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ABSTRACT
The coronavirus epidemic (COVID19) has affected the global econ-
omy and the services sector. Quarantine measures related to travel
restrictions have led to an unprecedented decline in the tourism
industry with repercussions on tourism service providers, transport
companies and state budgets. Travel is necessary for tourism, there-
fore, any factor that prevents travel can have a profound impact on
the tourism industry. In the current pandemic context, the forecast
in the field of tourist travel has played an important role in support-
ing the revival of this sector. In this study, econometric and interpret-
ive methods were combined to predict the demand. In this study we
approached a prediction model that is based on the seasonal sta-
tionary and adjustment of observed and FFT data. Experimental
results show that the proposed prediction model has demonstrated
a good medium-term forecast and can be used successfully in short
and medium periods of time. For a certification of the exploratory
evaluation of tourism forecasts there were comparatively analyzed
the results obtained for three countries in south-eastern Central
Europe, countries with similar natural and anthropic tourist resour-
ces (Bulgaria, Croatia and Romania).
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1. Introduction

For most of its history, travel has been difficult, inconvenient, expensive, and often dan-
gerous. However, travel has been undertaken and this involves some strong motivators.
In the last 150 years alone, travel has become more accessible and less difficult. Most of
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those who traveled were prepared to openly admit that pleasure was one of the motiva-
tions of their travels. Only in the 21st century has the journey encountered several
obstacles such as the unfortunate events of the 9/11 attacks (Goodrich, 2002), SARS in
Asia (McKercher & Chon, 2004, pp. 716–719) international terrorist attacks (Schmude
et al., 2020, pp. 88-102), the global financial crisis of 2008 (UNWTO, 2013), are all
examples of how dramatic situations have affected the behavior and habits of tourists,
but they also highlight the way in which the tourist market has always managed to
return and develop over time (G€ossling et al., 2021). For example, the outbreak of
Severe Acute Respiratory Syndrome (SARS) in 2003 devastated the Asian tourism
(McKercher & Kaye, 2004, pp. 716-719) and led to a global depreciation of tourism by
0.4%, and the financial crisis of 2008 led to a 4% decrease in the year 2009, a decrease of
37 million tourists compared to the previous year (UNWTO, 2021).

The current health crisis caused by the coronavirus SARS-CoV-2 (associated with
the disease called Covid-19) has led to an unprecedented decrease in tourism, in 2020
the flow of tourists decreased by 73.9% which meant that they traveled with 1.1 billion
people less (UNWTO, 2021). This pandemic crisis has reduced travel mobility (Marcu,
2021, pp. 1-18), all countries in the world have imposed restrictions on international
and national travel, and it increased the risk of travel. Security is one of the main crite-
ria in assessing and choosing the destination (Şuşu & Leuciuc, 2018, pp. 83-89) of a
tourist, therefore he will choose a space that is free of real and potential risks.

Tourism is an important moving force for most of the world’s economies (Rasool,
2021), advanced or developing economies. At the same time it is a strong sector
interconnected with a large part of the national economy of each country.

Tourism is the product of a confluence of multiple material and imaginary ele-
ments that must be placed in specific political, economic, cultural and social contexts.
In the context of the current pandemic (Szentesi et al., 2021), any transformation of
one of the factors that make up the processes and the tourism system brings direct or
indirect changes to all actors in the tourism market (Yustisia et al., 2021).

For this study we chose to refer to three countries within the European Union
(Ari et al., 2020), namely Bulgaria, Croatia and Romania. These countries have simi-
lar tourist resources in the south-eastern part of Europe (Chi-Wei et al., 2021) and
have a similar evolution of the tourism industry (Figure 1).

Covid-19 has disrupted tourism around the world, causing tourism demand forecasts
to be exceeded. Researchers have begun to look for the best ways to predict the recovery
of tourism from the devastating effects of Covid-19. The exact prediction of the tourist
flow is essential, especially in the periods when the tourism industry is going through a
period of crisis, that is why the paper has a theoretical applicability, by finding a short and
medium term forecast model of Fourier type applicable to the tourist traffic in the three
countries of SE Europe in a pandemic context, as well as practical one, offering the possi-
bility to anticipate its values which are particularly important for the authorities of the
respective states in order to take the necessary measures to diminish and counteract the
negative effects of the pandemic on the tourism sector and for its recovery and resilience.

Tourism plays an important role in the EU because more than one in ten enterprises
in the European non-financial business economy belonged to the tourism industries,
and its socio-economic and employment implications.1
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For the proper preparation of tourist attractions according to the current pandemic
context caused by the SARS-CoV-2 coronavirus (Panasiuk & Wszendybył-Skulska,
2021) and the correct information of tourism companies and providing a vision, even
for a short period of time, on tourist demand can reduce the risk in the decision-
making process (YiFei & Han, 2018).

