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Tm %T""-Indormla is a vast country comprising five major islands that serve as the economic centers. Consequently,
crﬂal?r"onﬁnetho@s) such as airplanes, are essential for facilitating economic transactions between these islands. The number
|¢§ p%sengers Ea crucial component in fostering the growth of the air transportation industry, which significantly influences
eﬁtcﬁor&y betweegcaslands Therefore, it is essential to conduct periodic analyses of passenger numbers. A forecast analysis
@a@r@mﬁthe numBer of airline passengers for the upcoming period will offer valuable insights, enabling the air transportation
secﬁgr t%cgntlnue itsBuccessful development. This research focuses on forecasting the monthly number of airplane passengers
?&)r@e ﬁ;ocﬁj_mlng yeapat Soekarno-Hatta Airport, utilizing passenger data from January 2015 to August 2024. Four distinct time
Lgerlés rﬁ’pdgs will be'employed in this analysis: additive decomposition, multiplicative decomposition, Holt-Winters additive, and
Eom‘\/\ﬂntgs multiplicative. The most critical aspect of evaluating the best model involves analyzing the smallest error results
irontea@h model utilizing the Mean Absolute Error (MAE) testing tool for this purpose. The Holt-Winters additive model emerges
& the &[pé"lor choice, while both the decompose additive and decompose multiplicative models were unable to generate data
@lt@sg}ffl%ently narrow gaps, particularly during the significant decline in passenger numbers caused by the COVID-19
Eang‘ffﬁc 2
Q.)
§E§I \gOéDS: forecasting, time series, decompose additive, decompose multiplicative, Holt Winters additive, Holt Winters
uitiplﬂ:a@e
= -'i 5
LJNTF?O[&JCTION
lIgmanchorBalr travel is primarily driven by business and leisure activities. Economic factors play a significant role in influencing
tﬁs deman@ This ocwrs because transportation is an essential need for society that cannot be separated; thus, the demand for
tﬂnspor@t'@m mcreasg_along with the growing population [1]. Downturns lead to a decrease in demand for both leisure and business
tgvel u@ucg in turn, 'Economlc downturns reduce the demand for air transport. Conversely, periods of economic growth increase
|EDemagd for leisure famd business travel is driving an increase in the demand for air transportation. Indirectly, the number of airline
p@ssenggsds closely nked to economic growth. Air transport enhances the growth of the local economy, contributes to the
tﬁvelopﬁ’lelﬁ of comp ies, and thereby increases the competitiveness of businesses [2]. Consequently, forecasting the number of
pgssengers %r the up ing period is crucial, as it can offer insights into the future revenue that an airline company is likely to
ggneratq‘@nd in designing development strategies for air service providers. Several factors contribute to the complexity of time series
f@ecastmg Including®e sequence of input data and systematic patterns, such as Seasonality and stationarity, as well as the length
offlhe pediction horiZn. Among quantitative forecasting methods, random noise is a significant factor. Statistical approaches are
partlcul&ly well-knowth for their application in these complex systems. Below, we briefly review these techniques in the relevant
Iﬁ%raturgon air passe\%er demand forecasting. The basic regression analysis to consider causal relationships between air passenger
andznd other varﬁples They analyzed big data from online search queries to determine which variables are reflected in short-
t&m flugzuatlons of aiipassenger demand [3]. A forecasting approach using an Econometric Dynamic Model (EDM) to estimate
passeng&t demand in lﬁe Mexican air transport industry. They applied the panel data Arellano-Bover method to calibrate the EDM,
v@lch was validated by the Sargan test and the Arellano-Bond Autocorrelation test [4]. City-pair air passenger demand at the route
1&vel moﬁel using a ty;ﬁ of Discrete Choice Method (demand assignment). Discrete Choice Methods are widely used for the analysis
of mdwﬁlual choice b({:ﬁawor Holt-Winters and AutoRegressive Integrated Moving Average (ARIMA) models are two practical
methods:among statls&pal time series forecasting models [5]. The Holt-Winters method, which uses exponential smoothing, is an
effectlv%approach to forecastlng seasonal time series [6]. A forecasting the number of air passengers in the UK using monthly air
passenggr data based ('iﬁa smoothing method[7]. A modified version of the Holt Winters method[8] and Combination Holt Winters
with Bcl tstrap aggreg_atlng (also called Bagging, a well-known machine learning technique) to improve the accuracy of air
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o
Eas : lcasts[Q]. The present research employs four methods to predict the number of air passengers at Soekarno-Hatta
International Airport in Jakarta. These methods include Time Series Decompose Additive, Time Series Decompose Multiplicative,
Halt-Winters AfiditivéGand Holt-Winters Multiplicative. Among these four methods, the one with the smallest Mean Absolute Error
(EA‘I_’:Y) Wil@eﬁelecten:and recommended as the most suitable for forecasting the number of air passengers for the next 12 months.
'@e %n;lpepgo@/IAE Was discussed [10]
2eagld s
22DETE D'ES§RIP§ON AND ANALYSIS
|Bthis sﬁ:d{g v analyze data on the number of airplane passengers at Soekarno-Hatta International Airport in Jakarta. The dataset
S ns_thgp@_iag_from%)anuary 2015 to August 2024, as illustrated in Figure 1. Table 1 presents the descriptive statistics of the data.

