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Road safety is a major factor in the economic growth of any country. When complying with all regulatory require-
ments for safety you can achieve "zero" deaths on the roads, in turn allows the efficient use of budgetary financial
resources for other needs. In the conditions of constant growth of the number of vehicles on the highways of Ukraine,
without proper development of the infrastructure the probability of accidents on the roads will increase. According to
world statistics, every year road accidents kill tens of thousands and injure hundreds of thousands of people. Each
traffic accident entails significant socio-economic losses, which depend exponentially on the severity of injuries or
the presence of casualties. Thus, the annual amount of socio-economic losses from road accidents reflects the re-
sult of economic assessment of road safety. The object of the study is evaluation safety motor roads by the amount
of socio-economic losses cased by road accidents in Ukraine and European countries. The purpose of the work is
to calculate the approximate forecast of socio-economic losses in Ukraine and European countries until 2025 and
to assess the effectiveness of investment in projects to improve road safety. Research methods — analysis of sta-
tistical data, forecasting of socio-economic losses on the basis of extrapolation of trends with the determination of
the parameters of the quadratic equation by determinant method, comparison of the actual savings from reducing
the losses from road accidents, calculation of economic efficiency of measures to improve road safety. The article
presents the calculation of socio-economic losses from road accidents with the subsequent forecast of these costs
in the 5-year perspective, as well as the evaluation of the effectiveness of investment in measures to improve road
safety. It has been confirmed that the financing of road projects to improve road safety provides a significant eco-
nomic benefit to the national economies of the European Union and Ukraine. The results of the work can be used in
the investment process and in the preparation of a feasibility study of road projects.
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Besneka Ha aBTOMOGINIbHUX JOpOrax — rofIOBHUIA YUHHUK €KOHOMIYHOTO 3pOCTaHHA Gyab-aKoi KpaiHu. 3a go-
TPMMaHHS yCiX HOPMAaTUBHMX BUMOT 3 GE3MeKn MOXMBO AOCAITY «HY/IbOBOI» CMEPTHOCTI Ha Aoporax, Lo B CBOK
yepry [03BOSSIE e(PEKTVBHO BUKOPUCTOBYBATMN OIOAKETHI (PiHAHCOBI pecypcm Ha iHWi noTpebu. B ymoBax nocTiliHOMo
3POCTaHHS KiNbKOCTI TPAHCMOPTHMX 3ac06iB Ha aBTOMOGIIbHUX Aoporax YKpaiHu, 6e3 HasieXHOro po3suTKy iHdpa-
CTPYKTYpu Oyae 3pocTaTi MMOBIPHICTb BUHUKHEHHSA aBapilHMX CUTyauid Ha goporax. 3rigHO CBITOBOI CTATUCTUKM
LLOPOKY AO0POXHLO-TPAHCMNOPTHI MPUroAM CTaloTb NPUYMHOID 3arnbeni 4ecATKIB TUCAY | OTPUMaHHA TpaBM COTHSI-
MK TUCSAY Ntofeli. KoxHa JOpOXHbO-TPaHCNOpTHA NpUroga Hece 3a Cob0K CYTTEBI COLlia/IbHO-eKOHOMIYHI BTpaTy,
AKi eKCMOHEHLa/TbHO 3a/exarb Bif, TSHXKKOCTI TpaBM abo HasBHOCTI 3arn6/imx. Takum YMHOM, PiYHWIA po3Mip coui-
a/IbHO-EKOHOMIYHWX BTPAT Bif AOPOXHbLO-TPAHCMOPTHUX NPUIOf Bifobpaxkae pesynsrar €eKOHOMIYHOTO OLiHIOBaHHS
6e3nekn aBTOMOGINbHMX Aopir. O6’EKT AOCNIMKEHHS — OLHIOBaHHS 6e3nekn aBTOMOGINbHMX A0pIr Yepe3 BU3Ha-
YEHHS PO3MIPY COLia/IbHO-EKOHOMIYHMX BTPAT Bif JOPOXHLO-TPAHCNOPTHUX NPUrOA, B YKpaiHi Ta kpaiHax €sponu.
MeTa po60Tn — po3paxyBaTi OPIEHTOBHMIA NPOTrHO3 COLlia/lbHO-EKOHOMIYHKX BTPAT B YKpaiHi Ta kpaiHax €8ponu o
2025 poky Ta OLiHWTW echeKTUBHICTb IHBECTULI B NPOEKTY 3 MiABULLEHHS 6e3nekn AOpOXHLOro pyxy. Metoau fo-
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CNiDKEHHS — aHai3 CTaTUCTUYHUX AaHWX, NPOrHO3YBaHHS COLlia/IbHO-EKOHOMIYHUX BTPAT Ha OCHOBI ekcTpanonsui
TPEHAIB 3 BU3HAYEHHSAM NapameTpiB KBaApaTUYHOrO PiBHAHHS 3a METOAOM AETePMiIHaHTIB, MOPIBHAHHA haKTUYHOT
€KOHOMIT Bif, 3MEHLLEHHS BTPAT Bif, AOPOXHbO-TPAHCMOPTHUX MPUrod, PO3paxyHoOK eKOHOMIYHOT edheKTMBHOCTI 3a-
XOAiB 3 MiABULLEHHA 6e3neKkn JOPOXHBLOrO PyXy. Y CTaTTi NpeACcTaBeHo pPo3paxyHoK CoLiabHO-eKOHOMIYHUX BTpaT
Bif, SOPOXHbO-TPAHCNOPTHUX MPUro4 3 No4asibLUMM MPOrHO30M LX BUTPAT Y 5-pidHiil NepcneKTrBi, a TakoX OLiHKa
eheKTUBHOCTI iHBECTULiN B 3aX0AM 3 MiABULLEHHS 6Ee3Mekn AOPOXHbOro pyxy. OTpMMaHo NigTBEPMKEHHS TOTO, LLO
thiHaHCYBaHHS1 JOPOXHIX NPOEKTIB 3 MiABULLEHHA GE3NEKN pyXy A03BO/ISIE OTPUMATW 3HAYHWUI EKOHOMIYHWIA echbekT
[LNs1 HallioHa/TbHOT EKOHOMIKM KpaiH €Bponeiicbkoro Coto3y Ta YkpaiHu. Pe3ynstat po60oTu MOXyTb GYyTU BUKOPWC-
TaHi nig yac iHBecTuLiiHOro nNpoLecy Ta Npu NiAroToBLi TEXHIKO-eKOHOMIYHOTO 06I'PYHTYBaHHS LOPOXHIX MPOEKTIB.

