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RELATIONSHIP BETWEEN TRANSPORT INFRASTRUCTURE
EXPENDITURES AND COSTS AND TRANSPORT INDICATORS - AN
OVERVIEW OF EUROPEAN AND UKRAINIAN SITUATION

Lidia Savchenko. «Relationship between transport infrastructure expenditures and costs and
transport indicators - an overview of European and Ukrainian situation». Quality of transport
infrastructure determines the quality of the provision of services for the transportation of goods and passengers.
The infrastructure sector is a guarantee of efficiency, mobility and uninterrupted economic activity. However,
the high quality of the transport infrastructure implies significant and long-term investments. According to a
McKinsey research report, to support sustainable economic growth in the world in line with forecasts for 2030, it
is necessary to cover the need for additional investment of $ 3.3 trillion annually, equivalent to 3.8% of world
GDP.

The purpose of this work is to analyze the existing European approach to assessing transport
infrastructure expenditures and costs, their impact on transport performance at the country level, as well as
trends in Ukrainian policy regarding the support and development of road infrastructure.

Transport infrastructure costs include the investment in new infrastructure, the cost of upgrading the
existing infrastructure, the cost of maintaining the infrastructure, and the operating costs to enable the use of
the transport infrastructure. Directive 2011/76 / EU prescribes that the weighted average infrastructure charges
should be linked to construction costs, as well as the costs of operation, maintenance and development of the
corresponding infrastructure network.

The official Eurostat data of investment and O&M costs of transport infrastructure based on the
citizenship principle was taken for this study, namely:

- the number of ton-kilometers traveled per year;

- the volume of investments in road infrastructure per year;

- the amount of funds for the maintenance of road infrastructure per yeatr.

The indicators were taken for countries of the EU for which statistics were available for 2016 and 2019.
According to the study, the effect of investments in transport infrastructure is strongly manifested both in the
same year and affects subsequent years in terms of the volume of annual transport work. That is, an increase in
investment in road infrastructure clearly has a positive effect on the volume of transport work performed. On
the other hand, the volume of investments in the EU infrastructure brings a much greater positive effect than
funds for road maintenance.

Thus, the experience of developed countries shows a positive relationship between investment in the
maintenance and construction of transport infrastructure and economic performance of the state. Part of the
research was devoted to the study of the impact of investments in road infrastructure of Ukraine on the example
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ofthe global Ukrainian infrastructure project "Big Construction”. It is projected that in 2024, thanks to road works
under the Big Construction, Ukraine's GDP will be 4.4% higher than GDP in 2020. But, as the research shows,
good transport infrastructure is a necessary, but not a sufficient condition for growth. "Big Construction” project
in Ukraine does not show any positive effect on the volume of performed internal transport work now. The
reasons may lie both in more long-term effect from improving the infrastructure, and in the facts of corruption
and theft of funds allocated for the project.

Keywords: road transport, road infrastructure, infrastructure expenditures and costs, transport
indicators, infrastructure investment, correlation, “Big Construction” project.

Jlidia Cas4yeHko. “ 38'130k sumpam Ha MpaHcnopmHy iHhppacmpykmypy ma mpaHcnopmHux
NOKA3HUKiI8 - 0271510 eaponelicbKoi ma yKpaiHcbKoi cumyayii ”. Akicme mpaHcnopmHoi iHppacmpykmypu
8U3HAYAE AKICMb HAOAHHA NOCAYe i3 Nnepese3eHHA BAHMAXi8 ma nacaxupis. IHgppacmpykmypHul cekmop €
2apaHmieio ecpekmugHocmi, MobinibHocmi ma 6e3nepebiliHoi ekoHOMi4YHOI digibHocmi. [I[pome 8ucoka sKicme
mpaHcnopmHoi  iHgppacmpykmypu nepeobadyae 3Ha4yHi ma 0os2ocmpokosi iHeecmuyji. 32i0HO 3
docnioHuybkum 38imom McKinsey, 0514 nidmpumKu cmano2o eKOHOMIYHO20 3pOCMAHHA y cs8imi 8ionosioHo 00
npoaHo3sie Ha 2030 pik HeobxiOHO nokpusamu nompeby 8 000aMKOB8UX iH8ecmuyisax y po3mipi $3,3 mpsH
wopidHo, wo eksigdaseHmHo 3,8% cgimosozo BBII.

Memoro 0OaHoi pobomu € aHania icHylo4o2o €sponelicbkozo nioxody 00 OUIHKU eumpam Ha
MpaHcnopmHy iHgpacmpykmypy, ix snusy Ha mpaHcnopmHy epeKkmusHicme HA pisHi KPAiHU, a MAakox
meHOeHUil yKpaiHCbKOI NoaimuKu w000 nidmpumMKu ma po38umky 8/1aCHOI 00POXHbOI IHppacmpykmypu.

