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Abstract

A major shift has been observed recently in the transport
industry due in no small part to the COVID-19 pandemic.
The purpose of this paper was to determine the changes
that occurred on the cargo transport market during that
period. In order to examine these changes, an analy-
sis of which mode of transport was most popular in the
European Union during 2019-2021 was conducted. For this
purpose, a comparative analysis of secondary data which
demonstrated whether the proportions of specific modes
of transport in the overall volume of cargo shipments were
similar before the declaration of the COVID-19 pandemic
and during the time when the pandemic unfolded was car-
ried out. The results of the study confirmed the prevalence
of road transport, and the market position of that mode of
transport was further strengthened during the pandemic.
The review further covered the shifts in the proportions of
the specific modes of transport in the EU member states
during the study period. The review established that these
shifts were comparable across all the member states, even
though the most dramatic change occurred with regard
to road transport. Finally, a linear regression model was
developed to investigate whether a linear relationship ex-
ists between the volume of cargo shipments undertaken by
means of road transport and the external and internal fac-
tors defined in the literature on the subject as having had
the greatest impact on the transport services market.
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subsequent period of that pandemic. The
majority of the existing body of research
published during that period and relating
to the subject matter of this study focused
on the presentation of the situation in air
and sea transport in Asian countries. The
authors of this paper, on the other hand,
intended to present the changes that oc-
curred in all modes of cargo transport in
specific European Union member states.
Not only did the study demonstrate the
restructuring of cargo transport in the
European Union, but it also identified the
mode of transport which underwent the
most rapid transformation. In addition,
the authors decided to examine whether
a statistically significant linear relation-
ship existed between the external and in-
ternal factors defined in the literature as
having had the greatest impact on cargo
transport before the pandemic. These sta-
tistics were developed for one of the most
popular European modes of transport,
namely road transport.

1. Literature review

Transport means the movement of people
or cargo from a starting point to a desti-
nation using adequate means of transport
for the specific modes of transport. In
light of the subject matter of this article,
special attention is paid further in the pa-
per to one type of transport, specifically
cargo transport, which plays an import-
ant part in the economy (Pawlak, 2015;
Soéniak and Szkutnik, 2020) as it stimu-
lates economic growth. At the same time,
it should be noted that economic growth
strongly affects cargo transport as well
(Kulpa, 2009). What can be inferred from
the above is that any changes affecting the
economy are also relevant to transport,
while any disruptions to transport pro-
cesses determine the economic situation.
Hence, it should be noted at this point that
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the relationship between transport and
economic growth is multifaceted, com-
plex, and dynamic, shifting along with
the changes that take place in the more or
less distant environment (Bernacki, 2010).
Demand for transport services is therefore
not only formed on the national level but
also on the European (Supron, 2016) and
global levels.

In addition to the prevailing economic
situation, there are other factors influenc-
ing the demand for transport services as
well. Among all the determinants of trans-
port services, external, internal and insti-
tutional factors are mentioned (Pawlowska,
2009; Pawlowska, 2015). External fac-
tors obviously include factors originat-
ing from outside the transport sector. In
this case, one should primarily mention
the fuel and energy market (Koztowski
et al., 2016; Dieaconescu et al., 2022), the
aforementioned condition of the econo-
my, demographic changes, technological
changes and social changes (Kulinska et
al., 2018; Grondys et al., 2021). The factors
from inside the transport sector include
the changes occurring within the infra-
structure (Banerjee et al., 2020; Gnap et al,,
2021; Daron, 2022) as well as the changes
in the technologies employed in transport
(e.g. in vehicles, fuels, infrastructure facili-
ties, etc.). Institutional factors, on the other
hand, are the drivers of transport business
decisions as well as the development of the
transport sector stemming from the poli-
cies pursued (Pawlowska, 2015; Berg, 2017).

The empirical part of the article focus-
es on the external and internal growth
factors applicable to transport. Taking
the aforementioned areas of influence
into account, secondary EUROSTAT data
were reviewed. This was followed by the
selection of quantitative data which best
represent the studied area of influence.
Consequently, a list was produced which is
presented in Table 1.
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Table 1. Groups of external and internal factors determining the market
for transport services with corresponding quantitative variables defining
the specific areas of influence

Area of influence of the specific
group of factors

Specification of
factors

Numerical data representing the area of influence
of the specific group of factors

Fuel and energy market

e Qiland oil products supplied to the domestic
market;

e Petrol stocks;

* Diesel stocks.

State of the economy

e (ross Domestic Product (GDP);
o GDP per capita,
o Harmonised Index of Consumer Prices (HICP);

External factors — Demographic changes

o Total fertility rate;
¢ Crude deathrate.

Technology changes

¢ Research and development expenditure,
inmillion €;

e Research and development expenditure,
in € per capita;

e Internet access in households.

Social changes

e Population;
e Unemployment rate.

Transport infrastructures
(differ by mode of transport)

o Lengthofrailway lines;
¢ Length of motorways.

Internal factors
Volume of shipments

(differs by mode of transport)

Cargo transport by rail;

Road transport of cargo;

Inland waterway cargo transport;
Cargo transpart by seq;

Cargo and mail transport by air.

