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Abstract. An appropriate time series model for predicting passenger data of Djalaluddin
Gorontalo Airport, the interval between 2003 - 2017 with the multiplicative of Holt’s-Winters'

exponential smoothing as \pr = (L + pT,)S; 12, - Where for time t, the original exponential
Yt

t-12

smoothing data, L, =02

+0.8(L_; +T,;), smoothing trend patterns

Y,
T, =0.2(L, — L) +0.8T_;) and smoothing seasonal patterns, S, = O.ZE%LO.SSF12 , SO

the smoothing parameter used are a = = y = 0.2. After several treatments, the mean square
deviation (MSD) is 3287241 for arrival passenger data and MSD is 2490279 for passenger
departure data with a seasonal length of 12 by do not event-based. The next, the MSD is 1334585
for arrival passenger data and MSD is 1433867 for passenger departure data with a seasonal
length of 12 by Eid al-Fitr event-based, the MSD is 1259600 for arrival passenger data and MSD
is 1252548 for passenger departure data with a seasonal length of 12 by Eid al-Adha event-based.

1. Introduction

Time series analysis in principle is used to analyze data takes into account the influence of time. This
data is collected periodically based on a certain time span, for example, hours, daily, weekly, monthly,
quarterly, quarterly, semester, and/or yearly. This analysis is used as a reference in preparing future time
planning or predicting a future phenomenon. Forecasting passenger data of an airport in a certain time
frame that will come, which is required only passenger data in previous years.

In time series analysis two models are known, namely deterministic models and stochastic
(probability) models. Deterministic models are models in which the value of future observations can be
calculated or can be predicted with certainty through a function based on past observations, but
forecasting only applies to existing data. To determine the forecasting method in the time series data, it
is necessary to know the data pattern so that data forecasting can be carried out using the appropriate
method. Data patterns can be divided into four types, namely seasonal patterns, cyclical patterns, trend
patterns, and irregular patterns [1]. Seasonal patterns are fluctuations of data that occur periodically
within one year, such as quarterly, quarterly, monthly, weekly, or daily. The cyclical pattern occurs
when the data is affected by long-term economic fluctuations, such as those related to the business cycle.
This pattern is difficult to detect and cannot be separated from trend patterns. Trend pattern is the
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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tendency of data directly in the long term, can be either increase or decrease. While the irregular pattern
is an unexpected and random event, its appearance can affect the time series data fluctuations.

For stochastic model data, there are several models that can be used such as AR, MA, ARMA,
ARIMA, SARIMA, and others. If the data has a seasonal pattern, the more appropriate method is
seasonal ARIMA, and other related methods, such as the multiplicative Holt’s-Winters’ smoothing
method. This last method is the subject of this paper. This method have applied to forecasting electric
load demand [2]. Even [3] has described forecasting using seasonal autoregressive integrated moving
average (SARIMA) and Holt’s-Winters’ exponential smoothing.

2. Literature Review
The method that used to forecast airport passenger data in this paper is the multiplicative Holt’s-Winters’
exponential smoothing method so that what is desribed here are follows.

2.1. Smoothing method
Forecasting at a time series data containing trend patterns, seasonal patterns, or containing both at the
same time, can be done with the smoothing method. Smoothing is taking the average value for several
years to assess the value of a year [4].

The smoothing method is classified into two parts, namely the smoothing method and the exponential
smoothing method [5].

Forecasting on data that is influenced by trend or seasonal patterns is carried out using the exponential
smoothing method using different weights for past data and these weights have characteristics
exponentially decreasing [5].

2.2. Winters’ exponential smoothing method
If the data pattern is not only influenced by trend patterns, but also seasonal patterns, the Holt's
exponential smoothing method is not suitable for forecasting, because it cannot detect seasonal patterns.
Thus, Winter perfected Holt's exponential smoothing by adding one parameter to overcome seasonal
patterns in data. This method is be separated into two models, namely additive and multiplicative
models. An additive model analysis is performed if the original data plot shows relatively stable seasonal
fluctuations, while the multiplicative model is used if the original data plot shows the seasonal
fluctuations varies. Comparing the forecast profiles for the Holt's method and damped Holt's exponential
has shown in [6].

In the multiplicative model, there are four equations [1], namely:
1. Exponential smoothing of original data (at the time t), (see also [7])

Y
L=« s L @-a)(ly +T,) 1)
t-s
2. Smoothing trend patterns (at the time t)
Te=y(L - L)+ @=»)Ty) 2)
3. Smoothing seasonal patterns (at the time t)
S = 5I—t +(1-5)S, . 3)
t
4. p-period forecasting forward
Yt+p = (Lt + th)St—s+p (4)

where (0 < ¢, 5, 6 <1).

