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EVOLUTION OF THE ROAD AND RAIL TRANSPORT
OF GOODS IN EUROPEAN COUNTRIES BEFORE
AND AFTER THE FINANCIAL CRISES

The main goal of this paper is to analyse recent trends in freight transport volumes as well as their relation to

socio-economic and infrastructural variables, in the case of the following major European countries: France, Germany,
Italy, Poland, Spain and the United Kingdom. This analysis refers to the period 2005-2016, so that years affected by the
global economic crisis, which shows its peak in 2009, are taken into account. This research demonstrated that not all
the countries under study show a strong relation between freight traffic and GDP as it could have been expected based
on well consolidated experiences and studies. Moreover, other relations are investigated, with mixed results, between

the freight traffic volumes and the extension of the rail and road networks as well as oil price data.
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1 Introduction

Traditionally, the freight transport volumes are
considered to depend on several socio-economic variables,
as well as variables directly related to the transport system,
such as the extension and features of transport network
and oil price [1-2]. The main socio-economic variable,
whose impact is typically considered to be the most
relevant one on the freight traffic volumes, is the Gross
Domestic Product (GDP) [3-7]; theoretically, more goods are
produced and more will have to be transported within the
country under consideration. Moschovou [8] illustrated this
relation focusing on the recent period of crisis in Greece.
Moreover, kilometres of the road and rail infrastructures in
the country can affect the total freight transport [9-13]. In
addition, oil price affects freight transport [14-15]: across
the board, the higher the oil price is, the higher will be the
amount of goods that will be transported by train rather
than truck. In this paper, the above mentioned relations and
factors are analysed under qualitative as well as quantitative
perspectives, for six among the major European countries
and with reference to the period 2005-2016.

2 The data set

Both socio-economic and transport system variables
are taken into account, in the case of six European
countries, with similar territorial surface and population,
i.e. France, Germany, Italy, Poland, Spain and the United
Kingdom.

All these countries are populated by between 40 and
80 million of inhabitants and show a surface of between

250 and 650 thousands square kilometers. For each country,
data about the GDP, transport supply and freight transport
volumes between year 2005 and 2016 are taken into
consideration from different data sources [16-18], in order
to investigate their statistical relations.

2.1 The Gross Domestic Product

Figure 1 shows the trends in the GDP values, collected
from the Eurostat database for each European country
belonging to the study sample, with reference to the period
2005-2016. All the GDP data are expressed in billion of
euros, with reference to chain-linked values, taking 2010
as the base year. The economic crisis has shown its peak
point after 2008, causing a turnaround in GDP trends for all
the countries analysed, with the only exception of Poland.
The UK, but especially Italy, show a significant decline:
however, while the UK after 2008 has shown a strong
recovery, the recovery for Italy has not been completed yet
and Italian GDP in 2016 is the only one, which is still lower
than that of 2005.

From 2005 to 2016, Poland shows a total growth in its
GDP of 50.8%, proving to be much more dynamic compared
to the other countries, that register a total growth between
8% and 18% only, for the whole period: 10% for France, 18%
for Germany, 8% for Spain and 16% for the UK. Only Italy
shows a negative growth rate equal to -3%. Poland seems
not to have perceived the economic crisis at all, showing a
constant growth along the study period.

Antonio Danesi!, Davide Ongari?, Cristian Poliziani*, Federico Rupi’
"Department of Civil, Chemical, Economic and Environmental Engineering, University of Bologna, Italy

“Freelance transport analyst, Milan, Italy
*E-mail of corresponding author: cristian.poliziani2@unibo.it

VOLUME 21

COMMUNICATIONS 4/2019

2
£
B
[=N
3
=}
&
g
:
~
=
E
g
o
&
|

g
£
g
B
2
=]
=9
g
1
=8
=
=]
E
o
&
B
[
E
E
<.
B
(=]
g
:
1=H
©
&
£
g
=2
=.
g
)
E
5
P
g
B
{
&
g
g
=
©
B
g
2
H
g
=
)
B,
:
£
=2

g
e
2
B
=3
B
=
g
8
&
2
s
o
=
£
&
=
g
g
A
g
o
g
o]
E
-3
=
g
H
Q
=3
B
2
=3
&
=
g
=
&
S
=1
=
<
)
g
:
B
B
E
8
B
&
a
=]
2
Ly
e
:
&
B
g
&



DANESI et al.

