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Abstract: The COVID-19 pandemic has reduced the mobility of urban residents on an international
level. Tourist air traffic was suspended as one of many activities. As a result, the aviation industry has
suffered losses at various levels. In addition to carriers, airports are also suffering due to the effects
of the pandemic. Their income comes mainly from charges for take-offs and landings of airplanes,
passenger charges, and commercial and restaurant activity. In this paper, the authors attempt to
estimate the level of losses incurred by six Polish airports in relation to passenger charges. Based on
the data for the years 2015–2019, the forecasts of passenger flows for the year 2020 were estimated
using the seasonality indicator method, the method of one-name period trends, and models of linear
trends with seasonality. Research has shown that the total losses of the examined airports for the
year 2020 amounted to approximately 290 million EUR, and these are losses resulting only from the
lack of fees charged for servicing passengers at the airports.
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1. Introduction

On 11 March 2020, the World Health Organization (WHO) announced the outbreak of
the COVID-19 pandemic [1]. As a result, many countries imposed restrictions on social life
and human mobility. These restrictions included passenger air transport, considered by
many to be a means of transport contributing to the spread of the pandemic around the
world [2–4].

In Poland, the first case of a person who tested positive for COVID-19 was recorded
on 4 March 2020. The same year, on 8 March, the Act on special solutions related to the
prevention, counteracting and combating COVID-19, other infectious diseases and crisis
situations caused by them entered into force [5]. On the same day, LOT Polish Airlines
suspended all flights to Italy until 12 March 2020, and to China until 25 April. Wizz Air
suspended connections to Bergamo from Warsaw, Gdańsk, and Katowice until 3 April.
On 13 March 2020, Poland introduced a state of epidemic emergency. As a result, on the
night of 14–15 March, international air connections were suspended. The only flights
arranged served to allow Poles staying abroad to return home (the so-called “Flight Home”
operation) [6].

In July and August 2020 (holiday months in Poland), after some of the restrictions
on the use of air transport in international traffic were lifted, some Poles decided to travel
abroad. However, there was only a partial recovery, which may have stemmed from
concerns related to the risk of infection and the dynamically changing pandemic situation
in the world (e.g., additional restrictions, the need for quarantine). Compared to the
previous year, in July and in August, the number of passengers was lower by 64% and
by 53%, respectively [7]. In the following months, the number of passengers continued to
decline. This tendency continues to date, and it is difficult to predict what the situation
will look like in the near future. It is all the more difficult to assess as the fourth wave of
the pandemic has already begun in many European countries, and all signs indicate that
Poland will also be affected by said wave.
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The impact of the COVID-19 pandemic on passenger flows at the surveyed airports by
individual quarters is shown in Figures 1–6. The red color marks the volume of air traffic
since the beginning of the pandemic. Confirmation of a significant decrease in the number
of passengers is also seen in the values presented in Table 1 [8].

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

Airport 2020/2018 2020/2019

Warszawa Okęcie −69.1% −71.0%
Kraków Balice −61.7% −69.2%

Gdańsk Rębiechowo −65.8% −68.3%
Wrocław −69.5% −71.7%

Warszawa Modlin −71.7% −71.9%
Poznań Ławica −73.5% −72.5%

Figure 1. Number of passengers at Warsaw Okęcie Airport.

Figure 2. Number of passengers at Kraków Balice Airport.

Figure 3. Number of passengers at Gdańsk Rębiechowo Airport.
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Figure 4. Number of passengers at Wrocław Airport.

Figure 5. Number of passengers at the Warsaw Modlin Airport.

Figure 6. Number of passengers at Poznań Ławica Airport.

The International Civil Aviation Organization (ICAO) draws attention to the signifi-
cant drops in the number of passengers in international air transport [9]. Interestingly, one
of the studies indicates that even before the restrictions were announced, the information
about the spread of the virus caused unfavorable changes on the air services market [10].

Many studies on air transport in times of the COVID-19 pandemic analyze the overall
consequences for the air transport market [11,12]. There are also national and regional
studies [13,14]. Researchers are also focusing on the analysis of security measures taken
at airports and in airplanes, emphasizing that the airport is a venue for the conditions for
faster spread of the virus [15,16]. The impact of the pandemic on mobility in air transport,
and thus on environmental pollution, is also analyzed [17,18]. The research also focuses
on passengers’ perceptions of the uncertainty associated with air travel in the face of the
pandemic [19–22].
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In addition to the above, researchers also draw attention to the problems faced by air
cargo transport, which, due to its specificity (use of free luggage space to transport goods),
has also been largely limited [23,24]. However, some carriers did not record major losses
only because they organized medical transport and there was a need to transport certain
goods [17,25–27].