2.3. Event-Based

Forecasting use event-based to forecast Djalaluddin Gorontalo Airport passengers based on special
events that occur in certain periods. Thus, increasing and decreasing passenger data, both arrival
passengers and departure passengers will be based on the index of each event. Because the forecasting
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used is Holt’s-Winters” Exponential Smoothing a.k.a Holt’s-Winters’ Exponential Smoothing event
based.

The steps being taken for this event based on calculating the event index are obtained from
calculating the average index each year where the month there is a special event that modified formula
from [8], [9], [10], [11],

=t (5)

where | = event index for special events period t-th
Xt = actual data period t-th
F: = forecasting data period t-th
The average special event index that obtained is used for forecasting by Holt's-Winters' Exponential
Smoothing event-based method. Thus, the p-period forecasting forward model using the special event
index becomes,

Y, =G,.Y (6)

t+p t+p "t+p
where: Gip = the event index group t+p-th period
Yup = the t+p-th period forecast forward using Holt’s-Winters’ Exponential Smoothing model.

2.4. The accuracy measures of forecasting methods

The use of forecasting methods depends on the data pattern to be analyzed. If the method used is
considered correct for forecasting, the best forecasting method selection is based on the prediction error
rate [12]. Each forecasting method cannot accurately predict the future state of the data, so it definitely
produces errors. If the resulting error rate gets smaller, the forecasting results will get closer to the right.
To calculate the prediction errors used include mean squared deviation (MSD), mean absolute deviation
(MAD), mean absolute percentage error (MAPE).

3. Method

This section briefly describes the steps of forecasting with existing methods.

Step 1: Data Collection Method

The data used in this paper is passenger aircraft data in Djalaluddin Gorontalo Airport, which is derived
from BPPS data in 2003 - 20017 [13].

Step 2: Data Analysis Methods

Existing data analysis is done with the help of MINITAB 17 Statistical Software and Microsoft Excel.
Step 3: Results and Discussion

Forecasting passenger data of Djalaluddin Gorontalo Airport, from 2007 to 2014, using Holt's-
Winters' exponential smoothing method has been discussed by [14]. However, in this paper, the
passenger data of Djalaluddin Gorontalo Airport is reviewed, with an extended time interval, for 2003-
2017 data, and considering special events, such as before and after Eid al-Fitr, Eid al-Adha, and
Christmas and New Year's events.

Plotting of passenger time series actual data in Djalaluddin Gorontalo Airport, both arrival, and
departure, between 2003-2017, Figure 1.

These two data plots show that the data is influenced by trend patterns as well as seasonal patterns
because they show increased fluctuations.

Autocorrelation and partial autocorrelation plots for time series data on passenger arrival and
departure in succession are shown in Figure 2.

The four plots above show that there is an autocorrelation in the data, namely the existence of a bar
that exceeds the dashed line so that the data is non-stationary. While Figures 2(a) and 3(a) shows that
trend patterns are stronger than seasonal patterns.

With several methods of experiments carried out, obtained data plots of passenger time series in
Djalaluddin Gorontalo Airport, as Figures 4.
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Figure 1. Plotting of passenger time series actual data (a) arrivals and

(b) departures in Djalaluddin Goro
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Figure 2. (a) ACF and (b) PACF for time series data on passenger arrival
in Djalaluddin Gorontalo Airport
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Figure 3. (a) ACF and (b) PACF for time series data on passenger departures
in Djalaluddin Gorontalo Airport

Based on the time series data forecasting plot above, the forecasting model is obtained using the

Holt’s-Winters' exponential smoothing method, as follows.

1.

Exponential smoothing of original data (at the time t)
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Li=0.2 Y +0.8(L, +Tiy) )
t-12
2. Smoothing trend patterns (at the time t)
T¢=0.2(L, —L,)+0.8T.,) (8)
3. Smoothing seasonal patterns (at the time t)
S = 0.21—t +0.8S, ,, ©)

4. p-period forecasting forward
Yt+p = (Lt + th)St—s+p (10)
where ¢ = y = 6 = 0.2, we found the forecast error, for passenger departures data in Djalaluddin

Gorontalo Airport, from 2003 to 2017, as shown in Table 2 (no event-based).
Plotting of the model in Equation (13) is shown below.

Holts-Winters' Method Plot for Arrivals Holts-Winters’ Method Plot for Departures
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Figure 4. Holt’s-Winters’ exponential smoothing for time series data on passenger:
(@) arrivals and (b) departures

Furthermore, using the Equation (8), an index value is found for each, both Eid al-Fitr, Eid al-Adha,
and Christmas and New Year events. The results of the Holt's-Winters' exponential smoothing event
based index can be seen in Table 1. According to this table, almost all indices for each event indicate
that the arrival and departure of Djalaluddin Gorontalo Airport passengers, exceeding the estimates for
the month, especially the Eid al-Fitr event, is indicated by the index value of more than 1, except for
Christmas and New Year events almost every year, the index value is less than 1, so the value of the
group index is less than 1. This condition shows that the arrival and departure of the Christmas and New
Year events have decreased every month compared to the other two events.