2. Literature review

2.1. Conceptual approach

The year 2020 was strongly marked, globally, by the shock wave caused by Covid-19
pandemic. This has created a situation that the states of the world have not faced for a
very long time and which has led the authorities to resort to extraordinary measures. As
the uncertainty associated with the evolution of the pandemic and the restrictions
implemented by the authorities to limit the spread of the virus have substantially
affected both supply and demand, the world economy contracted by 3.3 percent in
20202, a greater decline being avoided as a result of extreme comprehensive measures
fiscal and monetary stimulus measures adopted in many countries.

Tourism is an important driving force for much of the world’s economies. In recent
decades, tourism has developed steadily (Aguiar-Barbosa et al., 2021, pp. 435-462) and
become one of the fastest growing economic sectors globally. The sector has grown by
59% in a decade, the number of international tourist arrivals reached 1.5 billion in 2019,
compared to 880 million in 2009. Tourism is also a key factor for socio-economic progress,
with developments specific to tourism in a growing number of international destinations.

According to data published by the World Travel Tourism Council, tourism (before
the pandemic) participates with 1 in 4 new jobs created worldwide, 10.6% of all jobs (334
million) and 10.4% of GDP-global spending, and spending on international visitors
amounted to $1.7 trillion in 2019 (6.8% of total exports, 27.4% of global services
exports)3.

The latest annual WTTC4 research shows that tourism suffered a loss of almost
$4.5 trillion in 2020, the contribution to GDP falling by a staggering 49.1% compared

Figure 1. Annual arrivals in the period 2010–2021 (first semester).
Source: Author contribution based on statistical data9
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to 2019, in 2020, 62 millions of jobs were lost, and spending on domestic visitors fell
by 45%5, while the spending on international visitors fell by an unprecedented 69.4%.

Croatia is one of the most popular tourist destinations in Europe, the tourism sector
being an important economic engine of the country’s economy (Vucenovic et al., 2020,
pp. 80-92). With almost 1100 miles of Adriatic coast, mountains, spas and old port cit-
ies full of history with stone buildings from the Venetian era, Croatia reached a peak in
the tourism industry in 2019 (Kova�cevi�c, 2020, pp. 1652-1670) (see Figure 1). The total
GDP contribution in 2019 was 10.4%, and in 2020 the contribution of the tourism sec-
tor was only 5.5%. Croatia also faced a dramatic drop in the number of international
tourists of �65.7%6 during the pandemic, expressed in a decrease of about 7.8 billion
USD (�Sulc & Fuerst-Bjeli�s, 2021). Like all countries, the tourism industry has been
severely affected (Payne et al., 2021).

Bulgaria has a coastline of 378 km, of which 200 km are sandy beaches on the Black
Sea and a third of the country’s territory is covered by mountains. It annually attracts
tourists from both the mainland and around the world, it recorded in 2019 over 8.2 mil-
lion arrivals, but in 2020 only over 4.2 million arrivals were recorded (Ivanova et al.,
2021, pp. 1-11) (see Figure 1). International tourist arrivals in 2020 led to a change in
spending with international visitors by �64.5% expressed in a decrease of about $3.1
billion7.

Romania exploits both the coastal resources of the Black Sea and the mountain
resources of the Carpathians (Dorob�aţ & Dobrescu, 2016, pp. 63–72), to which are
added the rich balneo-climateric resources (Nistoreanu & Aluculesei, 2021, p. 270)
from all over the territory. The number of arrivals registered in the accredited accom-
modation bases has steadily increased since 2010, reaching in 2019 a maximum of over
13.2 million tourists (see Figure 1). The decrease in the number of tourists of � 64.2%
is in line with the global trend. The arrivals of international tourists in 2020 led to a
change in spending on international visitors by �79.9% (the largest decrease in percen-
tages among the analyzed countries) expressed in a decrease of about $3.4 billion8.

2.2. Statistical approach

After the drastic cessation of tourism due to the pandemic, this year the sector is ready
for recovery, and statistics give us the ability to make predictions (Jiao et al., 2021).
With the launch of the vaccination campaign (Turcu-Stiolica et al., 2021) at the begin-
ning of the year, a gradual improvement of the situation in the tourism sector is
expected. Domestic tourism will benefit first (Panasiuk & Wszendybył-Skulska, 2021).
The markets’ demand is likely to remain low for longer period of time and some busi-
ness tourism will stagnate as digitalization accelerates (Ying et al., 2021). There is still
considerable uncertainty about the further evolution of the pandemic, the progress of
immunization campaigns and the relaxation of isolation and protection measures,
therefore the forecast can contribute to the restart of the sector (H€opken et al., 2021).

