three Parameters Quasi Gamma, Two Parameter Gamma-
f"EExponveniqal Modified Log-Logistic, Temperature.
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I INTRQ;DUCTION
ﬁday&érratlc temperature changes can cause great damage
tg us hm@ through_events such as droughts, floods and
e{;ologléhl disturbance because it affects human activities and
tﬁe eco%omy too. Temperature evaluation shows an important
r@le in r‘gwewmg continuous variations in temperature falls or
r1se M%ﬂy different works have been carried out in response
tgenwfbnmental climate change, and conclusions about the
aritical and difficult fall and rise of ambient temperature have
b@en drawn Researchers are interested develop appropriate
tlstlcgl methods for temperature events which provides
szgnificht help to this problem. In recent years, there have
been seyeral studiescon this matter temperature events and
analyzed extensively. over the past two [1] [2]. Several
researchers from around the world and in the country have
looked §>jnto using ~probability distributions to analyze
temperaiure data [3] 4] [5] [6] [7]. In this paper, our study
focusseg} on daily temperatures in Pekanbaru city for the years
1990- 2@0 The purpose of this study is to quantify and

describe the behaviour of daily temperature in Pekanbaru city,
Indonesia. In this study, five models distribution were tested,
they are Gamma (GM), Slashed Quasi-Gamma (SQG), Three
Parameters Quasi Gamma (TPQG), Two Parameter Gamma-
Exponential (TPGE), and Modified Log-Logistic (MLL)
distributions. When fitting a distribution model, assumed that
the daily temperature follows the form of a statistical
distribution. ldentification of a suitable distribution is an
important step in selecting best model. Comparison of the
proposed distributions with existing distribution functions is
done to demonstrate their suitability in describing temperature
characteristics. Unknown parameter estimations were
obtained with the Maximum Likelihood Method. Graphical
methods and Numerical criteria such as AIC, BIC, and - | were
used to obtain the distribution which provides the best fit the
temperature data. In the following section, the distributions to
be used in modelling the temperature data are included.

1 7
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Data used in this work were downloaded from the website of
the Federal Qffice ©of Meteorology and Climatology of
Iationesta @ﬂKG) The original data consisted of daily
t%m I’EEUI’% regords from 2010 to 2020, which were provided
by the BMEG._qf Pekanbaru city, Indonesia. The data and the
hfst@r@;n _DI’ g:haracterlstlc wind speed are presented in
agune 3 gekénbaru City located in Riau Province, with a
t&pma&llﬁaé that has temperature that vary from 74 F° to
@ =3 gnlualcinformatlon on Temperature in the city of
F’ék%ba?urcaﬁ be seen in the descriptive statistics are
Qr_e@tgi iﬁ Ttable 1. The variations of temperature data that
afe mot $0 Iargecs(4 58 F°) indicate that this temperature is quite
sglbﬁ @davegy good as a source of electrical energy for

Qur‘ﬁoses

"ig

temrperature
w ».-

irzquznay

-

o 002 00 T a0 BE
timea (daily) temperature data

EFQ ?_f; Plot and histogram daily temperature data on
— - P
=l i e Pekanbaru respectively
Eab% ﬁ: The descriptive statistics for daily temperature
data =
e g s
5 < Statistics Velue
I [\ o}
S 3 Mean 81.85
5 o \%Dé ians 4,58
& 'jl\ﬁ_mlmum 74.30
o 2 Maximum 89.10
L = i
T &
Z S
%’I MEI—EODOLOGY
c ta this Etudgy five medels distribution were tested, they are

GM, SQG“ TPQG, TPGE, and MLL distributions. When
f?itmg a dlstrlbutlon model, assumed that the daily
te.mper@ure follows the form of a statistical distribution.
Iﬁentlfle’atlon of a suitable distribution is an important step in
selecting best model. The probability density function and log
Iﬁellhogd function of the distributions are given in table 2
qu table?,

