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%ves@rsﬁ%re veryenterested in the foreign exchange (forex)
@arke_% because offhe rapid growth of digitalization. Investors
Buy c@rencies fro% one country and exchange them for other
gurre@ies to také_advantage of price fluctuations. When
Eoki@ at a countfy's currency rate in the context of forex
ﬁading: one of thesturrencies that serves as a reference is the
@merfé'an Dollar, %OUSD rate. Other nations use the USD rate
%s a freign exchange reserve rate. In a similar vein, the
@donésian Rupiatizor IDR rate, can be compared to the rupiah
rate a‘@inst the USD rate to assess its strength (Dewi et al.,
2022)3 Additionalty, Indonesia automatically evaluates its
trade §:tivities in BSD currency because it is a partner in US
exporeand importgi:'etivities. Due to Indonesia's use of the US
doIIargfor interngtjonal trade [1,2], the USD plays an
increé’ingly signiﬁi:ant role. Because its trading activities are
evaluged using the US Dollar (USD), an unstable Rupiah
(IDR) exchange Léeite will typically interfere with trading
because it can result in economic losses.

An interesting topic to discuss is the significance of the
exchange rate as an economic indicator. The probability of the

fnerican Dollar vs Indonesian Rupiah Probability Modelling
3505823 7
= D £

ntan Salshabillah!, Rado Yendra?, Ari Pani Desvina®, Rahmadeni*, Muhamma ariza

Cantik&intan Salshabillah?, Rado Yendra?, Ari Pani D 3, Rahmadeni‘, Muh d Marizal®
§2§‘v5§e@rtment of Mathematics, Faculty of Science and Technology, Universitas Islam Negeri Sultan Syarif Kasim Riau
@ 1GLE INFQ ABSTRACT
g Fglbgs@d Online: As a world superpower, the United States has a very stable exchange rate and has a big impact on the
2 3 Rag currencies of other countries, like Indonesia. Probability modeling is therefore essential for analyzing
£ 39 Rayp2023 foth like Ind Probabil del heref | f I
= = i g the change in exchange rates between the Indonesian rupiah (IDR) and the US dollar (USD). In
2c3 8
= o o S addition to comparing the distributions of two parameters, this study also discusses the use of several
% @ ° ?., mixture 2 and 3 component distribution probability models, such as mixture 2 log-normal (ML2),
5 D,; = § mixture 2 Gamma (MG2), mixture 2 Weibull (MW2), mixture 3 Log-Normal (ML3), mixture 3
9173_ E @ g Gamma (MG3), and a mixture 3 Weibull (MW3). The maximum likelihood method is used for
B o 3 parameter estimation, and numerical methods like Akaike Information Cretarius (AIC) and Bayesian
UE? % i Information Cretarius (BIC) are used to select the best model, also known as the Goodness of Fit
SN = (GOF). Then, the GOF between the model distribution and the theoretical data is evaluated. The ML3
& Cor%sg)nding %L)Jthor: distribution-based daily USD/IDR exchange rate data can be best modeled using the MLE approach,
g Mugagwmad Marizal s demonstrated by the results. We are able to reasonably forecast the risks associated with daily
S § = S exchanges in the future on the basis of the identified models.
= KE¥WORDS: Exchange Rate, micture distribution, Log-Normal, Gamma, Weibull
5 ] »
E. Il\l?;%Z)DUCTiON exchange rate in the future is very important to discuss, and

the exchange rate that changes actively results in the
discussion of forecasting. Forecasting exchange rates is done
by some researchers using statistical theory The Box-Jenkins
approach to time series modeling and forecasting is utilized by
many researchers. There are drawbacks to forecasting using
the Box-Jenkins method. The existence of a linear relationship
between the variables is assumed by this method. However,
time series data are frequently nonlinear in the real world [3 -
6]. Second, utilizing the Box-Jenkins method for the model
selection procedure is highly dependent on the researchers'
expertise and experience [7]. The Box-Jenkins method's
model selection procedure is highly dependent on the
researcher's skill and experience. 2015. As a result, the
accuracy of the Box-Jenkins method for modeling and
forecasting is insufficient. All things considered, the paper
analyzes the idea of probabilistic displaying, trailed by
information. Because it is based on actual data, probabilistic
modeling can be used to predict. In addition, they can instantly
reflect data changes and do not necessitate lengthy historical
time series for accurate estimation. Furthermore, probabilistic
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m(ﬁamﬁqexcels at capturing the data's inherent uncertainty.
Lhe mattleng@tlcal@recedent of Chang and Melick has little
teﬁecmn@r@bablllﬁt_.lc modeling [8].