KntouoBi cnoBa: po3paxyHok, 6e3neka, aBToMOGIiNbHI LOPOru, JOPOXHLO-TPAHCNOPTHI NpUroaun, eqdekTUBHICTD,
BTpaTu, MPOrHoO3.

BesonacHoCTb Ha aBTOMOGW/bHBIX fOpOrax — r/aBHblli (DaKTop 3KOHOMMYECKOro pocTa 160 cTpaHsl. Mpu co-
6/1101€HNM BCEX HOPMATUBHBIX TPEGOBaHMIA N0 6€30MaCHOCTM MOXHO AOCTUYb «HYNEBOI» CMEPTHOCTY Ha goporax,
B CBOH ouyepefdb N03BOASET 3PGEKTUBHO UCMOb30BATb OHOAKETHbIE (DMHAHCOBbLIE PECYPCbl HA APYrve HyX[bl.
B ycnoBusix NOCTOSIHHOTO pPOCTa KOMMYeCcTBa TPAHCMOPTHBLIX CPEACTB Ha aBTOMOOW/IbHLIX fOporax YkpauHbl, 6e3
Hag/1exallero passuTysa MHAPaCTPYKTYpPbl ByAEeT pacTu BEPOSITHOCTb BO3HVMKHOBEHWS aBapuitHbIX CUTyaumii Ha o-
porax. CorlacHo MMPOBOI CTaTUCTUKE eXErofHo [OPOXHO-TPAHCMOPTHbIE MPOUCLLECTBUS CTAHOBATCSA NPUYUHON
rMbenun AecsaTKoB ThICAY U NOTYYEHNUS TPABM COTHSIMU ThiCAY YeoBeK. Kax/aoe AOpOXHO-TPaHCNOPTHOE NMpoWcLue-
CTBWE B/IEYET 3a COOOIA CYLLECTBEHHbIE COLMANIbHO-3KOHOMUYECKME NOTEPU, KOTOPbIE SKCMOHEHLMAIbHO 3aBUCAT OT
TSDKECTM TPABM WM HaMuum normblumnx. Takum 06pa3om, rof0Boi pasmep coLuasibHO-3KOHOMUYECKMX NMOTEPb OT
[LOPOXHO-TPAHCMOPTHbIX NPOUCLIECTBUIA OTPaXKaeT pesy/bTaT 3KOHOMWUYECKOW OLeHKM 6e30nacHOCTN aBTOMOOWb-
HbIX gopor. O6BbEKT uccnegoBaHns — oLUeHKa 6e30macHOCTM aBTOMOBOUIbHBLIX AOPOr NyTeMm onpefeneHns pasme-
pa couuasibHO-3KOHOMUYECKMX MOTEPb OT JOPOXHO-TPAHCMOPTHBLIX NPOUCLLECTBUIA B YKpanHe U cTpaHax EBponbi.
Llenb paboTbl — paccunTaTh OPUEHTUPOBOUHbIA NPOrHO3 COLMaIbHO-3KOHOMUYECKMX MOTEPb B YKpauHe 1 cTpaHax
EBponbl o 2025 roga u oueHUTb 3DPEeKTUBHOCTb MHBECTMLMIA B MPOEKTbI MO MOBbILLIEHNIO 6E30MACHOCTY AOPOX-
HOro ABWXeHWs. MeTofbl NCCef0BaHNst — aHa/IM3 CTaTUCTUYECKNX AaHHbIX, MPOrHO3MPOBAHNE COLMaIbHO-3KOHO-
MWYECKMX NOTEPb HA OCHOBE 3KCTPanoNAuMM TPEHAOB C OnpeAeneHnemM napamMeTpoB KBagpaTuiHOro0 ypaBHEHUs
MeTOAO0M AeTEPMUHAHTOB, CPaBHEHME (DaKTUYECKON 3KOHOMMUK OT CHIDKEHUSI MOTepb OT JOPOXHO-TPAHCMOPTHbIX
NPOUCLLECTBWIA, pacyeT 3KOHOMUYECKOI 3DEKTUBHOCTM MEPONPUATUIA NO NOBbLILLEHWIO 6E30MACHOCTY AOPOXHOMO
ABWXEHWS. B cTaTbe npeacTaBfeHbl pacyeT CoLyasibHO-3KOHOMMYECKMX NOTEPb OT JOPOXHO-TPAHCMOPTHbIX MPO-
MCLUECTBWIA C NOcNeayoLIMM NPOrHO30M 3TUX PacXoAoB B 5-1 NIETHER NepCnekTBe, a Takke oueHka 3heKTUBHO-
CTW MHBECTULMIA B MEPONPUSTYS MO NOBbLILLEHWIO 6E30MACHOCTY AOPOXHOIO ABWKeHUS. [oyyeHo NoaTBepXAeHNE
TOr0, YTO (PMHAHCKHPOBAHME AOPOXHbLIX NPOEKTOB NO MOBbILEHUIO 6€30MacHOCTU ABWXEHNS NO3BOMSET NOMYYUThL
3HAUMTENbHbIA IKOHOMUYECKUIi 3IEKT ANA HALMOHATLHOWM 3KOHOMUKM CTpaH EBponeiickoro Coto3a 1 YkpanHbl.
Pe3ynbTathl paboTbl MOTYT 6GbiTb UCMOMb30BaHbl B XOA4E MHBECTMLMOHHOTO Npouecca U nNpu NOAroToBKE TEXHUKO-
3KOHOMMYECKOTO 060CHOBaHUSA [OPOXHbLIX NPOEKTOB.

