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INTERRELATION OF EXTERNAL COSTS OF ROAD TRANSPORT
AND FINANCIAL AND LOGISTICS INDICATORS OF THE EU
COUNTRIES

Lidia Savchenko, Oleksander Tsapenko. "Interrelation of external costs of road transport and
financial and logistics indicators of the EU countries". Internal costs refer to the direct monetised costs for a
person or organisation undertaking an activity. They are costs that a business bases its price on. External costs
are not included in price and consist on the cost of disposing of the product at the end of its useful life, the
environmental degradation caused by the emissions, pollutants and wastes from production, the cost of health
problems caused by harmful materials and ingredients and social costs associated with increasing
unemployment due to increasing automation. In such way, external costs or externalities refer to the economic
concept of uncompensated social or environmental effects.

The countries of the European Union have long been engaged in converting indirect losses from transport
into financial units. The latest existing 2019 Handbook on External Costs of Transport considers not only
marginal external costs, but also total and average external transport costs across the EU, Switzerland and
Norway.

Our goals in this research are:

- identification of factors that have a significant impact on the total external costs of transport at the
country level;

- determining of the degree of such influence;

- determination of interdependence (multicollinearity) of factors of influence;

- determination of the direction of influence (direct or inverse dependence);

- making conclusions regarding the possibility of determining the external costs of the country based on
the selected factors.

On the basis of correlation-regression analysis, factors were determined that have a clear relationship
with the external costs of road transport - the country's GDP, the amount of transport work produced by the
country in tkm and the amount invested in road infrastructure. Values of Multiple R and R-square of the
regression model (very next to 1) allow us to make a conclusion that these three factors are sufficient to explain
the variable (external costs) at a reliability level of 95%. All factors are statistically significant and should be
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involved in the model. Another important result is the sign with which the coefficients are present in the model:
with an increase in % of GDP and transport work, external costs will increase, however, with an increase in
investment in road infrastructure, the value of external costs of transport will decrease.

Finally, the regression equation of the country's external transport costs as a function of the three
aforementioned indicators was obtained. A very good representation of the statistical data with the resulting
regression model can be observed. It can be assumed that this model can be used to predict external costs of
road transport and transfer the methodology to countries outside the EU, for example, Ukraine..

Keywords: external costs of transport, road infrastructure, transport work, infrastructure investment,
correlation, regression.

Jlioia Cas4yeHko, OnexkcaHop LjaneHKko. «B3aemo36'a30K 308HiWHIX sumpam aemomobinbHoz20
mpaHcnopmy ma ¢iHaHco8o-102icMu4HUX NOKA3HUKie KpaiH €C». BHympiwHi sumpamu cmocyromecsa
NpAMUX 2pouwlosux sumpam 0J19 0cobu Yu opeaHizauil, Aki 30itcHIOOMb NedHy dianbHicMe. Lje sumpamu, Ha
AKux 6i3Hec 6asye ceolo YiHy. 308HiWHI suMpamu He 8x00aMe y 8iONYCKHY YiHy ma ckadaromecsa 3 eapmocmi
ymunizayii npodykmy 8 KiHYi mepmiHy (i020 KOPUCHO20 BUKOPUCMAHHA;, 8mpam 8i0 Nno2ipweHHs
HABKOUWHbLO20 CepedosuUd, CnpUHUHEHO20 8UKUOAMU, 3abpyoHI08a4yamu ma gioxooamu supobHUUMEa;
sapmocmi npobsiem 3i 300p08’aM, CnpU4UHEHUX WKIGAUusUMU Mamepianamu ma iHepedieHmamu; CoyianbHuUXx
sumpam, nog'a3aHux 3i 3pocmaHHAM 6e3pobimmsa uepe3 3poCMAHHA dsmomamu3sauii. Takum YUHOM,
308HIWHI sBuMpamu abo 308HiWHI ehekmu 8iOHOCAMbCA 00 eKOHOMIYHOI KOHUenuil HeKOMNEeHCOBAHUX
coyianbHUXx abo ekosoziyHux eghekmia.