Source: ownresearch

The data presented in Table 1 were used
to estimate the linear regression mod-
el. 13 different data types were allocated
to external transport determinants, while
seven types of quantitative data were dis-
tinguished among the internal drivers. The
areas of influence identified could be de-
scribed with a higher volume of numerical
data. However, the authors of the article
placed emphasis on the completeness of the
selected data and on the data referring to the
2013-2021 perspective.

Two events had the greatest impact on
the cargo transport sector during the last

two decades. The first of these was the
global economic crisis on the financial and
banking markets, which peaked during
2008-2009 (Klos, 2009) and which greatly
affected the global economy, thus having
an impact on the condition of the transport
industry. The other occurrence that had
a significant impact on cargo transport ser-
vice providers was the COVID-19 pandem-
ic (Nundy et al., 2021; Zhang et al., 2021;
Mofijur et al., 2021), declared by the World
Health Organization (WHO) on 11 March
2020. For a certain time, the pandemic led
to a partial shutdown of the economies of

33



34

many countries (Gomes and Lopes, 2022;
Ahmed et al,, 2020), disrupting mobility
and transport (Rovnak et al., 2022) and
bringing about significant changes on
the freight transport market (Lacka and
Supron, 2021).

Since 2020, research papers have be-
gun to mention the impact the pandemic
has had on transport. Initially, researchers
from various parts of the world would fo-
cused on analysing the effect of COVID-19
on air transport (e.g. Nizeti¢, 2020; Li,
2020; Yong-feng et al., 2020; Rahman et al.,
2020; Robinson et al., 2020; Forsyth et al.,
2020; Serrano and Kazda, 2020). Besides
that, a large volume of articles studied the
effect of the pandemic on the transport
preferences and behaviours of the general
population (Labonté-LeMoyne et al., 2020;
Chan etal., 2020; Barbieri et al., 2020; Song
and Choi, 2020; Wielechowski et al., 2020;
Navickas et al., 2022), while cargo trans-
port matters were only rarely mentioned
(Choi and Park, 2020). More papers on car-
go transport were published in 2021. Again,
the emphasis in these papers was primar-
ily on air transport (Shaban et al., 2021;
Bartle et al., 2021; Bierwirth et al., 2021),
followed by sea transport (Narasimha et
al., 2021; Rahmawan Destyanto et al., 2021;
Delibasic, 2022). However, research on the
impact of the pandemic on road trans-
port has recently been published (Fang,
2021; Gabedavaa and Khvedelidzeb, 2021).
During the following years (2022-2023),
research papers were published on cargo
transport in Europe as well (Zaharia et al.,
2022, Settembri and Kumar, 2023; Elbert
et al., 2023). What was clearly missing
was a publication describing the chang-
es that occurred in cargo transport in the
European Union, which would cover the
changes of their structure during the cru-
cial period after the declaration of the
COVID pandemic. This article was devel-
oped by the authors focusing on an exam-
ination of that particular period.
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2. Methodology

The research for this paper covered car-
go transport in the European Union. The
purpose of the research was to present the
changes that occurred in cargo transport
during the period of the COVID-19 pan-
demic and to determine whether a statisti-
cally significant relationship exists between
the external and internal factors relevant
to this mode of transport.

The main research problems have been
stated as follows:

e What were the changes in the propor-
tions of specific modes of transport
in cargo shipments in 2020 compared
to 20197

e Does a statistically significant depen-
dence exist between the volume of ship-
ments carried in cargo transport and the
external and internal factors affecting
the transport services market?

Certain research hypotheses have been
developed on the basis of the research
problems.

The first primary hypothesis was as
follows:

H1: The utilisation of specific modes of
transport as percentages of the en-
tire volume of cargo shipments in the
European Union in 2020 (the year in
which the COVID-19 pandemic was
declared) did not change significantly
in comparison to 2019 (the year preced-
ing the pandemic).

This hypothesis was extended with a sec-
ondary hypothesis, as follows:

H1.1: The changes in the proportions of
specific modes of transport within
the entire volume of cargo shipments
were similar across the European
Union member states.

Another research hypothesis is also de-
fined in the article, as follows:

H2: A linear relationship exists between
the volume of shipments carried with-
in the territory of the European Union
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and the quantitative data representing
the external and internal drivers of the
transport service market.

The following secondary hypotheses
were defined on the basis of the second pri-
mary hypothesis:

H2.1: A linear relationship exists be-
tween the dependent variable, i.e.
the volume of shipments carried
by road, and the predictors, i.e. the
quantitative data representing the
external factors affecting cargo
transport in the European Union;

H2.2: A linear relationship exists be-
tween the dependent variable, i.e.
the volume of shipments carried
by road, and the predictors, i.e. the
quantitative data representing the
internal factors affecting cargo
transport in the European Union;

One of the quantitative research meth-
ods, i.e. document analysis, was used in the
course of verifying the first research hy-
pothesis. Among the documents covered

by the analysis were data published on the
official Web pages of the Statistical Office
of the European Union (EUROSTAT) and
the Central Statistical Office of the Republic
of Poland (GUS). The use of secondary data
originating from the aforementioned sourc-
es and the application of the linear regres-
sion model facilitated the verification of the
second research claim.