Researchers are trying to forecast the development of passenger flows in the coming
years [28–30]. It is estimated that it will take two to four years for the demand for passenger
air transport to recover. Research on the number of passengers at German airports and the
impact of COVID-19 on their financial results is presented in Wolle [14]. He stated that a
noticeable recovery in air passenger traffic was unlikely until mid-2022. Gudmundsson,
Cattaneo, and Redondi predict Europe will witness a recovery after 2.7 years [30]. So far,
no studies have been published on the impact of the decline in passenger flows on the
finances of airports in Poland. There is also no study using a set of forecasting methods for
this purpose. Therefore, this study will close this research gap. At the same time, it may
indicate the mode of carrying out this type of analysis in other countries.

Summarizing the above, a quick review of the literature may tell us that airports earn,
inter alia, from fees for take-offs and landings of airplanes, commercial and restaurant
activity, and parking lots. Furthermore, charges for generating noise and passenger charges
generate revenue as well.

Therefore, the aim of the study is an attempt to estimate the level of losses incurred
by six Polish airports in relation to passenger charges. The airports with the largest
passenger flows were selected for the study. Based on the data for 2015–2019, the forecasts
of passenger flows for 2020 were estimated using the seasonality indicator method, the
method of one-name period trends, and models of linear trends with seasonality.

The fees charged by airports for passenger service differ for domestic, international
and transfer passengers. As the statistical data do not take into account the division into
passenger types, for the purposes of this analysis, the authors adopted an average rate per
passenger. There is also a lack of data on the number and types of aircraft using airport
services. Therefore, this analysis only focuses on the passenger charge.

2. Materials and Methods

The study used quarterly data for the years 2015–2020 from the six Polish airports with
the largest passenger flows: Warsaw Frederic Chopin Airport (Warsaw Okęcie), Kraków
Jan Paweł II Airport (Krakow Balice), Gdańsk Lech Wałęsa Airport (Gdańsk Rębiechowo),
Wrocław Airport, Warsaw Modlin Airport, and Poznań-Ławica Airport. The data come
from the collections of the Polish Civil Aviation Authority.

Three forecasting methods were used to obtain the forecasts for 2020: the method
of seasonality indicators, the method of the trends of one-name periods, and the models
of linear trends with seasonal fluctuations. The scheme of the procedure is presented in
Figure 7.

First, the author-applied method used to forecast passenger flows was the method of
seasonality indicators [31]. The method of determining the forecast depends on the type of
seasonal fluctuations, which may be multiplicative or additive. Multiplication fluctuations
occur when, in individual 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 constant 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 [32]. The applied method of determining the seasonality indicators is
based on the quotient of empirical values and the value of the trend. The average index
for homonymous periods is determined successively; otherwise, the quotient of the mean
homonymous periods by the average trend value of the homonymous periods is used [33].

Si =
∑ yi

ŷi

n
·100 (1)
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or

Si =
∑ yi
ŷi

·100 =
∑ yi
∑ ŷi

·100 (2)

where:

Si—seasonality index for the ith seasonality cycle subperiod.
yi—empirical value of the period variable i.
yi—mean empirical value of the variable of the homonymous periods.
ŷi—the value of the trend of the period i.
ŷi—the average value of the trend of the homonymous periods.
n—number of homonymous periods.

d

∑
i=1

Si = d (3)

It is necessary to determine the correction factor:

k =
d

∑d
i=1 Si

, (4)

where:

d—number of sub-periods in the cycle.

This coefficient allows for the transformation of raw (uncleaned) seasonal indicators
into indicators purified using the formula:

kS i = k·Si (5)

If known, the measures of seasonal fluctuations and the trend function of the studied
phenomenon allows for obtaining forecasts. For multiplicative seasonal fluctuations (data
from airports are characterized by multiplicative fluctuations), in order to obtain a forecast
for the period t = T, the following formula is applied:

yP
T = ŷT ·kS i (6)

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 [34].

The second method is the one-name period trend method [35]. 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 [36].

Before starting the construction of an endogenous variable forecast using the method
of same-period trends, in order to maintain the correctness of the prediction process, the
following assumptions are to be made [37]:

• The stability of the model structure will be maintained in the period covered by
the forecast.

• Only regular changes take place in the analyzed economic process; there are no
clearly abrupt changes with a size far exceeding the order of magnitude of
random fluctuations.

