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Abstract— Tourism is counted as one of the most sensitive 

sectors to crises such as the COVID-19 pandemic. By the first 

quarter of 2020, it brought the foreign visitors' travels to a 

sudden and unexpected halt. This has negatively affected the 

tourism sector. Due to the perishable nature of the tourism 

industry products, many researchers are calling for urgent 

development and implementation of a rescue plan that will help 

in predicting the future number of foreign visitors. In this paper, 

we proposed an approach to modeling and forecasting a tourism 

time-series data that have both trend and seasonality. This 

approach is a combination of the Fourier series and artificial 

neural network methods to capture the seasonality and trend 

components in data. We applied this method to the monthly 

foreign visitors to Turkey dataset. We studied the data for the 

periods before, and during the COVID-19 pandemic. To 

account for uncertainties in the model prediction during the 

COVID-19 pandemic, we employed the Monte Carlo simulation 

method. We run 100 Monte Carlo simulations within ±2σ from 

the model curve. The mean of these 100 Monte Carlo simulation 

paths is computed and used for presenting the Monte Carlo 

forecast result values of the data. To test the feasibility of this 

approach, we compared the model predictions with some other 

existing models in the literature. In each case, the model has 

demonstrated a decent prediction and outperformed the 

benchmarked models. The proposed model produces a 

statistically good fit and acceptable result that can be used to 

forecast other tourism-related attributes.  

Keywords—Fourier series, Artificial Neural Network, Monte 

Carlo simulation 

I. INTRODUCTION  
The global tourism industry is among the most affected 

sectors because of the COVID-19 pandemic outbreak [1]. 
Perhaps this is due to events such as travel restrictions, 
grounding airplanes, closing hotels, or even the perishable 
nature of the tourism industry products. The UNWTO reports 
that tourism provides 10% and 8% of global employment and 
GDP, respectively [2]. Coincidently, the tourism industry in 
Turkey also makes the country’s 10% of employment and 8% 
of GDP [3]. This figure indicates the significant contribution 
of tourism to the Turkish economy.  

However, in 2020, the UNWTO is expecting a decline in 
global tourism between 20 and 30%  compared to 2019 [4]. 
Yet, the situation in Turkey is worse than expected as the 
monthly foreign visitors to Turkey from January to October in 
2020 have decreased by 72.49%  compared to the same period 
in 2019. This is evident from the monthly foreign visitors to 
Turkey dataset that is considered in this study. Perhaps, this is 
why the study of Gunay et al. [5]  call for urgent 
implementation of a rescue plan that will assist in modeling 
and forecasting the future number of foreign visitors to 

Turkey. The study used analysis techniques to predict the 
effect of the COVID-19 pandemic on the future number of 
foreign visitors to Turkey.  

The need for a model that will provide accurate tourism 
forecasting amid COVID-19 has become necessary, 
considering the information generated would be helpful for 
tourism-related organizations and policymakers. Due to the 
importance and benefits of tourism forecasting, forecasting 
models are becoming more diversified and no single method 
fits all situations [6]. For example, Athanasopoulos et al. [7] 
evaluate the performance of 3 classical methods using 1,311 
tourism data and finds that time series methods have better 
accuracy than explanatory methods. Several nonlinear models 
have also been proposed to address time series data 
forecasting [8] and [9]. Recently, intelligent automation, such 
as the ANN methods has become a significant player in 
tourism forecasting [10]. For example, Ramos et al. [11] and 
Alamsyah and Friscintia [12] respectively used ANN to model 
and forecast tourism demand in Peru and Indonesia.  

Nevertheless, tourism data are seasonal time series data by 
nature [7], and Fourier series analysis could be a good 
approach to modeled seasonal time-series data [13]. However, 
Fourier series models are applied on periodic data, and if the 
data have a trend component then a special technique must 
account for the trend. In this work, we proposed an ANN-
Fourier series model to model tourism time series data. The 
method is applied to monthly foreign visitors to Turkey 
dataset. Because of the effect that the pandemic has on the 
data, we applied the method in two forecasting regions i.e. 
before and during the pandemic. This allows us to evaluate the 
performance of the proposed model separately in each 
forecasting region. 