;1;. m

'ﬁble ? Probablllty Density Function (pdf) of some
cﬁstrlblﬂlons

Aﬁdéq;arison some Models (Gamma, Slashed Quasi-Gamma, three Parameters Quasi Gamma, two Parameter
=

- —Ysamma-Exponential, and Modified Log-Logistic Distributions) for Daily Temperature Data”
ﬁ‘.h A
| T AND STUDY AREA

56 [2] +50)F(() 4

+1 1
10' )

y >0, q,6,0 >0

Zkgayzka—lexp(_eyzk)

TPQG o] | fO)= I(a) '
y>0, k6a>0
f)
kz s-2 o1
TPGE[10] | = o\ tte? )exp(—ky)'
y>0, ks>0
oS a(ay)’exp(0y) (b + 6y)
MLL [11] (1+ (ay)texp(8y))

y>0, a,b 08>0

The o Probability density function (pdf)
DistriButions

Goodness-of-Fit Tests (GOF)

The goodness-of-fit test is applied to determine the accuracy
of the predicted values using the theoretical probability
model. It aids in the selection of the best model from among
the available distributions. For selecting the best probability
distribution, several goodness-of-fit tests were applied,
including the graphical methods (density plot) and numerical
methods (AIC, BIC). The formula of numerical methods
such as AIC and BIC are exhibited in the following Table 4

Table 3. The Log Likelihood of some distributions

The Log Likelihood
Distributions

n

Gamma e, ﬁ)‘“‘lz"’g(”)‘ﬁz
(GM) “nalog®)

-n log(F(a))
1(q,B,6) = c(q,B,6)

~ @+ 1) log(y)

i=1

C "\? q
¢ Z g ((E) g
Slash_ed Lil
S 0]

(SQG) [8] where

c(q,B,6) =nlog(q) +nq log(B) —
nlog (F (1—10)) +nlog (F( + 110))
and

y pa
Fly,a,B) =f F[z )y“ te™F dy
0

¢ £ ) 1 a1 ( y>
1) = exp|l—=),
em E 2@ P
3 y=0, a,>0
g
o
) ik
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t.. :-
I(k,8,a) =nlog(2) + nlog(k)
+ na log(6)
Mhree & §| @ + (2ka
Parartietefs™ | T
EF s 2| o ~1) ) log)
ﬂc,:Gﬁmﬁar:J3 2B i
TEQ%)]: 8 — Z.Zk
3‘8 o @ i = 9, Vi
(6 e, 1 Lo LE c — =1
C ==c I.E Q —nlog(F(a))
:'::; * % - = Ik, s) = 2n log (k) — nlog(l + k)
= 3 S =
%T@ 5 fg § - +Zlog(l‘(s)
sPatareter = | [
Gammag, 3| — + k725
%)gpo'@rﬁaé' = -n log (r()
{TRGE)[10F | ©
T 036 — K
32285 » Zy‘
0 S 3 ‘-_'_—-'_ =
3___ D 5 ; I¢a,b,0) =nb log(a)
~s33 | @ t
L = ) (I\ n
SSEE | o ~1) ) log ()
Rom e i=1
T3 35 n
sMadlifieds +0 Z Yi
cLog-Leagistic =
gMEL) [11]
S3n2§
Ergs —22109@
S} =R
E 55 + (ay)bexp(ey))
T 5%
\VAR RESUETAND DISCUSSION

Iﬁ- this secﬁon we analyze a daily temperature data set to
démonﬁaié the perfarmance of the GM, SQG, TPQG, TPEG
&ad MELEdlstrlbutlons in practice. The fitting of that
(ﬁ’strlbL@om; was caonsidered using data from the period
hetweeﬁ 2010 and 2020 Computed parameter values of
cgffererg)- probablllty-densny function used for the BMKG
@kanb’%u@taﬂons ar(e-presented in Table 5.