• The estimated basic characteristics of the analyzed economic process will not change
significantly in the forecast period.
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Figure 7. Research methodology diagram.
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Each time series that relates to a specific phase of the cycle is described with a trend
model selected depending on the analyzed data. The selection of the appropriate trend form
was carried out by means of graphical analysis and an analysis of increases in numerical
data. Then, the form of the trend function was estimated using the least squares method.

The last of the methods used in the analysis is the linear trend method with the sea-
sonality [38]. Some dummy variables are introduced in econometric models of seasonal
fluctuations; they correspond to the distinguished phases of the cycle. The estimated coeffi-
cients located at these variables are therefore measures of cyclical effects [39]. The general
record of the model with the linear trend and the periodic seasonal component is as follows:

ŷ = α0 + α1t +
m

∑
k=1

d0kQkt + Ut (7)

under the condition that:
m

∑
k=1

d0k = 0 (8)

where:

α0, α1—model parameters.
d0k—model parameters reflecting fixed parts of seasonal effects in individual phases of
the cycle.
Qkt—a dummy variable taking values equal to 1 in periods/moments corresponding to the
kth phase of the cycle and equal to 0 in periods/moments corresponding to other phases of
the cycle.
k—variable specifying the number of the seasonal cycle.
Ut—a random component.

For all estimated econometric models of seasonal fluctuations and for trends of homol-
ogous periods, the type of model was selected based on graphical analysis and the analysis
of increments for numerical data on passenger traffic. The basis for adopting the models
for further analysis was to meet the following conditions:

• A determination coefficient in the range (0.5625, 1),
• A random variation coefficient not exceeding 15%, and
• Randomness of the other estimated models (tested using a series test).

Ex ante forecast errors are based on unknown values of the dependent variable or the
explanatory variables. These future values may be determined by applying various meth-
ods. However, in the case of the number of passengers in air transport in the COVID-19
condition, this task is difficult, if not impossible. Ex post forecast errors are based on the
known values of the explanatory variables. However, due to the COVID-19 pandemic,
these values significantly differ from the forecast data; therefore, the determination of these
errors seems unjustified. For this reason, the study did not identify both ex ante and ex
post forecast errors.

3. Results

For each airport, empirical data charts with a quarterly breakdown were created.
On this basis, it was possible to make conclusions about the course of seasonal fluctua-
tions. For all airports, the analysis showed that these are series with periodic fluctuations.
Their amplitude increases with time, which indicates multiplicative properties. The real-
world data show a development trend with seasonality; therefore, an exponential trend
function was determined for each airport (Table 2). The parameters of all the models set
out in the table are statistically significant at the level of significance α = 0.05.
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Table 2. Estimated functions of trends.

Airport Trend Function

Warszawa Okęcie ŷt = 2, 500, 000e0.036t

Kraków Balice ŷt = 920, 000e0.044t

Gdańsk Rębiechowo ŷt = 840, 000e0.026t

Wrocław ŷt = 495, 000e0.032t

Warszawa Modlin ŷt = 640, 000e0.011t

Poznań Ławica ŷt = 320, 000e0.035t

The tables contain numbers rounded to 2 significant figures.

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

Table 3. Seasonality indicators.

Airport
Seasonality Indicator

Quarter I Quarter II Quarter III Quarter IV

Warszawa
Okęcie −19.31% 5.72% 24.85% −11.26%

Kraków Balice −15.00% 8.80% 12.51% −6.31%
Gdańsk

Rębiechowo −19.96% 7.91% 23.88% −11.84%

Wrocław −19.48% 7.51% 26.04% −14.07%
Warszawa

Modlin −9.52% 8.86% 7.42% −6.76%

Poznań Ławica −29.01% 9.27% 45.08% −25.33%

As can be seen in Table 3, the largest increases in the number of passengers were seen
in the second and third quarters. This is due to the summer holidays in Poland.

Based on the above seasonality indicators, forecasts of the number of passengers at
airports for individual quarters of the year 2020 were determined (Table 4). Notably, all
forecast results obtained in the study have been rounded to nearest 1000 persons.

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

Airport
Forecasts

Quarter I Quarter II Quarter III Quarter IV

Warszawa
Okęcie 4,353,000 5,915,000 6,985,000 5,149,000

Kraków Balice 1,953,000 2,611,000 2,700,000 2,349,000
Gdańsk

Rębiechowo 1,157,000 1,600,000 1,837,000 1,342,000

Wrocław 775,000 1,068,000 1,252,000 881,000
Warszawa

Modlin 738,000 8,98,000 886,000 778,000

Poznań Ławica 471,000 751,000 997,000 531,000

Another method used to build forecasts is the method of trends of the same-name
periods. Table 5 presents the estimated trend models for individual periods with their
adjustment to the real-world data.
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Table 5. Trend models for homonymous periods.