3. Research results
3.1. Analysis of secondary data

The research was divided into two stages.
Stage one covered the analysis of second-
ary data, including the volume of cargo
shipments in the European Union member
states measured in thousands of tonnes.
In the course of the analysis, the structure
of cargo shipments in 2019 and 2020 (the
year before and immediately after the dec-
laration of the COVID-19 pandemic by the
WHO) was determined; the results are pre-
sented in Table 2.

Table 2. Structure of cargo shipments in the EU member states by mode of transport
during 2019-2020

Change in 2020 vs. 2019

Mode of transport 2019 2020 [pp.]
Road 52.0% 53.3% 130
Rail 12.0% 11.5% -0.50
Pipeline 30% 2.8% -0.20
Inland waterway 41% 40% -010
Sea 28.8% 282% -0.60
Air 01% 01% 0.00

Source: own research based on Zegluga $rodlgdowa w Polsce w latach 2020 i 2021 [Inland shipping
in Poland in 2020 and 2021] (2022), Gtéwny Urzqd Statystyczny, Urzgd Statystyczny w Szczecinie
[Central Statistical Office of the Republic of Poland, Statistical Office in Szczecin], Warszawa,
Szczecin, 2022, 0$rodek Statystyki Morskiej [Maritime Statistics Centrel, p. 81

Considering the data presented in Table 2,
it is reasonable to draw the conclusion that,
across all modes of cargo transport, road

transport accounted for the highest pro-

portion of total transport in both the years
covered by the analysis, followed by sea, rail,
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inland navigation, pipeline, and air trans-
port. By comparing the structure of car-
go shipping across all modes of transport
during the two years of analysis, a relative
increase was noticed only in the case of
road transport, in this case by 1.3 percent-
age points. Decreases were recorded for sea
transport (-0.6 pp.), rail transport (-0.5 pp.),
pipeline transport (-0.2 pp.) and inland wa-
ter transport (-0.1 pp.). Only for air trans-
port did the situation remain unchanged.
The results of the study have brought about
the positive verification of the first research
hypothesis, namely that the percentages of
specific modes of transport across the entire
volume of cargo shipments in the European
Union in 2020 (the year in which the
COVID-19 pandemic was declared) did not
change significantly in comparison to 2019
(the year preceding the pandemic).
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The next stage of research aimed to ver-
ify whether the change in proportions of
specific modes of transport in terms of the
overall cargo shipping volume, defined
in percentage points, was similar across
all the member states of the European
Union. This task involved gathering the
available data on cargo shipments for the
particular modes of transport, measured
in thousands of tonnes. The structure of
shipments was determined in the 27 EU
member states on this basis. Afterwards,
the estimated percentages were compared,
taking the years 2019, 2020 and 2021 into
account. The assumption was that a mi-
nor difference between the values would
be present when the gap is lower or equal
to 10 percentage points. The gap was de-
termined on the basis of the following
formula:

R =X05 = Xmin

where x is the difference between the stud-

ied variables, given in percentage points.
Shipments of cargo by road were re-

viewed first (Table 3). The list comprises

26 member states as the volumes of cargo
shipped by road were not available for Malta
for the period of analysis.

Table 3. Cargo shipments by road transport as percentages of total cargo shipments
in the European Union member states and the difference in percentages during the
period of analysis

2020-2019 percentage

2021-2020 percentage

EUMember State 2019 2020 2021 difference difference
[pp.] [pp.]
Belgium 39.50% 39.06% 3780% -044 -126
Bulgaria 59.78% 66.30% 6947% 6.52 317
Czechia 8158% 8199% 8187% 041 -012
Denmark 61.09% 6335% 62.21% 2.26 -114
Germany 7709% 7809% 7692% 100 -117
Estonia 3243% 3030% 3153% 213 123
Ireland TA6T% 1291%  7376% -176 085
Greece 6447% 6185% 6031% -2.02 -1.54




Changes in Cargo Transport in the European Union..

2020-2019 percentage

2021-2020 percentage

EUMember State 2019 2020 2021 difference difference
[pp.] [pp.]
Spain 7345% 7446% 7546% 1.01 100
France 76.09% 7677%  7775% 0.68 098
Croatia 6307% 61.60% 62.87% -147 127
Italy 5770% 5854% 5811% 084 -043
Cyprus 7974% 7765% 79.79% -2.09 214
Latvia 4166% 5278% 56.77% 1112 399
Lithuania 4571% 4835% 50.88% 2.64 253
Luxembourg 82.55% 8137% 8140% -118 0.03
Hungary 7323% 7196% 75.57% -1.27 3.6l
Netherlands 4057% 4192%  4117% 135 -075
Austria 7283% 7251% 7327% -0.32 076
Poland 7973% 8060% 80.41% 087 -019
Portugal 6141% 5929% 60.86% 212 1.57
Romania 6279% 06657% 67.30% 378 073
Slovenia 6758% 70.67% 7099% 309 032
Slovakia 7516%  7499% 73.45% -017 -1.54
Finland 02.87% 6385% 64.36% 098 0.51
Sweden 6523% 6646% 66.76% 123 030
R 13.74 553

