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The article explores the congestion level in traffic of motor vehicles and its negative environmental
and economic consequences in case of Kiev. The amount of pollution from traffic jams in Kiev and the
number of vehicles which got into them in 2009-2018 is analyzed. The loss of earnings on the side of
automobile owners from their standby are calculated with corresponding quantitative expressions found
and described. For the course of the research, the methods of system-structural and comparative analysis
were used for analyzing the environmental and economic problems of modern automobile systems;
methods of formal logical analysis were used for substantiating the innovative infrastructure of transport
routes. Separately economic and statistical methods were used in the study for trends development,
structure analysis, and estimation of the influence of road congestion on the environmental and economic
sphere. Pearson test has indicated a close relationship between the number of cars in Kiev and the number
of values from traffic jams in environmental and economic sphere. Solutions to this problem are offered
in forms of automated traffic control systems, improvisation of organizational and technical methods for
the distribution of traffic flows over time, namely reverse traffic, road junctions, smart traffic lights, road
extension, and the transition to alternative modes of transport. In all countries of the world there are new
research methods that affect pollutants from motor vehicles. It is proved that they are forced by the
recipients. In addition, landscaping can improve landscape design, reduce greenhouse gas emissions,
surface water runoff and noise pollution. In this regard the policy implication of the research are aimed to
eliminate the negative consequences from the use of vehicles during traffic jams, and the necessary number
of trees for planting in Kiev is calculated.

Keywords: motor transport, congestion, traffic jam, motor vehicle, greening, compensation effect, lost
profits, losses.
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Introduction. Every day billions of people use the services of motor vehicles, which are the
ultimate consumer good in ensuring the communications of society. The intensification of the
processes of implementing European and world standards into the road transport system of
Ukraine remains the foremost goal of the progress of the road transport complex of Ukraine for
at least the next ten years. However, the development of effective communications, especially
in large cities of Ukraine, is particularly acute hampered by the problem of traffic jams. In
addition, the problem of environmental and economic losses caused by traffic congestion, which
requires an early resolution, is now becoming especially acute and important. In this scientific
work, various types of losses and lost profits from traffic jams are estimated and ways to solve
the congestion of transport routes and reduce their environmental impact are given, that
indicates the relevance of the study.

Analysis of the recent publications. A lot of works by O. Balatsky, V. Blagi, M. Burmaki,
V. Dikan, V. Gizhevsky, M. Govorushchenko, D. Gorovoy, K. Gorovoy, Yu. Gutarevich,
L. Hens [1], L. Melnyk [2, 3], O. Matsenko [4] were devoted to environmental and economic
optimization of transport systems of Ukraine. However, the question of the negative
consequences of the effects of vehicle emissions and the load of these systems as a whole remain
unanswered.

The purpose of the work is to consider the environmental and economic aspect of the impact
of traffic jams and motor vehicle emissions in Ukraine and to find effective ways to solve this
problem. The goal is realized by setting the following tasks:

- to determine the environmental and economic problems of traffic jams in urban areas;

- to assess the environmental and economic consequences of emissions and traffic
congestion;

- to propose methods to reduce the effects of emissions and congestion on motorways.

Research results. The effective functioning of motor transport systems is one of the
conditions for the effectiveness of the modern economy. According to the Ministry of
Infrastructure of Ukraine for 2018, the automobile transport system has more than 9.2 million
vehicles, including: 6.9 million cars; 250 thousand buses; 1300000 trucks; more than
840 thousand units of motor vehicles.

The number of cars per 1000 citizens has amounted to 219 cars in 2018, although in 2016
this figure was at the level of 202 cars. It seen that there is a positive trend towards an increase
in the number of vehicles in Ukraine. The most motorized city is Kyiv. In the capital of Ukraine
in 2018 there were 364 cars per 1000 inhabitants. Kyiv region does significantly lags behind the
capital having 276 cars per 1000 citizens. The next city is Odessa, Kharkov, Rivne and Volyn
regions.