The cause of this decline can be interpreted that people will feel reluctant to travel, or even if they
travel to neighboring, like Manado, which usually graces Christmas and New Year celebrations, they
do so by using land transportation, because Gorontalo with Manado allows for that. Therefore, the
Christmas and New Year events cannot be used in the event index calculation, and then this event index
is not used in the passenger mode in Djalaluddin Gorontalo Airport.

From the above analysis and using Equation (9), we get the results of passenger forecasting errors,
both arrival, and departure, in Djalaluddin Gorontalo Airport, using Holt's-Winters' exponential
smoothing event-based, Eid al-Fitr and Eid al-Adha, with parametersa = = y= 0.2 as follows.

Comparing the results of the forecast error table above with the same smoothing parameters, the
accuracy measures of the Holt’s-Winters' exponential smoothing multiplicative forecasting model are
more than of the Holts-Winters' exponential smoothing multiplicative forecasting model using event-
based. Holt’s-Winters' method modified by [15] to obtaining the best accuracy of Eid effect forecasting
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for several ports in Indonesia, but did not specify the effects of Eid al-Fitr or Eid al-Adha. He also did
not assess exponential smoothing and reviewing several other events.

The next, plotting of the model using Equation (9), both Eid al-Fitr (Figure 5(a), 5(b)) and Eid al-
Adha (Figure 6(a), 6(b)) events, as shown follows.

Table 1. Special event Djalaluddin Airport passengers index

Index Index Group
Event Group Event Arrival Departure Arrival Departure
Eid al-Fitr 2003 1.00 1.40
Eid al-Fitr 2004 1.01 1.13
Eid al-Fitr 2005 111 1.09
Eid al-Fitr 2006 111 1.03
Eid al-Fitr : : : 1.05 1.09
Eid al-Fitr 2013 1.17 1.08
Eid al-Fitr 2014 1.12 1.03
Eid al-Fitr 2015 1.16 1.20
Eid al-Fitr 2016 1.06 1.02
Eid al-Fitr 2017 1.00 1.01
Eid al-Adha 2003 0.84 0.88
Eid al-Adha 2004 0.98 1.19
Eid al-Adha 2005 1.50 1.27
Eid al-Adha 2006 1.22 1.32
Eid al-Adha : : : 1.02 1.02
Eid al-Adha 2013 1.00 1.04
Eid al-Adha 2014 1.14 1.09
Eid al-Adha 2015 1.02 1.02
Eid al-Adha 2016 0.90 0.92
Eid al-Adha 2017 0.95 0.98
C.N.Y. 2003 0.75 0.74
C.N.Y. 2004 0.87 1.19
C.N.Y. 2005 0.96 1.09
C.N.Y. 2006 0.97 0.92
Christmas and : : : 0.97 0.98
New Year C.N.Y. 2013 0.94 0.90
C.N.Y. 2014 0.93 1.01
C.N.Y. 2015 1.01 1.02
C.N.Y. 2016 0.98 0.94
C.N.Y. 2017 0.99 1.02

Table 2. Forecast error using Holt’s-Winters’ exponential smoothing method

Error
No. Events MAPE MAD MSD
Arrival Departure Arrival Departure Arrival Departure
1. No event based 11 11 1251 1162 3287241 2490279
2. Eidal-Fitr 6 6 775 828 1334585 1433867

3. Eid al-Adha 6 6 752 774 1259600 1252548
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Figure 5. Holt’s-Winters’ exponential smoothing for time series data on passenger:
(@) arrivals and (b) departures using Eid al-Fitr event
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Figure 6. Holt’s-Winters’ exponential smoothing for time series data on passenger:
(a) arrivals and (b) departures using Eid al-Adha event

4. Conclusion
According to the analysis and discussion of passenger data forecasting in Djalaluddin Gorontalo Airport
by considering the special event, it was concluded that:

1.

Forecasting data on passenger arrival and departure time in Djalaluddin Gorontalo Airport can be
done using the Holt's-Winters' exponential smoothing multiplicative method. This is indicated by
plot data which is not only influenced by trend patterns but also influenced by seasonal patterns.
Forecasting by considering special events can increase the level of accuracy compared to without
special events.

Eid al-Fitr and Eid al-Adha are special events that have a more significant influence in increasing
passengers in Djalaluddin Gorontalo Airport.
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