Kpaitu €spocoro3y 0asHo 3alimaromsca nepesedeHHAM Henpamux 36umkie 8i0 mpaHcnopmy y
iHaHcosi oOuHuyi. OcmatHil icHyrouul JJogiOHUK i3 308HIWHIX 8umpam Ha mpaHcnopmi 3a 2019 pik
p032/1A0a€ He Jiuwe MAPXUHAbHI 308HIWHI sumpamu, a U 3a2asbHi ma cepeOHi 308HiWHI MpaHcnopmHi
sumpamu e kpaiHai €C, LLlsetiyapii ma Hopeeail.

Hawi yini 8 ybomy 00CNIiOKEHHI:

- BU3HAYEHHA hakmopis, o MarmMe 3HA4YHUU 8NJIUB HA 3A2AsbHI 308HIWHI BUMPAMU MpaHcnopmy Ha
pi8HI KpaiHu;

- BU3HAYEHHA CMYNeHA MaKo2o 8nsusy;

- BUBHAYEHHA 83AEMO3A/IeXXHOCMI (MyJIbmuKoJIiHeapHoOCMi) hakmopis ennugy;

- BU3HAYEHHA HANPAMKY 8nJu8y (NpAMA Yu obepHeHa 3anexHicms);

- hopMysII0BAHHA BUCHOBKIB W000 MOX/IUBOCMI BU3HAYEHHA 308HIWHIX 8UMPAM KPAiHU HA OCHOB8|
o06paHux ghakmopis.

Ha ocHosi kopenayiliHo-pezpeciliHo20 aHanizy susHayeHo ¢akmopu, Aki Marome 4imkuli 36’a30K i3
308HIWHIMU 8UMpamMamu agmomobinbHozo mpaHcnopmy — BBl kpaiHu, ob6cse mpaHcnopmHoi po6omu,
8UpobsIeHOT KpaiHOI 8 MKM, ma cyma iHgecmuyili y 00poxHio iHgppacmpykmypy. 3HaqyeHHa Multiple R i R-
keaopam pezpecitiHoi modeni (Wo € Oyxe 6su3bkumu 00 1) 00380/1A10Mb HAM 3PO06UMU BUCHOBOK, U0 UUX
mpbox hakmopie 0ocmamHbo 0719 NOACHEHHA 3MIHHOT (308HiWHIX Bumpam) 3 pigHem HaditiHocmi 95%. Yci
hakmopu € cmamucmuy4HO 3HAYYUWUMU i, OMxe, NOBUHHI 6ymu 3adisHi 8 mModeni. IHWuM 8axugum
pe3ysibmamom € 3HAK, 3 AKUM KoegiyieHmu ¢akmopie npucymti 8 mooeni: 3i 36inewerHHam BBl i
mpaHcnopmHoi pobomu 308HiWHI 8BUMPAMU 3pocMyms, 0OHAK 3i 36iblWeHHAM iHeecmuuili 8 OOPOXHIO
iHpacmpykmypy 8eiudUuHA 308HIWHIX BUMPAM HA MPAHCNOPM 3MEHUWUMbCA.

Hapewmi, ompumare pisHAHHA pe2pecil 308HIWHIX MPAHCNOPMHUX 8UMPAM KPAaiHU AK 3a/1eXKHiCMb
8i0 mpbox suwesadaHux iHOukamopis. MoxHa cnocmepizamu Oyxe edpHe NpeodCMAssieHHA
cmamucmuy4HUX 0aHUX 3a 00NOMO20I0 OMPUMAHOI pezpeciliHoi modeni. MoxHa npunycmumu, wo 0aHa
MoOesb Moxe bymu 8UKOPUCMAHA 071 NPO2HO3YBAHHSA 308HIWUHIX BUMPAM HA asmomobinsHUl mpaHcnopm
i nepeHeceHHa Memo0osioeail 8 KpaiHu no3a €C, HaNPUKIao, 8 YKpaiHy.
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Knrouoei cnoea: 30BHilHi BUTPaTV Ha TPAHCMOPT, AOPOXKHSA iHPPACTPYKTYypa, TpaHCNopTHa poboTa,
iHBeCTULiT B iIHPppaCTPYKTYypy, Kopensuis, perpecisa