Tourism demand forecasting (Aleksandrova et al., 2021, pp. 181–196) has played
an important role in supporting governments to develop development policies for
travel and tourism. Time series (Isaic-Maniu et al., 2004) related to tourism often do
not comply to statistical assumptions and show significant time fluctuations (Apergis
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et al., 2017, pp. 78-98), but a Fourier series is often applied to oscillating sequences, it
is reasonable to develop a prediction model with a Fourier series to forecast tourism
demand (Zhang et al., 2021). Timeline forecasting is the process of using a forecast
model to predict the future values of a variable based on its previously observed val-
ues (Ghalehkhondabi et al., 2019, pp. 75-93). But “tourism demand” is a broad con-
cept that is not easy to measure by a certain standard. Domestic tourism demand
could be measured by the number of tourist arrivals, tourist expenses or the number
of nights spent by tourists. The complexity of collecting data on timely tourist expen-
ditures, the number of tourist arrivals has been widely used as an appropriate indica-
tor of tourism demand (Shu & Hung, 2014).

Forecasts play a major role in tourism planning, they are even more valuable in
times of crisis and post-crisis. It is applied the Fourier LM unit root test to obtain
more robust findings (Pata, 2020, pp. 1149–1155). Since the test can mimic a small
number of smooth breaks using a parsimonious number of parameters, it can avoid
the loss of power that can occur in unit root tests using a large number of estimated
dummy variables (Enders & Lee, 2012, pp. 574–599). A Fourier approximation
attempts to minimize the average prediction bias (Gallant, 1981, pp. l-245).

In the context of Covid-19, the Fourier causality regression was deemed to be the
most suitable technique, as it provides robust estimates following the structural breaks
(Zhang et al., 2021). Reviving the tourism industry would be much easier if it were
possible to analyze current and past tourist traffic and predict the nature of changes
in tourism demand. These extrapolation approaches to forecasting require historical
data. Most quantitative methods use historical data to make a forecast, and some of
them use data from test markets (Danbatta & Varol, 2021, pp. 1-6). The results of
the demand forecast can be used for supply, workforce planning, defining pricing and
marketing strategy. Incorrect calculation of the volume of future demand can be
costly, both in case of underestimation and overestimation.

3. Theoretical framework and methodology

In order to obtain conclusive results from the statistical analysis of the chronological
series regarding the tourist activity in Bulgaria, Croatia and Romania, certain working
hypotheses must be observed, regarding the study of the normality of the series
through which their forecast is made, the stationarity of the series based on, inde-
pendence of variables, absence of autocorrelation of residues, etc.

Regarding the verification of the stationarity of the statistical data series, we used
the ADF (Augmented-Dickey-Fuller) (Islam et al., 2018) and PP (Philips-Perron)
(Vogelsang, 2013, pp. 609-628) stationarity tests, Auto-correlation function graph
(ACF) (Gujarati, 2004) and partial auto-correlation function graph (PACF) (Killick
et al., 2020). Given the fact that the initial series of statistical data are not stationary
and present seasonality, the analysis and statistical modeling of tourist data needs to
correct these deviations from statistical hypothesis in order to obtain credible results.
For a correct interpretation of the evolution and correlations between the analyzed
variables, we proceeded to the stationarisation of the respective series, by differentiat-
ing degree 2, standardizing and verifying the normality of the stationary chronological
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series d(arr_BG, 2), d(arr_CR, 2) and d(arr_RO,2) by the coefficients Skewness and
Kurtosis, and by the values of Jarque-Bera statistics, of quantile distribution and dis-
tribution-Kernel Density.

Regarding the determination of the trend of the time series, the Hodrick–Prescott
Filter was applied and thus their cyclic component was eliminated, and then the sea-
sonal adjustment was performed with the help of STL Decomposition, but also the
elimination of autocorrelations between residues and only then we would apply Fourier
Forecast Fast Transformation in the form of the Forecast_Fourier_ReSeas model.

The forecasting power of the Forecast_Fourier_ReSeas model determined with the
help of SPSS 28 is 0.943 for the case of Bulgarian tourism, 0.917 for the Croatian one
and only 0.852 for the Romanian one.

Given that tourism is seasonal in general, but also in the case of the three analyzed
countries, the time series of arrivals in Bulgaria, Croatia and Romania can be analyzed
and forecasted using a prediction model based on stationary and seasonal adjustment of
observed and FFT. This model is readjusted with the seasonal factor (ReSeasonal), in
order to improve its accuracy, and in order to evaluate its forecasting power, we com-
pare the forecasted values with the effective ones from December 2010 to July 2021.

An urgent problem that arises in the analysis of the evolution of the volume of
arrivals in the three similar countries in terms of tourism is that of determining the
legitimacy of its variation. Because the evolution of the time series of arrivals is rela-
tively seasonal (12), from year to year, the basic idea of this method is to model by a
FFT the data recorded over a period of time and analyze the variation of the series
arrivals on this function.

However, the central idea is to regularize the analyzed data because the general study
on the Fourier curve gives much simpler indications on the local extremes of the phe-
nomenon and the period of their appearance (Rodrigues & Robert, 2012, pp. 736–759).