Period Trend Model Coefficient of Determination R2 Coefficient of Variation Vs

Warszawa Okęcie

Quarter I ŷt = 416, 679.9t + 1, 664, 496.3 0.97 4.03%
Quarter II ŷt = 509, 752.0t + 2, 415, 086.8 0.98 3.03%
Quarter III ŷt = 594, 746.8t + 3, 040, 622.2 0.94 4.91%
Quarter IV ŷt = 504, 589.4t + 2, 061, 329.6 0.98 2.78%

Kraków Balice

Quarter I ŷt = 204, 772.9t + 584, 964.5 0.99 2.42%
Quarter II ŷt = 250, 264.8t + 844, 179.2 0.98 3.87%
Quarter III ŷt = 274, 088.3t + 901, 294.1 0.94 6.63%
Quarter IV ŷt = 288, 214.3t + 652, 555.1 0.98 4.73%

Gdańsk Rębiechowo

Quarter I ŷt = 79, 094.1t + 630, 720.7 0.97 2.68%
Quarter II ŷt = 129, 263.5t + 817, 104.7 0.99 1.72%
Quarter III ŷt = 12, 2691.3t + 1, 045, 236.3 0.96 2.97%
Quarter IV ŷt = 101, 654.8t + 729, 699.2 0.98 2.08%

Wrocław

Quarter I ŷt = 64, 876.3t + 352, 316.7 0.97 3.07%
Quarter II ŷt = 96, 687.9t + 465, 450.3 0.95 4.82%
Quarter III ŷt = 116, 878.1t + 563, 643.7 0.93 5.39%
Quarter IV ŷt = 68, 626.8t + 434, 196.2 0.98 2.53%

Warszawa Modlin

Quarter I ŷt = 42, 164.2t + 522, 463 0.72 6.38%
Quarter II ŷt = 36, 016.4t + 680, 260.4 0.99 0.78%
Quarter III ŷt = 35, 055.7t + 681, 557.3 0.93 1.99%
Quarter IV ŷt = 11, 912.7t + 653, 263.5 0.56 4.58%

Poznań Ławica

Quarter I ŷt = 36, 442.7 t + 219, 679.1 0.87 6.82%
Quarter II ŷt = 63, 787.7t + 334, 258.5 0.78 10.10%
Quarter III ŷt = 98, 172.9t + 431, 492.5 0.81 10.25%
Quarter IV ŷt = 58, 191.7t + 214, 140.9 0.94 6.13%

Based on the above models, forecasts for individual quarters of the year 2020 have
been determined (Table 6).

The third method that has been used to forecast passenger flows at airports is the
linear trend method with seasonality. Table 7 presents the estimated functions with the
parameters of their adjustment to the real-world data.

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

Airport
Forecasts

Quarter I Quarter II Quarter III Quarter IV

Warszawa Okęcie 4,165,000 5,474,000 6,609,000 5,089,000
Kraków Balice 1,814,000 2,346,000 2,546,000 2,382,000

Gdańsk Rębiechowo 1,105,000 1,593,000 1,781,000 1,340,000
Wrocław 742,000 1,046,000 1,265,000 846,000

Warszawa Modlin 775,000 896,000 892,000 725,000
Poznań Ławica 438,000 717,000 1,021,000 563,000
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Table 7. Trend models with seasonality.

Airport Trend Model R2 Vs

Warszawa Okęcie ŷt = 2, 678, 237.74 + 126, 610.51t − 903, 196.29Q1 + 771, 753.012Q2
+ 753, 909.29Q3 − 622, 466.012Q4

0.97 3.23%

Kraków Balice ŷt = 754, 192.78 + 63, 583.77t − 127, 163.49Q1 + 204, 943.14Q2
+ 269, 944.77Q3 − 347, 724.41Q4

0.96 4.05%

Gdańsk Rębiechowo ŷt = 934, 455.39 + 27, 043.98t − 309, 848.22Q1 + 352, 796.76Q2
+ 181, 371.019Q3 − 224, 319.56Q4

0.98 2.50%

Wrocław ŷt = 538, 595.81 + 21, 691.82t − 186, 876.58Q1 + 208, 625.44Q2
+ 137, 072.18Q3 − 158, 821.038Q4

0.95 4.06%

Warszawa Modlin ŷt = 595, 139.85 + 7821.81t − 16, 580.56Q1 + 114, 951.63Q2
+ 105, 544.61Q3 − 203, 915.68Q4

0.87 3.04%

Poznań Ławica ŷt = 365, 249.73 + 16, 037.19t − 180, 577.21Q1 + 165, 204.78Q2
+ 184, 352.41Q3 − 168, 979.98Q4

0.92 7.49%

where R2—Coefficient of determination, Vs—Coefficient of variation.