Bumpamu Ha mpaHcnopmHy iH@pacmpykmypy 8k/lo4aome iHeecmuuii 8 Ho8y iHppacmpykmypy,
sumpamu Ha mooOepHi3ayjto icHyl4oT iHhpacmpykmypu, sumpamu Ha ympumasHs iHgppacmpykmypu ma
ekcnslyamaduiliHi sumpamu, HeobxiOHi 051 sukopucmaxHs. lMpudomy, Jupekmusa 2011/76/€C gsumazae
nos'asysamu cepeOHbO38aXeHi nnamexi 3a iHppacmpykmypy 3 sapmicmio 6ydisHUUMBd, a MAKOX 3
8UMPAMAmMu HA ekcnJlyamayiro, mexHiyuHe 06¢/1y208y8aHHA ma po38UMoK 8ionogioHoI iHgppacmpykmypHoi
mepexi.

Ana yvo2o docnioxeHHa 6ys10 83amo ogiyiliHi 0aHi €EBpocmamy npo iHeecmuyii ma sumpamu Ha
ekcnlyamaduito ma mexHiyHe 06cs1y208y8aHHA MPAHCNOPMHOI iIHppacmpykmypu, a came:

- KiflbKicmb MOHHO-KiflomMempig, npolideHUx Npoms20M POKY;

- 06cA2 iHBecmMuUuil y 00POXHIO iHPpacmpykmypy Ha pik;

- 06cA2 Kowmis ympumaHHa 00POXHbLOI IHpacmpykmypu Ha pik.

Moka3zHuku 83ami ona kpaiH €C, 3a akumu 6yna HaseHa cmamucmuka 3a 2016 ma 2019 poku. 32i0H0 3
0ocnioxeHHAM, echekm 8i0 iHeecmuyitl y mpaHcnopmHy iHppacmpykmypy cunbHO NPOABIAEMbCA AK Y MOMY
X poyi, mak i 8niueae Ha HacMynHi poku 3a ob6ca2om pidHoi mpaHcnopmHoi pobomu. Toébmo 36inblieHHs
iHeecmuuyili 'y O0OpOXHIO iHGpacmpykmypy OOHO3HAYHO NO3UMUBHO B8NJIUBAE HA 06CA2 BUKOHYBAHOI
mpaHcnopmHoi pobomu. 3 iHwozo 60Ky, 0bcaz iHeecmuyit 8 iHppacmpykmypy €C npuHocume Habazamo
6inbwuli no3uMuBHUU ehekm, Hixx KowWmu Ha ympuMaHHs oopiz.

Takum 4quHOM, 00C8iI0 pO3BUHEHUX KpdiH NOKA3ye no3umusHul 38'A30K Mix iHeecmuyiamu 8
ympumaHHa ma 6ydisHUYMBO MpPAHCNOPMHOI iHGpacmpykmypu ma eKOHOMIYHUMU NOKA3HUKamu
Oepxasu. YacmuHy OocnioxeHHs 6y/10 NPUCBAYEHO BUBYEHHIO 8NIUBY [HBeCmMuUUili Yy OOPOXHIO
iHppacmpykmypy YkpaiHu Ha npuknadi 21106a1bH020 YKpaiHCbKO20 iHhpacmpykmypHo20 npoekmy «Benuke
6ydisHuymeo». lpoeHo3yemocs, wo y 2024 poui 3a80aKkuU O00pOXHIM pobomam y pamkax «Benukozo
6yodisHuymaea» BBl YkpaiHu 6yde Ha 4,4% suwjie 3a BBI1 2020 poky. Ane, Ak nokasytome 00C/1i0XeHHA, xopowa
MpaHcnopmHa iHgppacmpykmypa € HeobxiOHoOto, asie He 0OCMAMHbLOIO YMOBOK 3pOCMAHHA. [Ipoekm
«Benuke 6ydisHUUYmeo» 8 YkpaiHi 8 OaHul yadc He HA0A€e NO3UMUBHO20 8NJIUBY HA 06CA2 8HYMPILIHIX
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mpaHcnopmHux pobim. [lpuyuHu MOoXyme 6ymu AK y 00820CMpPOKOBOMY egekmi 8i0 nosinweHHs
iHppacmpykmypu, mak i 8 pakmax kopynuyii ma po3kpadaHHa kowmis, 8UdiieHUX Ha npoekm.

Kniouoei cnoea: aBTomo6inbHWIA TPAHCMOPT, LOPOXKHA IHPPACTPYKTYpa, IHPPaCTPYKTYpHi BUTpaTH,
TPaHCNOPTHI NOKa3HMKY, iIHPPaCTPYKTYpHI iHBeCTULil, Kopensuis, npoekT «Bennke 6yaiBHULTBOY.