The network of public roads is divided into roads of national importance —53.0 thousand km
and local roads — 117.9 thousand km [5]. The structure of public road complexes is shown in
figure 1.

Roads with improved types of pavement (cement concrete, asphalt concrete, black roads)
account for 82 % of the total length of paved roads, other paths with transitional types (white
gravel and gravel, pavement). The shares of public roads by type of pavement are presented in
figure 2.

It is advisable to evaluate the influence of motor transport on air pollution in comparison
with other sectors of the national economy. As can be seen from figure 3, road transport is now
a leader among the main air pollutants.
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Figure 1. The structure of the network of public roads in Ukraine in 2018
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Figure 2. Distribution of public roads by type of pavement in Ukraine in 2018
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Figure 3. Emissions of pollutants into the atmosphere as a result of the activities
of the main sectors of the national economy
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Based on the analysis of these data, a tendency to increase the number of vehicles in Ukraine
is seen [6]. In addition, each year there is growth in the number of paved roads is disproportionately
small (according to the State Statistics Service of Ukraine) [7]. Currently, there is a big problem
of congestion in Ukraine’s transport routes. At the global level, the transport sector is also
characterized by the problem of high congestion. Almost every day, every large city or even
country suffers significantly from financial losses caused by vehicle downtime [8]. For example,
table 1 shows some of these countries and their loses from traffic congestion.

Table 1
Economic losses from traffic congestion in different territories or countries for 2018 [9]
Area Losses, bin. dollars
USA 305
UK 52,01
NYC 33,7
Los Angeles 19,2
Manila 18,615
Bangladesh 11,4
San Francisco 10,6
Atlanta 7,1
Jakarta 5
Dhaka 4,463
Greater Toronto and Hamilton Area (GTHA) 3,3

As already mentioned, every year the number of cars in Ukraine is growing. Therefore, the
problem of traffic congestion is becoming increasingly acute. Considering the most pressing
problems caused by traffic congestion, one can find the most important ones. Firstly, traffic
congestion is a delay, which leads to new problems. In the morning additional stress occurs,
caused by traffic jams that can delay people from working, and leads to a decrease in the
productivity of various enterprises (so called “Road rage”) [10]. Secondly, stopping and starting
the car causes more fuel combustion than high speed on an open road, and this in turn contributes
to the amount of emissions by vehicles. Acoustic (noise) pollution on central highways is
another negative consequence of the impact of vehicles [11]. The next equally important issue
is the delay in emergency services due to traffic jams. There is a close interconnection of all
these problems among themselves, in which it is even difficult to detect the first launching cause.
This situation is reminiscent of the butterfly effect, in which problems arise on a global scale
from small traffic jams.

Traffic congestion is an urgent problem in the urban transport system. It has a great influence
on the environmental situation in cities. Harmful substances, during the operation of vehicles, enter
the air with exhaust gases, fumes from the fuel systems, as well as during refueling of the vehicle.
Emissions of carbon oxides (carbon dioxide and carbon monoxide) are also affected by the road
surface and the mode and speed of the car. For example, if you increase the speed of a car and
sharply decrease it during braking, then the amount of carbon oxides in exhaust gases increases by
8 times. The amount of hazardous gases emitted by automobiles is mainly determined by the fuel
consumption of automobiles. A company INRIX has determined that during traffic jams, cars per
1 hour spent consume an additional 0.8 liters of gasoline or 0.6 liters of diesel [12].