GDP (chain linked volumes 2010 in billion €) trend 2005 - 2016
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Figure 1 2005-2016 GDP trends, in billions of euros, calculated in chain linked values (base year: 2010),
Jfor the countries under study

Table 1 Railway total length (km)

Country 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 A% A
FR 29286 29463 29918 29901 29903 29871 30404 30581 29784 30905 28808 28364 32 922
DE 34221 34122 33890 33855 33714 33707 33576 33509 38703 38836 38828 38990 140 4769
IT 16545 16627 16667 16861 17004 17022 17045 17060 17070 17037 17041 17096 3.3 551
PL 19507 19429 19419 19627 19764 19702 19725 19617 18959 18942 18510 18429 55  -1078
ES 15015 15212 15554 15550 15330 15837 15932 15922 15937 15901 16050 15922 6.0 907
UK 16208 16193 16212 16212 16151 16175 16408 16423 16423 16209 16209 16253 0.3 45

Table 2 Motorway total length (km)

Country 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 A% A
FR 10798 10848 10958 11042 11163 11392 11413 11413 11552 11560 11599 11612 75 814
DE 12363 12531 12594 12645 12813 12819 12845 12879 12917 12949 12993 12996 5.1 633
IT 6542 6554 6588 6629 6661 6668 6668 6726 6751 6844 6943 6943 6.1 401
PL 552 583 663 765 849 857 1070 1365 1482 1556 1559 1640 197.1 1088
ES 11432 12073 13013 13518 14021 14262 14554 14701 14981 15049 15336 15444 351 4012
UK 3666 3669 3673 3674 3672 3686 3733 3766 3760 3769 3768 3764 2.7 99

2.2 Extension of road and rail networks

Table 1 and Table 2 show the level of transport
supply for rail and road transport systems, in terms of
corresponding network extension. Table 1 shows, for each
country, the total length of railways, the corresponding
percentage growth in the study period (A %) and the
absolute variations (A) in terms of kilometers added to
the total infrastructure length. The most relevant growth
in terms of extension of rail infrastructure has occurred

in Germany, where the network has increased by more
than 4,700 km (+14%). On the other hand, in Poland, the
rail network has decreased by approximatively 1,000 km
(-5.5%).

Table 2 shows the total length of motorways, the
corresponding percentage growth in the study period
(A%) and the absolute variations in terms of kilometers
added to the road infrastructure (A): in the latter case, for
all of the countries under study, an increase in network
length has been registered, with particular regard to the
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Table 3 Crude Oil, Europe Spot Price FOB (dollars per barrel)

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 A%
54.58 65.17 72.51 96.94 61.74 79.61 111.38  110.80  108.56 96.97 52.30 43.64 -20.0
Table 4 National and international road and rail freight volumes (billion ton-km)
Country 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 A%
FR 246.0  252.6  261.8  246.7  205.7 2122 2199 2049 = 203.7 1978 1879 1884  -234%
DE 40565 4370  458.0 4572 4033 4204 4371 4171 4183 4227 4287 4314 +6.4 %
IT 2346 2113 2047 2043 185.4 1944 162.6 144.2 146.2 138.0 137.6 1353 423 %
PL 161.8 1819 2052 2169 2242  251.0 2615 2712 2985  301.0 3113 3414 +111.0%
ES 2448 2533 2701  254.0 2197 2190 2163 2087 2019 2062 2205 2275 -7.1%
UK 182.7 1874 192.3 1814 158.7 165.3 174.5 179.9 169.6 165.3 180.9 172.1 5.8%
Table 5 National and international rail freight volumes (billion ton-km)
Country 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 A%
FR 40.7 412 42.6 40.4 32.1 30.0 34.2 32.5 32.2 32.6 34.3 32.6 -19.9
DE 95.4 107.0 114.6 116.7 95.8 107.3 113.3 110.1 112.6 112.6 114.0 1162 +21.8
IT 22.8 24.2 25.3 23.8 17.8 18.6 19.8 20.2 19.0 20.2 20.8 22.7 -0.3
PL 50.0 53.6 54.3 52.0 435 48.7 53.8 489 50.9 50.1 50.6 50.7 +1.5
ES 11.6 11.5 11.2 11.0 7.8 8.9 9.5 9.5 9.3 104 11.1 10.5 9.4
UK 215 21.9 21.3 21.0 19.2 18.6 21.0 214 224 22.1 22.0 17.1 -20.2

case of Poland and Spain. Poland, in particular, shows a
triplication in its total motorway length during the period
under consideration. In absolute terms, the most relevant
growth in the extension of motorway network has occurred
in Spain, with an increase of more than 4,000 km from 2005
to 2016.