KntoueBble cnoBa: pacyeT, 6e30MacHOCTb, aBTOMOOW/bHbIE AOPOTH, 4OPOXHO-TPAHCMOPTHbIE MPOVCLLECTBNS,
30(heKTUBHOCTb, NOTEPU, MPOTrHO3.

Formulation of the problem. Road safety is a
major factor in the economic growth of any coun-
try. When complying with all regulatory require-
ments for safety you can achieve "zero" deaths
on the roads, in turn allows the efficient use of
budgetary financial resources for other needs.

In the conditions of constant growth of the
number of vehicles on the highways of Ukraine,
without proper development of the infrastruc-
ture the probability of accidents on the roads
will increase. According to world statistics, every
year road accidents kill tens of thousands and
injure hundreds of thousands of people.

Each traffic accident entails significant
socio-economic losses, which depend exponen-
tially on the severity of injuries or the presence of
casualties. Thus, the annual amount of socio-eco-
nomic losses from road accidents reflects the
result of economic assessment of road safety.

An analysis of recent research and publi-
cations. Research in the field of the content of
the concept of losses from road accidents has
been reflected in the works of such scientists
as N.M. Abramova, A.O. Bezugliy, Yu.P. Bytiak,
B.T. Belous, I.M. Volkov, V.K. Gizhevsky,
O.V. Dolzhenkova, I.P. Yemets, T.V. Katruk,
V.0. Pavlenko, A.A. Sotnikova, K.V. Uvarova and
V.P. Chizhevsky [1]. Despite the significance of
the results obtained in the research, the question
of the scope of the indicator of socio-economic
losses from traffic accidents as a result of road
safety assessment is rather uncertain.

Setting objectives. The object of the study is
evaluation safety motor roads by the amount of
socio-economic losses cased by road accidents
in Ukraine and European countries.

The purpose of the work is to calculate the
approximate forecast of socio-economic losses
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in Ukraine and European countries until 2025 and
to assess the effectiveness of investment in pro-
jects to improve road safety.

The main research material.

1 Calculation of socio-economic losses
from road accidents

To calculate the socio-economic losses
caused by road accidents we will use the meth-
odologies described in [1-4], namely, the calcu-
lation using data on the gross domestic product
(GDP), the number of deaths in road accidents,
the number of employed (economically active)
population and a sustainable safety index (5.55).

1.1 Initial data

As thel data, statistical information for the
main countries of the European Union and
Ukraine were analyzed and selected from [5-9].
Let's consider separately the sets of initial data
on GDP, the number of employed (economically
active) population and the number of deaths
from road accidents.

1.1.1 Gross Domestic Product

Using annual data from [5—6] for Ukraine and
quarterly data from [7] for the main countries of
the European Union, we obtained indicators of
gross domestic product from 2009 to 2018 that
are presented in Table 1. Given the absence of
all necessary data in statistical databases, the
initial data for these last 10 years will be the
basis for further calculations.

Number of employed (economically active)
population

Using annual data from [5] for Ukraine and
quarterly data from [8] for the main European
Union countries, we obtained the number of
employed population from 2009 to 2018 pre-
sented in Table 2.

1.1.2 Number of deaths in road accidents

Using the accumulated annual statistical data
from the Road Safety Department of the National
Police of Ukraine contained in the electronic branch
database of accounting and analysis of road acci-
dents developed by "DerzhdorNDI" SE for Ukraine
and the data from [9] for European countries, we
obtained the number of deaths in road accidents,
from 2009 to 2018 presented in Table 3.