Jluousa CasyeHko, AnekcaHop LjaneHko. "B3aumocesa3sb eHeWHUX U30epxKeK asmomo6uibHo20
mpaHcnopma u ¢uHAHCOB80-/1I02UCMUYecKUX nokazamenel cmpax EC". BHympeHHue pacxodsi
Kacaromcs npambix 0eHexHbIX 3ampam 0718 IUYHOCMU U/IU 0P2aHU3ayuU, OCywecmsssouux onpeoesieHHy o
deamesibHOCMb. MO 3ampamel, Hd4 KOMOpbIX GU3HeC OCHOB8blsaem C80K UeHY. BHewHue pacxodel He
BKJIIOHAIOMCA 8 OMNYCKHYIO UeHY U COCMOoAm U3 CmouMocmu ymuausayuu npodyKma 8 KOHUe CPOKa e20
NoOJIe3HO20 UCNOJ/IL308AHUS; NOMepb oM yxyoOweHUa OKpyxaruwel cpedbl, 8bI38AHHOU 8blibpocamu,
3d2pA3HUMeNIAMU U 0mxo0amu npou3goocmad; CmoumMocmu npobiem co 300p08beM, 8bI38AHHbIX BPEOHbIMU
Mamepuanamu u uHzpedueHmMamu; CoOUUaIbHbIX pacxo008, C8A3AHHbIX C pocmom be3pabomuysl u3-3a pocma
asmomamusayuu. Takum o06pasom, 6HelWHUe 3ampamel UAU BHeWHUe 3@gekmosl OMHOCAMCA K
SKOHOMUYecKoU KOHUeNnyuu HeKOMNEHCUPOBAHHbIX COUUAbHbIX UU 3KOI02U4ecKUX 3¢hhekmos.

CmpaHbl Espocoto3a 0agHO 3aHUMAromca nepesooOM KOCBEHHbIX yOblmKo8 om mpaHcnopma 8
¢uHaHcosble eduHuUybl. [TocnedHul cywecmayroujuti CnpasoyHUK No 8HEWHUM pacxo0am Ha mpaHcnopme
3a 2019 200 paccmampusaem He MOJIbKO MAPXUHAJIbHble 8HeWHUe pdcxoobl, HO U obwue u cpedHue
8HewHuUe mpaHcnopmHele pacxoosl 8 cmpaHax EC, lllseliyapuu u Hopsezuu.

Hawu yenu 8 smom uccsiedo8aHuu:

- onpedesieHue hakmopos, OKa3bl8arOWUX 3Ha4umesnbHoe 81UAHUE HA obujue 8HeWHuUe pacxoosbl
MpaHcnopma Ha yposHe CMpaHsi;

- onpedesieHUe cmeneHU Makozo 8030elicmeaus;

- onpedesieHuUe 83aUMO3d8UCUMOCMU (MYyJIbMUKOAUHEapHOCMU) pakmopos 8o30elicmausi;

- onpedesieHUe HanpasseHus 8o3delicmaus (NpPAMAas unu 06pAMHAA 3a8UCUMOCMS);

- hopmynuposaHue 8180008 0 BO3IMOXHOCMU onpedesieHUs BHeWHUX pacxo008 CMpdHbl Ha OCHo8e
8bI6pPAHHbIX (haKMOopos.

Ha ocHose koppenayuoHHO-pezpecCUOHH020 aHaau3d onpedesieHbl (PaKmMopbl, KOmMopble UMerm
YemKylo C8A3b C BHEWHUMU 3ampamamu dsmomobusibHo2o mpaHcnopma - BBI1T cmpaHs, obwvem
mpaHcnopmHol pabomel, Npou3soouMol cmpaHol 8 MKM, U CyMMd UHBecmuyuli 8 OOPOXHYIO
uHgppacmpykmypy. 3HadeHua Multiple R u R-keadpam pezpeccuoHHoU mMmodenu (Komopeie o4eHb 6/1U3KU K 1)
Nno380s1A10M c0eslams 3aK/TI0UeHUe, 4Ymo 3Mux mpex pakmopoe 00CMamoyHo 0/19 06vACHEeHUS nepemMeHHOoU
(8HeWHUX 3ampam) ¢ yposHem HaoexHocmu 95%. Bce pakmopsl cmamucmuyecku 3Ha4umsl U,
c1e008ameribHO, 00/XHbl 6bIMb 3a0elicmaeo8aHbl 8 MOOEU. []py2um 8aXXHbIM pe3ybmamom A8/IAemcs 3HAK,
C KomopbIM Ko3hdpuyueHmel hakmopos npucymcmayrom 8 Mooesu: ¢ ysesnuyeHuem BBl u mpaHcnopmuod
pabomesl 8HewHue U30epXKU 803pacmym, OOHAKO C ygenudeHueM UHBecmuyuli 8 OOpPOXHYIO
UHppacmpykmypy 8esuduHa 8HeWHUX pacxo008 HaA MPAHCNOPM CHU3UMCA.