Jluous Cas4yeHko. Baaumoceasb 3ampam u pacxo0oe Ha MpaHcNopmHyIo uHgppacmpykmypy u
mpaHcnopmHbIX nokasamesnel - o063op eeponelickol U yKpauHckol cumyayuu”. Kayecmso
mpaHcnopmHoUl UHppacmpykmypsl onpedesisiem Ka4ecmeo OKA3dHUA yC/lye NO nepeso3ke 2py308 U
naccaxupos. VIHgppacmpykmypHsili cekmop Asnaemca 2apaHmuell 3¢gekmusHocmu, mMobusbHocmu u
becnepeboliHoli  3KoHoMu4eckol OdesmesnbHocmu. OOHAKO B8bICOKOE KA4ecmeo MmpdHcnopmHol
UHppacmpykmypel  npeonosidzaem  3HadyumesibHble U 00/120CPOYHble  uHsecmuyuu. CoesnacHo
uccedosamensckomy omyemy McKinsey, 014 nod0epXxKu ycmoulyuso2o SKOHOMUYECKO20 pocma 8 mupe 8
coomeemcmauu ¢ npo2Ho3amu Ha 2030 200 Heob6x00UMO NOKpbIBaAMb NOMpPebHOCMb 8 O0NOHUMESTbHbIX
UHBeCMuyusax 8 pasmepe $3,3 mpJiH exxe200H0, YUMo 3K8u8asneHmMHo 3,8% muposozo BBIT.

Lenvio 0aHHOU pabomel Agnaemca aHanui cywecmsyouje2o esponelickoeo nooxood K OueHke
pacxo0o8 U 3ampam HA MPAHCNOPMHYIO UHGPPpAcmpykmypy, Ux 8/IUAHUA HA MPAHCNOPMHYIO
3¢hpekmusHOCMb HA ypoBHe CMPAaHbLl, d MAKXe MeHOeHUUU YKPAUHCKOU NOIUMUKU 8 OMHOoWweHuU
Noooep KU U pazgumus 00pPOXHOU UHpacmpykmypel.

3ampamsi Ha MPAaHCNOpMHYy0 UHGPAcmMpykmypy 6Kaw4arom 8 cebs uHsecmMuyuu 8 HOBYI0
UHpacmpykmypy, 3ampamel Ha MoOepHU3dyulo cyujecmayroweli UHpacmpykmypel, 3ampamel Ha
codepxxaHue UHGpacmpykmypsl U 3KCNJyamayuoHHsle pacxolbl, HeobxoOumble 0/ UCNO/Ib308AHUA
mpaHcnopmHol  uHgpacmpykmypel.  [Jupekmusa  2011/76/EC  npednucvieaem  y8sa3b6i8amb
CpeOHes38ewleHHble NJameXxu 3a UHGPAcmpykmypy coO CmMOUMOCMbIO CMpoumesibCmad, d MAakxe ¢
pacxoo0amu HA 3KCNJyamauyuto, mexHuyeckoe 0OC/IyXusaHue U pasgumue coomseemcmayroujeli
UHppacmpykmypHou cemu.

Jna amozo uccnedosaHus 6ulau 83amel oguyudivHele 0dHHble Egpocmama 06 uHsecmuyusax u
3ampamax Ha 3KCNJlyamauyuto U mexHu4yeckoe o0C/TyxusaHue mpaHcnopmHol UH@pacmpykmypel, a
UMeHHO:

- KO/IUYeCmao MOHHO-KUI0Mempos, NpoLiOeHHbIX 34 200;

- 06BeM UHBecMUYUL 8 O0OPOXHYIO UHpAcmpykmypy 8 200;

- 06vem cpedcma Ha codepxaHue 00POXHOU UHpacmpykmypesl 8 200.

Mokaszamenu 83amel 0718 cmpaH EC, no komopeimM umendce cmamucmuka 3a 2016 u 2019 200bl.
CoenacHo uccnedosdHuto, 3gekm om uHgecmuyul 8 MPAHCNOPMHYIO UHGBPACMPYKMypy CUSTbHO
nNposAsAemMcs Kak 8 mom xe 200y, MAkx U 8ausem Ha nocsedyrouwjue 2006l N0 06vemy 2000800 mpaHcnopmHou
pabomel. To ecme ygenudeHue uHgecmuyuli 8 O0OPOXHYIO UHGPPAcmpykmypy 0OHO3HAYHO NOJIOXUMEsbHO
cKasvleaemca Ha obwveme 8biNosIHAEMOU mpaHcnopmuoul pabomei. C Opy2oli CmopoHsbl, 06sem uHgecmuyul
8 uHgppacmpykmypy EC npuHocum 2opa3do 6onbwuli nomoxumernsHeil 3¢ppekm, yem cpedcmea Ha
codepxaHue 0opoe.