1.2 Mathematical apparatus for calculating
socio-economic losses from road accidents

The amount of social and economic losses
caused by road traffic accidents is estimated on
the basis of [10] and includes the calculation of
direct and indirect social and economic losses.

Direct expenditures include losses of owners
of rolling stock of motor transport, losses of road
maintenance services in connection with elimi-
nation of consequences of road accidents and

the losses of shippers, expenditures of National
Police and legal authorities related to investiga-
tion of road accidents, expenditures of medical
institutions for treatment of victims, expenditures
of enterprises, which employees became vic-
tims of accidents (payment of bulletins, financial
aid), expenditures of state social security bodies
(pensions) and insurance payments.

Indirect losses include losses to the national
economy as a result of temporary or complete
withdrawal of a person from the sphere of mate-
rial production, violation of production ties and
moral losses received.

Losses from the death and injury of people
constitute the largest part of losses from road
accidents and include the following socio-eco-
nomic indicators: economic losses due to the
withdrawal of a person from the sphere of pro-
duction; socio-economic losses of the state in
payment of disability and survivor pensions, as
well as payment for treatment in hospitals and
temporary disability; socio-economic losses due
to the death of children.

To assess the losses, the method of total
income is used, which consists in a monetary
assessment of the economic utility that society
receives from the production processes in which
a person is involved. That is, human labor is
considered as a component of the state income
received from the production and socio-eco-
nomic activities of citizens.

According to [4], the amount of socio-eco-
nomic losses from road accidents can be deter-
mined by "classical method" using 30 mathe-
matical formulas of varying complexity and
57 variables as input data. Also, it is possible
to calculate an approximate amount of losses
based on the safety index. The error between
the calculation by the "classical method" and
using the safety index is less than 10%, which is
acceptable and will be used in further research
in the conditions of limited detailed input data
and in compliance with the purpose of the study.

Taking into account [4], the approximate
amount of socio-economic losses from road acci-
dents in this study is calculated on the basis of
the following indicators: total number of deaths,
the number of employed (economically active)
population, the amount of GDP in actual prices
and a sustainable safety index (5,55), taking into
account the formula (1):

GDP V
I_acciden!s = P ’ (1)

I safety

L .ccidgents — SOCiO-economic losses from road
accidents in monetary terms;
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Table 1

Gross Domestic Product for countries of the European Union and Ukraine from 2009 to 2018

Country* GDP, billion euro

2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
BEL 346,5 | 363,1 | 376,0 | 386,2 | 392,9 | 403,0 | 416,7 | 430,1 | 445,0 | 460,4
BGR 37,4 38,1 41,3 42,0 41,9 42,9 45,7 48,6 52,3 56,1
CZE 149,7 | 158,0 | 165,2 | 162,6 | 159,4 | 157,8 | 169,6 | 177,4 | 194,4 | 210,9
DNK 231,3 | 243,2 | 2479 | 254,6 | 258,7 | 265,8 | 273,0 | 283,1 | 294,8 | 302,4
DEU 2445,7 | 2564,4 | 2693,6 | 2745,3 | 2811,4 | 2927,4 | 3026,2 | 3134,7 | 3259,9 | 3356,4
EST 14,2 14,9 16,8 18,1 19,0 20,2 20,8 21,9 23,9 25,9
IRL 169,8 | 167,7 | 171,0 | 175,21 | 179,6 | 195,1 | 262,9 | 270,8 | 300,4 | 327,0
GRC 2375 | 224,1 | 203,3 | 188,4 | 179,6 | 177,3 | 176,1 | 174,2 | 177,2 | 179,7
ESP 1069,3 | 1072,7 | 1063,8 | 1031,1 | 1020,3 | 1032,2 | 1077,6 | 1113,8 | 1161,9 | 1204,2
FRA 1936,4 | 1995,3 | 2058,4 | 2088,8 | 2117,2 | 2149,8 | 2198,4 | 2234,1 | 2297,2 | 2360,7
HRV 45,1 45,2 449 44,0 43,8 43,4 44,6 46,6 49,2 52,0
ITA 1577,3| 1611,3 | 1648,8 | 1624,4 | 1612,8 | 1627,4 | 1655,4 | 1695,8 | 1736,6 | 1771,1
HUN 94,6 99,5 | 102,0 | 100,2 | 102,0 | 106,1 | 112,7 | 116,2 | 126,9 | 135,8
MLT 6,3 6,8 6,9 7,4 7,9 8,8 10,0 10,6 11,7 12,5
NLD 624,8 | 639,2 | 650,4 | 653,0 | 660,5 | 671,6 | 690,0 | 708,3 | 738,1 | 774,0
AUT 288,0 | 2959 | 310,1 | 318,7 | 323,9 | 333,1 | 344,3 | 357,6 | 369,3 | 385,4
POL 317,7 | 362,3 | 379,5 | 388,2 | 392,4 | 408,9 | 430,3 | 427,0 | 467,7 | 497,6
PRT 1754 | 1796 | 176,1 | 168,3 | 1705 | 173,14 | 179,7 | 186,5 | 195,9 | 205,2
ROU 125,2 | 125,2 | 131,7 | 132,4 | 143,6 | 150,8 | 160,2 | 170,1 | 187,5 | 2045
SVN 36,3 36,4 37,1 36,3 36,5 37,6 38,9 40,4 43,0 45,9
SVK 64,1 68,2 71,3 73,6 74,4 76,3 79,8 81,1 84,5 89,5
FIN 181,7 | 188,1 | 198,0 | 201,0 | 204,3 | 206,9 | 211,4 | 217,5 | 226,3 | 233,6
SWE 314,7 | 375,2 | 412,9 | 430,0 | 441,9 | 438,9 | 455,6 | 466,3 | 479,8 | 470,7
GBR 1738,3|1872,6 | 1913,6 | 2111,9 | 2096,7 | 2311,5 | 2645,0 | 2440,6 | 2360,6 | 2421,1
ISL 9,4 10,4 10,9 11,5 12,1 13,5 15,8 18,9 21,9 22,3
NOR 278,5 | 323,7 | 358,4 | 396,6 | 393,8 | 375,9 | 348,3 | 333,7 | 353,3 | 370,3
CHE 402,2 | 456,7 | 520,8 | 538,5 | 536,7 | 554,0 | 633,0 | 628,8 | 624,2 | 623,2
UKR 87,1 99,3 | 1234 | 126,6 | 142,7 | 1495 | 126,3 | 98,6 | 1055 | 118,6

