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Agnieszka Barczak 1 , Izabela Dembińska 2 , Dorota Rozmus 3 and Katarzyna Szopik-Depczyńska 4,*
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Abstract: The COVID-19 pandemic caused a drastic reduction in air traffic passengers, especially
during the period when the EU countries introduced a lockdown. Even after the relaunch of airline
operators, passenger traffic did not return to the pre-pandemic trend. The aim of the study was
to estimate the difference between the demand that was observed during the pandemic, and the
demand that was forecast based on the pre-pandemic trend. The calculations were made for airports
in selected EU countries. The first method was seasonality indicators, using quarterly data for
2015–2021. In the multiplicative model of seasonal fluctuations, the method of determining the
seasonality indicators was used, based on the quotient of empirical values and the value of the trend.
The one-name period trend method was used in the next step, then Fourier spectral analysis was
applied. In the context of forecasts for the individual quarters of 2020 and 2021, all models indicate a
further growing trend in the demand for passenger transport, which could have been observed if
the COVID-19 pandemic had not occurred. As a result of the pandemic, the number of passengers
handled at airports has significantly decreased. In the third quarter of 2021, freight growth was
already noticeable, with the exception of Netherland, where a marked decline was recorded.

Keywords: air transport; COVID-19; SARS-CoV-2; pandemic; harmonic analysis method; time
series models

1. Introduction

Coronavirus COVID-19 (SARS-CoV-2; formerly called 2019-nCoV) was first identi-
fied in Wuhan City, Hubei Province, China [1]. It was initially reported to the WHO on
31 December 2019. On 30 January 2020, the WHO declared the COVID-19 outbreak a
global health emergency [2,3]. On 11 March 2020, the WHO declared COVID-19 a global
pandemic [4–6].

The pandemic has shocked the world. Even though there have been epidemics of
infectious diseases in the history of mankind, such as the cholera epidemic, the Spanish
flu pandemic, and SARS, the COVID-19 pandemic paralyzed the world. It quickly created
global economic and social disruptions through the necessity to impose restrictions on all
people without exception. According to estimates made by the International Monetary
Fund, the global economy contracted by 4.4% in 2020, the worst decline since the Great
Depression in the 1930s [7]. Estimates indicate the virus reduced global economic growth
in 2020 to an annualized rate of around −3.2% [8]. The effects are expected to be felt for
the next several years. Major advanced economies, comprising 60% of global economic
activity, are projected to operate below their potential output level through at least 2024,
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which indicates lower national and individual economic welfare relative to pre-pandemic
levels [8].

The COVID-19 pandemic affected all sectors of the economy. Contact-intensive ser-
vices, such as tourism, usually relatively insensitive to the economic cycle, were the most
affected. At the height of the first wave of the pandemic in the second quarter of 2020,
activity in these sectors was 25% below pre-COVID-19 trends. On the other hand, sectors
that usually evolve in a procyclical manner were impacted somewhat less, such as industry
(−19%) and construction (−15%). Services with high-skilled workers and high scope for
remote work like ICT, finance, and real estate contracted even less (less than −10%) [9].

As noted, one of the most sensitive sectors of the economy to the impact of COVID-19
was tourism. The crisis in air transport was a derivative of the crisis in tourism. Over
the last few decades, air transport has been struggling with several serious crises, both
of an ecological and economic nature, which have left a lasting mark on its activities. We
can mention here the attacks on the World Trade Center, problems caused by volcanic
ash clouds in Indonesia, and the financial crisis of 2008. At the same time, one should
also bear in mind the problems related to the deregulation of the aviation market in the
USA and Europe, privatization of the main network air carriers, and competition from
low-cost airlines. However, it was COVID-19 that revolutionized the aviation industry in
an unprecedented way [10–23].

Across all industries, the aviation sector was probably among the hardest hit [24]. The
unprecedented decline in the number of air passengers led to the stoppage of most airlines,
and some companies even had to stop their operations and ground their fleet, which led to
a reduction in employment, additionally taking into account rotation [25–29]. COVID-19
also caused changes in passenger behavior [30]. Therefore, in the context of the COVID-19
pandemic, air transport was analyzed from different perspectives.

From the perspective of our research, a significant problem was the large-scale flight
suspension that took place from March 2020 to May 2020. This was due to the fact that
air transport plays a key role in the spread of COVID-19. Initially, flight suspensions had
an equal effect on the number of international and domestic flights. May 2020 is probably
considered the month with the fewest flights in recent aviation history. After some time,
many airlines began restarting domestic flights, mainly due to the perceived successes in
fighting the first wave of the pandemic, although the beginning of the summer (holiday)
season in Europe was not without significance [31]. In the literature, there are many studies
on the research of air suspension during COVID-19. However, the main limitation of these
studies is that they are based overwhelmingly on the number of flights, thus disregarding
the actual number of passengers. This is covered, for example, in the studies of Nižetić
(2020), Strauss et al. (2020) and Budd et al. (2020) [32–34]. There are also studies aimed at
estimating the demand for passenger transport in air traffic after the pandemic. The main
problem in these analyzes is how quickly the market will recover [35–40].