Based on the above models, forecasts for individual quarters of the year 2020 have
been determined (Table 8).

Table 8. Forecasts for individual quarters of the year 2020—the linear trend method with seasonality.

Airport
Forecasts

Quarter I Quarter II Quarter III Quarter IV

Warszawa Okęcie 4,434,000 6,235,000 6,344,000 5,094,000
Kraków Balice 1,962,000 2,358,000 2,487,000 1,932,000

Gdańsk Rębiechowo 1,193,000 1,882,000 1,738,000 1,359,000
Wrocław 807,000 1,224,000 1,175,000 900,000

Warszawa Modlin 743,000 882,000 881,000 579,000
Poznań Ławica 521,000 883,000 918,000 581,000

As the forecast values generated using each of the methods have different values, they
were averaged (Table 9). The table has been completed with the average passenger charge
charged by airports.

Table 9. Average values of forecasts for individual quarters of 2020 with the average amount of charges per passenger
(in EUR).

Airport
Average Forecast

Average Fare Per Passenger (EUR)
Quarter I Quarter II Quarter III Quarter IV

Warszawa Okęcie 4,317,000 5,875,000 6,646,000 5,111,000 8.89
Kraków Balice 1,909,000 2,438,000 2,577,000 2,221,000 7.56

Gdańsk Rębiechowo 1,151,000 1,692,000 1,785,000 1,347,000 7.11
Wrocław 775,000 1,113,000 1,230,000 876,000 4.74

Warszawa Modlin 752,000 892,000 886,000 694,000 8.89
Poznań Ławica 477,000 784,000 979,000 559,000 7.78

Average losses by airports in individual quarters of 2020 are presented in Figure 8,
while the estimated annual losses are presented in Figure 9.

The smallest losses of airports were recorded in the first quarters due to the fact that
the airports basically operated until mid-March 2020 without any obstacles. The biggest
losses are noticeable in the second quarter (excluding Gdańsk Rębiechowo) and in the third
quarter (excluding Kraków Balice).

In order to better illustrate the magnitude of losses, Figure 10 presents the losses in
the form of percentage differences.
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Figure 8. Average quarterly losses in millions of EUR.

Figure 9. Average annual losses in millions of EUR.

Figure 10. Average annual losses in percentage.
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Both in quarterly and annual terms, the greatest losses were recorded by Warsaw
Okęcie Airport, as it serves the largest passenger flow in air transport in Poland. On an
annual basis, this loss was estimated at EUR 146.46 million. The lowest losses on an annual
basis were estimated for the Wrocław Airport—EUR 14.17 million.

4. Conclusions

In 2020, Polish airports handled 14.5 million passengers, which is a 70% decrease
compared to the previous year. The last time so few passengers were handled per year
was 15 years ago [40]. The pandemic had the biggest impact on the results in the first and
second quarters of 2020. However, despite the lifting of the ban on travel by air, passenger
traffic recorded a slight recovery only in the summer. The next wave of the pandemic that
began in October 2020 significantly reduced the interest in travel by air transport.

The main factors causing the slow recovery in air transport are travel restrictions,
the lack of predictability of the restrictions (constant changes regarding, for example, the
need to undergo quarantine), and the lack of international cooperation in determining the
restrictions, as well as the travelers’ fear of getting sick.

The research results indicate that the examined airports lost about EUR 290 million
due to the COVID-19 pandemic alone. Of note, in addition to losses resulting from the lack
of passenger service charges, airports have lost revenue from non-airport activities. It is
estimated that they account for approximately 40–60% of the airport’s revenues.
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15. Blišt’anová, M.; Tirpáková, M.; Brůnová, L’. Overview of Safety Measures at Selected Airports during the COVID-19 Pandemic.
Sustainability 2021, 13, 8499. [CrossRef]

16. Hassan, T.H.; Salem, A.E. The Importance of Safety and Security Measures at Sharm El Sheikh Airport and Their Impact on
Travel Decisions after Restarting Aviation during the COVID-19 Outbreak. Sustainability 2021, 13, 5216. [CrossRef]
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