The COVID-19 pandemic has caused uncertainties in the 
monthly foreign visitors to Turkey data that might not be 
captured by the model. For example, the data drop to just a 
few thousand around April 2020, which is an unexpected 
behavior considering the pattern of the data. We used the 
Monte Carlo simulation scheme to address and accommodate 
the uncertainties that are caused by the pandemic in the data. 
Monte Carlo simulation is a random way of simulating time 
series data paths used for forecasting future values of the series 
[14]. The generated random numbers in the Monte Carlo 
simulation have the same properties as the risk factors they are 
trying to simulate [15].  The Monte Carlo scheme will be 
useful since it can use the model forecast values to generate a 
large number of possible outcomes in the monthly foreign 
visitors to Turkey dataset. For example, Muhammad et al. [16] 
optimized the result of their model using the Monte Carlo 
simulation.   

20
21

 9
th

 In
te

rn
at

io
na

l S
ym

po
si

um
 o

n 
D

ig
ita

l F
or

en
si

cs
 a

nd
 S

ec
ur

ity
 (I

SD
FS

) |
 9

78
-1

-6
65

4-
44

81
-1

/2
1/

$3
1.

00
 ©

20
21

 IE
EE

 | 
D

O
I: 

10
.1

10
9/

IS
D

FS
52

91
9.

20
21

.9
48

63
25

Authorized licensed use limited to: ULAKBIM UASL - Maltepe University. Downloaded on July 21,2021 at 21:21:35 UTC from IEEE Xplore.  Restrictions apply. 



  

II. METHODOLOGY 

Fourier series is a better approach extensively used by 
many researchers to model seasonal time-series data such as 
tourism data. However, one major setback of the approach is 
the non-inclusion of the time series trend component.  Some 
studies have suggested special techniques to capture the trend 
component of a periodic time series. For example, we 
proposed capturing the trend component of seasonal time 
series data using polynomial fitting [17].  Iwok [13] proposed 
capturing the trend in a periodic series using a linear model 
and then used the resulting residue to fit the seasonal model 
using Fourier representation. Rather than using a special 
technique to capture the trend of seasonal data, in this work, 
we will follow the findings of Makridakis et al. [18], which 
recommend the results of classic models to be used as a 
baseline to gauge and evaluate the machine learning method 
for time series modeling and forecasting. By following this 
recommendation, we will be able to assess whether the power 
of the machine learning method is adding accuracy to the 
forecast or not.  

In this study, we proposed the ANN-Fourier series model 
to capture and model the monthly foreign visitors to Turkey 
tourism data. The data are provided by the Turkish Ministry 
of Culture and Tourism and are freely available at the Turkish 
tourism portal at https://www.ktb.gov.tr/EN-
99216/tourism.html. The data contain 202 instances with three 
attribute fields i.e. month, people, and year. Our study will 
consider the data points from January 2004 to October 2020 
shown in Figure 1. In our proposed ANN-Fourier model, the 
data are first captured and fitted using the Fourier series. This 
is because the Fourier series fitting is among the significant 
methods used for modeling periodic data. Besides, our dataset 
is tourism data, and tourism datasets are described as time 
series data with strong seasonality [7]. The residue produced 
by the Fourier series model is collected and then modeled 
using the artificial neural network (ANN). The resulting ANN 
modeled residue is then added to the Fourier series to obtain 
the ANN-Fourier series model equation. This is in agreement 
with the suggestion of Makridakis et al. [18] about using the 
result of the classical method  (Fourier series in this patient),  
as a baseline to evaluate whether the machine learning method 
(ANN in this study) is adding accuracy to the forecast or not. 

 

 
Fig. 1 Monthly foreign visitors to Turkey for January 2004 to October 

2020 period 

 

  However, from January to October 2020, there are only 
11,200,892 foreign visitors to Turkey, which is decreased by 
72.49%  compared to the same period in 2019. Perhaps, this 
could be because of the COVID-19 pandemic that brought 
travels around the world to a halt in the first quarter of 2020 

[19]. Evident from the sudden drop of foreign visitors from 
month 195 (March 2020) in Figure 1, the pandemic may well 
be the cause of this 72.49% decrease in the number of foreign 
visitors to Turkey. Considering the effect that the COVID-19 
has on the data and to test the robustness of the proposed 
model, we evaluate the model performance before and during 
the pandemic separately. In each forecasting region, the model 
will fit the data and capture some level of uncertainties.  