In the course of the study, it is analyzed the number of cars in Kyiv and emissions from
traffic jams in the capital of Ukraine in 2009-2018 (Table 2).
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Table 2

Statistical data for the study [13]

Emissions from traffics in Kyiv, t Aqtomo_biles
Years CcO Hydrocarbons Nitr_ogen Sl:ilgj(; : Aldehydes | Soot | Plumbum twol:g;xa

oxides anhydride units

2009 6064 340 407 117 22 71 7 906
2010 6312 354 424 122 23 74 7 936
2011 6569 369 441 127 23 7 7 951
2012 6838 384 459 132 24 80 8 1026
2013 7117 399 478 138 25 84 8 1064
2014 7407 415 497 143 26 87 8 1055
2015 7709 432 518 149 28 91 9 1048
2016 8024 450 539 155 29 94 9 1051
2017 8352 468 561 161 30 98 9 1052
2018 8692 488 584 168 31 102 10 1060

Using STATISTICA software, the Pearson correlation coefficient was calculated. It is 0.82,
which indicates a high correlation between the increase in traffic jams in Kyiv and the number
of cars in the Ukrainian capital. The program also determines the regression coefficient b for
the seven major emissions from motor vehicles, which shows how much each emission
increased when the vehicles were increased by 1000 pieces (Table 3).

Table 3
The regression coefficient b for the seven major vehicle emissions
Nitrogen Sulfuric
Emissions Cco Hydrocarbons 0d acid Aldehydes | Soot | Plumbum
oxides .
anhydride
b 12,21 0,685 0,82 0,236 0,0436 0,1436 0,0137

Analyzing data, the following could be stated: in Kyiv, with an increase of 1000 cars, carbon
monoxide emissions increased on average by 12.21 tons, hydrocarbons by 0.685 tons, nitrogen
oxides by 0.82 tons, sulfuric anhydrides by 0.236 tons, aldehydes by 0.0436 tons, soot emissions
by 0.1436 tons, and lead by 0.0137 tons.

According to the TomTom Traffic Index, in 2018 Kyiv took 13th place in the ranking of
world cities in terms of traffic congestion. The value of this level reached 46 %, which is 2 %
more than in the previous year. Thus, Kyiv “overtook” Los Angeles and Tokyo, which improved
their performance and were in 24-25 places, respectively [14].

According to the National Transport University of Ukraine, Kyiv residents spend 350 hours
a year in traffic jams. Based on available data (the costs of certain types of fuel (gasoline, diesel)
the annual amount of time spent in traffic jams, the average hourly wage in Kyiv) it is possible
to calculate the undesirable costs from motor cars and their lost opportunities (alternative
benefits) (Table 4).
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Financial losses for one motor car per year according to 2018

Table 4

The monetary expression of losses from traffic jams depending on fuel per 1 motorist
Time spent in 1 hgur . Cost
Fuel jams, hours/year e>§pend|t_ure n UAH/1 liter Total, UAH
jams, liters
Gasoline 350 0,8 33,2 9296
Diesel 350 0,6 31,7 6657

In addition to these explicit losses, it is calculated the implicit costs, e.g. alternative benefits.
As already mentioned, every year residents of the capital spend an average of 350 hours useless,
idle in traffic jams. Let's draw an analogy with the average hourly wage in Kyiv, which in 2018
was 81 UAH. Thus, an easy mathematical calculation will get:

Lost profit = 81 * 350 = 28350 UAH / year per one person.

Thus, in the work it is proposed several solutions for the problem of traffic jams. The first
and urgent step in solving the problem of traffic jams in Ukraine is the implementation of an
automated traffic control system. In general, the subsystems of the city ATCS can be represented
as a combination of road telematics devices, controllers and workstations (AWS) included in
the data exchange network with the organization of central and local control centers, depending
on the density and intensity of traffic. For digital monitoring and cloud management, the
FANSCI system is proposed [15]. Secondly, it is necessary to clean up the parking lot. It's no
secret that often the sides of the streets are occupied by parked cars. Sometimes drivers leave
cars, blocking two lanes. Another aspect is the construction of intercepting parking lots at the
entrances to the city).

To solve the problem of traffic congestion, some organizational and technical methods for
traffic flows have to be created, namely reverse traffic, road junctions, smart traffic lights, and
widening of roads. The EU experience shows that the way to satisfy the need for private cars is
wrong, and it is needed to learn more about other, safer modes of transport, and use them. After
all, alternative transport (bicycle, rollers, gyro scooter, segway) can not only solves the problems
of air pollution and noise, but also improves the quality of life in the city.