e Bh jneg lg:e da@_from the official website of Central Bureau of Statistics Indonesia (www.bps.go.id). which provides

cgm ehfnﬁvegnforngtion on airlines operating in both the domestic and international markets of Indonesia.
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; § Figure 1. Plot of the Number of Airplane Passengers
n:;‘i’@el 1. The Statistics Descriptive Airplane Passengers Data
g g mean Standard deviasion minimum maximum
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ed oﬁ"[gble 1 andsflgure 1, it is evident that the number of airline passengers at Ahmad Yani Airport in Semarang exhibited

tuatrjun@hat genel:glly increased from 2015 to 2024. However, between 2015 and 2019, there were fluctuations that tended to
ﬁcreas@mﬁh variations in passenger numbers during specific seasons, such as holidays. The peak number of passengers occurred
iEZOlBﬁe%hing a totgﬁ- of 2,132,000, while the lowest number was recorded in 2020, with only 27,500 passengers. This decline in
@sseng% rid@mbers cagbe partly attributed to the impact of the COVID-19 pandemic, which affected both Indonesia and the global
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2 Tirr'%Series Decoffposition

IEjgenergl, the time s¢fies decomposition model consists of data patterns and errors. The data patterns are influenced by two key
f%tors: Frend and seas@hality. The trend pattern will be analyzed over an extended period, during which a data pattern that either
riges or gils will eme@e, while seasonal pattern exists when a series is influenced by seasonal factors (e.g., the quarter of the year,
the monﬁ, or day of thesweek). Seasonality is always of a fixed and known period. In general, there are two types of decomposition
tifhe sen;'és models: a@‘ltive decomposition and multiplicative decomposition. Additive decomposition represents the sum of the
tt%m, sgcasonal compgnent, and error, while multiplicative decomposition represents the product of these three components.
l\@éthem%\tically, both glodels can be expressed as follows: ¥, = T, + S, + E, dan ¥, = T, x S, x E,, respectively. Where Y it is the
time serges value (model data) at period t, S, Is the seasonal component (or index) at period t, T; Is the trend cycle component at
period tgand E. is théﬁrregular (or reminder) component at period t.

-

3.2 Hol@Vinter Multiplicative
This m(ﬁel is based o?our equations, each of which can be expressed as follows: that compute the average value of the sequence
in the pagt (Level), thecfr_end of evolution in the future (Trend) and a seasonal term (Seasonality, which allows to exploit the presence
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H

6f r tterns) finally the last equation computes the forecast [11], [12]. The four equations that form the foundation of the
Holt-Winters multiplicative model can be defined mathematically as follows.