HakoHeu, nonydeHo ypasHeHue pezpeccuu BHeWHUX MPAHCNOPMHbIX pAcxo008 8 CmpdHe Kak
3dsuUcUMOCMb OM mMmpex 8blleyNOMAHYyMbIX UHOUKamopos. MoxHo Habnwdame o4YeHb Xopouwiee
npedcmassieHue cmamucmuyeckux OAHHbLIX C NOMOWbIO NOJTyYeHHOU pezpeccuoHHoU modenu. MoxHo
npednosoXume, YmMo OAHHAA MOOesdb Moxem 6bimMb UCNOAL308AHA ONA NPO2HO3UPOBAHUA BHEUWHUX
pacxo008 Ha asmomobusibHbIU MPAHCNOPM U hepeHoca Memoodoso2uu 8 cmpatsl eHe EC, Hanpumep 8
Ykpauny..

Knrouyeabie cnoea: BHelLHWE pacxofbl HAa TPAHCMOPT, AOPOXHAsA MHOPACTPYKTYypPa, TPAHCMOPTHas
paboTa, uHBECTULUN B MHPPACTPYKTYPY, KOPPenaLms, perpeccus.

Introduction. Internal costs refer to the disposal) for a person or organisation
direct monetised costs (planning, undertaking an activity [1]. They are costs that
construction, management, maintenance, a business bases its price on. They include
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costs like materials, energy, labour, plant,
equipment and overheads [2]. External costs
are costs that are NOT included in what the
business bases its price on. These include:

- the cost of disposing of the product at
the end of its useful life

True
market price

False

market price Profit

Infernal
costs

Hidden costs -

paid by society costs

False
price

External

23-34
v.17 (2023)
https://smart-scm.org

- the environmental degradation caused
by the emissions, pollutants and wastes from
production

- the cost of health problems caused by
harmful materials and ingredients

- social costs associated with increasing
unemployment due to increasing automation

[2].

Profit.

True cost

F'rternal
+

Extarnal
cosls

True
price

—>

Figure 1 — External costs and true price [2]

The goals in this research are:

- identification of factors that have a
significant impact on the total external costs
of transport at the country level;

- determining of the degree of such
influence;

- determination of interdependence
(multicollinearity) of factors of influence;

- determination of the direction of
influence (direct or inverse dependence);

- making conclusions regarding the
possibility of determining the external costs
of the country based on the selected factors.

Literature analysis. Two  British
economists are credited with having initiated
the formal study of externalities, or "spillover
effects": Henry Sidgwick (1838-1900) is
credited with first articulating, and Arthur C.
Pigou (1877-1959) is credited with

formalizing the concept of externalities.
Although Henry Sidgwick (1838-1900) first
articulated the idea of spillover costs and
benefits (externalities), Arthur C. Pigou (1877-
1959) receives most of the credit for
formalizing the concept. Pigou, a British
welfare economist (meaning that his
economic theories focuses on maximizing the
well-being of society), studied at King's
College in Cambridge and later served as the
chair of political economy at Cambridge from
1908 to 1943. The previous chair, Alfred
Marshall, significantly influenced Pigou's
thinking, as both were concerned about how
to use economic theory to promote social
well-being [3].

The word externality is used because the
effect produced on others, whether in the
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form of profits or costs, is external to the
market.

External costs (also known as
externalities) refer to the economic concept
of uncompensated social or environmental
effects. For example, when people buy fuel for
a car, they pay for the production of that fuel
(an internal cost), but not for the costs of
burning that fuel, such as air pollution. The
aim of the “polluter pays” principle and
environmental taxes is that these externalities
are internalised (e.g. by putting an eco-tax on
fuels) [1].

An external cost is a cost not included in
the market price of the goods and services
being produced, i.e. a cost not borne by those
who create it [4].

An external cost is a negative effect to a
third party from the production or the
consumption of a good [5].

An external cost is the cost incurred by an
individual, firm or community as a result of an
economic transaction which they are not
directly involved in. External costs, also called

Cost and
benefit

4

23-34
v.17 (2023)
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‘spillovers’ and ‘third party costs’ can arise
from both production and consumption [6].