The aim of the study was to estimate the difference between the number of passengers
handled during the pandemic at the airports of selected EU countries and the demand
forecast based on the pre-pandemic trend. The intention was to estimate the amount of
air passenger losses caused by the pandemic. The calculations were made for airports
in the following EU countries: Spain, France, Italy, Germany, The Netherlands, Portugal,
Ireland, Poland, and Greece. The research and analysis were carried out in several stages.
In the first step, a review of the literature was carried out to determine whether similar
studies had already been conducted. Subsequently, using the quarterly data for 2015–2021,
the method of seasonality indicators was applied. In the multiplicative model of seasonal
fluctuations, the method of determining the seasonality indicators was used, based on the
quotient of empirical values and the value of the trend. In the next step, the one-name
periodical trend method was used. Then, Fourier spectral analysis was applied.

Based on the analysis, it was concluded that all the forecasting methods used were very
well suited to the real data. This is evidenced by the fact that the values of expired forecasts
corresponding to individual methods almost overlap and match the empirical data very
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well. The exceptions are two of the surveyed countries, i.e., Greece and Poland, where there
is a more marked discrepancy between the values resulting from different methods.

The procedure algorithm used determined the structure of the article. The article
therefore consists of the following parts: introduction, methodology, analysis, results, and
conclusions. The literature review is included in the introduction, which explains the type
of problem under study and the nature of the analysis.

2. Materials and Methods

The study used quarterly data for 2015–2021, published by Eurostat. As the data
for the last quarter of 2021 had not yet been completed, data up to and including the
third quarter were used. For Ireland and Greece, data for the third quarter of 2021 are
not available.

The EU countries (as of January 2022) were selected for the analysis. In the year pre-
ceding the outbreak of the COVID-19 pandemic, there was more than 37,725,679 passengers
served (arrivals and departures) in these countries. This group includes Spain, France, Italy,
Germany, The Netherlands, Portugal, Ireland, Poland, and Greece (Figure 1—blue and
dark orange). This choice was because the average number of passengers served in the EU
(28 countries in 2013–2020) in 2019 was 40,949,752 people. Therefore, a range containing
this mean and a range above the mean were selected for the study.
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Figure 1. Number of air passengers served in the EU in 2018.

Comparing the years 2018 and 2019, in 2020 in the analyzed EU countries, there was a
significant decrease in the number of passengers handled in air traffic. As shown by the
data in Table 1, these declines exceeded 60% in all countries. Comparing 2018 with 2020,
the decreases range from 67.56% in Portugal to 77.25% in Ireland. However, comparing
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the years 2019 with 2020, the decreases range from 69.08% in Greece to 78.21% in Ireland.
This shows that for both comparisons, the largest decline was in Ireland. Therefore, it is
important to estimate the size of losses in the number of passengers in air traffic suffered
by airports because of the pandemic. To this end, air traffic forecasts were first compiled,
if a pandemic has not occurred, and then compared with actual air traffic volumes in a
pandemic condition.

Table 1. The dynamics of changes in the number of passengers year on year.

Country 2020/2018 2020/2019

Spain −73.80% −74.68%
France −68.69% −69.94%
Italy −73.65% −74.85%

Germany −74.02% −74.51%
The Netherlands −70.37% −70.94%

Portugal −67.56% −69.92%
Ireland −77.25% −78.21%
Poland −68.41% −70.55%
Greece −68.04% −69.08%

The study used quarterly Eurostat data on passenger air traffic in nine EU countries,
i.e., in Spain, France, Italy, Germany, The Netherlands, Portugal, Ireland, Poland, and
Greece for 2015–2021 (as of 31 January 2022, the published data relate to the first three
quarters of 2021). Based on the data for 2015–2019, a forecast of passenger traffic for the
individual quarters of 2020 and 2021 was prepared and compared with the actual data
provided by Eurostat. This made it possible to illustrate the losses calculated in the number
of passengers served because of the COVID-19 pandemic at the examined airports. Because
air traffic in all countries is characterized by a quarterly seasonality, three forecasting
methods were adjusted to take this phenomenon into account. These methods are the
method of seasonality indicators, the method of the trends of one-name periods, and the
Fourier spectral analysis.