Source: compiled by the author, taking into account annual data from [5-7]

Note to Tables 1-3 — interpretation of country name abbreviations
HUN — Hungary

BEL - Belgium
BGR — Bulgaria
CZE - Czechia
DNK — Denmark
DEU — Germany
EST — Estonia
IRL — Ireland
GRC - Greece
ESP — Spain
FRA — France
HRV — Croatia
ITA — Italy

CYP - Cyprus
LVA — Latvia
LTU — Lithuania
LUX — Luxembourg

MLT — Malta

NLD — Netherlands

AUT — Austria
POL - Poland

PRT — Portugal
ROU — Romania
SVN - Slovenia
SVK - Slovakia

FIN — Finland

SWE - Sweden

GBR — United Kingdom

ISL — Iceland

NOR — Norway

CHE - Switzerl
UKR — Ukraine

and
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Table 2
Number of employed population for countries
of the European Union and Ukraine from 2009 to 2018
Country* Population, million persons
2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
BEL 18,2 18,3 18,5 18,6 18,6 18,6 18,8 19,0 19,3 19,6
BGR 15,0 14,4 14,1 13,7 13,7 13,7 13,8 13,9 14,1 14,1
CZE 20,0 19,9 20,0 20,0 20,2 20,4 20,7 21,0 21,3 215
DNK 11,3 11,0 11,0 10,9 10,9 11,0 11,2 11,4 11,5 11,7
DEU 163,4 | 164,0 | 166,0 | 1679 | 169,12 | 170,6 | 172,1 | 174,2 | 176,6 | 178,9
EST 2,4 2,3 2,4 2,5 2,5 2,5 2,6 2,6 2,6 2,7
IRL 7,8 7,5 7,4 7,4 7,6 7,8 8,1 8,3 8,6 8,9
GRC 19,3 18,8 17,9 17,2 17,1 17,7 17,1 17,7 17,6 17,8
ESP 79,4 78,1 76,1 73,1 71,4 72,1 74,2 75,8 77,8 79,5
FRA 108,7 | 108,9 | 109,7 | 110,1 | 110,3 | 111,0 | 111,2 | 112,0 | 113,3 | 114,5
HRV 7,1 6,8 6,5 6,3 6,1 6,3 6,4 6,4 6,5 6,7
ITA 98,3 97,7 97,9 97,2 95,7 95,5 96,1 97,6 98,5 99,4
CYP 1,6 1,6 1,6 1,6 1,5 1,5 15 1,5 1,6 1,7
LVA 3,6 3,4 3,5 3,5 3,6 3,6 3,6 3,6 3,6 3,7
LTU 53 5,0 5,0 51 5,2 5,3 5,3 55 5,4 55
LUX 0,9 0,9 0,9 0,9 0,9 1,0 1,0 1,0 1,0 1,1
HUN 15,0 14,9 15,0 15,3 15,6 16,4 16,8 17,4 17,7 17,9
MLT 0,6 0,7 0,7 0,7 0,7 0,8 0,8 0,8 0,9 0,9
NLD 34,8 34,6 34,9 34,8 34,4 34,4 34,7 35,2 36,0 36,9
AUT 16,2 16,3 16,5 16,6 16,6 16,7 16,8 17,0 17,2 17,5
POL 63,5 61,9 62,3 62,4 62,3 63,4 64,3 64,8 65,7 65,9
PRT 19,9 19,7 19,2 18,4 17,9 18,2 18,4 18,7 19,3 19,8
ROU 36,9 35,8 35,0 35,3 34,9 35,1 34,7 34,3 35,2 35,3
SVN 3,9 3,8 3,8 3,8 3,7 3,7 3,8 3,9 4,0 4,1
SVK 9,5 9,3 9,3 9,3 9,3 9,5 9,7 10,0 10,1 10,3
FIN 10,0 10,0 10,1 10,2 10,1 10,1 10,1 10,1 10,2 10,5
SWE 18,0 18,1 18,5 18,6 18,8 19,1 19,3 19,6 20,1 20,4
GBR 116,6 | 116,9 | 117,5| 1188 | 120,2 | 123,0 | 125,12 | 127,0 | 128,2 | 129,8
ISL 0,7 0,6 0,7 0,7 0,7 0,7 0,7 0,8 0,8 0,8
NOR 10,0 10,0 10,1 10,3 10,4 10,5 10,5 10,6 10,7 10,9
CHE 17,1 16,8 17,2 17,4 17,6 17,9 18,2 18,4 18,5 18,7
UKR 33,2 33,9 34,0 34,1 34,2 31,0 31,9 31,7 315 31,5

