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ON POST-PANDEMIC SHORT-TERM FORECASTING OF
QUARTERLY AIR PASSENGER TRAFFIC AT POLISH AIRPORTS

Anna Antonova. “On post-pandemic short-term forecasting of quarterly air passenger traffic at
Polish airports”. The COVID-19 pandemic caused a structural break in air passenger traffic dynamics, limiting
the reliability of forecasting models based on long pre-pandemic time series. This study addresses the problem
of short-term forecasting of quarterly total air passenger traffic at major Polish airports under post-pandemic
market conditions. The research focuses on Warsaw Chopin Airport, Krakéw-Balice, Gdarisk Lech Watesa
Airport, Katowice-Pyrzowice, Wroctaw-Starachowice, Poznan-tawica, Rzeszéw-Jasionka and Szczecin-
Goleniéw. The purpose of the article is to assess whether forecasting models based only on recent post-COVID
data can provide reliable short-term predictions of passenger traffic.

The empirical analysis uses quarterly statistical data published by the Polish Civil Aviation Authority. For
most airports, the modelling period covers 2021-2024, while forecasts are generated for the four quarters of
2025 and compared with actual observations. For Szczecin-Goleniéw Airport, due to the specific traffic
dynamics, an additional modelling approach based on 2022-2025 data is considered. Two time-series
forecasting methods are applied: ARIMA and ETS models implemented in the R environment. Forecast accuracy
is evaluated using standard error metrics, including ME, RMSE, MAE, MAPE and MASE, as well as the Ljung-Box
test and the corrected Akaike information criterion.

The results show that post-pandemic quarterly passenger traffic at Polish airports demonstrates a stable
seasonal pattern, although its scale and recovery dynamics differ across airports. ARIMA models generally
provide better fit and forecasting performance for most airports, while ETS modelling is more appropriate in
selected cases. The findings confirm that excluding pre-pandemic observations may improve short-term
forecasting accuracy when the market has entered a new structural phase after COVID-19 and subsequent
geopolitical disruptions. The study contributes to the methodological discussion on air transport forecasting by
demonstrating the practical value of using post-break data windows instead of mechanically extending
historical series across structurally incomparable periods.

Keywords: air transport, airport, passenger traffic, short-term forecasting, ARIMA, ETS, seasonality,
Poland

AHHa AHmoHoea. “Kopomkocmpokoee npo2HO3y8aHHA K8ApMaJlbHO20 A8ianacaXupcbKoz0
mpadghiky 8 honbcoKux aeponopmax nicna naHoemii”. andemis COVID-19 cnpuduHuna cmpykmypHul
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po3pus y OUHAMIUi asianacaxupcbKux nepegeseHb, W0 obMexye HAdilHicmb npo2HO3HUX Modesned,
noby0o8aHux HA OCHOBI 0082UX OONAHOeMiYHUX 4Yacosux padig. Y cmammi po3enaHymo npobnemy
KOpOMKOCMPOKOB020 NPO2HO3YBAHHA KBAPMAIbHO20 3d2G/IbHO20 A8ianacaxuponomoKy 8 OCHOBHUX
aeponopmax lNlonbuwii 8 yMmosax nocmnaHoemiyHo20 po38umky puHky. [locnioxeHHs oxonsoe Warsaw Chopin
Airport, Krakéw-Balice, Gdarisk Lech Watesa Airport, Katowice-Pyrzowice, Wroctaw-Starachowice, Poznan-
tawica, Rzeszéw-Jasionka ma Szczecin-Goleniéw. Memoio cmammi € OUiHIO8GHHA MO20, YU MOXYMmb
NpozHO3Hi Modesni, Nnobydos8aHi nuwe Ha ocHosi akmyasnabHux nocm-COVID daHux, 3a6e3nedyysamu HadiliHe
KOpOMKOCMPOKOB8Ee NPO2HO3YBAHHA NACAXUPONOMOKY.