Takum 06pasom, oneLim pa3sumelx CMPAH NOKA3bIBAEM NOJIOKUMETIbHYIO C8A3b  Mex0y
UHBECMUUUAMU 8 COOepXXaHue U cmpoumesibcmao MpaHcnopmMHoU UHGPpacmpykmypel U SKOHOMUYeCcKUMU
nokasamesnamu 2ocyoapcmead. Yacme ucciedo8aHus 6ui1a NOCBAWEHA U3yHeHUIO 8/TUSHUA uHeecmuyul 8
00POXHYIO UHpacmpykmypy YKpauHel Ha npumepe 2106a716H020 YKPAUHCKO20 UHEGPAacmpykmypHo20
npoekma «bonswasa cmpolka». [IpoeHo3upyemcs, ymo 8 2024 200y 61az200apa 00pOXHbIM pabomam 8
pamkax bonewol cmpotku BBl YkpauHel 6ydem Ha 4,4% eviwe BBI1 2020 200a. Ho, kak nokaseiearom
uccie0o8aHusA, Xopowadsa mpAHcNOpmMHAA UHppacmpykmypa Aenaemca HeobxoOUMbIM, HO He
docmamoyHeiM ycrosuem pocma. [lpoekm «bonvwas cmpolka» 8 YkpauHe 8 HAcmosujee 8pems He
0Ka3bleaem nNoJsIOKUMesIbHO20 8/IUSHUSA HA 06BbeM 8bINOJIHAEMbIX 8HYMPEHHUX MPAaHcnopmHseix paéom.
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[MpuyuHsl MO2Yym KpbimbCs Kak 8 60s1ee 007120CpOYHOM 3hghekme om ys1yHwieHUs UHGPpAcmpyKmypbl, mak u

8 hakmax Koppynyuu u xuujeHus cpedcms, 8oioesieHHbIX Ha NPoeKm.

Kniouesble c1osa: aBTOMOOMNBHBIV TPAHCMOPT, AOPOXKHAA MHPPACTPYKTYPA, MHPPACTPYKTYPHbIE
pacxofpbl 1 3aTpaTbl, TPAHCMOPTHbIE NOKa3aTenu, MHPPACTPYKTYPHbIE MHBECTULMMN, KOPPENALUA, NPOEKT

«bonblwasa cTponkay.

Introduction. Transport infrastructure is
a necessary element of logistics all over the
world. In general, the quality of infrastructure
determines the quality of the provision of
services for the transportation of goods and
passengers, and in particular - the speed of
transportation, comfort while driving, the
safety of cargo and vehicles, etc. However, the
high quality of the transport infrastructure
implies significant and long-term
investments. For developing countries, such
financial investments in transport
infrastructure  are  often  unattainable.
Countries with developed economies can
afford to maintain a high level of highways,
railways, etc., in particular, due to public-
private partnerships and the introduction of
the toll roads practice.

Road transport is a key contributor to
economic development and integration. Its
flexibility —and capabilities make it
indispensable to development strategies and
integration processes. For example, in the
European Union road transport is a main
enabler of integration both through well
connected infrastructure and by extensive
integration of services [1].

The purpose of this work is to analyze
the existing European approach to assessing
transport infrastructure expenditures and
costs, their impact on transport performance
at the country level, as well as trends in
Ukrainian policy regarding the support and
development of road infrastructure.

Literature analysis. At the moment,
there are many studies concerning the
relationship between the level of road
infrastructure and the country's economy.

Numerous authors of the work [2] present
methods and models for assessing the impact
of transport projects on economic
development.

Research [3] provides a modern overview
of transport infrastructure costs and
expenses. This report is produced with in the
project ‘Sustainable Transport Infrastructure
Charging and Internalisation of Transport
Externalities’.

Here are some definitions of the term
"infrastructure". Dmytriieva O.. formed a
vision of transport infrastructure as a complex
of objects, within which transport, terminal,
warehousing, commercial and virtual-
information service of consumers of transport
services is provided, and also scientific-
production support and management of
transport process is carried out [4].

In [3] transport infrastructure s
understood as "a physical and organizational
network that allows to move between
different places".

CE Delft [5] presents cost data for 2013 for
the entire road network for all EU 28 countries.
In addition, in work [6] the costs of highway
infrastructure for trucks and vans are
estimated.

Studies like [7, 8], devoted to marginal
road infrastructure costs.

According to the work [9], the transport
infrastructure provides transportation of

goods and passengers, including
communications of various modes of
transport - railways, highways, inland

waterways, sea and air routes, pipelines for
pumping oil and gas, transport and logistics
enterprises working in the field of movement
of people and goods.

In Guiding Principles for Practitioners and
Policy Makers [1], in particular, the role of road
transport in economic development is stated.
In particular, it is argued that adequate
infrastructure provides physical links between
regions and countries, with road transport
services playing a key role in unlocking
economic potential.
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Presentation of the main results. Road
transport has an important social dimension
through the opportunities it offers for
entrepreneurship and job creation. The sector
has traditionally played a key role in upward
mobility as it allowed, for example,
professional drivers to become entrepreneurs
and create their own business, developing it
as a small or medium size company. In
general, road transport can create a
significant number of jobs. A recent study in
East Africa found that there were 1.2 jobs for
each truck on the road. In addition to the
direct employment, the sector generates a
significant number of indirect jobs and
employment. The indirect employment
includes various transport related activities
such as infrastructure building and
maintenance in particular in areas dedicated
to road transport services (fuel stations,
secured parking, cold chain storage,
warehouses and repair/maintenance
activities), rescue and emergency services,
forwarding and brokerage,  vehicle
manufacturers and specialized insurance
businesses. ILO data suggest that
employment in road transport can reach five
percent of total employment [1].