QN@’\ @gafdao thedfrequency of the data, probabilistic models
@pgca@y@ie@rmme the best-fit probability density function.
ghBOFBn@I groba.tghty distribution models that correspond to
c&e"-"e@kﬁceﬁ distributions of changes in spot exchange rates

e
E

(=7

are&tg @dght afgr by researchers. Improved test statistics
ﬁnémré&cgurate:exchange rate pricing models should result
Fom lﬁt@r theoretical models of these empirical distributions.
Boka @ng tlme researchers believed that either a normal or a
jpgno%n% pgobabmty distribution was the most appropriate
22} @eserlbe d¢he empirical distribution of changes in
Pc-rates Tl‘gj_ese assumed probability distributions have
fgted by7Tecent empirical studies; There is no
t among these studies regarding any one
n model. Most of the time, these studies back discrete
u @s tributians. [9] compares the fit of the unbounded
§ mily to the mixtures of two normals and the skewed
tavhen modeling six major trading currencies and two
Rerican currencies. Other researchers have used
e Histributions to study probability modeling for
esrates. Overall, the results favor the skewed Student
%e unbounded Johnson family performs better in
*@rms f‘S'aR than other families.
dhe ngxt‘gre distribution for the exchange rate and gold price
fih Matyg¥a based on the crisis time and normal situation was
Eevel@eg by Phoong and Phoong using the MLE and the
%ayesiﬁrbmethod 420]. The results show that the statistical
eth@s @ere use%to fit two-component mixture models, and
%e mﬁtl&e distribgition that was obtained is roughly similar.
%hls @s@arch fo€lises on modeling daily USD to IDR
Tgxcheu:rg@rate moﬁements by employing a variety of two-
Earan%teg dlstrlb@ons and mixture probability models,
amclucﬁhg Log- Ne;rmal (L), Gamma (G), Weibull (W),
‘§/I|xtu6e 2 comp@nent Log-Normal (ML2), Mixture 2
r@omponent Gamrm (MG2), Mixture 2 component Weibull
W@ Mixture @omponent Log-Normal (ML3), Mixture 3
Eompﬁnent Gamraa (MG3), and Mix Maximum likelihood
LE;:parameterﬁtlmatlon as well as numerical methods
fike Akalke Inf(ﬁmatlon Creation (AIC) and Bayesian
@for@tlon Creation (BIC) and graphical methods like
-‘aensitgﬁplots and gymulative plots, are used to select the best
modeE
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1. DSATA SET x

The A@erlcan Doﬂ’ar to Indonesian Rupiah (USD/IDR) daily
exchag;ge rate is ingiuded in the data set. The Central Bank of
IndonBsia (BI) wehsite (www.bi.go.id) serves as the source
for these data. FroEfJanuary 24,2001 to December 31, 2021,
the data set covered with 5145 observations all together.
Figures 1 and 2 clearly show that the daily USD/IDR
histogram and daily USD/IDR exchange rate data are related,
respectively. Figure 2's histogram depicts multiple waves and

pﬁlgad Some Mixture 2 and 3 Distribution for Daily Exchange Rate American Dollar vs Indonesian Rupiah
Probability Modelling”

describes data that most likely have more than one
distribution or mixture distribution. This study will therefore
employ some probability modeling with a mix of
distributions with two and three components. Table 1
summarizes a few of the statistics. That table provides a
description of the initial statistical information regarding the
USD/IDR exchange rate.

—y

Fig. 1. Daily Exchange Rate USD/IDR Data
The values shown are descriptive statistics like the mean,
variance, kurtosis, skewness, and maximum and minimum

data, which typically describe the data.

Table 1: Statistics of daily Exchange Rate USD/IDR.

Statistics Velue

Mean 11008.6
Varians 4840899
Minimum 8124
Maximum 16657.3
Skewness 5.096749¢e-16
Kurtosis 0.0078

The values of kurtosis and skewness that are less than or equal
to 1 in table 1 indicate unequal probability models like
Weibull and Gamma. In this study, exchange rate data can be
modeled with Log Normal and Normal. This is also made
clear by the data histogram in Figure 2, which shows that data
that probably have more than one distribution or mixture
distribution are described by more than one wave. The
models used in this study were chosen for the right reasons.