The method of determining the forecast depends on the type of seasonal fluctuations,
which may be multiplicative or additive. Multiplication fluctuations occur when, in individ-
ual cycle sub-periods, the analyzed phenomenon deviates from the average level or trend
by a certain constant relative value. Additive fluctuations refer to a situation in which there
are constants in terms of absolute value deviation of the level of the analyzed phenomenon
from the average level, or trend, in individual seasonality cycle sub-periods [41]. The
analysis of the time series for the analyzed countries revealed seasonal fluctuations of an
additive nature.

Seasonality indices of the additive model are calculated from the formula:

Oi =
∑(yi − ŷi)

n
(1)

where:

Oi—seasonality index for the i-th seasonality cycle subperiod.
yi—empirical value of the period variable i.
ŷi—the value of the trend of the period i.
n—number of homonymous periods.

The seasonality indices of the additive model determined from the Formula (1) should
meet the relationship:

d

∑
i=1

Oi = 0 (2)

where:

d—number of sub-periods in the cycle.
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If the relation written by the Formula (2) is not fulfilled, the seasonal indicators
calculated according to (1) are raw and should be cleaned. For this purpose, the so-called
correction factor:

k =
∑d

i=1 Oi

d
(3)

The adjusted (called clean) seasonal indicators are then calculated using the formula:

kO i = Oi − k (4)

If known, the measures of seasonal fluctuations and the trend function of the studied
phenomenon allow for obtaining forecasts. For additive seasonal fluctuations, in order to
obtain a forecast for the period t = T, the following formula is applied:

yP
T = ŷT + kO i (5)

where:

yP
T—forecast for the period t = T.

ŷT—value of the estimated trend function.

Of note, however, due to the forecasting method not being based on a formal model, it
is not possible to determine the forecast error [42].

The second method is the one-name period trend method (the description of the
method is taken from the work [43,44]). This method is based on the estimation of the
parameters of the analytical trend function, with division into individual cycle phases. The
forecast is obtained by extrapolating an estimated trend function for each phase of the
cycle [45].

The last of the methods used is the harmonic analysis, also known as the spectral
method, or the Fourier spectral method. The possibilities of using the harmonic analysis
are very wide and relate to issues where the phenomenon of periodicity occurs. The
construction of the model consists in summing the so-called harmonics, i.e., the sinusoidal
and cosine functions with a given period. The first harmonic has a period equal to the
length of the period studied, the second half of the period, etc. In the case of n observations
in the time series, the number of total harmonics corresponds to the value n/2. The notation
of the periodic component model has the following form:

yt = α0 +
n/2

∑
i=1

[
αisin

(
2π

n
it
)
+ βicos

(
2π

n
it
)]

(6)

where: i—to number harmonic, α0, αi, βi—parameters.
Using the least squares method, the parameters a0, ai, bi which are the evaluations of

the parameters of Equation (6), are estimated from the following formulas:

a0 =
1
n

n

∑
i=1

yi (7)

ai =
2
n

n

∑
i=1

ytsin
(

2π

n
it
)

, i = 1, 2, . . . ,
n
2
− 1 (8)

bi =
2
n

n

∑
i=1

ytcos
(

2π

n
it
)

(9)

For the last harmonic, which has the number n/2, the parameter a n
2

takes the value
zero, and the evaluation value of the parameter b n

2
is determined from the formula:

b n
2
=

1
n

n

∑
i=1

ytcos(πt) (10)
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Harmonic analysis focuses on the study of fluctuations around the average level,
represented by the parameter a0 in Equation (6). If there is a clear trend in the studied
phenomenon, the harmonic analysis model takes the form:

yt = f (t) +
n/2

∑
i=1

[
αisin

(
2π

n
it
)
+ βicos

(
2π

n
it
)]

(11)

where f (t) represents the trend function.
The longer the analyzed time series is, the more harmonics that are taken into account.

In practice, in the final form of the model, only those harmonics that significantly contribute
to explaining the variance of the studied model should be taken into account. For the
model (6), the tested variable was the forecasted variable, while for the model (11), the
tested variable was the forecasted variable after eliminating the general development
tendency. To determine what part of the variance of the studied variable is explained by
individual harmonics, the following equation is used:

d2
i

2s2 dla i = 1, 2, . . . ,
n
2
− 1 (12)

However, for the last harmonic, the percentage of explaining the variance of the
examined variable is calculated according to the formula:

d2
i

s2 dla i =
n
2

(13)

where: s2—is the variance of the studied variable, while d2
i is determined from the equation:

d2
i = a2

i + b2
i dla i = 1, 2, . . . ,

n
2

. (14)

As the forecasts estimated with the use of the above methods differ in terms of values,
it was decided to use a combined forecast. This was a weighted average of individual
forecasts derived from competing models [46]. An alternative to the traditional approach is
to aggregate information from different forecasting methods by aggregating forecasts. This
eliminates the problem of having to select a single method and relying exclusively on its
forecasts [47]. A comprehensive overview of combined forecasts can be found in Mancuso
and Werner [48].