The infrastructure sector is not only the
cost of services provided to counterparties of
all groups, but also a guarantee of efficiency,
mobility and uninterrupted economic
activity, the stability of relations with
counterparties all over the world [10].

Thus, according to Eurostat, the transport
sector brings about 5% to the EU economy,
another 2% is added by transport
engineering. Problems arising in the course of
transportation, in turn, are estimated at 1% of
GDP, car accidents with human casualties
cause damage to the economies of developed
countries in the amount of at least 2% of the
gross product [10].

According to a McKinsey research report,
to support sustainable economic growth in
the world in line with forecasts for 2030, it is
necessary to cover the need for additional
investment of $ 3.3 trillion annually,
equivalent to 3.8% of world GDP [11].
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McKinsey also argues that $ 1 of
additional infrastructure investment can
increase GDP in the long term by 20 cents only
through the indirect effect of increasing labor
productivity, excluding effect from the
construction itself.

Columbia University in the United States,
in research of 95 countries [12], claims that
doubling road density on average results in
an increase in economic growth of 1%
annually. An increase in the "aggregate
infrastructure provision” of the economy by
10% leads to an increase in output in the
economy by 1%. According to their own
estimates, the coefficient of elasticity of
output in the economy as a whole to the level
of development of transport infrastructure is
7%.

World Bank claims [13], thatanincrease in
assets in the infrastructure sectors of the
economy by 2 times leads to an increase in
GDP by an average of 15 pp, but this applies
only to "developed" countries. And the
elasticity of output to the level of
infrastructure development ranges from 7%
to 10%, which is surprisingly correlated with
the data of Columbia University.

Fig. 1 gives an overview of the existing
policy instruments in the transport sector and
the related outputs and potential outcomes
of using one or several of the instruments..

The European Union has conducted a
global study of transport infrastructure costs
in EU countries [15].

In particular, this study aims to provide
overall, average and marginal infrastructure
costs for road transport, rail transport, inland
waterway transport (IWT), maritime transport
and aviation in the EU28 member states and
some other western countries (Norway,
Switzerland, US states of California and
Missouri, Canadian provinces of Alberta and
British Columbia, and Japan) [15]. The study
identifies the so-called marginal costs of
various modes of transport in euros per
kilometer traveled, ton-kilometer, passenger-
kilometer, etc. Appropriate marginal costs can
be found according to the rolling stock used.
For example, for motor transport there is a
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classification into passenger and freight
transport, each of which further has its own
categories: passenger - passenger car, bus,

coach, motorcycle; freight - HGV (heavy

Policy
Instruments

Focus of
Intervention

Investments
Price instruments

Regulations

Physical
infrastructure
(new, upgrading,
operations &
maintenances)

Transport
services

Technology

Outputs

Responses

Lower transport
costs (incl. time
costs)

Better access to
transport
services/

connectivity

Lower
environmental
externalities

Trade
: Location .

Transport use

Figure 1 - Impacts of Transport Policies: The Mechanisms
Source: based on [14]

Transport infrastructure costs include the

investment in new infrastructure, the cost of
upgrading the existing infrastructure, the cost
of maintaining the infrastructure, and the 2)..

operating costs to enable the use of the
transport infrastructure.

Passenger transport modes

B Passenger transport modes

B Freight transport modes

freight transport - more than 3.5 tons) and
LCV (light commercial freight transport - up to
3.5 tons).

Outcomes

Growth (improved
production and
productivity)

Inclusion (more
opportunities)

Sustainability
(improved
environment &
quality of life)

For road, rail and inland waterway

B Light commercial vehicles

transport, total infrastructure costs in the 28
EU countries were EUR 267 billion in 2016 (Fig.

Freight transport modes

Light commercial
vehicles

Figure 2 - Total infrastructure costs in EU, Billion € (2016)
Source: based on [15].
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Marginal infrastructure costs refer to the
additional costs to the transport
infrastructure manager caused by an
additional vehicle kilometer (or call or LTO) on
the network. In this study, the variable part of
the average infrastructure costs (usage-
dependent renewal and maintenance costs)
are used as a substitute for the marginal
infrastructure costs.

In [15] it is noted that the construction,
maintenance and management of transport
infrastructure entails significant costs. In
contrast to the benefits, the external and
infrastructure costs of transport without
political intervention are usually not borne by
transport users and are therefore not taken
into account in their transport decisions. By
internalizing external and infrastructure costs
(i.e. incorporating these costs into decision
making), the efficiency of the transport
system can be improved.

In practice, there are also large
differences in  approaches to the
internalization of infrastructure (and external)
costs. For example, Directive 2011/76 /EU [16]
prescribes that road infrastructure charges for
heavy vehicles in Europe should be based on
a cost recovery principle, i.e. the weighted
average infrastructure charges should be
linked to construction costs, as well as the
costs of operation, maintenance and
development of the corresponding
infrastructure network. On the other hand,
Directive 2012/34 / EU [17] requires that EU
rail use charges be based on direct network-
wide costs, that is, costs that are directly
related to use of rail infrastructure.