However, due to the pandemic, the data have changed 
direction, and there are some uncertainties in the data that the 
model might not be able to capture. To archive tourism 
forecasting among COVID-19 and accommodate more of 
these uncertain scenarios, this work proposed running 100 
Monte Carlo simulations on the residue of the proposed model 
forecast during the COVID-19 region. The purpose of the 
Monte Carlo simulation is to be able to cover uncertainties in 
the model prediction. The 100 Monte Carlo simulation paths 
are expected to produce a set of probabilistic outcomes that 
would cover all possible scenarios in the data during the 
pandemic forecasting region. The proposed model of this 
study is benchmarked with our previous Polynomial-Fourier 
series model [17] and the ARIMA model for performance 
evaluation.  

The modeling process of the proposed model begins by 
dividing the data into training data (70%) and testing data 
(30%). The training data are then fit using the Fourier series 
representation in equation 1.  

 

���� � �� � ∑ �� ������ ����� �   ∑ �� ������� �����           (1) 

 

where T is the series lags, � the data frequency, n is the 
number of Fourier terms needed to fit the series, while ��, �� 
and ��  are the coefficients of the Fourier series. The 
coefficients are estimated using the least-squares method and 
used in the Fourier series representation for fitting the data. 
The residue obtained from the Fourier series fitting is 
collected for modeling using the ANN machine learning 
algorithm. By adding the ANN modeled residue to the Fourier 
series representation in equation 1, we obtained our proposed 
ANN-Fourier series model in equation 2.   

 

���� � �� � ∑ �� ������ ����� �   ∑ �� ������� ����� �
                       ��� ������� ������� � �                                    (2) 

 

Where e is the proposed model error component. As we 
explained earlier, the monthly foreign visitors to Turkey 
dataset showed an unexpected behavior. This unexpected 
behavior has caused some uncertainties in the data. Therefore, 
to address this uncertainty, we collect the residue of the 
proposed ANN-Fourier series and run 100 Monte Carlo 
simulations within ±2σ from the model regression curve to 
forecast the data. The Monte Carlo scheme is only applied to 
the forecast region during the COVID-19 pandemic. Because 
of the pandemic forecasting horizon, the Monte Carlo forecast 
can capture uncertain scenarios that are likely to occur.  
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III. RESULTS AND DISCUSSION 

 In this study, we use the root mean square error (RMSE) 
and the mean absolute percentage error (MAPE) as the 
evaluation metrics for the models' performance. Agrawal et al. 
[20] and Yahaya et al. [21] defined the RMSE and MAPE as 

�� ! �  "�
� ∑ �#$�#��   

  

��%! � �
� ∑ &'(

)(& *  100�#��   

Where n is the size of the testing data, �# �  �# - �# and 
�#  is the actual number of foreign visitors, �# is the forecasted 
number of foreign visitors. 

3.1. Fourier series Model 

The data used in this study are the monthly foreign visitors 
to Turkey from January 2004 to October 2020. Fitting the data 
using the Fourier series model in equation 1 produces the 
residual plot in Figure 2. The residual plot indicates that the 
trend component of the series is unaccounted for by the 
Fourier series model.  

 

 
Fig. 2. Fourier series model residual plot 

  

3.2. The proposed model 

The periodicity and upward movement from the raw data 
plot in Figure 1 show that the data contain both trends and a 
seasonal component. However, the Fourier series model 
residual plot in Figure 2 indicates that the trend is not 
accounted for during the Fourier series model fitting. The 
artificial neural network (ANN) is implemented to 
compensate for the trend component, which is unaccounted 
for by the Fourier fitting. The training and validation loss for 
the ANN model implemented on the Fourier residual is 
presented in Figure 3 (A). The blue curve represents the 
training errors; the model has demonstrated a good learning 
rate with low training errors. The red curve is the validation 
curve, which tests the model prediction capability as it learns 
from the training data. It also shows a low validation error.  

Figure 3 (B) demonstrates the ANN forecast on the Fourier 
residual. The ANN forecast could account for about 97% 
variation in the Fourier residual, and with respective forecast 
error (RMSE) and accuracy (MAPE) of 3 people and 7.21% 
(see Table 2). This ANN residual model is then added to 
equation 2, and the resulting equation would be the “ANN-
Fourier” time series model.  

This proposed ANN-Fourier model is applied to predict 
the Tourism data in two regions. These are regions before and 
during the COVID-19 pandemic. We also benchmarked the 

proposed model with the ARIMA model and the Polynomial-
Fourier series model of Danbatta and Varol [17].   