3. Results and Discussion

For passenger air traffic in each of the countries analyzed, empirical data charts with
a quarterly breakdown were created. On this basis, it was possible to make conclusions
about the course of seasonal fluctuations. For all countries, the analysis showed that these
are series with periodic fluctuations. The real-world data show a development trend with
seasonality; therefore, the trend functions for each country were estimated (Table 2). The
parameters of all the models set out in the table are statistically significant at the level of
significance α = 0.05.

After separating the trend function, the seasonality indicators for individual countries
were determined (Table 3). In all cases, it was necessary to determine a correction factor.

In all countries, the seasonality indicators show a decrease in passenger numbers in
the first and fourth quarters and an increase in passenger numbers in the second and third
quarters. It is particularly visible in Spain and Greece, where only due to the seasonality in
the third quarter the number of passengers increases by 14,961,153 passengers in Spain,
and 10,766,726 passengers in Greece (Table 3). This is due to the holiday period in many
countries of the world and the attractive tourist locations and development of Spain
and Greece.
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Table 2. Estimated functions of trends.

Country Trend Function

Spain ŷt = 937,234.8617t + 41,520,155.4526
France ŷt = 497,110.1932t + 33,328,474.1211
Italy ŷt = 593,684.2361t + 29,789,801.0211

Germany ŷt = 646,412.9090t + 46,022,640.1053
The Netherlands ŷt = 289,128.2173t + 15,562,449.0648

Portugal ŷt = 320,842.7165t + 9,126,921.8263
Ireland ŷt = 141,802.2053t + 7,046,327.5947
Poland ŷt = 311,216.2053t + 6,210,694.1947
Greece ŷt = 293,258.0827t + 9,328,682.8316

Table 3. Seasonality indicators.

Country
Seasonality Indicator

Quarter I Quarter II Quarter III Quarter IV

Spain −12,621,706 5,052,604 14,961,153 −7,392,051
France −6,160,117 2,747,128 7,299,200 −3,886,212
Italy −7,911,520 3,046,071 9,554,917 −4,689,467

Germany −10,314,580 3,650,973 1,081,324 −4,149,638
The Netherlands −2,879,508 1,402,461 2,880,635 −1,403,588

Portugal −2,752,939 1,301,111 3,062,901 −1,611,072
Ireland −1,747,359 850,825 1,833,166 −936,632
Poland −1,851,980 641,963 2,493,419 −1,283,402
Greece −7,527,510 1,819,268 10,766,726 −5,058,483

Based on the above seasonality indicators, Table 4 presents passenger traffic forecasts
for particular quarters of 2020 and 2021. The results of the forecasts have been rounded
to integers.

Table 4. Forecasts for individual quarters of the year 2020 and 2021—the method of seasonality
indicators.

Country
Forecasts 2020

Quarter I Quarter II Quarter III Quarter IV

Spain 52,872,802 48,580,381 67,191,926 78,037,711
France 37,607,672 47,012,027 52,061,209 41,372,907
Italy 34,345,650 45,896,925 52,999,455 39,348,756

Germany 49,282,732 63,894,697 71,703,383 57,386,912
The Netherlands 18,754,634 23,325,731 25,093,033 21,097,938

Portugal 12,147,679 16,522,572 18,605,206 14,252,075
Ireland 8,276,815 11,016,801 12,140,944 9,512,949
Poland 10,894,255 13,699,414 15,862,086 12,396,481
Greece 7,959,592 17,599,629 26,840,345 11,308,393

Country
Forecasts 2021

Quarter I Quarter II Quarter III Quarter IV

Spain 56,621,741 52,329,321 70,940,866 81,786,650
France 39,596,112 49,000,468 54,049,649 43,361,347
Italy 36,720,387 48,271,662 55,374,192 41,723,493

Germany 51,868,383 66,480,348 74,289,034 59,972,563
The Netherlands 19,911,146 24,482,244 26,249,546 22,254,451

Portugal 13,431,050 17,805,943 19,888,577 15,535,445
Ireland 8,844,023 11,584,010 12,708,153 10,080,157
Poland 12,139,120 14,944,279 17,106,950 13,641,345
Greece 9,132,624 18,772,661 28,013,378 12,481,426
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Another method used to build forecasts is the method of trends of the one-name
periods. Table 5 presents the estimated trend models for individual periods with their
adjustment to the real-world data.

Table 5. Trend models for one-name periods.