EmnipuyHul aHania rpyHmMyemecs HA K8APMAJIbHUX CMAMUCMUYHUX OdHUX, ONpusitoOHeHUX
YnpasniHHam yusineHoi asiayii Monbuwi. [ns 6inewiocmi aeponopmis nepiod mooeso8aHHs oxonsoe 2021-
2024 poku, mooi AK npo2HO3U CopMOBAHO 0718 Homupbox Keapmasie 2025 poky ma 3icmasnieHo 3
hakmuyHUMU cnocmepexeHHAMU. [na aeponopmy Szczecin-Goleniéw, 3 02180y Ha cneyuiyHy OUHAMIKY
nacaxuponomoky, 000amko80 po32/AHYMo nioxio 00 MoOest8aHHA HAa 0CcHO8i 0aHux 3a 2022-2025 poku. ¥
0ocnlidxeHHi 3acmocosaHo 08a Memoou NPo2HO3y8AHHA Yacosux padis: modeni ARIMA ma ETS, peanizosaHi e
cepedosuwi R. TouHicmb NPo2HO3y8AHHA OUIHEHO 3a 00NOMO20I0 CMAHOAPMHUX MempPUK NOXUOKU, 30Kpema
ME, RMSE, MAE, MAPE ma MASE, a makox mecmy JlbioH2a-bokca i ckopuzosaHo20 iHhopmayitiHozo
Kpumepito AKaike.

Pesynemamu 0ocnioxeHHA NoOKaA3anau, Wo NnocmnaHOemiyHUl KeapmasbHUl Nnacaxuponomik y
NosibCbKUX aeponopmax O0eMOHCMPYE CMIlKY Ce30HHY CMpYKmypy, xodya macwmabu ma memnu
8i0HOB/1EHHA 8IOPI3HAIMbLCA MiX OKpemumu aeponopmamu. Modeni ARIMA 3azanom 3a6e3neyytome Kpawly
AKicmb anpokcumauii ma npozHo3y8aHHA 0na binbwocmi aeponopmis, mooi Ak moodenosaHHa ETS €
doyineHiwum 8 oKpemux 8unaokax. Ompumani pesyiemamu nidmeepoXxyms, WO BUK/TIOYEHHA
donaHoeMidHUX CnocmepexeHb MOXe nidsuwumu MOYHICMb KOPOMKOCMPOKOBO20 NPO2HO3YBAHHA 8
YMOBAX, KOJIU PUHOK y8iliiog y Ho8y cmpykmypHy ¢a3y nicis COVID-19 ma nodanewiux 2eonoslimuyHux
3pyweHso. JJlocnioxeHHA pobume 8HECOK Y Memo00102i4Hy OUCKYCilo 000 Npo2HO3y8aHHA 8 asiayitiHomy
mpaHcnopmi, 0eMOHCMPYYU NPAKMUYHY YiHHICMb BUKOPUCMAHHA NOCMKPU308UX YACOBUX BIKOH 3aMicmb
MeXAaHiYHO20 NPOO0BXKeHH:A iICMOopUYHUX pAdie Yepe3 CMpPYKmMypHO HenopieHIo8aHi nepioou

Knoyosi cnoea: aBiauiiHMin  TpPaHCMOPT, aeponopT, MacCaXUpPOmMoTiK, KOPOTKOCTPOKOBE
nporHo3ysaHHsA, ARIMA, ETS, ce3oHHicTb, lNonbLia

Introduction. Forecasting air passenger
traffic at the present stage is significantly
complicated by the existence of gaps during
the Covid-19 period. It actually splits the data
into two intervals and therefore it is important
to stitch them correctly. Such interpolation
stitching will certainly affect the forecasting.
This can of course be entrusted to smart
mathematical packages. Examples of the use
of interpolation for the study of air traffic in
Poland can be found in [1-5].

However, the post- COVID period is
already quite long and one can try to use only
recent data for forecasting. Our study
deliberately discards retrospective data from
2010-2019 due to the structural breakdown

of the Polish air transport market caused by
the COVID-19 pandemic and geopolitical
changes after February 2022. The use of pre-
Covid history is considered inappropriate, as
institutional, logistical and  behavioral
patterns of passengers have undergone
significant changes. Instead, the model
focuses on the new evolutionary phase of the
market (2021-2025), which demonstrates
high predictive power in out-of-sample
testing.