Most transactions create external costs —
examples include [6]:

- Purchasing consumer goods commonly
creates waste in terms of packaging, as well as
other environmental costs including carbon
emissions resulting from travelling to stores
and outlets.

- Environmental costs can also arise from
the production process, including direct costs
from emissions and costs from transportation
and distribution.

- Excessive fishing can deplete fish stocks
and lead to unemployment in the fishing
industry in the future.

Where the goods are ‘demerit goods’,
such as cigarette and alcohol consumption,
governments may impose taxes to
discourage consumption and reduce external
costs. Information failure may result in a lack
of awareness of external costs, and hence a
sub-optimal level of consumption.

Marginal

Social Cosl

Marginal

Social Benefit

Q1

Q

-

Quantity

Figure 2 — Dependency between social, private and external costs [6]



The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”,

ISSN 2708-3195

An external cost, such as the cost of
pollution from industrial production, makes
the marginal social cost (MSC) curve higher
than the private marginal cost (MPC). The
socially efficient output is where MSC = MSB,
atQ1, whichis a lower output than the market
equilibrium output, at Q. Net welfare loss can
exist in two situations. Firstly, it exists when
the marginal cost to society of a particular

Costand MSC
benefit Marginal
‘ Sodial Cost
MPC
External /"f

Cost

| MSB
4 | Marginal
i yaal Benefit
: B
Q1 Q )
Sodally  Free Quantity

Effident  Market
Allocation Allocation
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economic activity, such as manufacturing
200,000 computers, is greater than the
marginal benefit to society. Secondly, it can
exist when the marginal benefit of a given
economic activity, such as producing
50,000m computers, is greater than the
marginal cost. The first situation can occur
when the market produces ‘too much’, and
the second when it produces ‘too little’. [7].

Cost and MSC
benefit Miarginal
Sodal Cost
A
MPC
‘Welfare loss
-§ ——————
g pb————
: |
3 |
g |
s | MsB
g | | Marglnal
5 | | Sodial Benefit
Z | | .
g a1 Q -
':‘ Socially  Free Quantity
- Effident  Markat

Miocation Mlocation

Figure 3 — Formation of welfare loss [7]

The countries of the European Union
have long been engaged in converting
indirect losses from transport into financial
units. In relevant studies, reference books,
instructions and regulations, such costs are
called external.

In 2008 the European Commission
commissioned the first Handbook on External
Costs of Transport, as part of the IMPACT
study [8]. The 2008 Handbook focus was on
marginal external costs of transport as a basis
for the definition of internalisation policies (in
line with the marginal social cost pricing
principle). It covered all main external cost
categories, including air pollution, climate
change, noise, accidents and congestion.

In 2014, the Handbook was updated to
reflect new developments in research and
policy [9]. Furthermore, the scope was
broadened: next to the external costs of
transport, infrastructure wear and tear costs

for road and rail transport were covered as
well.

The latest existing 2019 Handbook [10] is
an update to the 2008 and 2014 versions. It
considers not only marginal external costs, as
was the focus of previous Handbooks, but
also total and average external transport costs
across the EU, Switzerland and Norway. In
addition, data on external costs were
prepared for some non-European countries to
compare with European figures.

The latest vision of the European
Commission is to take into account these
types of external costs of transport:

- costs from traffic congestion;

- costs from traffic accidents;

- costs from traffic noise;

- costs from air pollution;

- costs from climate change;
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- other costs that presented in the studies
only conceptually, without a verified
methodology for their calculating.

The second classification of external costs
of transport is their division into total and
marginal. According to [5], external marginal
cost is the cost to a third party from the
consumption/production of one extra unit. In
[10] marginal costs show the total costs by
their types (congestion, accidents etc.), and
the marginal ones allow to determine the
value of the costs depending on the road
conditions, the distance traveled, the number
of passengers and cargo transported.

It should be noted that external costs of
transport are determined not only for the
most common mode of transport, road
transport, but also for other modes of
transport, namely:

- aviation;

- railway;

- marine;

- internal water.

Presentation of the main results.
Although existing methodologies cover
studies on monetization of external costs of
non-road modes of transport, however, some
difficulties are obvious. One of them is the
imperfect statistical database for EU countries
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for non-road modes of transport. Another is
the lack of scientific research, tested on
practical examples. Thus, unfortunately, the
latest Handbook for determining the external
costs of transport do not contain equally
verified methodologies for all modes of
transport.