The significant impact of traffic emissions on urban populations around the world has
motivated the researchers to reduce the impact of these pollutants. So, it has been proven that
planting trees between roads and houses reduces the amount of pollution that people experience.
According to 2018, more than 10 thousand tons of pollutants got into the air basin of Kyiv
during traffic jams. This problem can be solved by planting a sufficient number of green spaces.
Poplar is recognized as a “champion” among trees, not only for air purification, but also for
oxygenation. It is known that one poplar aged 25-30 years in 5 months from May to September
absorbs 7 times more harmful emissions than any other tree. Over a year, such a single tree can
absorb and retain up to 26 kg of emissions of hazardous substances into the air [16]. It is
calculated how many trees need to be planted in Kyiv in order to compensate for emissions from
traffic congestion in 2018: 10074596.5 / 26 = 387485 (poplars).

Conclusions. Analyzing all of the above, one can conclude that the number of cars is
growing every year, which leads to an increase in traffic jams. They pose a number of new
problems, such as environmental pollution and the economic loss of downtime. The largest
negative impact is experienced by large cities, in particular Kyiv.
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The study found that the increase in emissions in traffic jams depends on 82 % of the growth
of the vehicle fleet in Kyiv, and in addition to the effects of hazardous emissions from vehicles,
people experience noise discomfort.

For 2018, one person loses 350 hours in traffic jams in Kyiv. Spending additional gasoline,
drivers lose 9296 UAH, and diesel drivers — 6657 UAH. Based on the average hourly wage in
Kyiv, the lost alternative benefits is amounted to UAH 28350 per person per year.

One way to solve the problem of traffic jams is to introduce an automated traffic control
system. For digital monitoring and cloud management, the FANSCI system is offered.

Another aspect is the construction of intercepting parking lots at the entrances to the city.
To solve the problem of traffic congestion, some organizational and technical methods for
distributing of traffic flows over time have to be created, namely reverse traffic, road junctions,
smart traffic lights, and widening of roads. And the transition to alternative transport (bicycle,
rollers, gyro scooter, segway) not only solves the problems of air pollution and noise, but also
improves the quality of life in the city.

It has also been proven that planting trees between roads and houses reduces the amount of
pollution. To compensate for emissions from traffic congestion in the capital of Ukraine,
387,485 poplars must be planted.