2.3 The oil price

In Table 3, oil price trend calculated in dollars per
barrel of crude oil is reported, with reference to the period
2005-2016. Significant changes in oil prices have occurred
in the period under study, with a decrease by 20%. Price
of crude oil can be considered as a proxy of pump price
values, which can vary very much between different pump
stations and countries [19].

2.4 National and international freight transport
by road and rail

This paragraph deals with the analysis of the national
and international haulage, both by rail and road, from 2005
to 2016.

Table 4 shows the total national and international
freight transport reported by carriers registered in the
countries under analysis, with reference to both road and
rail operations. The highest total traffic increase has been
registered by Poland (+111.0%), while Italy has recorded

the worst performance, with a decrease of total freight
transport by 42.3%.

In the case of the rail freight (Table 5), data sets are
based on the Regulation (EC) 91/2003 of the European
Parliament and Council (2002) on rail transport statistics.
Rail freight transport statistics show that, from 2008 to
2009, the decrease in transported goods is very significant.
In 2009 the overall decrease in the goods transported by
rail is equal to 18.1% with reference to the study sample. On
the other hand, the total variation in rail freight transport
from 2005 to 2016 is equal to +3.2%, i.e. equivalent to 7.9
billion ton-km, as far as the whole countries included in the
study sample are concerned. Statistics about road haulage
are presented in Table 6, based on the Council Regulation
(EC) 1172/1998, so that reporting countries may exclude
vehicles for road transport, whose load capacity is lower
than 3.5 ton or maximum permissible laden weight is lower
than 6 ton.

Table 6 shows the national and international road
haulage expressed in billion ton-km, by vehicles registered
in the reporting country, including cross-trade and
cabotage. From 2008 to 2009, only Poland shows some
traffic increases. All other countries seem to be affected by
the global economic crisis, subsequently overcome by all
countries, with the only exception of Italy, which shows a
further significant reduction in road haulage between 2010
and 2016 (-6%). The total variation in road haulage, as far as
all countries included in the study sample are concerned, is
equal to +1.0 %, i.e. equivalent to 12.8 billion ton-km.

By comparing data reported in Tables 4-6, different
trends emerge for the countries under study: France, Spain
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Table 6 National and international road freight volumes (billion ton-km)

Country 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 A%
FR 2053 2114 2192 2063 1736 1822 187 1724 1715 1652  153.6 1558  -24.1
DE 310.1 330 3434 3415 3075 3131 3238 307 3057 3101 3147 3152 +1.6
IT 211.8 1871 1794 1805  167.6 1758 1428 124 1272 1178 1168 1126  -46.8
PL 111.8 1283 1509 1649  180.7 2023  207.7 2223 2476 2509  260.7  290.7  +160.0
ES 2332 2418 2589 243 2119 2101 2068 1992 1926 1958 2094 217 -7.0
UK 1613 1655 171 160.3 1395 1467 1535 1585 1472 1432 1589 155 -3.9

Table 7 National road haulage (billion ton-km)

Country 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 A%
FR 1773 1828 1914 1819 1560 1643 1682 1564 1557 1511 1412 1442  -187
DE 2376 2514 2614 2645 2456 2525 2650 2545  256.7  263.0 269.7 2717  +143
IT 171.6 1554 1524 1518 1456 1492 1277 111.8 112.0 1024 1041 1003  -41.6
PL 60.9 59.4 65.8 71.9 79.2 82.2 89.7 89.0 100.3 96.6 1047 1066  +75.0
ES 1664 1746 1906 1752  151.1 1462 1423 1334 1270 1282 1372 1450  -129
UK 1512 1548  160.7  151.1 131.6 1378 1399 1426 1313  127.7 1429 1487 -1.7

Table 8 Road transport performance adjusted for territoriality (billion ton-km)