Period Trend Model Coefficient of Determination R2 Coefficient of Variation Vs

Spain

Quarter I ŷt = 3,022,025.6t + 28,267,486.0 0.9888 1.36%
Quarter II ŷt = 3,644,856.2t + 45,610,539.2 0.9306 2.78%
Quarter III ŷt = 3,488,440.1t + 56,325,572.1 0.9349 2.18%
Quarter IV ŷt = 2,940,591.1t + 36,553,149.7 0.9534 2.26%

France

Quarter I ŷt = 1,582,425.4t + 26,895,073.0 0.9877 0.88%
Quarter II ŷt = 1,964,961.6t + 35,151,819.8 0.9778 1.14%
Quarter III ŷt = 1,958,508.8t + 40,220,360.0 0.9730 1.12%
Quarter IV ŷt = 1,737,005.7t + 30,196,567.3 0.9834 1.01%

Italy

Quarter I ŷt = 1,731,340.9t + 22,027,416.1 0.9992 0.29%
Quarter II ŷt = 2,379,490.1t + 31,634,243.7 0.9847 1.21%
Quarter III ŷt = 2,420,050.8t + 38,615,092.0 0.9905 0.82%
Quarter IV ŷt = 1,957,128.1t + 26,353,160.5 0.9928 0.82%

Germany

Quarter I ŷt = 1,903,953.3t + 35,813,916.7 0.9992 0.21%
Quarter II ŷt = 2,436,081.5t + 48,829,497.3 0.9558 1.48%
Quarter III ŷt = 2,355,857.7t + 56,878,854.5 0.9560 1.25%
Quarter IV ŷt = 2,043,145.5t + 43,500,520.1 0.9067 2.09%

The Netherlands

Quarter I ŷt = 1,140,271.0t + 11,864,282.0 0.9625 2.33%
Quarter II ŷt = 1,168,395.7t + 16,351,005.3 0.9576 1.96%
Quarter III ŷt = 960,167.0t + 18,742,993.2 0.9229 2.03%
Quarter IV ŷt = 988,096.9t + 14,664,109.1 0.9393 2.25%

Portugal

Quarter I ŷt = 987,823.0t + 5,334,097.4 0.9877 2.10%
Quarter II ŷt = 1,428,824.1t + 8,385,987.5 0.9806 2.50%
Quarter III ŷt = 1,314,096.4t + 10,812,804.0 0.9769 2.17%
Quarter IV ŷt = 1,078,527.9t + 7,166,378.3 0.9740 2.68%

Ireland
Quarter I ŷt = 428,918.8t + 5,288,431.8 0.9428 2.54%
Quarter II ŷt = 601,209.8t + 7,511,545.4 0.9956 0.68%
Quarter III ŷt = 601,028.4t + 8,636,232.6 0.9908 0.88%
Quarter IV ŷt = 424,270.6t + 6,538,510.4 0.9648 1.64%

Poland

Quarter I ŷt = 925,997.2t + 4,381,668.8 0.9902 2.03%
Quarter II ŷt = 1,245,889.2t + 6,227,152.0 0.9793 2.88%
Quarter III ŷt = 1,470,371.5t + 7,716,376.7 0.9729 3.20%
Quarter IV ŷt = 1,114,877.2t + 5,317,254.6 0.9978 0.96%

Greece

Quarter I ŷt = 380,102.9t + 3,300,185.9 0.9955 0.91%
Quarter II ŷt = 1,146,527.7t + 10,640,948.5 0.9318 3.48%
Quarter III ŷt = 1,468,689.0t + 18,915,181.2 0.9895 1.02%
Quarter IV ŷt = 674,650.9t + 5,765,343.7 0.9796 1.98%

where R2—Coefficient of determination, Vs—Coefficient of variation.
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Based on the above models, forecasts for individual quarters of the year 2020 and 2021
have been determined (Table 6).

Table 6. Forecasts for individual quarters of the year 2020 and 2021—the one-name period trend
method.

Country
Forecasts 2020

Quarter I Quarter II Quarter III Quarter IV

Spain 46,399,640 67,479,676 77,256,213 54,196,696
France 36,389,625 46,941,589 51,971,413 40,618,602
Italy 32,415,462 45,911,184 53,135,397 38,095,929

Germany 47,237,637 63,445,986 71,014,001 55,759,393
The Netherlands 18,705,908 23,361,380 24,503,995 20,592,691

Portugal 11,261,035 16,958,932 18,697,382 13,637,546
Ireland 7,861,945 11,118,804 12,242,403 9,084,134
Poland 9,937,652 13,702,487 16,538,606 12,006,518
Greece 5,580,803 17,520,115 27,727,315 9,813,249

Country
Forecasts 2021

Quarter I Quarter II Quarter III Quarter IV

Spain 49,421,665 71,124,533 80,744,653 57,137,287
France 37,972,051 48,906,551 53,929,922 42,355,607
Italy 34,146,802 48,290,674 55,555,448 40,053,057