Productivity data for road transport are
taken from Eurostat according to the principle
of nationality, that is, transport activities are
distributed according to the countries in
which the vehicle is registered. In an
alternative territorial approach, transport
activities are allocated to the countries in
which these activities are actually carried out.
For example, kilometers driven by Polish cars
in Germany are counted in Poland if the
principle of nationality applies, and in
Germany if the territorial principle applies.
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The territorial principle would be more
consistent with the size of infrastructure costs.
However, since a detailed EU-wide dataset on
road transport efficiency based on the
territorial principle is not available, the official
Eurostat data set based on the citizenship
principle was used for this study.

This study [15] presents both investment
and O&M costs of transport infrastructure
[18]. More specific:

- improvement costs are all costs of new
infrastructure or expansion of existing
infrastructure in terms of functionality and / or
lifetime;

- upgrade costs are all costs associated
with upgrading (parts of) the infrastructure.
The updated infrastructure (parts) will have a
service life of at least 1-2 years. Upgrade and
upgrade costs can be incurred at any time and
are not directly related to the condition of the
assets.

Operating and maintenance costs
include two elements:

- maintenance costs are costs associated
with “normal” maintenance, ie maintenance
that cannot be avoided. These actions do not
change the performance of the infrastructure
object, but simply keep it in good working
order or restore it to its previous state in the
event of a breakdown. These are all relatively
minor repairs with an economic life of less
than 1-2 years;

- operating expenses are those that are
spent on the efficient use of infrastructure
(e.g. lighting, traffic control).

The main direct users of road
infrastructure, affecting related costs, are cars
and motorcycles, buses and trucks. According
to the authors, although pedestrians and
bicycles are also road users, their impact on
the cost of road infrastructure is negligible,
which predetermined the exclusion of these
categories of users from comparative
estimates.

To analyze the real impact of investments
in infrastructure (investment and support) on
the state of the transport sector, statistics
were taken for the EU countries, namely:
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- the number of ton-kilometers traveled
per year;

- the volume of investments in road
infrastructure per year;

- the amount of funds for the
maintenance of road infrastructure per year.

The factor of the number of ton-
kilometers traveled (transport work) was
taken as one of the main indicators of
transport performance, showing the volume
of traffic and the level of development of
logistics in the country. In addition, the
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number of ton-kilometers performed is one of
the general economic indicators of the
country's development, which, in turn, affects
trade relations both within the country and
abroad.

Considering that the effect of
investments in infrastructure may not appear
immediately, data on the above three
indicators were taken for 2 years - 2016 and
2019 (Fig. 3, Fig. 4) [19].

L ]
&
o %
...

b) )

Figure 3 - Data on transport infrastructure (2016): a) Freight road transport, Million ton-
kilometers; b) Road Infrastructure investment, Euro; c) Road Infrastructure maintenance, Euro

)

Fig. 4. Data on transport infrastructure (2019): a) Freight road transport, Million ton-
kilometers; b) Road Infrastructure investment, Euro; c) Road Infrastructure maintenance, Euro

It is known that the relationship between
two parameters can be successfully estimated
using the correlation coefficient:

i1 =0 —¥)

Ty = (B0 (2092

where:
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ry — the correlation coefficient of the linear relationship between the variables x and y;
x; — the values of the x-variable in a sample;
x — the mean of the values of the x-variable;
yi — the values of the y-variable in a sample;
y — the mean of the values of the y-variable.

To assess the closeness of the relationship and the performed ton-kilometers, the logic
between investments in road infrastructure set out in Table 1 was adopted.

Table 1 - Assessment of the degree of relationship by the value of the correlation coefficient

Scale of correlation coefficient Conclusion
0<r=<0.19 Very Low Correlation (no correlation)
02<r=<0.39 Low Correlation
04<r<0.59 Moderate Correlation
06=<r=<0.79 High Correlation
08<r<10 Very High (almost linear) correlation
It should be noted that the indicators The relationship between investments in
were taken only for those countries for which road infrastructure and the volume of
statistics were available for 2016 and 2019. transport work performed in tkm was
Unfortunately, for some countries it was not analyzed (Table 2).

possible to obtain values for 2019, so the level
of correlation was estimated without them.

Table 2 - Volume of transport work and infrastructure investment (2016, 2019)

Country of the EU Transport work, million ton-kilometers | Infrastructure investment, Euro
2016 2019 2016 2019
Austria 26138 26502 444000000 562000000
Bulgaria 35402 20613 163104612 528172615
Croatia 11337 12477 197358816 354803052
Czech Republic 50315 39059 849231714 1383064925
Estonia 6717 4795 148600000 220000000
Finland 26853 28847 1178000000 1522000000
France 151213 181400 9216000000 9816000000
Germany 315769 311869 12870000000 | 16650000000
Greece 24560 28197 2187037728 710327243
Hungary 40006 36951 802745136 2288587059
Ireland 11564 12403 622000000 837000000
Latvia 14227 14965 190000000 223000000
Lithuania 30974 53117 357000000 352000000
Poland 303560 395311 3075442295 2415357766
Slovenia 2135 2306 100000000 204000000
Spain 216993 249555 3880000000 3445000000
Sweden 42686 42601 2086339294 2503424108




The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”,

ISSN 2708-3195

The obtained correlation coefficients
between the performed ton-kilometers and
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the volume of investments in infrastructure

are set out in Table. 3.