nJ % o

'E;ible -e, The formgas of numerical criteria for model
evaluat-von H

(ﬁ
;Numezmcal Crlterlav Formula
AlC > = =21+ 2q
BIC Z =~ -21 + g log (n)
I:cg_z log fikelihood, g ="Number of parameters, n = number of
dia =
5 2 .
Table T'_fp Computed parameter values of different

probatﬁlty densny‘ﬁmctlons

[Eﬁ.\t;._ arison some Models (Gamma, Slashed Quasi-Gamma, three Parameters Quasi Gamma, two Parameter
(q}amma Exponential, and Modified Log-Logistic Distributions) for Daily Temperature Data”

0 | - 419.77 - - -

k | - - 1.73 - -

0 | - - 1.18x10% - -

a |- - 493 - -

k |- - - 0.90 -

S |- - - 74.27 -

a |- - - - 1.05x 108
b |- - - - 4.42

On the graphical presentation of modelling of the daily
temperature data, the density function curve for GM, SQG,
TPQG, TPEG and MLL distributions models are seen in
Figure 2, 3, 4, 5 and 6 are respectively. When the density
functions (pdf) are examined, it was determined that some
distributions have yield similar results. From this figure GM
and MLL distributions model is able to provide a good result
for daily temperature data. However, instead of graphical
evaluation, Table 6 provides a more meaningful comparison
using AIC, BIC, and — | values.

TS Dibstribaston

¥ an an @
daily temperature (7}

Fig. 2 Fitted pdf plots of GM Distribution.

Da
000 005 CA0 245 0 025 030

Derety

daily lamparatura (Fi

Fig. 3 Fitted pdf plots of SQG distribution

== T3 Disl bulion

Deresily

00 000 210 045 0 023 0:

% 80 & wr
caily bernperature (F)

Fig. 4 Fitted pdf plots of SQG distribution

= T2ES Dislibulicn

Dersity

000 005 040 04% 0OZ0 225 020

GM SQG. TPQG TPGE MLL
a | 006 - B - - -
p | 182099 - L - - - I
q|-s 55.61. - - - S
B l-% gl _ _ Fig 5. Fitted pdf plots of TPEG distribution
[\
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== MLL Ustnbuben e

sty

00 000 040 045 0 025

% 80 & wr
Fialy ternparature (F)

il%cﬁ L%Itted pdf plots of MLL distribution

L
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5 @ 5

6§n<§nd§s AIC BIC and - I values test statistics values
@ok@e&% of fit test for the fitness of daily temperature
ba;ged;on: Maximum Likelihood Estimators for GM,
%} T?EQQ TPEG;-and MML distributions. According to
tgesg r@ults the lowest AIC, BIC and - | value are obtained
fér Gl\lﬁanﬁ”MML distributions. As a conclusion, it is seen
thatc%l\g’ and MML dlstrlbutlon provides better modelling in
terms O%Nﬁmerlcal crlterla

1 §e@uglunwn
@ng sepn

UE’!

>3 83

[01] T

'Ea@ 4 AIC, BIC, and — Log Likelihood (I) function

Glies—

= S[%BM  SQG _ TPQG  TPEG  MLL

Al= [46674.8 17049.3 253511 29314.3 16754.1
< T

Eolds 0 9 5 6

BI7 116667.3 17068.0 25369.9 293350 16772.9

£8P 3 4 4 9 0

=17|838543 8521.65 12672.6 14655.1 8374.07

FR < s’

v % = 8 9

b 2 =

\sé.co@c%ussmN

|B the piesent article, a comparison of distribution models has
been u@jeﬂaken for describing temperature of Pekanbaru
ﬁatlonsj C%mmon conventional density GM and extended
pdf alofy wuth four proposed density function such as SQG,
TEPQG v?fPEG and MLL are used for temperature modeling.
|;_IS sh(:ﬁm&that extended density such as SQG, TPQG and
TPEG ts ifadequate,-hence, conventional density functions
GM ang-trg extended" density MLL are used to model the
(fbserv@ femperature: distributions better. Results show
czlearly @at proposed &M and MLL provide viable alternative
75} O'[hEI'Dpdf in describing temperature regimes.
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