USDADR exchange rate Histogram

Fig. 2. The Histogram Daily Exchange Rate USD/IDR

3459 Cantika Intan Salshabillah?, IJMCR Volume 11 Issue 05 May 2023
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1. '—IODOLOGY
JLhis resgargw m@lves several stages in the process of
ubtalrmng_:ppobabll_.gy modeling that is in accordance with
%x@ﬁaii@@ir dataw Further discussion is as follows:

@\ tg tg Br@abll(j;y Density Function (PDFs) or Exchange
Raie @o@elg =

dhe aﬁal@mg of dgily exchange rate data over a number of
geﬁs 8sgﬁé8essaré for exchange rate modeling. Utilizing
§ta§stﬂca£€dlg}rlbumn functions to describe the variations in
%heaeﬂhg@ ratezis desirable in order to cut down on the
%rr%ug o} r’dnneyfs-pent and time spent processing long-term
aé/ &cﬁa@e ratgzdata. Probability density functions are the
righagy jneans ob describing the characteristics of an
Qx&lagge;rate Tﬁe boundaries of likelihood conveyance
gl(ﬁ(%tf@: depwt’ﬂay to day conversion scale recurrence
‘ﬁlréulalﬁ are asi?ssed utilizing measurable information
gro%h @-C&Jph? of years. In the current study, L, G, W, ML2,
E{/nﬁzgwwz ML3; MG3, and MW3 are utilized to describe
Eheg,chﬂregzterlstlcs of exchange rates. Although numerous
graha@hg density functions (PDFs) have been proposed
rrecgmg{yUThe maximum likelihood method is utilized to
@alﬁulateB the parameters that define each distribution
EEumEtan Drable 2 displays the PDFs and Likelihood function
ﬁ25] are just a few of the early researchers who
‘gontnguted to the development of the mixture distribution
a'nd p&vgied the initial explanation for it.

mD.

ablen@; :_|;_ISt of PDFs and LL Used in This Study
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w1 g(x; aq, Br) + wog(x; ay, Br), wy +
W2 = 1

MG2 5
LL = Z 1ln(W1g(x; al' ﬁl)
i=

+w,g(x; az:ﬁz))
wih(x; ky,c1) + woh(x; ky, c3), wy +w, =

MW?2
n
LL = Z ln(wlh(x; ki,¢1) + wyh(x; ks, cz))
i=1
wi f (x5 g, 01) + wo f (x5 1y, 03) +
wsf(x; 1z, 03), wy+w, +wy =1

ML3 .,
LL = Z 1ln(wlf(xi; H1,01) + o f (xi; ta, 02)
i=
+ ws f (x5 13, 03))

wig(x; aq, By) + wog(x; ay, Bp) +
w3g(x; as,f3), wi+w, +ws =1

MG3 N
LL=3 Z 1ln(wlg(xl-; ay, fr)
i=
+ w9 (x;; az, B>)
+wsg(x;; a3,ﬂ3))
Wlh(x; kll Cl) + th(x; kz, Cz) +
wsh(x; k3, c3), wi+w, +w; =1

MW3 n
= Z ln(wlh(xl-; ki, c1) + wyoh(x;; ks, c3)
i=1

+ wsh(x; ks, c3))

B. Model Selection
For selecting the best-fitted probability distribution, the
following goodness-of-fit (GOF) measures are taken into
consideration here. The numerical criteria Akaike
Information criterion (AIC) and Bayesian information
criterion (BIC) were used to determine the GOF criteria of the
distributions, which are based on graphical inspection
probability density function (pdf) and cumulative density
function (cdf). Despite the fact that their AIC, BIC, and Log
Likelihood (In (L)) results differed, graphical inspection
consistently produced the same outcome. The distribution
with the lowest AIC and BIC values was chosen as the best-
fit result.
AIC=2k-2LL
BIC=klogn—-2LL
where LL is log-likelihood function evaluated at the MLEs
and k refers to the number of parameters in the model. For
each parameter 6;, MLE involves maximizing the likelihood
function by solving the following:
JLL