Country 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 A%
FR 2945 3039 3153 3014 2617 2751 2734  259.1  263.7 259.8 2494 2581  -124
DE 370.8 3945 4132 4200 3853 4049 4176 4082  416.7 4269 4275 4477  +20.7
IT 2040 1901 1868 1875 1764 1836 1573 1395 1418 1330 1335 1320 -353
PL 86.8 91.0 95.3 101.6 1074 1162 1256 1279 1415 1385 1473 1542  +77.7
ES 210.7 2201 2373 2173 1894 1844 1799 1698 1661 1671 1779 1867  -114
UK 1673 1715 1781 167.7 1450 1515 1576 1634 1522 1496 1659 1856  +10.9

and the United Kingdom show a decrease both in the road
and rail freight volumes, between 2005 and 2016. In the
same period, Italian carriers show a strong contraction of
road freight, while rail haulage is almost constant. On the
other hand, Germany shows a relevant growth in both road
and rail transport and Poland shows a very high increase
in road haulage, while rail haulage has registered only a
very limited growth between 2005 and 2016. Table 7 reports
data regarding national road freight transport by carriers
registered in the corresponding country, while Table 8
reports data regarding national road freight transport
adjusted for territoriality. The latter values account for
haulage performed within the territory of each country
by any vehicles, without considering the cross-trade
and cabotage. The total variation of national haulage, by
considering all the countries included in the study sample,
is equal to -5.1%, i.e. equivalent to 7.9 billions of ton-km, for
national road haulage, between 2005 and 2016. As far as the
adjustment for territoriality is taken into consideration, an
increase by +2.2%, i.e. equivalent to 30.2 billion of ton-km,
for the national road transport performance has been
registered. The latter observation seems to indicate that
road transport market of the countries under study has seen
a significant shift of freight traffic from local operators to
operators registered in other countries.

Table 9 shows the signs of the total percentage
variation of freight transport volumes in each country
under study, for what concerns both rail and road haulage,
between 2005 and 2016. Each country shows the same sign
for the variation in rail and road haulage, as well as for total
and national adjusted data, with the only exception of the
United Kingdom. Indeed, the United Kingdom shows an
increase only in the national adjusted road freight, while
all other values show a negative sign. This is related to the
fact that, in these years, carriers from different European
countries have started working in the UK, replacing
some local operators, probably to minimize service costs.
Table 10 shows the adjusted road freight transport share
controlled by carriers registered in the corresponding
country (national road freight divided by the adjusted road
freight). Only the United Kingdom, Italy and France show
a high decrease in this value, due to the high increase in
the adjusted road freight compared to the national one.
In particular, the decreasing of this value for the United
Kingdom is a consequence of the phenomenon highlighted
in Table 9. France and Germany are the countries having
recorded the highest percentage of freight traffic by foreign
companies, in absolute terms.
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Table 9 Sign of total percentage variation of rail and road freight between 2005 and 2016

Country Rail freight Nat. and int. road freight Nat. road freight Nat. adjusted road freight
FR - - - -
DE + + + +
IT - - - -
PL + + + +
ES - - - -
UK - - - +

Table 10 National share of total freight transport - changes between 2005 and 2016

Country 2005 2016 A
FR 60.2 % 55.9 % -72%
DE 64.1 % 60.7 % 5.3%
IT 84.1% 76.0 % 9.7%
PL 70.2 % 69.1 % -1.5%
ES 79.0 % 77.7% -1.7%
UK 90.4 % 80.1 % -11.3 %

Table 11 Elasticity and R-square values for relationships between the rail and road freight traffic from 2005 to 2016 and
socio-economic and transport system variables (n.s. and f. are abbreviations for “not statistically significant” and “freight”)

E - R-square FR DE IT PL ES UK
GDP - Road f. n.s. 0.71 0.79 4.90 0.64 1.58 0.96 n.s. n.s.
GDP - Rail f. n.s. 1.08 0.66 2.60 0.53 n.s. n.s. n.s.
Motorway - Road f. n.s. n.s. n.s. 0.49 0.95 n.s. n.s.
Railway - Rail f. n.s. n.s. n.s. n.s. n.s. n.s.
Motorway - Rail f. -3.73 0.69 n.s. n.s. n.s. n.s. n.s.
Oil price - Road f. n.s. n.s. n.s. n.s. n.s. n.s.
Oil price - Rail f. n.s. ns. ns. ns. n.s. n.s.

GDP in thousands €, Road f. and Rail £. in billion ton-km, Motorways and Railways in km

3 Regression analysis

In this paragraph, relations between freight transport
data and the values associated to the other independent
variables, which are related both to the socio-economic
sector, as well as the transport supply sub-system, are
evaluated in terms of both linear and logarithmic regression
analysis. In this framework, the elasticity of freight traffic,
with respect to the independent variables, is estimated
for all the countries included in the sample under study.
Figure 2 shows for each country the comparison between
the absolute values of national road haulage, national and
international rail haulage and GDP, in the period 2005-2016.
For Germany, Poland and Spain the freight transport trends
appear to be strongly related to the GDP trends registered
in the corresponding countries—Figure 3 shows the annual
variations of the national and international rail and road
haulage. Again, trends in the GDP are included in this charts
and in the case of France, Germany and Poland, they seem
to reproduce freight transport annual rates of increase well.