Source: own research based on EUROSTAT data

Compared to 2019, the largest negative
difference for the percentage of road trans-
port in all cargo shipping volume in 2020
was observed for Greece, at a level of -2.62
pp. The most significant decrease during
2020-2021, on the other hand, was recorded
for Slovakia, at -1.54 pp. The largest growth
in percentage terms in both the first and the
second period of analysis occurred in Latvia,
initially 11.12 pp., and subsequently 3.99 pp.
It should be noted that in 2019 and 2020, the

gap for all the established values was at 13.74,
whereas it was 5.53 for 2020 and 2021. It
may therefore be concluded that the change
in proportions of the particular modes of
transport in cargo shipments in the member
states was diverse in the first period of ana-
lysis, whereas this diversity was only slight
in the second period.

Subsequently, rail transport data were
analysed, the results of which are presented
in Table 4.
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Table 4. Cargo shipments by rail transport as percentages of total cargo shipments
in the European Union member states and the difference in percentages during the
period of analysis

2020-2019 percentage

2021-2020 percentage

EUMember State 2019 2020 2021 difference difference
[pp.] [pp.]
Bulgaria 780%  797%  797% 017 000
Czechia 1599% 1621% 16.29% 022 008
Denmark 310%  3006% 2.52% -0.04 -0.54
Germany 875%  814%  900% -0.61 086
Estonia 2439% 2057% 2543% -382 486
Ireland 016% 023% 020% 0.07 -003
Spain 125%  113% 115% -012 002
France 428% 423% 446% -005 023
Croatia 123% 1144% 11.23% 021 -021
Italy 556% 568%  613% 012 045
Latvia 2344% 1678%  1516% -6.66 -1.62
Lithuania 2503% 2413% 2297% -090 -116
Luxembourg 658% 657% 627% -001 -0.30
Hungary 1889% 1985% 1753% 096 232
Netherlands 251%  245% 250% -0.06 0.05
Austria 1858% 1895% 18.84% 037 -0
Poland 1237% 1173%  1210% -0.64 037
Portugal 369% 381%  375% 012 -0.06
Romania 1439% 1240% 12.60% -199 020
Slovenia 1613% 1508% 14.60% -105 -048
Slovakia 1864% 1848% 23.69% -016 5.21
Finland 894% 936%  998% 042 062
Sweden 990%  976%  9.82% -014 0.06
R 762 753

Source: own research based on EUROSTAT data

Four member states were not included
in the analysis of statistical data in this case.
Malta and Cyprus do not have railway sys-
tems, whilst data was unavailable for Belgium
and Greece. The most significant negative
shift in the proportion of rail transport with-
in cargo shipments during 2019-2020 was

observed in Latvia, while the largest posi-
tive shift occurred in Hungary. In as many
as 15 cases, the negative or positive shift did
not exceed 0.5 percentage points. Moreover,
based on the research assumptions, the gap
of 7.62 between the analysed values provides
grounds for inferring that the changes in the
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proportions of specific modes of transport
in the overall volume of cargo shipments in
the member states were insignificant during
2019-2020. The difference for 2020-2021 was
7.53, which is another indication of minor
shifts in the proportion of rail transport in
the total volume of cargo shipments in the EU
member states. Interestingly, following the
initial increase of the share of such shipments
in 2019-2020 in Hungary, this proportion re-
corded the largest decrease in the subsequent

period of analysis, by 2.32 percentage points.
On the other hand, following a minor de-
cline in the significance of rail transport in
Slovakia during the first period of analysis,
the change in this area was highest in the sub-
sequent interval, at 5.21.

Another mode of transport studied was
inland waterway transport, for which data
from 17 EU member states were available for
analysis. The results of the analysis are pre-
sented in Table 5.

Table 5. Cargo shipments by inland water transport as percentages of total cargo
shipments in the European Union member states and the difference in percentages
during the period of analysis

2020-2019 percentage

2021-2020 percentage

EUMember State 2019 2020 2021 difference difference
[pp.] [pp.]
Belgium 2166% 22.32% 22.61% 0.66 029
Bulgaria 063% 921%  799% -042 122
Czechia 013% 007% 006% -0.06 -0.01
Germany 493% 471%  483% -0.22 012
France 299% 285% 2.67% -014 -0.18
Croatia 505% 540% 484% 035 -0.56
ltaly 002% 005% 006% 003 001
Lithuania 001% 000% 0.07% -0.01 007
Luxembourg 060% 1042% 1050% 082 008
Hungary 3%  337% 276% 026 -0.61
Netherlands 2103% 2138% 21.65% 035 027
Austria 154%  160%  150% 006 -01
Poland 015%  014% 011% -0.01 -0.03
Romania 814%  762%  705% -0.52 -0.57
Slovakia 258% 267% 285% 009 018
Finland 012%  012%  014% 000 002
Sweden 009% 013% 028% 004 015
R 134 151

Source: own research based on EUROSTAT data

Upon consideration of the changes in the
proportions of inland waterway transport
to overall cargo shipping in the European

Union during 2019-2020, the largest nega-
tive shift occurred in Romania, while the
largest positive shift was in Luxembourg.
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During 2020-2021 Belgium had the most
significant positive change and Bulgaria had
the greatest negative shift. For the first peri-
od of analysis, the gap between the analysed
values was at 1.34, followed by 1.51 for the
second period. Hence, we may infer that, as
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in the case of rail transport, the change in
inland waterway shipments as a proportion
of the total volume of cargo transport was
insignificant as well.