Therefore the function f:R!R, periodic of main period T> 0 that is:f(xþT)¼f(x),
8x2R where T is the smallest with this property. We will also assume that f is continuous
on portions and has finite lateral limits at any point (Ioan & Ioan, 2011, pp. 146-161)

The Fourier series (trigonometric) associated with the function f on the interval
� T

2 ,
T
2

� �
is:

a0
2
þ
X1

n¼1
ancos

2npx
T

þ bnsin
2npx
T

� �
(1)

Fourier coefficients an, n� 0 and bn, n� 1 are determined from the formulas:

an ¼ 2
T

ðT
2

�T
2

f xð Þcos 2npx
T

dx, n � 0; bn ¼ 2
T

ðT
2

�T
2

f xð Þsin 2npx
T

dx, n � 1 (2)

For a set of N data obtained at equal time intervals, we will consider the period
T¼N and the function f given tabulated, in the form:

x � N
2 � N

2 þ 1 … � N
2 þ ðN� 2Þ � N

2 þ ðN� 1Þ
f(x) y0 y1 … yN-2 yN-1
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In this case, the function f is constant over any interval 2k�N
2 , 2kþ2�N

2

h i
,

taking the value yk, k¼0,N�1:

The determination of the Fourier coefficients is obtained by decomposing the inte-
grals on the N intervals, becoming:

a0 ¼
XN�1

k¼0

2yk
N

,

an ¼
XN�1

k¼0

yk
np

sin
npð2kþ 2� NÞ

N
� sin

npð2k� NÞ
N

� �
,

n � 1

bn ¼
XN�1

k¼0

yk
np

cos
npð2k� NÞ

N
� cos

npð2kþ 2� NÞ
N

� �
,

n � 1 (3)

Considering the Fourier development with a finite number “p” of terms we obtain
in the end:

fðxÞ � a0
2
þ
Xp

n¼1
ancos

2npx
T

þ bnsin
2npx
T

� �
(4)

Since the function f is periodic, it is obvious that its determination based on the
Fourier development in a point outside the interval � T

2 ,
T
2

� �
it will not generate

another value, being obtained by periodicity (Ioan & Ioan, 2019).
In order to model the real phenomenon more accurately, as many terms as possible

must be considered in Fourier development. A comparative analysis was performed
based on a statistical software for the three series of arrivals, based on the determination
of the Fourier series, the determination of the frequency, the amplitude, FFT amplitude
Mirror and FFT amplitude, and then on the determination of seasonal factor, seasonal
adjustment of the series, forecast and forecast Fourier determination and reseasonal for
greater accuracy. Therefore, the number of observations was set at 128, given that a
Fourier series requires 2n terms.

In the case of Bulgaria, Croatia and Romania, after analyzing the comparative graphs,
it is observed that the graphs of the two curves regarding Arrivals and Forecast_
Fourier_ReSeas are almost identical. The behavior of the forecast using the Fourier_
ReSeas curve generally reveals deviations from the evolution of the arrivals series, espe-
cially during the pandemic, and especially during the months of generalized lockdown,
for which we proceeded to an analysis of the correlation factor between them, both for
the entire period, and by excluding the lockdown months, respectively March-June
2020, and by excluding from the analysis the period from the onset of the pandemic.
Thus, it is observed that the values of the correlation coefficients are very high, of over
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0.90, but also that they increase by eliminating the lockdown months or the entire
period from the onset of the pandemic.

4. Results - Exploratory analysis

The exploratory and comparative assessment was performed on an initial number of
417 observations (139 observations for each of the 3 studied countries), between
January 2010 and July 2021, later reduced to a number of 384 observations (128 for
each country) from December 2010 to July 2021, as the application of FFT implies
the existence of a number of 2n elements.

The statistics on arrivals in Bulgaria from January 2010 to July 2021 were obtained
from https://www.ceicdata.com/en/indicator/bulgaria/visitor-arrivals and https://www.
unwto.org/statistic/basic-tourism-statistics, and for October 2019 and November 2019
they were interpolated because these values were not available, and the website
National Statistics Institute of Bulgaria https://www.nsi.bg/opendata/ does not work.

Historical data on arrivals in Croatia were collected using the Eurostat database
https://ec.europa.eu/eurostat/web/tourism/data/database, and for Romania the same
Eurostat database was used for the period January 2010 - May 2021 https://ec.europa.
eu/eurostat/web/tourism/data/database as well as the Tempo Online database within
the National Institute of Statistics of Romania http://statistici.insse.ro/shop/index.
jsp?page=tempo2&lang=en&context=63.

Based on statistical data on the monthly evolution of tourist arrivals in Bulgaria,
Croatia and Romania, the following graph is obtained which highlights the seasonality
of the three analyzed series (Figure 2).

With the help of statistical software SPSS28 and EViews12, Descriptive Statistics
are obtained for the series of arrivals (see Table 1).

The statistical analysis of the series of arrivals from the 3 countries will allow us to
obtain reliable results if they comply with certain working hypotheses, regarding the
normality of the series by which their forecast is achieved, the stationarity of the ser-
ies based on the forecast, the independence of variables, absence of residue autocor-
relation, etc. (Table 1).