Source: compiled by the author, taking into account annual data from [5; 8]

GDP — gross domestic product in cash equivalent;

P —number of employed (economically active)
population, people;

V — number of deaths in road accidents;

Isarery — Safety index which amounts to 5.55.

Safety index is a stable indicator, which in
general characterizes the overall level of deve-
lopment of the country and averages all the nec-
essary calculations to determine the amount of
socio-economic losses according to the formula
(). The authors assume that the safety index for
the countries of the European Union should be
higher but within the framework of this study —

for compatibility of indicators — a single value of
the safety index for all countries will be used.

2 Forecasting the amount of socio-eco-
nomic losses caused by road accidents

To make aforecast of the amount of socio-eco-
nomic losses caused by road accidents by 2025,
the method of extrapolation of trends will be used
to determine the trends based on the dynamic
series, taking into account the patterns that have
developed in the past.

The following will reflect the mathematical
apparatus for forecasting, the impact of the
coronavirus epidemic, based on one of the EU
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Table 3
Number of deaths in road accidents for countries
of the European Union and Ukraine from 2009 to 2018
Country* Thousands persons

2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

BEL 0,94 0,85 0,86 0,77 0,76 0,75 0,76 0,67 0,61 0,60
BGR 0,90 0,78 0,66 0,60 0,60 0,66 0,71 0,71 0,68 0,61
CZE 0,90 0,80 0,77 0,74 0,65 0,69 0,73 0,61 0,58 0,66
DNK 0,30 0,26 0,22 0,17 0,19 0,18 0,18 0,21 0,18 0,17
DEU 4,15 3,65 4,01 3,60 3,34 3,38 3,46 3,21 3,18 3,28
EST 0,10 0,08 0,10 0,09 0,08 0,08 0,07 0,07 0,05 0,07
IRL 0,24 0,21 0,19 0,16 0,19 0,19 0,16 0,18 0,16 0,14
GRC 1,46 1,26 1,14 0,99 0,88 0,80 0,79 0,82 0,73 0,70
ESP 2,69 2,44 2,04 1,89 1,67 1,68 1,69 1,81 1,83 1,81
FRA 4,27 3,99 3,96 3,65 3,27 3,38 3,46 3,47 3,44 3,25
HRV 0,55 0,43 0,42 0,39 0,37 0,31 0,35 0,31 0,33 0,32
ITA 4,24 4,11 3,86 3,75 3,40 3,38 3,43 3,28 3,38 3,33
CYP 0,07 0,06 0,07 0,05 0,04 0,05 0,06 0,05 0,05 0,05
LVA 0,25 0,22 0,18 0,18 0,18 0,21 0,19 0,16 0,14 0,15
LTU 0,37 0,30 0,30 0,30 0,26 0,27 0,24 0,19 0,19 0,17
LUX 0,05 0,03 0,03 0,03 0,05 0,04 0,04 0,03 0,03 0,04
HUN 0,82 0,74 0,64 0,61 0,59 0,63 0,64 0,61 0,63 0,63
MLT 0,02 0,01 0,02 0,01 0,02 0,01 0,01 0,02 0,02 0,02
NLD 0,64 0,54 0,55 0,56 0,48 0,48 0,53 0,53 0,54 0,60
AUT 0,63 0,55 0,52 0,53 0,46 0,43 0,48 0,43 0,41 0,41
POL 4,57 3,91 4,19 3,57 3,36 3,20 2,94 3,03 2,83 2,86
PRT 0,82 0,94 0,89 0,72 0,64 0,64 0,59 0,56 0,60 0,70
ROU 2,80 2,38 2,02 2,04 1,86 1,82 1,89 1,91 1,95 1,87
SVN 0,17 0,14 0,14 0,13 0,13 0,11 0,12 0,13 0,10 0,09
SVK 0,38 0,37 0,33 0,35 0,25 0,30 0,31 0,28 0,28 0,26
FIN 0,28 0,27 0,29 0,26 0,26 0,23 0,27 0,26 0,24 0,24
SWE 0,36 0,27 0,32 0,29 0,26 0,27 0,26 0,27 0,25 0,32
GBR 2,34 1,91 1,96 1,80 1,77 1,85 1,80 1,86 1,86 1,84
ISL 0,02 0,01 0,01 0,01 0,02 0,00 0,02 0,02 0,02 0,02
NOR 0,21 0,21 0,17 0,15 0,19 0,15 0,12 0,14 0,11 0,11
CHE 0,35 0,33 0,32 0,34 0,27 0,24 0,25 0,22 0,23 0,23
UKR 5,35 4,71 4,83 5,09 4,73 4,43 4,00 3,41 3,43 3,35

Source: compiled by the author, taking into account annual data from [9]

countries is calculated and the overall forecast of
the amount of socio-economic losses from road
accidents is reflected.