This analysis confirms that the economic crisis and
the consequent austerity applied by the governments,

which started in 2008, had the effect of producing a drastic
decrease in terms of transported goods, both by road
and rail. The rail freight traffic reduction was particularly
strong. The country that lost the smallest amount of traffic
is Poland, whose economy is growing in a fast way, like
other East-European countries. The main results of the
elasticity analysis performed in this research between the
analysed variables are presented in Table 11.

More in detail, Table 11 reports the R-square and
elasticity values for different pairs of attributes and for
each country, with reference to the period 2005-2016.
Statistical results leading either to the low R-square values
or to counterintuitive signs of coefficients are omitted in
Table 11. The existence of a link between GDP trends and
road and rail haulage seems to be valid, at least for some
countries of the sample under study, with special regard
to Germany and Italy. High values of elasticity for Italy,
compared to the expected ones based on the scientific
literature, are possibly due to the huge loss in terms
of freight transport in a period of the GDP stagnation.
Relations between the freight traffic and infrastructural
variables are not statistically significant, with the only
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Figure 2 Absolute values of national road haulage, national and international rail haulage and GDP, between 2005 and 2016

exception of Poland, which has experienced a relevant motorway length and rail freight has been performed: only
variation on both the motorway length and the road freight, the case of France confirms the statistical significance of
so that an elasticity of 0.49 with an R-square of 0.95 has this relation. All the statistically significant relations satisfy
been calculated. The cross-elasticity analysis between
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Figure 3 Annual rate of increase of GDP, national road freight and national and international rail freight between

2005 and 2016
the t-student test for their coefficient, showing t-values that A further relation has been analysed by taking into
range between 3 and 7. account the rail share of the freight transport in the

European Union (Table 12) and the oil price registered
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Table 12 European share of rail freight for the European Union - changes between the 2005 and 2016

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 A%
11.50% 11.80% 12.00% 12.00% 11.00% 11.40% 12.10% 12.00% 11.90% 11.80% 11.90% 11.20% -2.6%
Italy Germany
8 8
S “ . )4
§ R*=0.0109 s E R*=0.7368 . A’,
3 . 8
5 . s . S .
£
s A ®, £ 4
g -+ -1 -4 - * 2 4 5 - -4 3 &
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Figure 4 Relation between the annual rate of increase of GDP and national road haulage, for Italy and Germany
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Figure 5 Relation between the annual rate of increase of GDP and national and international rail haulage,
for Poland and Germany

in the same year. The relation between the percentage
variation of these two variables has resulted to be quite
low with an R-square equal to 0.48; moreover, by excluding
values related to the exceptional cases of years 2008 and
2015 (outliers), the R-square regression value becomes
equal to 0.94. As a consequence, increases in oil price
seem to contribute effectively to the increase in the modal
share controlled by the rail operations, compared to road
operations, thus resulting in a significant decrease in CO,
emissions, to a different extent in different countries.

Finally, Figures 4 and 5 present the results of the
linear regressions estimated between the GDP annual rate
of increase and annual rate of increase in national road
freight as well as national and international rail freight
traffic volumes. It can be noted that Germany shows a
strong relationship between these variables, while for Italy
and Poland no statistically significant relationship has been
observed.

Moreover, Figure 6 presents the correlation existing
between the railway length and rail haulage registered in
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Figure 6 Relation between the rail freight and railway length for all analysed countries

the countries under analysis. This graph shows the positive
correlation that seems to exist between these two variables.

4 Conclusions

In this paper, the socio-economic, infrastructural and
road, as well the rail freight, traffic data have been analysed
with reference to the following European countries: France,
Germany, Italy, Poland, Spain and the United Kingdom. The
analysis is focused on the trend of data registered in the
period 2005-2016, when the negative reaction of GDP and
land transport haulage can be clearly observed, following
the economic crisis started in 2008. Indeed, this study
confirms that the economic crisis and the consequent
policy of austerity applied by many European governments,
starting from year 2008, led, in many cases, to a drastic
decrease in terms of freight traffic volumes, both by road
and especially by rail. On the other hand, Poland has shown
a continuous growth of both socio-economic and transport-
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