Most of the time the initial time series do not meet these conditions and even
more so the initial time series on arrivals. Moreover, the tourist data are characterized
by a seasonality compared to the other economic-financial time series. Thus, the ana-
lysis and statistical modeling of tourist data need to correct these deviations from
statistical assumptions in order to obtain credible results. For a correct interpretation
of the evolution and correlations between the analyzed variables we will first proceed
to the stationarizing of the respective series, their standardization and normalization,
but also to the elimination of the autocorrelations between the residues and only then
we can apply Forecast_Fourier_Transformation.

4.1. Checking the stationarity of the arrivals series and their stationary

Based on Figure 2 and the correlogram (Figure 3) for the series arrivals verify the nor-
mality of the stationarity. Thus, we start from the hypothesis H0: the series has at least
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one unitary root (has a unit root). By applying the ADF and PP tests, values were
obtained for the statistical test that were higher than the critical values, which is why
the null hypothesis H0 could not be rejected, i.e. the series had at least one unit root
(has a unit root) and therefore, the series was unsteady.

In order to statistically test the stationarity of the three initial data series, we
applied the ADF and PP stationarity tests with the help of statistical software. For
this purpose we have proceeded to generate the series arr_BG, arr_CR and arr_RO,
respectively d(arr_BG, 1), d(arr_CR, 1) and d(arr_RO, 1) by differentiating the initial
series of order 1. By applying the tests ADF and PP there are obtained values for the
statistical test that were higher than the critical values, fact for which the null hypoth-
esis H0 could not be rejected, i.e. the series had at least one unit root and therefore,
the series were non-stationary.

Considering the fact that the order 1 series are not stationary either, we later pro-
ceeded to the order 2 differentiation and to the logarithm. By order 2 differentiation
stationary series are obtained for all 3 countries, namely series d(arr_BG, 2), d(arr_
CR, 2) and d(arr_RO, 2) because based on the ADF and PP test for them it is found
that the value of the statistical test is lower than any critical value for a significance
level of 1%, 5% and 10%, and the associated probability is <0.05, so we can say that
the null hypothesis H0 is rejected, i.e. the respective series do not have a unitary unit,
i.e. the respective series are stationary for a significance level of 1%.

By logarithm, non-stationary series are also obtained, and only after the order 1
differentiation of the initial logarithmic series, stationary series are obtained.

Figure 2. Evolution of time series arrivals.
Source: Author Estimations based on SPSS 28

Table 1. Descriptive Statistics for the series arrivals.
N Minimum Maximum Mean Std. Deviation

ARR_BG 139 16494 1468322 511842,60 302633,253
ARR_CR 139 2241 4707875 1087341,53 1197893,991
ARR_RO 139 16855 1869383 770117,60 349393,929
Valid N (listwise) 139

Source: Author Estimations.
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We will choose the order 2 differential series because they have a better correlation
coefficient than those obtained by the order 1 differentiation of log(arr_BG), log(arr_
CR) and log(arr_RO), and the Durbin-Watson coefficients have values close to 2, which
means that the parameters are stable. So the order of integration of the three series is 2
or the series are lag 2. Also, the stationarity of the series can be appreciated with the
help of the autocorrelation function (correlogram) generated with the help of statistical
software. The ACF and PACF correlograms for the 3 stationary series are presented as
follows:

Auto-correlation function graph (ACF) and partial auto-correlation function graph
(PACF) for series d(arr_BG, 2), d(arr_CR, 2) and d(arr_RO, 2) highlight the statio-
narity of the series for 2 degree of seasonal difference.

4.2. Checking the normality of the stationary series

Verifying the normality of the stationary chronological series d(arr_BG, 2), d(arr_CR,
2) and d(arr_RO, 2) is performed both by the coefficients Skewness and Kurtosis,

Figure 3. Correlogram ACF and PACF.
Source: Author Estimations
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and, especially, by the values of Jarque-Bera statistics of quantile distribution and
Kernel-Density distribution.

Based on the tests applied and presented in Figure 4, it is found that all 3 series
that were stationary have a leptokurtic distribution (value for Kurtosis> 3) and with
a slight asymmetry to the left (negative skew). In the case of leptokurtic distributions,

Figure 4. Verification of normality for the stationary data series.
Source: Author Estimations
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the probability of an extreme event occurring is higher than in the case of a normal
distribution. Also, the quantiles are relatively close to the quantile distribution of a
normal distribution and Variance Ratio Statistic for the three series of order 2 shows
that with Robust þ/- 2 � S.E. Bands show the predictability of time series data by
comparing data differences (returns) calculated at different intervals.

Figure 4. Continued.
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4.3. Determining the trend of stationary series and their seasonal adjustment

The determination of the trend is obtained by applying the Hodrick-Prescott Filter
with the help of statistical software on the stationary data series d(arr_BG, 2), d(arr_
CR, 2) and d(arr_RO, 2) and thus their cyclic component can be eliminated. Thus,
we obtain some graphical representations as a smoothed curve of a time series, which
is more sensitive to long-term fluctuations than to short-term fluctuations. Adjusting
the sensitivity of the trend to short-term fluctuations is done by modifying the
lambda multiplier.

