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INCREASING AMBITION TO REDUCE

THE CARBON TRACE OF MULTIMODAL
TRANSPORTATION IN THE CONDITIONS

OF UKRAINE'S ECONOMY TRANSFORMATION
TOWARDS CLIMATE NEUTRALITY

Introduction. It has been stated that the strategic guideline for the transformation of Ukraine's economy towards
climate neutrality is to increase the ambition to reduce the carbon trace of multimodal transportation through the
use of an arsenal of ef fective regulatory and fiscal measures.

Problem Statement. The challenge is to find ways to increase the ambition to reduce the carbon footprint of
multimodal transportation in the context of transforming Ukraine's economy to climate neutrality.

Purpose. The purpose of this research is to develop scenarios for reducing the carbon footprint of multimodal
transportation to ensure the environment preseroation and well-being of the future generations.

Materials and Methods. The following methods have been used: economic and mathematical modelling on
the basis of correlation-regressive analysis, for determining the dependence of greenhouse gas emissions on fuel
consumption in the transport sector, cargo and passenger turnover, GDP, the number of permanent population; de-
coupling analysis, for estimating the impact of transport on the environment; comparative analysis, for studying
the elasticity of greenhouse gas emissions with GDP changes in countries with the length of transport routes close

Citation: Dvigun, A., Datsii, O., Levchenko, N., Shyshkanova, G., Platonov, O., and Zalizniuk, V. (2022).
Increasing Ambition to Reduce the Carbon Trace of Multimodal Transportation in the Conditions of Uk-
raine's Economy Transformation Towards Climate Neutrality. Sci. innov., 18(1), 96—111. https://doi.org/
10.15407 /scine18.01.096
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to Ukraine; strategic analysis, for assessing the realism of NDCs2; scenario forecasting, for identifying alterna-
tive scenarios of changes in greenhouse gas emissions, provided that the traffic flows increase.

Results. For the first time, a mechanism for paying a carbon tax on fuel, which ensures a fair attitude towards
environmental pollutants and a reasonable formation of the investment potential of the Decarbonisation Fund.

has been proposed.

Conclusions. Having chosen the transformation of Ukraine's economy towards climate neutrality as a strate-
gic guideline, the government shall decide to increase the ambition to reduce the carbon footprint of multimodal
transportation through the use of an arsenal of effective fiscal measures.

Keywords: anti-carbon policy, carbon emissions, carbon tax on fuel, decoupling, multimodal transport, and cli-

mate neutrality.

The UNFCCC global campaign to unite politi-
cians and businesses, states, regions and cities, foun-
dations and investors to ensure climate neutrality
(carbon neutrality) and the adoption of the first
international agreement to reduce greenhouse gas
emissions, the Kyoto Protocol to the United Na-
tions Framework Convention on Climate Chan-
ge [1] valid for the period 2008—2012 and, in
numerous negotiations, extended by the Doha
Amendment [2] up to 2020 are landmark events
at the beginning of the 21 century.

Instead, the main purpose of the Doha Amend-
ment was to radically revise the Kyoto Protocol
rather than to amend its content, namely, to elimi-
nate the possibility of international trade in quo-
tas and to impose on member states more burden-
some obligations to reduce greenhouse gas emis-
sions, which has led to adverse consequences. na-
mely, Canada’s withdrawal from the members, the
refusal of the Amendment ratification by the Uni-
ted States and China, and the refusal of Russia
and Japan to take part in its second period.

The refusal of the states to take part in the glo-
bal initiatives for combating climate change, which
account for the largest amounts of carbon emis-
sions, has in fact devalued the mechanisms of the
Kyoto Protocol. Therefore, it is necessary to find
new approaches that would ensure the accession
to the UNFCCC of those countries that account
for the largest volumes of greenhouse gas emis-
sions [3, 37].

Therefore, to replace the Kyoto Protocol at the
UNFCCC Conference of Parties held in Paris on
12.12.2015, a global agreement on combating cli-
mate change for 2021—2030 was adopted, ratified
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by Ukraine under the Law on the Ratification of the
Paris Agreement No. 1469-VIII of 14.07.2016 [4].