 

 

 
Fig. 3. (A) ANN on Fourier series residue training and validation loss 

(B) ANN on Fourier series model forecast 

 

3.3. Before COVID-19 model forecast results 

In the forecasting region before the COVID-19 pandemic 
(April 2015 to December 2019), both models could capture 
and forecast the data to a reasonable extent. The forecast 
results given in Table 1 show that before the pandemic; our 
proposed ANN-Fourier series model could get a 93% R2 
estimate value, RMSE of 4 people, and MAPE of 9.41%. The 
R2 estimate is a good estimator when working with time-series 
data [22]. Therefore, the obtained RMSE and MAPE values 
provide good reasoning with the obtained R2 value.  

 

TABLE I.   MODELS FORECAST RESULTS BEFORE THE COVID-19 
PANDEMIC REGION 

Models R2 RMSE MAPE 

ARIMA model 0.87 6.76 11.01 

Polynomial-Fourier series model 0.90 5.24 10.88 

ANN forecast on Fourier series 
residue 

0.97 2.53 07.21 

ANN-Fourier series model 0.93 4.02 09.41 

 

The ARIMA model accounts for 87% variation in the data 
within the forecast region before the COVID-19, with a 
forecast error of RMSE of 7 people and forecast accuracy of 
MAPE 11.01%. Similarly, in the forecasting region before the 
COVID-19 the Polynomial-Fourier series model could 
achieve an R2 estimate of 90%, RMSE of 5 people, and MAPE 
of 10.88% (see Table 2). These forecast results show that our 
proposed ANN-Fourier series model outperformed the 
ARIMA and the Polynomial-Fourier series models in the 
forecast region before the COVID-19. The forecast results of 
the ARIMA model, Polynomial-Fourier series model, and the 
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proposed model of this study are, respectively, as shown in 
Figure 4 (A), (B), and (C).  

 

Fig. 4. Models forecast before COVID-19 pandemic (A) ARIMA model (B) 
Poly-Fourier model (c) ANN-Fourier model 

 

3.4. During COVID-19 model forecast results  

The forecasting region during the COVID-19 pandemic is 
from August 2015 to October 2020. This forecasting region 
contains anomalies and uncertainties due to the effect of the 
pandemic as we explained earlier. Perhaps, that is why the 
ARIMA model shows poor performance in forecasting the 
data within this region. The ARIMA model could only archive 
71% R2 value, RMSE 10 people, and MAPE 19.40% 
according to the given values in Table 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE II.   SIMULATION AND MODELS FORECAST RESULTS DURING 
THE COVID-19 PANDEMIC REGION 

Models No. of 
Simulations 

R2 RMSE MAPE 

ARIMA model 1 0.71 9.92 19.40 

Polynomial-Fourier 
series model 

1 0.85 6.01 12.90 

ANN forecast on 
Fourier series residue 

1 0.94 3.53 08.79 

ANN-Fourier series 
model 

1 0.90 5.45 10.46 

Monte Carlo mean 
forecast 

100 0.93 4.39 09.71 

Monte Carlo 
simulation path 45 

100 0.98 2.09 07.65 

 

The values in Table 3 show that in the forecasting region 
during the COVID-19 pandemic, the Polynomial-Fourier 
series model forecast can account for 85% variation in the 
data, RMSE of 6 people, and MAPE 12.90%. Similarly, the 
proposed model shows better performance in the forecasting 
region during the pandemic compared to the ARIMA and 
Polynomial-Fourier series models. The proposed ANN-
Fourier series model has a performance of 90% R2 value, 
RMSE of 5 people, and MAPE of 10.46% during the 
pandemic forecasting horizon.  

The accuracy of the proposed model outperformed the 
benchmarked models in both forecasting regions. For 
example, in the forecast region before the COVID-19 
pandemic, the ARIMA model is showing a forecast error of 
10 people while our proposed model has only 5 people. 
Moreover, the proposed model performance is better in the 
forecast region before the COVID-19 pandemic compared to 
the forecast region during the pandemic. Hence, the model 
performance in both forecasting regions gives a statistically 
decent outcome.  

Figure 5 depicts the forecast results of the ARIMA model, 
the Polynomial-Fourier series model, and the proposed model 
of this study during the COVID-19 pandemic.  
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Fig. 5. Models forecast during COVID-19 pandemic (A) ARIMA model 

(B) Poly-Fourier model (c) ANN-Fourier model 

 

3.5. Model residue scatter and Q-Q plot  

 The training and forecast scatter plots respectively in 
Figure 6 (A) and (C) show a person’s correlation of 91% in 
the training period and 75% in the forecast period. This 
indicates a clear linear relationship between the data and the 
proposed model.  The Q-Q plot in Figure 6 (B) and (D) shows 
that the model residue fits the theoretical normal distribution 
with only a few deviations at the tail. This implies the 
goodness of fit of the proposed model. 