@%—a&®+(@ a)(Le—q + be_y)

& B BEL,2 L+ (1 - P,

o)

88 %ygg A Zps..s

DE 3@ @tm)gm

8 %ltw‘@te Additive

Tée ;pugeqluat@ns thagform the foundation of the Holt-Winters additive model can be defined mathematically as follows.
&8 La. 85, (1 - )Ly +bir)
&) & 2AB.E Lot (- Pbey
&S /& £L) €1 - 1S,

é) B ﬂ(l§+gbtm) S sim

o=
3 S8
Fgregl,g, yamre the snmothing parameters (where o, B, v lies in the interval [0, 1]), length of the seasonality is s,number of forecast

ageag'is% ahd observg@ data at time tis Y;[13]. The best model selection could be estimated using error sizes, such as mean absolute

ggor (@AE} MAE @lean Absolute Error) is the average deviation of the absolute value (actual) difference with a predicted
(%reeasﬁ_n@ value [143- 16]. A forecasting model is considered highly accurate only if the model has the least error rate [17][18].

da
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'Iﬂhegata ow the number of airplane passengers at Soekarno-Hatta International Airport from January 2015 to August 2024
d@m@sﬁ{a’t@ an upward trend and exhibits non-stationarity. Furthermore, the data indicates the presence of seasonality, as illustrated
|EP.F@U|=€ 13The fact is that four time series models decomposed additive, decomposed multiplicative, Holt-Winters additive, and
I—@I@\I@tets multiplicative can be utilized as a foundation for forecasting the number of airplane passengers over the next year.
Tie grg_n@rs for the Holt-Winters additive and multiplicative models are presented in Table 2. These parameters have yielded
rgau 'n@inﬂ lower Mean Absolute Error (MAE) value compared to both the additive and multiplicative decomposition models.
Therefoge, Both the Holt-Winters additive and Holt-Winters multiplicative methods demonstrated low mean absolute error (MAE)
aﬁd can\%e t%r)tlllzed for future predictions. However, the model employing the holtwinter additive method, exhibited the best overall
pgrformancgwhen all estimates were compared to the actual data, has a smaller error value compared to other models.

3
o o3
&  —Tdble 2. ThéSmoothing parameters of time series models
S B[ Bodel = a B Y UE

=]
g <= EoIththAddltlve 0.8376623 0 1 138110.9
E ¢ golthteﬁl\/lulnpncative 0.8569904 0 0.179955 146947.7
S B BecomposezAdditive : : - 354428.6
g 58 BecomposgMultiplicative - - - 366989.6
= _O1 .—! C:

Figure &s also presented to provide a precise comparison of the Mean Absolute Error (MAE) values for each model utilized. Table
gndlcaﬁzs that the MgE of the Holt-Winters additive model (represented by the red bar) is lower than that of the other models.
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dmastic decline in the number of airplane passengers during the COVID-19 pandemic.
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TTle oppgsne is demorﬁtrated by the capability of the Holt-Winters additive and Holt-Winters multiplicative models to generate data
tﬁt cIo@ly resembles%.ctual data. Both models are proficient in producing high-quality data that is nearly identical to real-world
(ﬁa deg)lte the S|gnmcant gap in the number of airplane passengers caused by the Covid-19 pandemic. These results are illustrated
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ofy thgdata pre?@nted in Figure 4, the Holt-Winters model will be employed to forecast the number of aircraft passengers at
rr‘gahgtta Airpcr_flj for the upcoming year. The results of this forecast are illustrated in Figure 5, which indicates an upward
inFegumber ofl_aircraft passengers.
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E2CONGLYSION

e stugy f@;used to riake a tool available for International Airport Soekarno Hatta to analyze the number of air passengers during
J%wuarygof{: to August 2024. Two models Decompose, and Holt-Winters model have been fitted to the data. Both Holt Winter
@Bdels Eave shown satisfactory results. But by using diagnostic check on these two models proved that Holt-Winters’ Additive
rgpdel issbest for this gata. Hence forecast have been computed by using Holt-Winters” Additive model. Even from fore studies it
hias prO\%n that Holt-Winters” Additive model is best fit for many data concern with traffic, tourist and number of passengers.
'Iéerefoﬁ, Holt-Wintéss® Additive model can be used as a tool to forecast number of passengers for a month This kind of analysis

isvery &eful for fore@sting the Air traffic.
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