Based on the representations in Figure 5, it can be noticed the trend for each of
the 3 stationary series.

Figure 5. Trend for the stationary data series.
Source: Author Estimations
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The seasonal adjustment of the stationary series is presented as follows in Figure 6.
Figure 6 shows the evolution of the stationary series and the average of the obser-

vations for each month (horizontal line). If there are significant differences between
the monthly averages as in the case of the 3 analyzed countries, it highlights the fact
that the 3 stationary series have seasonality.

The de-seasonalization of the series can be done with STL Decomposition (see Figure 7).

4.4. Forecast Fast Fourier transformation

Starting from the fact that the analyzed time series are seasonal, they can be predicted
using FFT. The achievement of the forecasting model called Forecast_ReSeas was deter-
mined by stationary the initial series, their seasonal adjustment and FFT, and then to
increase the precision power it is readjusted with the seasonal factor (ReSeasonal) which
can be seen in Figures 8–10.

In the following graphs it can be observed the comparative evolution between the
initial series, the stationary series and Forecast_Fourier_ReSeas (see Figures 8–10). It
can be seen that for all 3 analyzed countries it is found that the largest deviations
between Forecast Reseas and the initial series are recorded during the lockdown gener-
ated by the pandemic with Covid-19, and that in Romania is the largest deviations
because tourism it was most affected by the pandemic. The normal probability plot
shows that FFT series are approximately normally distributed (see Figures 11–13) and
predicted values versus observed and distribution of residuals can be observed in
Figures 14–16 for all 3 analyzed countries.

Figure 6. Seasonal averages for series d (arr_BG, 2), d (arr_CR, 2) and d (arr_RO, 2).
Source: Author Estimations based on EViews

Figure 7. STL Decomposition for the stationary data series.
Source: Author Estimations
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4.4.1. Forecast FFT Bulgaria
For Bulgaria, based on Tables 2 and 3, a correlation coefficient of 0.903 is obtained,
but which increases to the value of 0.943, respectively to 0.971, if the values related to
the lockdown period of 2020 are not considered, respectively if the values from
December 2010-February 2020 are analyzed, that is, until the onset of the pandemic.

Table 4 shows the prediction power determined using SPSS for Forecast_Fourier_
ReSeas is 0.943, which is a very high value.

Figure 8. Forecast series for Bulgaria.
Source: Author Estimations

Figure 9. Forecast series for arr_CR and Forecast_Fourier_ReSeas_CR.
Source: Author Estimations
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4.4.2. Forecast FFT Croatia as shown in Figures 9 and 12 and Tables 5 and 6
Regarding the analysis of data on tourism in Croatia, based on Tables 5 and 6, the
values of the correlation coefficient is 0.917 for the period December 2010–July 2021,
and 0.935 if not analyzed the values recorded in the lockdown months, respectively
0.964 for the period before the outbreak of the pandemic (Figure 15 and Table 7).

Table 7 shows the forecasting power of the model Forecast_Fourier_ReSeas_CR
determined with SPSS 28 is 0.929 which confirms that the respective function can be
used successfully for the medium and short-term prediction of the tourist activity.

4.4.3. Forecast FFT Romania according to Figures 10 and 13, and Tables 8 and 9
For the forecast of the evolution of the tourist activity in Romania, based on Tables 8
and 9, the respective Forecast_Fourier_ReSeas function the correlation coefficient is
0.812, but its value increases if it is eliminated from the analysis those months in
which the tourist circulation was impeded due to the generalized lockdown, at 0.851,
respectively at 0.924 if only the data are analyzed until the onset of the pandemic
(Figure 16 and Table 10).

Figure 10. Forecast series for arr_RO and Forecast_Fourier_ReSeas.
Source: Author Estimations

Figure 11. Normal probability plot for serie arr_BG and Forecast_ReSeas_BG.
Source: Author Estimations
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Table 10 shows the forecasting power of the forecast model in the case of
Romanian tourism, determined with SPSS 28 is 0.852 because it seems that this coun-
try was the most affected in terms of tourism among the 3 analyzed countries.

5. Discussions

Other authors have studied the implications of the pandemic on the evolution of
international trade with the help of the novel Fourier causality test because the
Fourier causality regression was deemed to be the most suitable technique, as it pro-
vides robust estimates following the structural breaks (Zhang et al., 2021)

Figure 12. Normal probability plot for serie arr_CR and Forecast_ReSeas_CR.
Source: Author Estimations

Figure 13. Normal probability plot for serie arr_RO and Forecast_ReSeas_RO.
Source: Author Estimations
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Figure 14. Predicted values Forecast_ReSeas_BG vs observed and distribution of residuals.
Source: Author Estimations

Figure 15. Predicted values Forecast_ReSeas_CR vs Observed and distribution of residuals.
Source: Author Estimations

Figure 16. Predicted values Forecast_ReSeas_RO vs Observed and distribution of residuals.
Source: Author Estimations
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Table 2. Correlations for series arr_BG and Forecast_Fourier_ReSeas serie for Bulgaria.