Table 3 - Coefficients of correlation between the performed transport work and the volume

of investments in road infrastructure

QGRY @ IS - (el el Correlation coefficient Conclusion
transport work)
2016-2016 078 High Corr(_alatlon (but pext to Very
High Correlation)
High Correlation (but next to
2019-2019 0.65 Moderate Correlation)
2016-2019 0,73 High Correlation

It can be concluded that the effect of
investments in transport infrastructure is
strongly manifested both in the same year
and affects subsequent years in terms of the
volume of annual transport work. That is, an
increase in investment in road infrastructure
clearly has a positive effect on the volume of
transport work performed.

We analyzed the relationship between

the costs of maintaining the road

infrastructure and the volume of transport
work performed in the tkm. Unfortunately,
data on investments in road infrastructure
maintenance for both years is contained in
statistics for few of EU countries. Correlation
analysis was carried out only for these
countries (Table 4).

Table 4 - The volume of transport work and investment in Infrastructure Maintenance (2016,

2019)
Infrastructure Maintenance, Euro | Transport work, Million ton-kilometers
Country 2016 2019 2016 2019

France 2430850000 2324750000 151213 181400
Hungary 292602581 375727022 40006 36951
Ireland 83000000 75000000 11564 12403
Latvia 175000000 179000000 14227 14965
Lithuania 152000000 147000000 30974 53117
Poland 418690989 480977312 303560 395311
Slovenia 138000000 206000000 2135 2306
Sweden 1129994824 999839421 42686 42601

The obtained correlation coefficients
between the executed ton-kilometers and the
volume of investments for the maintenance

of road infrastructure are presented in Table.
5..

Table 5 — Coefficients of correlation between the performed transport work and the volume

of investments in infrastructure

(YYear of investment) - (Year

Correlation coefficient Conclusion
of transport work)
2016-2016 0,35 Low Correlation
2019-2019 0,30 Low Correlation
2016-2019 0,33 Low Correlation
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It can be concluded that the effect of
investments in maintaining the transport
infrastructure has little effect on the volume
of transport work. That is, an increase in
investments in the maintenance of road
infrastructure does not have a pronounced
positive effect on the volume of transport
work performed.

As for Ukrainian research, according to
[20], in 2016, transport, warehousing, postal
and courier activities accounted for about 6.6
% of gross domestic product and 6.1 % of the
total employed population. The most
dependent on the transport industry are
agriculture, metallurgical production, coal
industry, mining, chemical and food industry,
construction, retail trade, communications
and postal services, defense.

At the time of approval of the National
Transport Strategy of Ukraine for the period
up to 2030 [20] the transport industry as a
whole met only the basic needs of the
population and the economy in
transportation by volume, but not by quality.
It was noted that the state of the transport
sector does not fully meet the requirements
of the effective implementation of Ukraine’s
European integration course and the
integration of the national transport network
into the Trans-European Transport Network.

Currently, the President of Ukraine has
introduced an unprecedented program for
the construction of road infrastructure - "Big
Construction".

The Big Construction project is a large-
scale  development  of  high-quality
infrastructure in Ukraine. Two years of
implementation of the Big Construction
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program have significantly changed the road
market in Ukraine. The construction and
repair of the longest state roads and man-
made structures in the history of
Independence has been a powerful impetus
for the growth of existing and the emergence
of new companies. During the pandemic,
public investment in a high-multiplier
infrastructure sector mitigated the fall in GDP
in 2020. According to experts of the Kyiv
School of Economics, long-term effects as a
result of the project "Big Construction™ will
increase GDP in the next 5 years by 2.2% [21].

One of the tasks of the project in 2021 is
the construction or reconstruction of 6.6
thousand km of roads, based on the principles
of energy efficiency and high quality,
inclusiveness and focus on every Ukrainian as
a customer [22].

Results of the transport infrastructure
project for 2020:

- 258 bridges and overpasses on local and
state roads were built, reconstructed and
overhauled;

- 4056 km of state roads were built and
repaired;

- 2527 km of local roads were built and
repaired;

These values are twice the volume of the
most productive 2018 (Fig. 5).

The plan for 2021 is 6500 km of roads:
4500 km of state roads and 2000 km of local
ones.

Funds from the state budget, the State
Fund for Regional Development and local
budgets will be used to implement the
project.
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Figure 5 — Construction of infrastructure structures during 2015-2020, UAH billion [23]

Regarding the end time of the project,
President Volodymyr Zelensky stated that the
Big Construction program will end when "bad
roads end" [24]. Moreover, the goal of Big
Construction should be not only the
maximum mileage of the renovated roads,
but also the maximum durability of the
repaired routes.