2.1 Mathematical apparatus for forecast-
ing by trend extrapolation method

The method of extrapolation of trends for fore-
casting is chosen according to the nature and
volume of the initial data. In general, according
to [11], the equation of the trend, which reflects
the trend of the phenomenon change (process,
object) in time, is calculated by formula (2):

y=f)+&, @)

f(t) — deterministic non-random component of
the process;

&, — stochastic random component of the process.

Equation of the trend for a particular task can
be represented by different dependencies, in
particular: linear, quadratic, power, exponential,
exponential-step equivalent, and the like. For
the purposes of this study, we chose the quad-
ratic dependence to describe the equation of the
trend.

The quadratic dependence of the equation
of the trend for this study will be represented by
formula (3):

EKOHOMIKA
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y =a.+ait +ait’ )

a, — the last initial value from which forecast-
ing begins;

a,, a, — parameters of the quadratic equation, %;

t — ordinal number of years.

Equation parameters (a,, a,) will be deter-
mined by determinant method as a system of
equations according to formula (4):

4 =Y ZU-Xty Xt
YonXe-(Xt)?
_NXty-2tXy,
WL '
nXt*-(Xt)

To assess the reliability of the calculated fore-
cast, we will use the methodology of relative
comparison of the deviations of actual values
from the forecast calculated for the indicator of
the first value in the range of actual values. For
the purposes of this study, an error limit of + 10%
is accepted.

2.2 Impact of the Coronavirus epidemic
(on example of forecasting Germany's GDP
until 2025)

To calculate the forecast indicators of GDP it
is necessary to calculate the parameters of the
guadratic equation, make a forecast to assess
the reliability of the forecast indicators and cal-

(4)

culate the forecast values. To simplify the calcu-
lations, let us compile Table 4.

The arithmetical mean of the relative deviations
of the actual values from the forecast ones obtained
by the formulas (3-4) makes = 6.0 %, the minimum
deviation makes ( + 2.0 %), and the maximum devi-
ation makes ( + 9.9 %), which meets the conditions
of the maximum amount (10 %) of the error of cal-
culations. Thus, there is an acceptable quality of
forecasting indicators for predicting the amount of
socio-economic losses caused by road accidents.

Given the economic consequences of the
Coronavirus epidemic, the main wave of which
took place in 2020, to calculate the amount of
GDP, it is reasonable to take into account the
average coefficient, which will take into account
the difference between the forecast indicator of
GDP, which is provided [7], and the estimated
forecast according to Table 4.

So, the German GDP forecast for 2020 given
in [7] is €3,330.23 billion. According to Table 5,
the projected (estimated) GDP is €3,780.7 bil-
lion. Thus, for a correct forecast, it is advisable to
take into account the correction factor, which will
reflect the impact of the Coronavirus epidemic
when calculating the GDP amount:

Keovia = (1 — 3 780,7 + 3 330,23) - 100 = 0,865

Table 4
Forecasting of GDP
’L‘\Igtlldgl ordinal Iniltial Initialt Secon;:l Forecast

v rameter rameter .

Year | of GDP, |number of | forene | Pofthe | “ofthe . | of oDp, | Relative
euro y forecast |equation, % |equation, % | billion eviation
euro
n Yi t Qo a A,

2009 24457 1 X 23,555 0,984 X X
2010 2564.,4 2 24457 23,555 0,984 2615,4 102%
2011 2693,6 3 2564.,4 23,555 0,984 2773,1 103%
2012 2745,3 4 2693,6 23,555 0,984 2855,3 104%
2013 2811,4 5 2745,3 23,555 0,984 2953,7 105%
2014 2927.,4 6 2811,4 23,555 0,984 3104,2 106%
2015 3026,2 7 2927.,4 23,555 0,984 3239,3 107%
2016 3134,7 8 3026,2 23,555 0,984 3386,1 108%
2017 3259,9 9 3134,7 23,555 0,984 3551,5 109%
2018 3356,4 10 3259,9 23,555 0,984 3690,3 110%
2019 — 11 3356,4 23,555 0,984 3734,5 X
2020 — 12 3356,4 23,555 0,984 3780,7 X
2021 — 13 3356,4 23,555 0,984 3828,9 X
2022 - 14 3356,4 23,555 0,984 3879,0 X
2023 - 15 3356,4 23,555 0,984 3931,0 X
2024 - 16 3356,4 23,555 0,984 3985,1 X
2025 — 17 3356,4 23,555 0,984 4041,1 X

Source: compiled by the author
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2.3 Calculation of the predicted amount
of socio-economic losses caused by road
accidents

Using the input data given in Tables 1-3, the
mathematical apparatus for forecasting outlined
in Section 2.1 and formula (1), we calculated the
forecast indicators of the amount of socio-eco-
nomic losses caused by road accidents, which
are shown in Table 5.

According to the results of calculations,
we obtain the forecast value of socio-eco-
nomic losses caused by road accidents for the
countries of the European Union for the years
2021-2025 in the amount of € 343.3 billions

(Figure 1). The countries with developed econo-
mies, high GDP per capita and a large number
of fatalities in road accidents are at risk of the
greatest losses — France, Germany, Italy and
the UK.