Variable Variable2

Statistic

Correlation Count Lower C.I. Upper C.I. Notes

arr_bg Forecast_reseas ,903 128 ,866 ,931 all observations
arr_bg Forecast_reseas ,943 124 ,919 ,960 except 2020M03-M06
arr_bg Forecast_reseas ,971 111 ,959 ,980 until 2020M03

Missing value handling: PAIRWISE, EXCLUDE. C.I. Level: 95.0.
Source: Author Estimations.

Table 3. Correlations for series arr_BG and Forecast_Fourier_ReSeas serie for Bulgaria.
arr_bg Forecast_reseas

arr_bg Pearson Correlation 1 ,971��
Sig. (2-tailed) <,001
N 111 111

Forecast_reseas Pearson Correlation ,971�� 1
Sig. (2-tailed) <,001
N 111 123

��. Correlation is significant at the 0.01 level (2-tailed).
Source: Author Estimations.

Table 4. Model Summary for Forecast_Fourier_ReSeas_BG.
Model R R Square Adjusted R Square Std. Error of the Estimate

1 ,971a ,944 ,943 66228,28767

Predictors: (Constant), arr_bg.
Source: Author Estimations.

Table 5. Correlations for series arr_CR and Fourier_Forecast_ReSeas serie for Croatia.
ARR_CR Forecast_ReSEAS

ARR_CR Pearson Correlation 1 ,964��
Sig. (2-tailed) <,001
N 111 111

Forecast_ReSEAS Pearson Correlation ,964�� 1
Sig. (2-tailed) <,001
N 111 123

��. Correlation is significant at the 0.01 level (2-tailed).
Source: Author Estimations.

Table 6. Model Summary for Forecast_Fourier_ReSeas_CR.

Variable Variable2

Statistic

Correlation Count Lower C.I. Upper C.I. Notes

ARR_CR Forecast_ReSEAS ,917 128 ,884 ,941 all observations
ARR_CR Forecast_ReSEAS ,935 124 ,909 ,954 except 2020M03-M06
ARR_CR Forecast_ReSEAS ,964 111 ,948 ,975 until 2020M03

Missing value handling: PAIRWISE, EXCLUDE. C.I. Level: 95.0.
Source: Author Estimations.

Table 7. Model Summary for Forecast_Fourier_ReSeas_CR.
Model R R Square Adjusted R Square Std. Error of the Estimate

1 ,964a ,930 ,929 239642,14528

Predictors: (Constant), ARR_CR.
Source: Author Estimations.
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Also, the modeling and forecasting of tourism in a post-pandemic context was
approached by (Danbatta & Varol, 2021) and (Kova�cevi�c, 2020).

The exploratory and comparative assessment of the tourist activity from the 3
similar countries from South-Central Europe was realized in the period January 2010
- July 2021. In order to obtain reliable results from the statistical analysis of the tour-
ist activity in the 3 studied countries, certain working hypotheses must be observed,
regarding the study of the normality of the series through which their forecast is
achieved, the stationarity of the series based on the forecast, independence of varia-
bles, absence of residual autocorrelation, etc.

The forecasting power of the Forecast_Fourier_ReSeas model determined with the
help of SPSS 28 is 0.943 for the case of Bulgarian tourism, 0.917 for the Croatian one
and only 0.852 for the Romanian one.

Following these results, it can be appreciated that this forecasting method based on
the seasonal adjustment of time series on arrivals and their forecast by FFT and re-
seasonalization of the forecast model is very good for a medium-term forecast, and
can be used successfully in case of short and medium periods of time. This method
will be useful for anticipating the way in which the tourism sector will evolve in the
short and medium term, which has been severely affected by the pandemic, and can
provide economic operators in the field a starting point for planning their activities.

The estimated results obtained for the number of tourists who can arrive in the
three countries considered in the study are shown in Table 11 and represented graph-
ically in Figure 17 from which it can be seen that the tourist phenomenon will return
in the course of 2022 to values appropriate to those recorded before the pandemic
(Table 11 and Figure 17).

Table 8. Correlations for series arr_RO and Forecast_Fourier_ReSeas serie for Romania.

Variable Variable2

Statistic

Correlation Count Lower C.I. Upper C.I. Notes

ARR_RO Forecast_ReSEAS ,812 128 ,743 ,864 all observations
ARR_RO Forecast_ReSEAS ,851 125 ,794 ,893 except 2020M03-M06
ARR_RO Forecast_ReSEAS ,924 111 ,891 ,947 until 2020M03

Missing value handling: PAIRWISE, EXCLUDE. C.I. Level: 95.0.
Source: Author Estimations.

Table 9. Model Summary for Forecast_Fourier_ReSeas_RO.
ARR_RO Forecast_ReSEAS

ARR_RO Pearson Correlation 1 ,924��
Sig. (2-tailed) <,001
N 111 111

Forecast_ReSEAS Pearson Correlation ,924�� 1
Sig. (2-tailed) <,001
N 111 124

��. Correlation is significant at the 0.01 level (2-tailed).
Source: Author Estimations.