It is planned that in 2022 Ukravtodor will
receive UAH 79 billion directly from the state
budget for the repair and construction of new
state roads, and another UAH 45 billion will be
lent by banks and international financial
organizations under state guarantees, so UAH
124 billion should be accumulated together.
For comparison: in 2021 in the state budget
for Big Construction was laid about 110 billion
UAH, i.e. 10% less [25].

It is projected that in 2024, thanks to road
works under the Big Construction, Ukraine's
GDP will be 4.4% higher than GDP in 2020
[26].

Consider the global experience of
investing in the country's road infrastructure
and the relationship of such investments and
national economic indicators.

It is known that foreign countries pay
considerable attention to investment in roads
and show significant socio-economic effects

from new and improving the quality of
existing roads.

The most similar to the Big Construction
is the project of road development in Poland
in  2007-2012 (the period of active
reconstruction of infrastructure under the EU
program "Infrastructure and Environment").
The direct immediate economic effect of road
construction in 2007-2013 was reflected in
the annual average contribution to GDP
growth of 0.3%. We can draw parallels with
the Latvian construction in Saulkrasti. The
improvement in traffic safety was estimated
at 23% of the total socio-economic effect of
the project - 89 million euros per year.
Additional effects were noise reduction and
air pollution in the city. In Turkey, in 2003-
2019, highway development projects were
implemented. The three involved highway
projects were to give a total GDP growth of
1.6%.

Belarus has an interesting experience, in
particular, regarding the M5 motorway and
the fare system. In 2006-2015, the state
program Roads of Belarus continued in
Belarus. Belarus has a positive experience in
tolling and sees it as an important source of
funding for infrastructure construction. This
allows to partially solve the problem of
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overweight trucks, because it depends on the
weight of the fare [26].

Thus, the experience of developed
countries shows a positive relationship
between investments in the maintenance and
construction of transport infrastructure and
economic indicators of the state.
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At the same time, there is reason to
believe that investing significant funds in
infrastructure projects for a certain type of
transport may result in a decrease in work
performed on other types. In particular, in the
realities of Ukraine, there is a bias of financial
injections towards road and air transport (Fig.
6).

Investment in infrustructure, % to previous year

2016 2017
-20

-40

2018 2019 20

BMRoad M Railway M[EBridges, tunnels* 0O Water

Figure 6 — Growth in investment in transport infrastructure in relation to the previous year for
various modes of transport (* - no available data for 2016-2017)

Such a distribution of infrastructure funds
should lead to an outflow of goods and
passengers from, for example, rail transport.

This consideration is confirmed by the metric
ton-kilometers performed (Fig. 7).
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Figure 7 — Growth in ton-kilometers performed in relation to the previous year for various modes
of transport (based on [23])

Fig. 8 shows performed estimation of the of ton-kilometers and investments) in% of the
general state of the transport sector (in terms previous year.
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Figure 8 — Ton-kilometers and investments for all types of transport (in% of the previous year)
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It can be clearly seen that for Ukraine at
the moment there is no positive dynamics of
the influence of investments in transport
infrastructure on the amount of transport
work performed. The correlation coefficient of
these two indicators is (-0.88), which is
equivalent to a strong inverse correlation.
Thatis,anincrease in investments in transport
infrastructure has the opposite effect on the
indicator of transport work, reducing the
number of ton-kilometers performed. The
reasons for this state of affairs may be
different (including their combination):

1. Perhaps, the positive effect of
investments in transport infrastructure for
Ukraine will not appear immediately, and an
increase in the performed transport work will
occur in a few years.

2. It is possible that the volume of
investments in transport infrastructure does
not directly affect the volume of transport
work performed and a positive effect only in
national indicators (for example, GDP) should
be expected.

3. It is possible that investments in
transport infrastructure will be noticeable
only in the context of transit flows, which will
increase the attractiveness of Ukraine for
international transportation.

4. Perhaps, that there is no positive effect
from significant investments due to the facts
of corruption and theft of investment funds.

Conclusions. Thus, according to the
study, a general conclusion can be drawn
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about the impact of investments in the EU
transport infrastructure on the volume of
transport work performed:

- an increase in investments in road
infrastructure brings a positive effect on the
transport industry of the European Union,
namely, on the amount of transport work
performed (in tkm);

- the volume of investments in the EU
infrastructure brings a much greater positive
effect than funds for road maintenance;

- based on the available statistics, it is not
possible to determine whether there is a
difference in the short- or long-term impact of
investments in EU road infrastructure on the
volume of transport work. This relationship
requires further study.

In addition, good transport infrastructure
is a necessary, but not a sufficient condition
for growth. For example, the experience of
recent years in Ukraine does not show any
positive  effect from a large-scale
infrastructure project Big Construction on the
volume of internal transport work performed.
The huge funds allocated for the project have
not yet increased the volume of ton-
kilometers. The reasons may lie both in the
impossibility of obtaining a quick effect from
improving the infrastructure, and in the facts
of corruption and theft of funds allocated for
the project. The higher level of infrastructure
services could be used to increase the volume
of transit flows, combining investments with
the launch of toll road experience for the most
attractive directions in terms of transit flows.
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