Another mode of transport reviewed was
transport by sea (Table 6).

Table 6. Cargo shipments by maritime transport as percentages of total cargo
shipments in the European Union member states and the difference in percentages
during the period of analysis

2020-2019 percentage 2021-2020 percentage

EU Member State 2019 2020 2021 difference difference
[pp.] [pp.]
Belgium 38.64% 3840% 39.30% -0.24 090
Bulgaria 1617% 1229%  11.29% -388 -1.00
Denmark 3413% 3250% 3418% -163 1.68
Germany 708%  690%  716% -0.18 025
Estonia 4316% 4912% 43.03% 506 -6.09
Ireland 2510% 2678% 2597% 168 -0.82
Greece 3541% 3813% 39.66% 273 1.53
Spain 2367% 2311% 2213% -0.56 -097
France 1407% 1397% 13.09% -009 -0.88
Croatia 1600% 1634% 16.01% 034 -0.33
[taly 2995% 2945% 29.53% -0.50 0.08
Cyprus 2017% 22.28% 2014% 21 214
Latvia 3335% 2937% 2764% -399 -1.73
Lithuania 2369% 2327% 2221% -042 -106
Malta 9977% 99.77% 99.53% 0.00 -0.24
Netherlands 3578% 3415% 34.58% -163 043
Poland 497%  476%  492% -021 016
Portugal 3362% 3589% 34.38% 2.28 -1.91
Romania 1299%  11.79%  11.65% -1.20 -014
Slovenia 1628% 1424% 14.40% -2.04 016
Finland 2801% 2662% 2547% -1.39 -115
Sweden 2476% 2363% 2313% -113 -0.50
R 094 177

Source: own research based on EUROSTAT data
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Minor changes in the proportions of sea
transport were recorded in the first and sec-
ond study intervals. The gap of the values
was 9.94 percentage points and at 7.77 pp., re-
spectively. This proportion grew most signifi-
cantly during 2019-2020 in Estonia, to reach
5.96 pp. However, in the same member state,
the growth in the relative use of this type of
transport fell by as much as 6.09 pp. during
2020-2021, to ultimately reach a lower val-
ue than before the WHO declaration of the

pandemic. A 3.98 pp. decrease was recorded
for Latvia in the first period of analysis, while
the largest growth in the second period of
analysis occurred in Denmark. However, this
growth was offset by a decrease in the relative
proportion during 2019-2020.

The least significant percentage shifts
occurred for air transport. The gaps defined
for this mode of transport would equal 0.40
and 0.24 in the first and second period of
analysis, respectively (Table 7).

Table 7. Cargo shipments by air transport as percentages of total cargo shipments
in the European Union member states and the difference in percentages during the
period of analysis

2020-2019 percentage

2021-2020 percentage

EUMember State 2019 2020 2021 difference difference
[pp.] [pp.]
Belgium 019% 023% 028% 004 005
Bulgaria 002% 001%  001% -001 000
Czechia 002% 001% 002% -001 001
Denmark 009% 006% 009% -003 003
Germany 011% 0.11% 013% 0.00 002
Estonia 001% 001%  001% 0.00 000
Ireland 007% 007% 007% 0.00 000
Greece 002% 002% 002% 0.00 000
Spain 004% 003% 004% -001 001
France 0.11% 010%  0l% -0.01 001
Croatia 001% 001%  001% 000 000
ltaly 006% 005% 006% -0.01 001
Cyprus 009% 007% 007% -0.02 000
Latvia 001% 001% 002% 000 001
Lithuania 001% 001%  001% 0.00 000
Luxembourg 127%  164%  184% 037 020
Hungary 003% 003% 004% 0.00 001
Malta 023% 023% 047% 000 024
Netherlands 010%  010%  0l% 0.00 001
Austria 004% 003% 004% -001 001
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2020-2019 percentage

2021-2020 percentage

EUMember State 2019 2020 2021 difference difference
[pp.] [pp.]
Poland 001% 001%  001% 000 000
Portugal 008% 006% 007% -0.02 001
Romania 001% 001%  001% 000 000
Slovenia 001% 001%  001% 0.00 000
Slovakia 001% 001%  001% 0.00 000
Finland 005% 004% 004% -001 000
Sweden 002% 002% 002% 000 000
R 040 024

Source: own research based on EUROSTAT data

Upon reviewing the data presented in
Table 7, it may be concluded that air transport
was least susceptible to changes in the use of
this mode of transport as a proportion of the
overall cargo shipped across the European
Union during 2019-2021. Moreover, no de-
crease in this percentage was recorded in any
of the Member States in the second period of
analysis. In the first period of study, the most
significant drop occurred in Denmark, but
this change in proportion was balanced by

a subsequent increase in the following period.
The highest increase in 2019-2020 occurred
in Luxembourg (0.37 pp.) and in 2020-2021
in Malta (0.24 pp.).