Among other, Handbook of 2019 has
information about total external costs of road
transport in each country of the EU. The latest
data is from 2016 but they are supposed to
show also current dependency.

These values of external costs of road
transport were taken as the resulting indicator
(Y).

The following indicators were taken as
factors influencing external costs of road
transport:

- the country's GDP in % from total EU
GPD in 2016 (X1);

- number of tkm performed by country in
2016 (X2);

- the volume of investments in road
infrastructure by country in 2016 (X3).

Performed transport tonne-kilometres
were taken from [11] and show such numbers
by countries (Fig. 4).
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Figure 4 — Freight transport performance (road transport, min tkm, 2016) [11]
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Information about investment into road
infrastructure in 2016 is shown in Fig. 5.
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Figure 5 — Infrastructure investment in road transport (euro, 2016) [12]

Financial indicators of GPD in countries of
the EU in 2016 was found in the Eurostat
website (Fig. 6).

Germany 21.1
United Kingdom 16.0
France 15.0
Italy 1.3
Spain 75
Netherlands 4.7
Sweden 3.1
Poland 29
Belgium 28
Austria 24
Denmark 1.9
Ireland 18
Finland 14
Portugal 1.2
Greece 1.2
Czech Republic 1.2
Romania 11
Hungary 0.8
Slovakia 0.5
Luxembourg 04
Bulgaria 03
Croatia 0.3
Slovenia 0.3
Lithuania 0.3

Latvia 0.2
Estonia 1 0.1
Cyprus 1 0.1
Malta 1 0.1
0 5 10 15 20

Figure 6 — Share in the EU GPD (%, 2016) [13]
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Unfortunately, due to old statistics,
information was not found in open sources
for all EU countries in 2016. Therefore, the
worksheet with initial data contains
information only for those countries that
belonged to the EU in 2016 and for which it
was possible to obtain statistical data on all
the above factors of influence (Table 1).
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It should be noted that for the possibility
of direct comparison of the degree of
influence of each factor on external costs, the
units of measurement (Fig. 4-6) were
transformed to those that made it possible to
obtain approximately the same order of
numbers for all factors (resulting and
influencing).

Table 1. Statistics about external costs of road transport, performed work, investment in the
infrastructure and GPD by countries of the EU in 2016

Total external costs Performed tonne- | . Infrastruc.ture
Country % of EU GDP . investment in road
(bn €) kilometres (bn tkm) transport
port (10 min €)
Austria 18,30 2,40 18,09 44 40
Belgium 26,40 2,80 35,58 81,00
Bulgaria 6,50 0,30 35,40 16,31
Croatia 5,00 0,30 11,34 19,74
Czech Republic 13,60 1,20 50,31 84,92
Denmark 8,20 1,90 12,94 109,95
Estonia 1,50 0,10 6,72 14,86
Finland 740 1,40 26,85 117,80
France 109,10 15,00 152,80 921,60
Germany 165,70 21,00 315,77 1209,00
Greece 12,80 1,20 24,56 218,70
Hungary 11,10 0,80 40,01 80,27
Ireland 14,30 1,80 11,56 62,20
Italy 115,00 11,30 112,64 375,50
Latvia 2,30 0,20 14,23 19,00
Lithuania 3,90 0,30 30,97 35,70
Luxembourg 3,20 0,40 6,45 21,35
Poland 40,20 2,90 303,56 307,54
Portugal 16,80 1,20 34,68 7,90
Romania 21,20 1,10 48,18 236,68
Slovakia 5,40 0,50 36,11 75,14
Slovenia 2,70 0,30 2,14 14,90
Spain 64,30 7,50 216,99 388,00
Sweden 15,30 3,10 42,69 208,63
United Kingdom 99,40 16,00 157,66 856,14
Next, regression analysis was
performed and such values were obtained
(Table 2).
Table 2. Regression statistics

Multiple R 0,99

R Square 0,97

Adjusted R Square | 0,97

Standard Error 7,96

Observations 25
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Values of Multiple R and R-square (very
next to 1) allow us to make a conclusion that
these three factors are sufficient to explain the
variable (external costs) at a reliability level of
95% (that is by default in the MS Excel).