Germany 49,141,590 65,882,068 73,369,858 57,802,539
The Netherlands 19,846,179 24,529,775 25,464,162 21,580,787

Portugal 12,248,858 18,387,756 20,011,479 14,716,074
Ireland 8,290,863 11,720,014 12,843,431 95,084,05
Poland 10,863,649 14,948,376 18,008,977 13,121,395
Greece 5,960,906 18,666,642 29,196,004 10,487,900

Harmonic analysis models for individual countries contained one or two harmonics
(in the case of The Netherlands), which significantly explained the variance of the studied
variable. The model forms for individual countries, along with the percentage in which the
included harmonics explain the variance of the studied variable, are presented in Table 7.
In all models, the trend form was described by a linear function.

Table 7. Models estimated using harmonic analysis.

Country Model % Explained Variance

Spain
ŷt = 937,234.8617t + 41,520,155.4526 + 6,222,327sin

(
2π
20 5t

)
−13,701,340 cos

(
2π
20 5t

) 97.1%

France
ŷt = 497,110.1932t + 33,328,474.1211 + 3,316,670 sin

(
2π
20 5t

)
−6,729,658 cos

(
2π
20 5t

) 97.4%

Italy
ŷt = 593,684.2361t + 29,789,801.0211 + 3,876,810 sin

(
2π
20 5t

)
−8,734,278 cos

(
2π
20 5t

) 98.5%

Germany
ŷt = 646,412.9090t + 46,022,640.1053

+3,900,306 sin
(

2π
20 5t

)
− 10,563,913 cos

(
2π
20 5t

) 93.6%

The Netherlands
ŷt = 289,128.2173t + 15,562,449.0648+155,872 sin

(
2π
20 t

)
−474,157cos

(
2π
20 t

)
+ 1,403,025 sin

(
2π
20 5t

)
− 2,880,071cos

(
2π
20 5t

) 94.4%
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Table 7. Cont.

Country Model % Explained Variance

Portugal
ŷt = 320,842.7165t + 9,126,921.8263 + 1,456,072 sin

(
2π
20 5t

)
−

2,907,921 cos
(

2π
20 5t

) 93.9%

Ireland
ŷt = 141,802.2053t + 7,046,327.5947

+893,728 sin
(

2π
20 5t

)
− 1,790,263 cos

(
2π
20 5t

) 93.4%

Poland
ŷt = 311,216.2053t + 6,210,694.1947

+962,683 sin
(

2π
20 5t

)
− 2,172,699 cos

(
2π
20 5t

) 91.5%

Greece
ŷt = 293,258.0827t + 9,328,682.8316

+3,438,876 sin
(

2π
20 5t

)
− 9,147,119 cos

(
2π
20 5t

) 92.9%

Passenger traffic forecasts obtained with the use of estimated harmonic analysis
models are summarized in Table 8.

Table 8. Forecasts for individual quarters of the year 2020 and 2021—harmonic analysis method.

Country
Forecasts 2020

Quarter I Quarter II Quarter III Quarter IV

Spain 46,473,423 67,424,415 75,930,752 56,854,230
France 36,541,020 47,084,458 50,994,557 41,445,338
Italy 32,929,208 46,133,980 51,585,132 39,567,729

Germany 48,386,986 63,497,617 70,807,637 56,989,832
The Netherlands 17,990,785 22,634,383 24,511,359 20,656,774

Portugal 11,671,855 16,356,710 18,129,382 14,086,213
Ireland 8,092,109 10,917,902 11,956,239 9,414,050
Poland 10,262,319 13,708,917 15,230,150 12,405,984
Greece 6,046,726 18,925,978 24,927,479 12,634,743

Country
Forecasts 2021

Quarter I Quarter II Quarter III Quarter IV

Spain 50,222,362 71,173,354 79,679,692 60,603,169
France 38,529,460 49,072,899 52,982,998 43,433,779
Italy 35,303,945 48,508,717 53,959,869 41,942,466

Germany 50,972,637 66,083,268 73,393,288 59,575,483
The Netherlands 19,623,175 24,349,551 26,254,620 22,370,692

Portugal 12,955,226 17,640,081 19,412,753 15,369,584
Ireland 8,659,318 11,485,111 12,523,448 9,981,259
Poland 11,507,184 14,953,782 16,475,015 13,650,849
Greece 7,219,758 20,099,011 26,100,512 13,807,775

Table 9 includes a combined forecasts designated based on forecasts for individual
quarters using method of seasonality indicators, one-name period trend method and
harmonic analysis method.
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Table 9. Combined forecasts for 2020–2021.