The official EUROSTAT Web pages pres-
ent the data illustrating the volumes of cargo
shipments in transport via pipelines for sev-
enteen member states. On the basis of such
data, the use of this mode of transport as
a percentage of the overall volume of cargo
transport was determined (Table 8).

Table 8. Cargo shipments by pipeline as percentages of total cargo shipments in the
European Union member states and the difference in percentages during the period of
analysis

2020-2019 percentage

2021-2020 percentage

EUMember State 2019 2020 2021 difference difference
[pp.] [pp.]
Bulgaria 660% 422% 327% -2.38 -095
Czechia 229% 172%  177% -0.57 005
Denmark 159%  102%  100% -0.57 -0.02
Germany 205% 205% 197% 000 -0.08
Greece 0l%  000% 000% -0 000
Spain 159%  128%  122% -031 -0.06
France 247% 208%  192% -0.39 -016
Croatia 464% 521%  504% 057 -0.17
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2020-2019 percentage

2021-2020 percentage

EUMember State 2019 2020 2021 difference difference
[pp.] [pp.]
[taly 672% 623%  611% -049 -012
Latvia 153%  106%  041% -047 -0.65
Lithuania 556% 423% 386% -1.33 -0.37
Hungary 474%  479%  410% 005 -0.69
Austria 701%  690%  6.35% -0 -0.55
Poland 277%  277%  246% 0.00 -0.31
Portugal 121%  095%  093% -0.26 -0.02
Romania 168%  160%  140% -008 -0.20
Slovakia 361% 385%  0.00% 024 -385
R 295 390

Source: own research based on EUROSTAT data

For transport via pipelines, the gap deter-
mined for the two periods of analysis was in-
significant as well, at 2.95 percentage points
and 3.9 pp., respectively. During 2019-2020,
the largest positive shift of 0.57 pp. occurred
in Croatia. In 2020 and 2021, on the other
hand, this growth rate was at 0.05 pp. in the
Czech Republic. The most significant de-
creases were recorded for Bulgaria during
the first period (-2.39 pp.) and for Slovakia
during the second period (-3.85 pp.).

The results of the study provided
grounds for the positive verification of one
of the specific hypotheses, stating that the
changes in proportions of specific trans-
port modes within the entire volume of
cargo shipments were similar across the
European Union member states. For all
specific cases, there was a minor shift in
the proportions of specific modes of trans-
port in the overall cargo shipping volume,
at less than 10 percentage points. However,
it should be emphasised that as we anal-
yse the gap defined for the difference in
percentages during the specific periods
for the EU member states, the most prom-
inent changes occurred in 2020 in the
case of road transport. It may therefore

be concluded that this mode of transport
was most susceptible to the impact of the
COVID-19 pandemic.

3.2. Linear regression model

The second stage of research aimed to pro-
duce an answer to the second research ques-
tion of whether a statistically significant
dependence between the volume of car-
go transport shipments and the external
and internal factors affecting the market
of transport services exists. In order to ar-
rive at an answer to that research question,
a second research hypothesis was stated as
follows: a linear relationship exists between
the volume of shipments carried within the
territory of the European Union and the
quantitative data representing the external
and internal drivers of the transport ser-
vice market. Whereas road transport played
an essential role in shipping cargo in the
European Union during the study periods,
this mode of transport was taken into ac-
count in the process of gathering data and
building a linear regression model.

External factors, i.e. 13 types of quanti-
tative data representing five areas of influ-
ence, were analysed first. A linear regression
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model was used to investigate the existence
of a linear relationship between variables.

Yi=ag+

In this model, the value of «; tells us how
many units the response variable Y will
change by if the explanatory variable X in-
creases by one unit.

At first, an explanation of variable Y
was attempted, i.e. the volume of cargo
shipments by road transport in particular
European Union member states (measured
in thousands of tonnes) during the period of
2013-2021, depending on predictors such as:

X1 -oil and oil products supplied to the
domestic market;

X2 - petrol stocks;

X3 - diesel stocks;

X4 - Gross Domestic Product (GDP);

V=

KRil v

where:
V - coefficient of variation
s — standard deviation
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The general form of the model can be shown
in the following formula:

0(1X1 + &

X5 — GDP per capita;
X6 - Harmonised Index of Consumer
Prices (HICP);
X7 - total fertility rate;
X8 - crude death rate.
X9 -research and development expendi-
ture, in million €;
X10 -research and development expendi-
ture, in € per capita;
X11 - Internet access in households;
X12 - population;
X13 - unemployment rate.
For the specified explanatory variables,
coefficients of variation were calculated on
the basis of the following formula:

-100%

X - arithmetic mean of the variable value
The calculations for the variables under
consideration are shown in Table 9.