The purpose of the article: forecast of
total air passenger traffic at Polish airports
based only on statistical data for the post-
COVID period.

This work is licensed under a Creative Commons Attribution 4.0 International License
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Presentation of the main research
material.

Analysis of statistical data. It should be
noted that quarterly data on total

Warsaw ChopinAirport
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(international + domestic) passenger traffic, y,
at Polish airports can be found in [6]. A general
overview of the dynamics of quarterly air
traffic at Polish airports is shown in Fig. 1.

Krakow - Balice
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Figure 1a-1f. Quarterly international + domestic passenger traffic at Polish airports for 2012 -

2025.

Source: Own study based on data from the Civil Aviation Authority, www.ulc.gov.pl.

It is clear from them that for each time
series there is a cyclical pattern with periods
of 4 quarters both in 2010-2019 and in 2022-
2025, but which is strongly disrupted in 2020.
With the exception of Szczecin - Goleniéw

airport, other airports have very similar
dynamics after 2020.

In our short-term forecasting, we used
only data starting from the first quarter of
2021. We selected 16 quarters of 2021-2024
[6] as a test set and used two different

This work is licensed under a Creative Commons Attribution 4.0 International License
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programs for forecasting: ARIMA (Auto
Regressive Integrated Moving Average) and
ETS (Error, Trend, and Seasonality) from the R
package [7]. When analyzing traffic at
Szczecin airport, the model was built on the

Table1 — ARIMA models characteristics

117-124
v.37 (2026)
https://smart-scm.org

basis of data for 2022-2025 and the forecast
was made for 2026. ARIMA results of analysis
are given in Table 1.

Best fit model Var ¢ Forecast
Warsaw 0%=0.22
Krakow 0%=0.095
Katowice ARIMA(0,1,0)(0,1,0)[4] 02=0.033 B o T
Wroclaw 02=0.013
Gdansk 02=0.035
Rzeszow 02=0.0013
Poznan ARIMA(0,0,0)(0,1,0)[4] with drift v | v=0.053, 02=0.014 Va =ViatV
Szczecin ARIMA(0,0,0)(0,1,0)[4] 02=252.4 Vi =Via

The ARIMA(0,1,0)(0,1,0)[4] is a seasonal
random walk model with a seasonal period of
4. It means that the dynamics of air

transportation is described by the following
equation.

Vi =Vt V3= Vs T &,

where ¢, represents the white noise error

term with varg, = o’ . Hence, for the forecast
value we obtain formula

)A}t+1 =Vt Vs Vi

ARIMA(0,0,0)(0,1,0)[4] with drift v for
Poznan and Szczecin airports means that

Vi = Vg TVTE.

ARIMA forecasting results for 2025 are
shown in Figure 2. In these figures, the
following notation is used: yAR - forecast
values, Low and High are lower and upper
95% confidence intervals of the prediction. As
can be seen from the Figures 2a-2h, the
results of the forecast for 2025 are in very
good agreement with the statistical data for
2025.

The results of ETS simulations are close to
those obtained by ARIMA simulations shown
in Figure 2. All best fit ETS models have the
form ETS(A, N, A): additive error (A), no trend
(N), and additive seasonality (A).

Table 2 shows standard statistical metrics
used to evaluate the accuracy of predictive
and forecasting models, p -value for Ljung-
Box test and corrected Akaike information
criterion AlCc values (AlICc) [7, 8].