=0,
20,

=12,

3460 Cantika Intan Salshabillah?, IJMCR Volume 11 Issue 05 May 2023
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THiS T mefﬂod is used to get the likelihood functions for the
parameters Qf the_chosen models. In this case, numerical
metthcmls were use&to get these parameter estimates, so we
%iségihjS rﬂetgod Tehe statistical software R and packages that
@1@(@ @n% of tﬁ cited models can be used by interested
geaﬁeﬁs %e‘formgtance Delignette-Muller and Dutang [26].
3
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@e@c&t@ I?:kely modeling with multiple distributions in this
@uﬁyﬁ@sstudy@vnl therefore employ some probability
gmge%n@}vﬁth a mix of distributions with two and three

o@p@eﬁtsnThe maximum likelihood estimation technique
gt@z@ to estﬁ‘nate the parameters of the probability
isﬁ'l@t@ns All p?l“obablllty models' parameter estimates are

howiBingTable 4. ;'lc',he findings regarding the goodness of fit
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egsusestare presgnted in Table 3. Figure 4 presents a pdf
=

@mz_l;t h%he outcames got from the L, G, W, ML2, MG2, and

benes ¥

g/l\g‘lzgdlgsemmatlon As a result, the results show that
gorgpﬁi@ the probabilities of wusing the competitor
§us§ut§gtrgns and the L, G, W, ML2, MG2, and MW2

ﬁlsﬁlbutlans for the analysis of the daily exchange rate
EJSD/B)% is not more accurate. A pdf plot of the results from
@g\/lg?»a\/lG?, and MWa3 distributions is shown in Figure 4.
Jve canm easily identify the distributions that performed better
ghan tl&e &thers, as shown in the figures. As a result, the results
Ehow ‘l’h%the probability of analyzing the USD/IDR daily
@xchaﬁg@rate using these distributions is more accurate than
Iismg %e:other d|§ﬁ|but|0ns in this study. In addition, when
gelectg]ggne optm;gl distribution for this study, the plot of the
g_umu'lﬁtme distribgtion function will be used to draw more
zsonv@ngg conclusions. For this reason, Figures 5, 6, and 7
are also Eresenteﬁlt is abundantly clear from figure 5 that
Ewo pgraﬁieter disfributions, such as L, G, and W, are unable
atp appﬁoxmate the;observed distribution function.
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Table 3. The Goodness and fit test result of the daily
exchange rate USD/IDR

Model AlIC BIC Ln(L)

L 93337.2 93350.3 -46666.6
G 93461.1 93474.2 -46728.5
W 94058.4 94071.5 -47027.2
ML2 89163.6 89196.4 -44576.8
MG2 89149.3 89182.1 -44569.6
MW2 89322.9 89355.6 -44656.4
ML3 88410.5 88462.8 -44197.2
MG3 88453.8 88506.1 -44218.9
MW3 88888.3 88940.7 -44436.1

On the other hand, a mixture of two and three components,
such as ML2, MG2, MW2, ML3, MG3, and MWS3, is able to
accurately approximate the observed distribution function.
The conclusion that the Mixture 2 and 3 component
distributions are the best models produced in this study is also
clarified in Figures 6 and 7. The ML3, MG3, and MW3 are
clearly very good at capturing the observation distribution
function, as shown in figure 7. The conclusion that the
distributions presented in this paper are the best models
produced by this study is also clarified in Figure 7. The pdf
and CDF plots clearly show that the distributions ML3, MG3,
and MW3 are the best model for analyzing the frequency of
exchange rate data, as demonstrated by the goodness of fit test
performed on the model using this graphical approach. The L,
G, and W distributions appear to have maximum AIC and BIC
for the daily USD/IDR exchange rate. Consequently, we
conclude that none of the selected distributions can be used to
describe the data's distributions. We discovered that the
distributions ML2, MG2, MW2, ML3, MG3, and MW3
provided a better fit than the other ones with smaller AIC and
BIC. This study also used numerical goodness-of-fit test
methods like AIC, BIC, and LL values. Table 3 will display