Table 9. Linear regression model explanatory variables for external factors - selected
descriptive statistics

Variable X Arithmetic mean Standard deviation Coefficient of variation
X 481,20788 21,379.81 444%
X, 14,610.00 41773 2.86%
X3 49,67764 317245 6.39%
X4 29,078.89 2,174.38 748%
X5 100.00 0.00 0.00%
Xe 102.72 328 319%
X; 154 002 142%
Xg 4,715,158 44 318,710.72 6.76%
Xq 282,4278I 30,765.35 10.89%
Xi0 634.37 66.37 10.46%
X 8549 532 6.22%
Xi2 445,036,453.00 2,073,053.53 047%
Xia 8.77 182 20.78%

Key: Explanatory variables which were included in the estimated form of the linear regression model.
Source: own research findings
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Following the analysis of the coefficients
of variation, it has been determined that only
three explanatory variables could be includ-
ed in the modelling process in this case. The
assumption was that in order for the explana-
tory variables to be included in the model, the

coefficient of variation had to be equal to or
higher than 10%. These variables included re-
search and development expenditures (mea-
sured in € per capita) and the variable rate of
unemployment. At this point, the linear re-
gression model was presented as follows:

Y'[ = ao + a1X9t + a2X10t + 0.3X13t + £

Regression statistics were determined for
these variables (Table 10) as well as a sum-
mary of statistics (Table 11).

Table 10. Regression statistics for the analysed variables: volume of shipments and
external factors

Regression statistics

R-multiple
R-squared
Adjusted R-squared
Standard error
Observations

0941804
0.886995
0.819192
1799569
9

Source: own research findings

Table 11. Summar of statistics for the analysed variables: volume of shipments and
external factors

ot Sl (s s 21 U
Intersection 11044229 3115705 3544697 001648 3035056 19053403 3035056 19053403
Xo 202397 2427051 -120474 028221 -016291 3314959 -016201 3314950
Xio 1360871 1098128 1239265 0270243 -146196 4183698 -146196 4183608
Xi3 -202292 1590031 -127225 0259239 -611022 2064386 -611022 206438.6

Source: own research findings

Considering the general form of the mod-
el and the determined coefficients, Table 11
presents the estimated form of the model:

Y= 11044 229 — 292,397 Xo, + 136 087,1 X — 202 292 X, 3,

The coefficient of determination R* was
estimated at 0.886995 in this case, which
means that the regression line estimated on
the basis of the variables was well adjusted
to the data. Further steps were intended

to verify whether the explanatory variables
were statistically significant, i.e. whether p <
0.05. As it transpired from the study results
presented in Table 11, none of the explanato-
ry variables (X9, X10, X13) met this criterion.



Therefore, the secondary hypothesis that
a linear relationship exists between the de-
pendent variable, i.e. the volume of ship-
ments carried by road, and the predictors,
i.e. the quantitative data representing the
external factors affecting cargo transport in
the European Union, has not been verified.
Verification of the subsequent second-
ary hypothesis required the collection of
secondary data representing the areas of
influence of the internal factors on the car-
go transport in the European Union during
2013-2021. As in the preceding case, an
explanation of variable Y was attempted,
i.e. the volume of cargo shipments by road
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transport in the particular European Union
Member States (measured in thousands of
tonnes). The following variables were in-
cluded among the predictors (explanatory
variables) in this case:
X1 -length of railway lines
X2 -length of motorways
X3 - cargo transport by rail
X4 -inland waterway cargo transport
X5 - gross weight of goods transported at
all ports

X6 - cargo and mail transport by air

Here, coefficients of variation were again
calculated for the specified explanatory
variables (Table 12).

Table 12. Linear regression model explanatory variables for internal
factors - coefficient of variation

Variable X Arithmetic mean Standard deviation Coefficient of variation
X 19707358 7,876.08 398%
Xz 69,158.77 1,490.72 216%
X3 1,500,704.00 46,355.46 309%
X4 53312167 18,80217 353%
Xs 3,4006,62789 129,55317 380%
Xs 13,001.56 115180 8.86%

Source: own research findings

Whereas only those explanatory variables
were to be included in the linear regression
model for which the coefficient of variation
was at least 10%, none of the values presented
in Table 12 met this criterion. Hence, it is not
possible to build a linear regression model
that would verify the existence of a linear
relationship between the dependent vari-
able, i.e. the volume of shipments carried by
road, and the predictors, i.e. the quantitative
data representing the internal factors affect-
ing cargo transport in the European Union.
As a consequence, the latter secondary re-
search hypothesis could not be verified. In
summary, the study has demonstrated that
the second research hypothesis, according
to which a linear relationship exists between

the volume of shipments carried within the
territory of the European Union and the
quantitative data representing the external
and internal drivers of the transport service
market, could not be verified.