This work is licensed under a Creative Commons Attribution 4.0 International License
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Figure 2a-2h. Quarterly forecast of total passenger traffic at Polish airports for 2025.
Source: Developed by the author
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Airport ME | RUSE | MAE | MAPE | MASE | JA19BO | Aice
Warsaw | ARIMA | 004 | 039 | 022 | 501 | 019 | 031 17
ETS | 026 | 042 |02 | 1125 028 | o058 | 44
Krakow | ARIMA | -0.04 | 026 | 015 | 679 | 022 | 051 | 78
ETS | 005 | 011 | 009 | 3444 | 033 | o014 | 318
Katowice | ARIMA [ -0.02 | 0.15 | 009 | 7.85 | 028 | 031 | -389
ETS | 007 | 047 [043 | 2134 | 039 | 034 | 153
Wroclaw | ARIMA | -0.01 | 010 | 0.06 | 744 | 024 | o042 | -139
ETS | 005 | 041 [ 009 | 1631 | 034 | 023 | 28
Poznan | ARIMA | -0.04 | 010 | 007 [ 1102 | 033 | 036 | 125
ETS | 006 | 012 |00 6644 | 045 | 025 | 51
Gdansk | ARIMA | -002 | 015 | 009 | 680 | 025 | 03 | -33
ETS | 009 | 047 |03 | 16.76 | 034 | 060 | 1491
Rzeszow | ARIVA | 000 | 0.03 | 002 | 1028 | 031 | 049 | -39.00
ETS | 001 | 003 [003 | 2586 | 038 | 048 |-3680
Szczecin | ARIMA | 198 | 1376 | 928 | 837 | 075 | 050 | 10
ETS |-011] 942 | 763 | 79 | 062 | o050 | 144

Here: ME is mean error,
MAE - mean absolute error,
RMSE - root mean squared error,
MAPE - mean absolute percentage error;
MASE is mean absolute scaled error.

If MASE < 1, then model performs better than
a naive baseline, if MASE > 1, then model
performs worse than a naive baseline.

Analyzing the data of Table 2, the
following conclusions can be drawn:

1. Irregular components of forecasts for
all airports are uncorrelated (Cox-Box Test p -
values >0.05)

2. For the airports Warsaw, Krakow,
Katowice, Gdansk, Poznan, Szczecin, Wroclaw,
the ARIMA model is preferable due to the
large difference in Akaike information
criterion AlCc values.

3. For airport Rzeszow the ETS model is
preferable.

4. ARIMA and ETS forecasts are better
than naive forecast (MASE<1)

For comparison, consider the results of
the work of N. Drop and A. Bohdan [2] . In this
article autors examined the quarterly
dynamics of the total passenger traffic
(domestic + international) y in test set 2010-
2024 for Szczecin - Goleniéw airport and
constructed Holt-Winters additive ETS(A,N,A)
and multiplicative ETS(M,N,M) time series
models. In [2] the forecast of y for four
quarters of 2025 has been made, but no
prediction 95% confidence intervals was
given.

We performed similar calculations to
determine the best-fit models and their
metrics. They showed that the best fit ARIMA
model is ARIMA(1,0,0)(2,1,0)[4] and the best fit
ETS model is ETS(M,N,A). The simulation
results based on the ETS(M,N,A) model are
shown in the Figure 3.
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Figure 3.y data, ETS(M,N,A) forecasted y values and 95% forecast confidence intervals for
2025 for Szczecin — Golenidw airport.
Source: Developed by the author
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Figure 4. Forecasted y values for 2025 (left); y data and 95% forecast confidence intervals for
2025 (right) for Szczecin — Goleniow airport
Source: Developed by the author

It can be seen that the ARIMA model
significantly overestimates the forecast values
of y, and the ETS model has an unrealistic
behavior of the lower confidence limit of y. All

this is a consequence of taking into account
the data from the Covid failure. The results of
metrics analysis are shown in the Table 3.

Table 3. Forecast accuracy metrics for the examined models

Model ME | RMSE | MAE | MAPE | MASE | Ljung-Box | AlCc
test p value

ARIMA(1,0,0)(2,1,0)[4] | 1.5 229 |136 |498 |052 |0.75 524

ETS(M,N,A) 101206 |127 1429 049 |0.16 621

Conclusions. In our work, based on
quarterly statistical data on total air passenger
traffic (domestic + international) for 2021-
2024 at the airports of Warsaw Chopin Airport,
Krakow-Balice, Gdansk Lech Watesa Airport,
Katowice-Pyrzowice, Wroctaw-Starachowice,
Poznan - Lawica, Rzeszow - Jasionka and
Szczecin - Goleniéw, ARIMA and ETS time

series models were built and air traffic
predictions were made for 2025. These
predictions are compared with the actual
statistical data for 2025 [6] and good
agreement of results was obtained.

These results will be useful in making
short-term predictions of air passenger traffic.
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