 

 

Fig. 6. Scatter and Q-Q plots for model and data 

 

3.6. Monte Carlo simulation  forecast 

The proposed ANN-Fourier series model performance 
was reduced in the forecasting region during the COVID-19 
pandemic compared to the model performance before the 
pandemic. To capture these uncertainties and optimize the 
model forecast result, we employed the use of the Monte Carlo 
scheme. We collect the proposed model residue in the forecast 
region during the pandemic and run 100 Monte Carlo 
simulations on the residue within ±2σ of the model curve. The 
100 Monte Carlo simulation paths are represented using the 

thin lines shown in Figure 7 (A). It can be seen that the 100 
simulation paths can cover the uncertainties in the data.  

A mean of the 100 Monte Carlo simulation paths is used 
for presenting the net forecast of the series and is presented in 
Figure 7 (B). Presenting the simulation mean makes it easier 
to understand the simulation behavior within the forecast 
period during the pandemic. The mean of the Monte Carlo 
simulation result given in Table 3 shows that the Monte Carlo 
simulation could increase the model performance in the 
forecast region during the COVID-19 pandemic. The mean of 
the Monte Carlo simulation could account for 93% variation 
in the data, which gives a 3% increase in R2 estimate value 
when compared to the proposed model 90% R2 estimate value. 
Similarly, the Monte Carlo simulation could also reduce the 
model forecast error from RMSE of 5 people to RMSE of 4 
people.  

Although the mean of the Monte Carlo simulation tends to 
graphically resemble the model behavior (see Figure 7 (B)), it 
could increase the performance of the model. Nevertheless, 
from Table 3 Monte Carlo simulation path 45 could account 
for up to 98% variation in the data, which gives an 8% increase 
in R2 estimate value when compared to the proposed model 
(90% R2 estimate value). The path also has a forecast error of 
RMSE of 2 people, which is better than the RMSE of 5 and 4 
people obtained from the model and the mean of the Monte 
Carlo simulations, respectively. According to these results, 
simulation path 45 is the best Monte Carlo simulation path that 
fits data. 

 

Fig. 7. (A) 100 Monte Carlo simulation paths forecast during COVID-19 (B) 
Monte Carl mean forecast 

 

IV. CONCLUSION 

The outbreak of the COVID-19 pandemic has created 
uncertainties in the expected number of foreign visitors to 
Turkey. The uncertainties in the number of foreign visitors 
have negatively affected the Turkish tourism industry 
considering the perishable nature of the products in the 
industry. In this study, we proposed a novel method that 
captures the monthly foreign visitors to Turkey data using the 
combination of Fourier series fitting and the artificial neural 
network. The data were divided into two forecasting regions 
i.e. before and during the COVID-19 pandemic. The proposed 
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ANN-Fourier series model was applied to the two forecasting 
regions. The proposed model performance before and during 
the pandemic is evaluated separately. In both forecasting 
horizons, the proposed ANN-Fourier series model 
outperformed the benchmarked ARIMA and Polynomial-
Fourier series models.  

The Monte Carlo simulation scheme is employed in this 
study to model and accommodate the uncertainties in the 
COVID-19 pandemic forecasting region of the data. In this 
study, the Monte Carlo simulation was not applied to the 
estimated parameter values of the proposed model. Rather, the 
100 Monte Carlo simulations are conducted using the 
proposed model residue, which is collected after fitting the 
data using Equation 2. The 100 Monte Carlo simulation paths 
are generated within ±2σ from the proposed model regression 
curve, and simulation path 45 is the path that assumes a value 
closest to the regression curve. Hence, it will better capture 
future anomalies and uncertainties in the data.  

Our method has demonstrated how Fourier series fitting is 
best suited for periodic time series data while capturing the 
trend component of the data requires a special technique like 
the ANN. The findings of this study also show that classical 
methods can be used as the first step before using more 
elaborate methods such as ANN when modeling time series 
data. We also demonstrate how the Monte Carlo simulation 
can be used to model uncertainties in time series data. In 
conclusion, our proposed method can be used to model other 
time-series data that have the same characteristics as the 
monthly foreign visitor to Turkey tourism data considered in 
this study. 
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