4. Discussion

In the course of the research procedures, it
has been concluded that the COVID-19
pandemic certainly had an impact on the
transport sector. These changes were notice-
able among the European Union member
states as well. The essential conclusion of the
study is that the situation strengthened the
position of road transport in terms of the
overall volume of cargo shipping. Moreover,
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the proportions of such shipments in the
EU member states during the study period
changed most dynamically. It was further
found that the least significant percentage
shifts were recorded for air transport. Other
conclusions were as follows:
1. 2020, i.e. the year in which the COVID-19
pandemic was declared, was a period of

notwithstanding the high costs involved
in this type of transport. Moreover, K.
Jureczka (2022) observed that the num-
ber of shipments carried by road vehicles
increased in 2020 (compared to 2019),
which could have led to an increase in
the proportion of this mode of transport
in overall cargo shipping.

significant changes on the transport ser- 4. A minor change in the proportions of

vices market. This outcome is consistent
with the results of K. Jureczka’s (2022)
research, which noted that the transport,
shipping and logistics sector was most
disrupted by the COVID-19 pandemic
in March and April 2020. Moreover, as
A. Pomykata (2020) noted, the econom-
ic slowdown period in spring stressed
the importance of well-functioning sup-
ply chains in many countries, as well as
the need to respond quickly to the vari-

specific modes of transport within the
overall cargo shipping volumes was ob-
served during 2019-2021 in the European
Union member states. The most signifi-
cant differences (determined by means
of the calculation of the gap for the stud-
ied values) occurred for road transport,
albeit only for 2020. In addition, the gap
determined for maritime transport in
the same year was nearly 10 percentage
points.

ability of the environment. 5. The following transport modes were

2. In 2021, which was the subsequent study
period, the situation on the cargo trans-
port market was less dynamic than in
the first period of study. In addition, K.
Jureczka (2022) noted that the COVID-19
pandemic forced transport companies
to implement new solutions in their op-
erations in order to be able to survive.
Among these new developments, there

least susceptible to the shifts in propor-
tions, in the order below: air transport,
inland waterway transport, and trans-
port by pipelines. The reason may be the
fact that such shipments are generally
a low proportion of the entire volume of
shipments, and the economic situation
during the pandemic has only affected
them to a negligible extent.

was an intense growth of digitalisationin 6. Three predictors could be used to build

transport. As emphasised by T. Rokicki
and K. Wojtczuk (2021), the solutions
developed at that time may come useful
in the event of another crisis (not only
a subsequent pandemic).

3. During the pandemic, the proportion of
road transport in the European Union
increased. If we compare 2019 and 2020,
the growth rate was at 1.3 percentage
points. Conversely, decreases were re-
corded for the other modes of transport.

a linear regression model for the volume
of cargo shipping in road transport in
the European Union and the external
factors for modelling: research and de-
velopment expenditures in million €; re-
search and development expenditures in
€ per capita; and the unemployment rate.
However, the conclusion drawn from the
modelling process was that the distin-
guished variables were not statistically
significant.

This conclusion is consistent with the 7. A linear regression model could not be

results obtained by M. Menes (2022),
who stated that the extensive use of road
transport for cargo shipments is still
characteristic of developed economies,

defined for the internal factors affecting
the volume of cargo shipments by road in
the European Union because of the low
variability of the studied variables.
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Conclusions

Apart from the economic situation, other
factors that determine the demand for trans-
port services exist. These factors can gener-
ally be divided into external, internal and
institutional ones. The situation in the more
or less distant environment is also relevant
to the volume of cargo shipped. This was
recently noticeable during the COVID-19
pandemic, when the transport sector ex-
perienced certain interim difficulties relat-
ed to shipment planning and organisation,
which was emphasised in research by Xiang
et al. (2021), Lu et al. (2021), Perkumiené et
al. (2021), and Dominiak (2022). In many
cases, a change of approach was neces-
sary for business operations, particularly
the need for a more flexible approach to the
services provided, or placing less empha-
sis on the costs of operations. The role of
these measures was to survive the period of
hardship. After a certain period of time (ap-
proximately one year), the situation on the
transport market stabilised, as emphasised
by researchers such as K. Jureczka (2022).
Tzvetkova (2021) noted that the transport
sector in the European Union was still re-
quired to face a great deal of difficulty in or-
der to overcome the negative consequences
of the COVID-19 pandemic. A certain sta-
bilisation in cargo transport after 2021 was
verified by the relevant research. A change
in proportions of shipped cargo was ob-
served in almost all modes of transport, al-
beit air transport was an exception, with the
lowest differences in percentages during the
study periods. The changes during the pan-
demic were most dynamic in road transport.
In this case, the change in the volume of this
mode of transport as a percentage of the
overall cargo shipping volume determined
for the period of 2019-2020 was the highest,
whereas it was no longer so significant in the
subsequent period of study, i.e. 2020-2021.
Obviously, there were certain limitations
to the studies. Specifically, data availability
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was an issue. For some member states, no of-
ficial data were available for specific modes
of cargo transport. Moreover, examining
the transport market conditions in 2022
was not feasible because EUROSTAT had
not published the complete data for that
period as at the date of submission of this
paper. Therefore, it will be more feasible
to verify the cargo transport situation in the
European Union after 2022 by means of sub-
sequent research.
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