Country
Forecasts 2020

Quarter I Quarter II Quarter III Quarter IV

Spain 47,151,148 67,365,339 77,074,892 55,890,889
France 36,846,105 47,012,692 51,675,724 41,145,615
Italy 33,230,106 45,980,696 52,573,328 39,004,138

Germany 48,302,451 63,612,766 71,175,027 56,712,045
The Netherlands 18,483,776 23,107,165 24,702,796 20,782,468

Portugal 11,693,523 16,612,738 18,477,323 13,991,944
Ireland 8,076,956 11,017,836 12,113,195 9,337,044
Poland 10,364,742 13,703,606 15,876,947 12,269,661
Greece 6,529,040 18,015,241 26,498,380 11,252,129

Country
Forecasts 2021

Quarter I Quarter II Quarter III Quarter IV

Spain 50,657,783 71,079,584 80,736,998 59,370,379
France 38,699,208 48,993,306 53,654,188 43,050,245
Italy 35,390,378 48,357,018 54,963,170 41,239,672

Germany 50,660,870 66,148,560 73,684,084 59,116,862
The Netherlands 19,793,500 24,453,857 25,989,443 22,068,644

Portugal 12,878,378 17,944,594 19,770,936 15,207,034
Ireland 8,598,068 11,596,378 12,691,677 9,856,607
Poland 11,503,318 14,948,813 17,196,981 13,471,196
Greece 7,437,763 19,179,438 27,769,964 12,259,034

Figures 2–10 presents the actual number of passengers at airports in the studied
countries and the forecast values resulting from the models used.
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Figure 2. Actual values of the carried passengers and theoretical values obtained by the models used
for Spain.
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Figure 3. Actual values of the carried passengers and theoretical values obtained by the models used
for France.
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Figure 4. Actual values of the carried passengers and theoretical values obtained by the models used
for Italy.
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Figure 5. Actual values of the carried passengers and theoretical values obtained by the models used
for Germany.
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Figure 6. Actual values of the carried passengers and theoretical values obtained by the models used
for The Netherlands.
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Figure 7. Actual values of the carried passengers and theoretical values obtained by the models used
for Portugal.
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Figure 8. Actual values of the carried passengers and theoretical values obtained by the models used
for Ireland.
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Figure 9. Actual values of the carried passengers and theoretical values obtained by the models used
for Poland.
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Figure 10. Actual values of the carried passengers and theoretical values obtained by the models
used for Greece.

In Figure 2, showing the modeling results for Spain, it shows that the empirical and
theoretical values resulting from the models used to describe the number of passengers
transported coincide to a very large extent. Only the values resulting from the harmonic
analysis in the fourth quarters of 2015–2019 indicate a slight underestimation. For the period
QIII’17, all the models used slightly underestimated the value of transported passengers.



Sustainability 2022, 14, 4345 16 of 19

In the period for which the forecasts are built, i.e., QI’20–QIV’21, the greatest deviations
are visible for the method of unnamed periods, which clearly forecasts the lowest values
among all the methods used, especially for QIV’20 and QI’21.

In the case of France, for which the empirical values, theoretical values resulting from
the models used, and forecasts are shown in Figure 3, very similar conclusions can be
observed as for Spain. Again, the harmonic analysis model does not estimate the number
of passengers transported for QI’20–QIV’21, while in the forecast period (QI’20–QIV’21),
the lowest values can be observed for the method of unanimous periods.

The observed empirical and theoretical values, as well as the forecasted passenger
traffic, for Italy (Figure 4) again reveal the underestimation of the values resulting from
the harmonic analysis model, especially for the periods QI’16, QI’17, and QI’18. In subse-
quent periods it is already closer to the empirical values. In the forecast period, however,
the lowest values result, as in the above-mentioned cases, from the model of the same
named periods.

The analysis of the data in Figure 5 shows that for Germany in the period QI’15–
QIV’19, all the models give very similar theoretical values for the number of passengers
transported. However, in the forecast period QI’20–QIV’21, the differences between the
values resulting from different models are slightly larger, especially for QI’21.

The analysis of the models presented in Figure 6 shows that for The Netherlands, the
most underestimated values for the number of passengers are from the harmonic analysis
model for the periods QI–QIV’15. Moreover, for QIII’17 it is of note that all the models used
underestimated the empirical value. In the period forecasted for QI’20–QIII’20, the lowest
values result from the harmonic analysis model; while for QII’21–QIII’21 the lowest values
of the forecasted number of passengers again result from the model of identical periods.

Interesting conclusions can be drawn by observing the modeling results presented
in Figure 7 for Portugal. What is most visible is the fact that in QIV’17, all theoretical
values of the number of passengers transported are lower than the real values. On the other
hand, for QI’19, all models overestimated the actual value of the number of passengers
transported. In the forecast period, i.e., QI’20–QIV’21, the greatest discrepancies resulting
from the models used are visible in QI’21.