Thus, the urban transport system can be created through an integrated complex planning
approach, taking into consideration all types of transport in cities and suburbs.
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B craThe npoaHaIM3MPOBAH YPOBEHb 3arpy)KEHHOCTH aBTOTPAHCIOPTHBIX MOTOKOB M MX HEraTUBHbIC
nocieacTsus B r. Kues. MccnenoBaHo KONMYECTBO BBIOPOCOB OT MPOOOK M KOJMYECTBO aBTO B I. Kues,
KOTOpble TomagaloT B HHUX, mo 2009-2018 rr., mocynTaHO YIyLIEHHBIE BBITOABI OT IPOCTOEB
aBTOMOOWJIMCTOB, Hali/ICHO UX KOJMYECTBEHHOE BHIpa)KeHHe. B xoje mccienoBanus Oblia HCIIOJIb30BaHA
METO/MKA CHCTEMHO-CTPYKTYPHOI'O M CPAaBHHTEIBHOTO aHAIN3a - MPH aHAIN3€ SKOJIOT0-3KOHOMUUYECKHUX
pobJieM COBPEMEHHBIX aBTOTPAHCIOPTHBIX CHCTEM; METOAbI (hOPMAIBHO-JIOTMYECKOTO aHANK3a - IMPH
(GOpMHPOBaHUE METOIOB BHEIPEHHS HHHOBALMOHHOW HHPACTPYKTYPBl aBTOTPAHCHOPTHBIX IyTei,
OIIpe/ieSICHNH HATPaBJICHUH YMEHBIICHUs HETaTUBHBIX BO3/ICHCTBUI 3aTOPOB 3KOHOMHKO-CTAaTHCTHYECKUE
METO/Ibl — TIPU MCCIIEJIOBAaHHN TEHICHIMH Pa3BUTHS U CTPYKTYPBI BIIMSHUS 3arpy’KEHHOCTH aBTOJIOPOT Ha
9KOJIOro-3KoHOMHUEcKyIo cepy. Kak myTn peruenus 1aHHOI npoGIeMbl IPEUIOKEHO y4eTa po3bl BETPOB
Ipyu apXUTCKTYPHOM IJIAHUPOBaHUU F.KMS& NPUMEHEHUS aBTOMATU3UPOBAHHBIX CHUCTEM YIIPABJICHUSA
JOPOXHBIM  JIBOKCHHUEM, HMIUIEMCHTAUA OPraHU3allMOHHO-TEXHUYCCKUX METOHAOB pPaCIpPEACTICHUA
aBTOTPAHCIIOPTHBIX ITOTOKOB BO BPEMEHM, a MMEHHO: PEBEPCHBHOC MABIDKCHHE, JOPOXKHBIC Pa3BA3KH,
«yMHBIC» CBETO(OPBI, PACIIMPEHHE AOPOT, a TaKXkKe IepeXOf Ha albTepPHATUBHBIC BHIbI TPAHCIIOPTA.
3HaYNTENBHOE BIHMSHHE BHIOPOCOB OT JIOPOXHOTO IBIDKEHHS HA TOPOJCKOE HAaceleHHE BO BCEM MHpE
MOTHBHPOBaJI HAaC Ha HCCJICIOBAHUE METO/IOB YMEHBIICHHUS BIMSHHS JTHX 3arpsA3HAIOIINX BemecTs. Tak,
JI0OKa3aHO, YTO MOCAJKa JACPEBbEB MEXKIY aBTOMOOMIBHBIMH JOPOTaMH U JIOMaMH YMEHbIIAET KOJIUYECTBO
3arpsi3HEHHsI, KOTOpOMY MoaBepratorcs moau. Kpome kadecTBa Bo3qyXa M OOLIMX MPEUMYIIECTB IS
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3II0POBBsI, O3CJCHCHHE MOXET YIYYIIHTh OCTETUKY, YMCHBIIUTH BBHIOPOCHI TIAPHUKOBBIX Ta30B,
KOHTPOJIMPOBaTh CTOK MOBEPXHOCTHBIX BOA M YMEHBUIUTH ILIYMOBOE 3arps3HeHue. [lodTomy st
HHUBEJIMPOBAHNUSI HETaTUBHBIX MOCJCACTBHI OT BBIOPOCOB aBTOTPAHCIIOPTa BO BpeMs MPOOOK PaccCUUTaHO
HEoOX0IMMOE KOJIMUECTBO JIepEeBbEB IS MOCaakH B T. Kues.