In our case the F Statistics is less than 0,05
(2,49E-16), which indicates that the
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explanatory variables (factors X1, X2, X3) have
a statistically significant association with
external costs.

The most important results were
obtained about the coefficients of the
regression equation, their boundaries as well
as errors and t-statistics (Table 3).

Table 3. Regression Coefficients, Errors, P-values, t Statistics

Coefficients | Standard Error | t Statistics | P-value | Lower 95% | Upper 95%
Intercept 1,67 2,04 0,82 0,42 -2,58 5,92
Factor X4 8,86 1,07 8,26 0,00 6,63 11,09
Factor Xz 0,09 0,03 3,20 0,00 0,03 0,15
Factor X3 -0,05 0,02 -2,22 0,04 -0,09 0,00

P-values tell us whether or not each
explanatory variable is statistically significant.
All factors are statistically significant (values
are from 0,00 to 0,04 that is less than 0,05). It
means that all factors should be involved in
the model.

The work [14] shows no significant
correlation between transport work and
infrastructure investment, which confirms the
absence of multicollinearity.

The coefficients for each explanatory
variable (8,86; 0,09; -0,05) show the average
expected change in the response variable,
assuming the other explanatory variable
remains constant. For example, for each
additional % of EU GDP, the external costs of
transport are expected to increase by 8,86,
assuming that all other factors values remain
constant.

As for the coefficient for the intercept, it
means that the expected external costs for a
country with 0 values of all factors X is 1,67. Of
course, this looks like nonsense, since with
zero GDP, and with the absence of transport
performance and investment in
infrastructure, the external costs of transport
cannot take place. However, here it should be
remembered that the value of this coefficient
is only an estimate, that is, an average. If we

talk about the interval in which it can change,
then its upper and lower limits (at a 95%
reliability level) are (-2,6; 5,9).

Another important result is the sign with
which the coefficients are present in the
model: the factors Xi and Xz have a positive
sign, and the factor X3 has a negative sign.
This can be regarded as the direction of the
influence of the factor on the resulting value.
That is, with an increase in % of GDP and
transport work, external costs will increase,
however, with an increase in investment in
road infrastructure, the value of external costs
of transport will decrease. This fact should be
taken into account by all countries when
assessing the feasibility of infrastructure
investment projects. If, in addition to the
direct economic component, the external
costs of transport are taken into account, this
may tilt the balance towards the expediency
of launching the project.

The last step is to show the regression
equation and illustrate the difference (and
similarity) between the real values of external
costs of transport for each country and the
theoretical values calculated using the
regression equation.

Regression is:

Y =1,67 +8,86-X1 +0,09-X2 - 0,05-X3,

where Y is external costs of road transport in bn euros;
X1 is the country's GDP in % from total EU GPD in %;
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X2 is performed transport work by country in bn tkm;
X3 is the volume of investments in road infrastructure by country in 10 min euros.

Now we can show the real and theoretical
(obtained using the regression equation) data
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120,00
100,00
80,00
60,00
40,00

20,00

External costs of road transport, bn euros

0,00

real

of external costs of road transport in the
graph (Fig. 7).

regr

Figure 7 - Real and theoretical values of the external costs of road transport

Conclusions. To sum up, on the basis of
correlation-regression analysis, factors were
determined that have a clear relationship with
the external costs of road transport - the
country's GDP, the amount of transport work
produced by the country in tkm and the
amount invested in road infrastructure.
Values of Multiple R and R-square of the
regression model (very next to 1) allow us to
make a conclusion that these three factors are
sufficient to explain the variable (external
costs) at a reliability level of 95%. All factors
are statistically significant and should be
involved in the model. Another important
result is the sign with which the coefficients
are present in the model: with an increase in
% of GDP and transport work, external costs

will increase, however, with an increase in
investment in road infrastructure, the value of
external costs of transport will decrease.

We can observe a very good
representation of the theoretical data with
the resulting regression model. It can be
assumed that this equation can be used both
now and in the future to predict external costs
of road transport and transfer the
methodology to countries outside the EU, for
example, Ukraine.

It should be added that in the context of
road transport, there is mostly talk of negative
externalities, which is undoubtedly necessary,
but there is very little discussion of positive
externalities, the contribution of transport to
country's economic growth (and therefore
positive GDP growth).
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