3 Determination of the effectiveness of
measures to improve road safety

Taking into account the fact that in Ukraine
since 2018 the State program to improve road
safety in Ukraine for the period up to 2020 [12]
is in force, we will estimate the approximate
socio-economic losses caused by road acci-
dents for the period 2018-2020. The results of
the calculation are presented in Table 6.

Table 5
Forecast socio-economic losses caused by road accidents
in Europe and Ukraine for 2019-2025
Country Losses, billion Euro
2019 2020 2021 2022 2023 2024 2025 y
Belgium 2,825 2,453 2,462 2,469 2,474 2,478 2,479 17,641
Bulgaria 0,486 0,425 0,429 0,434 0,438 0,443 0,448 3,102
Czechia 1,260 1,094 1,099 1,103 1,106 1,109 1,111 7,880
Denmark 0,873 0,757 0,759 0,760 0,760 0,760 0,759 5,429
Germany 12,212 | 10,638 | 10,715 | 10,789 | 10,861 | 10,931 | 10,999 | 77,145
Estonia 0,128 0,111 0,111 0,112 0,112 0,112 0,112 0,798
Ireland 1,047 0,913 0,919 0,925 0,931 0,937 0,942 6,615
Greece 1,365 1,170 1,157 1,141 1,122 1,100 1,076 8,130
Spain 5,380 4,669 4,683 4,694 4,702 4,706 4,707 33,541
France 13,336 | 11,610 | 11,685 | 11,757 | 11,825 | 11,889 | 11,949 | 84,051
Croatia 0,486 0,421 0,421 0,421 0,421 0,420 0,419 3,010
ltaly 11,790 | 10,255 | 10,312 | 10,365 | 10,413 | 10,458 | 10,498 | 74,091
Cyprus 0,121 0,105 0,105 0,105 0,106 0,106 0,106 0,754
Latvia 0,233 0,203 0,204 0,205 0,205 0,206 0,206 1,462
Lithuania 0,282 0,244 0,244 0,243 0,241 0,239 0,237 1,730
Luxembourg | 0,402 0,350 0,352 0,355 0,357 0,359 0,361 2,537
Hungary 0,947 0,824 0,829 0,833 0,838 0,842 0,846 5,959
Malta 0,048 0,042 0,043 0,044 0,044 0,045 0,046 0,312
Netherlands | 2,480 2,163 2,183 2,203 2,223 2,243 2,264 15,758
Austria 1,782 1,548 1,554 1,559 1,562 1,565 1,567 11,137
Poland 4,255 3,692 3,702 3,709 3,713 3,713 3,711 26,493
Portugal 1,428 1,239 1,242 1,245 1,247 1,249 1,249 8,899
Romania 2,140 1,866 1,882 1,899 1,915 1,931 1,947 13,580
Slovenia 0,203 0,176 0,176 0,176 0,176 0,176 0,176 1,260
Slovakia 0,450 0,391 0,393 0,394 0,396 0,396 0,397 2,818
Finland 1,065 0,929 0,937 0,946 0,954 0,962 0,970 6,762
Sweden 1,480 1,290 1,302 1,313 1,324 1,335 1,347 9,390
U.Kingdom 6,878 6,005 6,063 6,121 6,180 6,239 6,298 43,784
Iceland 0,099 0,087 0,088 0,090 0,092 0,094 0,096 0,646
Norway 0,724 0,623 0,619 0,614 0,608 0,601 0,592 4,382
Switzerland 1,540 1,337 1,341 1,344 1,346 1,347 1,346 9,600
Ukraine 2,516 2,184 2,190 2,194 2,196 2,196 2,194 15,669
> 80,259 | 69,814 | 70,202 | 70,561 | 70,889 | 71,187 | 71,452 | 504,364
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FORECAST SOCIO-ECONOMIC LOSSES
FROM ROAD ACCIDENTS

from 2021 till 2025 (5 years), in billions Euros
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Figure 1. Forecast socio-economic losses from road accidents

Table 6
Effectiveness of measures to improve road
safety in Ukraine
Funding
of measures
to improve safety,
million euros

Forecast
of losses from
road accidents,
million euros

Year

2018 28,61 2268,85
2019 94,91 2515,91
2020 112,68 2183,54

Therefore, the allocation of €236.2 million dur-
ing 2018-2020 resulted in a significant reduction
in socio-economic losses from road accidents —
by €332,4 million. This demonstrates the eco-
nomic efficiency of similar public investments in
the amount of 40.7%, which proves the high eco-
nomic efficiency of financing this direction.

Conclusions. Calculating the amount of
socio-economic losses by road accidents allows
indicate efficient use of budgetary financial
resources for other needs.

Taking into account different levels of eco-
nomic development, different set of indicators
forming the socio-economic losses from road
accidents, different levels of budget financing,
different approaches and a list of technological
operations when performing road works, we
can assume that the effectiveness of measures
aimed at improving the road safety in the leading
European countries is in the range of 20-30%.

Based on this, the level of national income
growth of the European Union countries due to the
reduction in the number and consequences of road
accidents is estimated in the amount of savings
from 69 to 103 billion Euro in the 5-year perspective.
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