The analysis of the charts for Ireland (Figure 8) shows a clear overestimation of the
number of passengers transported in QI’16. In the forecast period, i.e., QI’20–QIV’21, the
greatest discrepancies resulting from the models used are visible in QI’21.

Poland is the case of the country in which the models used show the greatest discrep-
ancies when it comes to indicating the actual value of the number of transported passengers.
Even greater differences can be seen in the values over the forecasted period (Figure 9). In
the period QI’15–QIII ‘18, and for QIII ‘19, the most underestimated number of transported
passengers results from the harmonic analysis model. The period of the greatest differences
was QIII’18, for which all the models underestimated the real value of passengers. In
the forecast period (QI’20-Q’IV21), the greatest fluctuations in the number of passengers
transported are revealed by the model of unanimous periods, in which the periods of the
greatest drops, i.e., for QI’20 and QI’21, forecasts values clearly lower than other the models
(and thus influences the value of the combined forecast by lowering it), and for the periods
of the highest increases, i.e., QIII’20 and QIII’21, it forecasts the highest values among the
models used.

A characteristic feature of Greece (Figure 10) is that the transition between the first
and third quarters is very smooth (there is very little fluctuation in the second quarter). The
harmonic analysis model was the worst at mapping this real development, while the other
models managed to smoothly move from the value of the first quarter to the value of the
third quarter, without showing a breakdown in the second quarter. In the forecast period,
there are significant differences in the values of the number of transported passengers
indicated by various models. For the periods of the greatest declines, i.e., QI’20 and QI’21,
the lowest values result from the model of identical periods. However, at the same time, the
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same model shows the highest values in the periods of the greatest increases, i.e., Q’III20
and QIII’21.

In view of the forecasts for the individual quarters of 2020 and 2021, all models indicate
a further upward trend, which could have been observed if the COVID-19 pandemic had
not occurred. In fact, as a result of the pandemic, the number of passengers handled at the
airports of the studied EU countries has significantly decreased. This was not surprising as
it was the expected natural effect of the lockdown and other pandemic restrictions. The
situation began to improve in the third quarter of 2021, which is visible as a reflection of the
successive liberalization of pandemic restrictions. The only exception was The Netherlands,
where a significant drop in the number of passengers handled was recorded. Unfortunately,
data for the third quarter of 2021 are missing for Ireland and Greece.

4. Conclusions

The problem of the impact of the pandemic on transport has inspired many analyzes.
The aim of our study was to estimate the difference between the number of passengers
handled during the pandemic at the airports of selected EU countries and the demand
forecast based on the pre-pandemic trend. The intention was to estimate the amount of air
passenger losses caused by the pandemic. Countries such as Spain, Germany, France, and
Italy have the greatest difference between the forecast and actual number of air passengers.
The smallest difference was noted for Portugal and Greece. Liberalization of restrictions
and the introduction of rules for air traffic during the pandemic in the surveyed countries
resulted in an improvement in the situation of air transport in the third quarter of 2021,
which was visible in the form of an increase in the number of passengers served. The only
exception was The Netherlands, where a significant drop in the number of passengers
was recorded.

Due to the decrease in the number of passengers, and thus the decrease in the number
of flights, there were financial consequences for airports, along with their gastronomic and
commercial infrastructure, which had implications in terms of employment. Thus, the
interruption of air traffic and significant drops in the number of passengers compared to
the period before the pandemic had negative economic effects not only for entities from
the aviation industry, but also for entire supply chains associated with this industry. The
loss of staff during a temporary stop and limitation of the aviation sector activity may
lead to a very long period of rebuilding the teams of employees in the phase of rebuilding
the volume of passenger transport. It should be noted, however, that it is not possible to
estimate the exact losses due to the lack of access to data on the revenues of these entities
per passenger. This was a limitation in our research. Therefore, the article focused on the
presentation of the dynamics of the demand for passenger transport before the pandemic,
and on the forecast of demand in the absence of the pandemic. A positive consequence
of the reduction in the number of air transport flights is the reduction in the negative
environmental impact. This is a holistic way of thinking—reducing the negative impact on
the environment by airplanes and ports and reducing the negative impact on the journey
to and from airports, mainly carried out by road transport.

Apart from those already indicated in the research, there were also other limitations.
One such limitation was the fact that in the case of Ireland and Greece, no data was available
for the third quarter of 2021.

The performed analysis can serve as the basis for another research. It is worth continu-
ing the forecasts for the coming years to see when the situation will normalize, and when
air traffic will enter the pre-pandemic trends.

Our analyzes can also be compared with other modes of transport, e.g., with rail
transport, to find out in which mode the drops in serviced passengers were greater, i.e.,
which branch of transport turned out to be more sensitive to the pandemic.
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