Table 10. Model Summary for Forecast_Fourier_ReSeas_RO.
Model R R Square Adjusted R Square Std. Error of the Estimate

1 ,924a ,854 ,852 101908,0729

Predictors: (Constant), ARR_RO.
Source: Author Estimations.
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Table 11 and Figure 17 illustrate the 12-month forecast, 2021M08-2022M07 based
on Forecast_Fourier_ReSeas. The values of arrivals obtained by this forecast compared
to the values of arrivals in 2019, the best year for the tourism industry, for the three
countries analyzed in south-central Europe highlight the fact that the months with max-
imum variances are recorded in the summer season. It is also observed that Croatia
remains the leader in the area followed by Romania and Bulgaria. This prediction is
limited by the economic situation as we are already in a health crisis, which is associated
with an economic crisis combined with an energy crisis.

6. Conclusions

The Covid-19 pandemic is causing imbalances in many of the world’s economies, trigger-
ing a global health crisis and slowing travel and international trade due to strict quaran-
tine measures. Being an extreme phenomenon, the blockade triggered a global economic

Table 11. Forecast_Fourier_ReSeas.
Date Forecast_ReSeas_BG Forecast_ReSeas_CR Forecast_ReSeas_RO

2021M08 1163348 3073683 1558375
2021M09 722155.6 1637344 1039560
2021M10 370464.3 690742.5 882924.4
2021M11 317969.1 266912.6 759668.4
2021M12 419486 278549.2 641450.1
2022M01 325109.8 204554.9 572985.1
2022M02 319324.1 251662.1 597534.2
2022M03 357757.7 388605.1 665461.1
2022M04 439111 1083097 701629.1
2022M05 581611.4 1486059 937725.5
2022M06 973570.3 2436859 1093202
2022M07 1224693 3315792 1410539

Source: Author Estimations.

Figure 17. Forecast Fourier.
Source: Author Estimations.
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shock at an alarming rate, bringing strong recessions for many countries. The basic strat-
egy for overcoming this multiple crisis caused by Covid-19 will have to involve solutions
that combine effective and widely available vaccines and therapeutic drugs.

The main features of intangibility and perishability tourism products and services
make the forecast an important tool for tourism planning, especially in the current
period of the Covid-19 pandemic. Ministries and tourism authorities face uncertainty
regarding the forecast of demand and the decisions they have to take in order to
reopen the business so as to ensure the safety of tourists and employees in the sector.

It should be noted that this type of research is not intended to determine the final
conclusions of the studied subject, but to serve as a basis for further investigations, so
that they are responsible for extracting the results that led to relevant conclusions.
Promoting tourism projects that involve substantial sums of money requires an esti-
mate of future demand and market entry.

In the case of the analyzed countries, the estimated results regarding arrivals have
noticeable differences, being observed especially in the period after the onset of the pan-
demic, and especially during the months of generalized lockdown (see Figure 17). It can
be concluded that this forecast model could be useful for tourism decision makers if
countries do not face other risks, as they could affect the predictability of tourism, which
could reach during the year 2022 values comparable to those before the pandemic.

Unfortunately, currently the countries of Eastern Europe, and implicitly the ana-
lyzed ones, are facing another particularly serious problem, namely the existence of a
war in the immediate vicinity, in Ukraine, which leads to a series of other problems
related to insecurity which foreign tourists perceive, which represents a new threat to
the tourist domain, which has already been put to test during this period.

This study has certain limitations because the empirical study may be affected by
the anomalies recorded by the tourism activity since the onset of the pandemic and
therefore it cannot determine a forecast model that is valid in the longer term if
restrictions occur again in terms of tourist traffic. Moreover, this study focuses mainly
on the series of arrivals from the 3 countries taken in the analysis, so future research
will be able to start from it but also take into account a number of other factors that
may influence tourism, not only the influence exerted by the pandemic context. In
addition, future research should be conducted, which can analyze other forecast mod-
els for seasonal tourist series such as ARIMA.

Notes

1. https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Tourism_statistics
2. https://www.imf.org/en/News/Articles/2021/03/23/pr2177-imf-execdir-discuss-new-sdr-

allocation-us-650b-boost-reserves-help-global-recovery-covid19.
3. World Travel & Tourism Council (2020). Global Economic Impact & Trends 2020; World

Travel & Tourism Council: London, UK, 2020.
4. World Travel & Tourism Council (2021). ECONOMIC IMPACT 2021; World Travel &

Tourism Council: London, UK, 2021.
5. World Tourism Barometer, January 2020, UNWTO
6. World Travel & Tourism Council. CROATIA 2021 Annual Research: Key Highlights;

World Travel & Tourism Council: London, UK, 2021.
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8. World Travel & Tourism Council. Romania 2021 Annual Research: Key Highlights; World
Travel & Tourism Council: London, UK, 2021.
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