E 8 g these three values for each distribution. The ML3 distribution,
N 2 5 or mixture of three components, is the best model because it
c 3 < has the lowest AIC and BIC values, as shown in the table. The
g 2 e log-likelihood (LL) model and other tests of model goodness
ufg_ =4 g} are included in Table 3. Based on the values shown, it can also
% §~ 5 be concluded that the ML3 distribution is the best in this study.
-
E':I'ablefx’;t. Comput_eij parameters of different distribution
5 G W ML2 MG2  MW2 ML3 MG3 MW3
;C:' - - - - - - - -
= _ _ _ _ _ _ _ _
5 2594  — — — — — — —
5 0.0024 — — — — — — —
o4 - 5.41 — — — - — -
— 119341 — - — - — -
— — 9.126 — — 912 — —
— — 0.054 — — 0.046 — —
— — 9.492 — — 935 — —
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62 - — 0.088 — — 013 — —
NS 3 — — - — — 954 — —
=RleR S - - - - - 0.039 — -
338 g - - - 320.000 — = 480.00 —
de¢aaph = = — 0.0347 — — 0052 —
355 2 & — — — 140.000 — - 480.00 —
3 % % S 2
Q- 24@ g — — — 0.0105 — - 0.034 —
383 85% — — = — — — 12000 —
SRl E
;5:_% S8R — — — — 23.44 — — 27.11
o
Sc28 & — - - - 93113 — - 9255.8
Q. )
o = % S — — — - 11.06  — — 31.09
e - - - - 135694 — = — 141243
32325 R = = - - - - - 7.30
T ® S 0
% §§ € cs _ — 12589.8
g 0= K ‘::: W1 — — 0.561 0.562 0.505 0.501 0.511 0.461
“,;g 33w — — 0.439 0.438 0.495 0.217 0.322 0.218
22 =% ws - - = 1 — 0282 0.167  0.321
& o £ =
=} E_ ST
%’.ED@S@USSION estimate the parameters of the nine probability distributions
gy*hg @agof this study is to identify the appropriate nine by analyzing the various types of data in this work. It could
:mogbeg opdistributions for describing the daily exchange rate be demonstrated in this paper that the MLE was effective in
gisgllytlgn by analyzing the USD/IDR rate on a daily basis. this study.
$n gp@ @ion, the results obtained by the ML3 distribution FRDIER eetaage en waere JCoRpaMN  SROISK sEiavge (We waEIe S CoupME!  LEDICM SsiTas (6 EaAIY 3 COBpRMIN
%/e%_é E{$UE€I’I0r to those obtained by other well-known
ﬁstrlb,utlgns The AIC, BIC, and LL goodness of fit test i i 0
Ui;ﬂodeﬁ gre the foundation for this conclusion. When ': \1
Bompaé:l@ the empirical distributions to the adjusted ML3 \ |
alstrltﬁmgn the grgphical method known as the pdf plot was ; ’ A /X
glso st&ved Tl;e fact that the majority of the analyses [k‘ /“ H\ / | | l.t hid
gerfor:m@‘ with the USD/SGD exchange rate utilized a ST RNt N
E‘uxtu& @“Strlbutlm is an interesting aspect of our findings. i
@xddltg)nally, we cgn use the quantile function distribution to Figure 5. Empirical and theoretical cumulative

_glmulée the number of daily USD/IDR exchange rates in the
ijture"“&v% the MIg3 distribution’s adjusted parameters.

& ) =
=} 3 e
— ]
-
-%NDR ucnnnpor& no mixture USDIOR exchange rate mixture 2 component
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Fig. ﬁ Pdf plot fex comparisons Predicted and observed
daily EJSD/IDR ﬁchange rate for no mixture (W,L,G)
and t\ﬁo mixture g\/IWZ MG2 and ML2)

V. eONCLUS@N

The probability of the USD/IDR daily exchange rate
occurring was looked at in this paper. To fit the data, the nine
probability distributions (L, G, W, ML2, MG2, MW2, ML3,
MG3, and MW3) were chosen. MLE was used to specifically

distributions functions (cdf) W, G and L for the daily
exchange rate USD/IDR

C2F Lag Mawval without i

Fig. 5. Empirical and theoretical cumulative distributions
functions (cdf) W, G and L for the daily exchange rate
USD/IDR
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<
%he ﬁci@ary objective of this study is to identify the
ébpro%ia;e mode{llsa or distributions that can be used to
gescrge&e distrilition of the daily USD/IDR exchange rate
gata. gngconclusl@n, the results obtained by the ML3
g,istrikgltign were Shperior to those obtained by other well-
Rnows digtributions. The AIC, BIC, and LL goodness of fit
%st r@d@s are t% foundation for this conclusion. When
gompgi@ the empirical distributions to those that had been
@’djus@d by the ME3 distribution, the graphical technique of
"@_df ancgl CDF plotﬁmas also observed.
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