Kniouegvie cnoea: aBTOTPAHCIOPT, 3arpyKEHHOCTb, MPOOKa, AaBTOTPAHCIOPTHOE CPEACTBO,
9KOJIOTH3aIUsl, KOMITICHCAITHOHHBIH 3P (QEKT, YITYIICHHBIC BBITOIEI, YOBITOK.
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VY cTaTTi mpoaHaNi30BaHO PIiBEHb 3aBaHTAKEHOCTI aBTOTPAHCIIOPTHHX TOTOKIB Ta HOTO HEraTWBHI
Hachmigku B M. KwiB. JlocHimpkeHO KUNBKICTh BHKWMIB Bill 3aTOpiB Ta KUIbKiCTh aBTO B M. KuiB, ski
MOTPAIUIAIOTh B HUX, 32 2009-2018 pp., mopaxoBaHO YIyIIeHI BHTOAM BiJ MPOCTOIB aBTOMOOLTICTIB,
3HAWIEHO TX KiMbKiCHEe BUpakeHHS. B Xoai JocmimkeHHs Oyna BHKOpHCTaHa METOAMKA CHCTEMHO-
CTPYKTYPHOTO 1 TMOPIBHSUIBHOTO aHali3y — MpU aHaji3i eKOJOro-eKOHOMIYHHX IMpoOJieM Cy4acHHX
aBTOTPAHCIIOPTHUX CHCTEM; METOIM (OPMANBHO-JIOTIYHOTO aHamizy — mnpu (GopMyBaHHI METOJIiB
BIPOBA/DKEHHS 1HHOBaLiiiHOT 1H(PACTPYKTypH aBTOTPAHCHOPTHUX MUISAXIB, BH3HAYCHHI HANpPsSMIB
3MEHIIICHHS] HETaTUBHUX BILUIMBIB 3aTOPiB; €EKOHOMIKO-CTATHCTUYHI METOIH — TIPU JOCII/DKeHHI TEHICHITIN
PO3BUTKY Ta CTPYKTYPH BIUIMBY 3aBAaHT)KCHOCTI aBTOAODIT HA EKOJIOTO-eKOHOMIuHy cdepy. Sk musixu
BHUPIIIICHHS TaHOi IPOOJIEMH 3aIpOIIOHOBAHO BPaXyBaHHS PO3H BITPIB MPH apXiTEKTypHOMY ITUIAaHYBaHHI M.
KuiB, 3acTocyBaHHS aBTOMATH30BAaHMX CHCTEM YHPABIIHHA JOPOXKHIM pyXOM, IMIIEMEHTaLis
OpraHi3ariifHO-TeXHIYHIX METO/IiB PO3IOALTY aBTOTPAHCIOPTHHX MOTOKIB y Yaci, a camMe: peBEpCUBHUM PyX,
JIOPOXHI PO3B’SI3KH, «PO3YMHI» CBITI0(OPH, PO3LIMPEHHS AOPIT, @ TAKOXK MEepeXi/ Ha aJbTepHATHBHI BUIH
TpaHCHOPTY. 3HAYHMI BIUTMB BUKHIIB Bijl JOPOXKHBOTO PyXy HA MiChKE HACEJIEHHS y BCbOMY CBiTi MOTHBYBaB
HAC Ha JIOCII/PKEHHsS METO/IB 3MCHIICHHS BIUIMBY LIMX 3a0py/AHIOOYMX pedoBHH. Tak, JOBEAECHO, IO
MocajKa JepeB MiK aBTOMOOUTBHUMH JIOpOTaMy Ta OyJHHKAMU 3MEHINYE KUTBKICTh 3a0pyIHEHHS, SKOMY
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miIaroThes 0. OKpiM SKOCTI MOBITPS Ta 3arajbHUX IepeBar JUIs 370POB’s, O3EICHEHHS JOPIr MOXe
MOKPAIIUTH €CTETHKY, 3MCHIIMTA BUKHUIM MAPHUKOBUX ra3iB, KOHTPOJIIOBATH CTiK MOBEPXHEBUX BOJ Ta
3MEHIIUTH HIymMoBe 3a0pynHeHHS. ToMy 3a A HIBENIOBaHHSA HETaTHBHUX HACHIIKIB Bil BUKHIIB
aBTOTPAHCIIOPTY IIiJ] Yac 3aTOPiB PO3PAX0OBaHO HEOOXiJHY KUIBKICTh JIepeB AT Mocaaku y M. Kuis.

Knrouoei crosa: aBTOTpaHCIOPT, 3aBaHTAXXEHICTh, 3aTOp, aBTOTPAHCHOPTHHUH 3acid, eKojorisawis,

KOMIIEHCAIiIIHUH eeKT, yIyIeHi BUroaAn, 30UTKH.
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