Unlike the Kyoto Protocol, the Paris Agreement
changed the basic top-down approach (setting
commitments for advanced and transition eco-
nomies to reduce greenhouse gas emissions and
combat climate change) to abottom-up approach.
According to it, global international obligations
are formed by the participating countries inde-
pendently in the form of nationally determined
contributions (hereinafter — NDC), depending
on the combination of their national ambitious
goals, financial and economic situation and histo-
rical responsibility for the consequences of long-
term greenhouse gas emissions.

Exactly introduction of the UNFCCC format
of the NDCS has helped to resolve political cont-
roversies over international legal obligations in the
field of combating climate change and accession
to the Paris Global Compact, in particular, such
leading countries in terms of air pollution as Chi-
na, the United States and others that allows expan-
ding the coverage of the Paris Agreement to 97.1%
of global greenhouse gas emissions against 15%
provided by the Kyoto Protocol after the refusal
of several countries to participate in it |3, 38].

Instead, the reason for the expansion of cove-
rage under the Paris Agreement was not only the
accession of leading countries in air pollution, but
also developing countries, least developed count-
ries and island nations. It will be recalled that un-
der the Kyoto Protocol, commitments to reduce
greenhouse gas emissions applied only to develo-
ped countries and countries with economies in
transition.
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However, over time, rising greenhouse gas emis-
sions have ceased to be associated exclusively with
developed countries, as developing countries ha-
ve intercepted the flag of superiority in CO, emis-
sions — mainly due to low energy efficiency of pro-
duction and use of carbon-intensive fossil fuels,
active oil and gas production, which, in the ab-
sence of clean technologies, has led to a signifi-
cant increase in their “contribution” to global
greenhouse gas emissions. With the adoption of
the Paris Agreement, the obligation to limit car-
bon emissions has been extended to a wide group
of countries, which has made the system of obli-
gations to limit anthropogenic emissions truly
global [3, 36].

At the same time, the Paris Agreement is not
without its shortcomings and needs a more de-
tailed international legal framework to launch all
the outlined mechanisms and measures provided
forinit. As aresult, in 2019 the EU approved a new
large-scale Furopean Green Deal program for eco-
nomic transformation until 2050, which provi-
des for the complete abandonment of fossil fuels
and the exclusion from the economy of industries
that generate harmful emissions. This initiative
was joined by a number of other countries, such
as China, Japan, South Korea, South Africa, Cana-
da, etc., the association of which was tentatively
called “Climate Neutrality” [5].

Ukraine is not left out either. Together with
the whole civilized world, it has committed itself
to significantly reduce greenhouse gas emissions
by 2030, which is quite possible, in our opinion,
with active structural and technological renewal
of the country’s economy based on the latest
world standards, and therefore, provided a balan-
ced not only a comprehensive strategy, but also
sectoral strategies, among which we consider ex-
tremely important strategy of low-carbon multi-
modal transportation, formed with the partici-
pation of public authorities, business structures,
public organizations, research institutes and in-
dependent experts |3, 34].

However, developing a strategy alone to achie-
ve ambitious low-carbon development goals is not
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enough. Significant investment is needed to achie-
ve the intended goal. Currently, the Green Clima-
te Fund has been created, which aimed to attract
up to USD 100 billion by 2020. However, unfor-
tunately, the expected result has not been achie-
ved [6]. Therefore, the negative environmental
consequences of economic growth remain global,
and the problems of financing carbon reduction
measures remain national.

Of course, today in Ukraine there are many dif-
ferent funds, banks, insurance companies and other
institutions that have large amounts of capital.
However, their participation in investing in low-
carbon development is very small, which is prima-
rily due to the lack of an effective system of their
motivation to invest in this area [7, 22]. There is
also no motivation for vehicle owners and busi-
nesses to reduce greenhouse gas emissions.

Therefore, to achieve the ambitious goals of mi-
tigating the carbon trace of vehicles, first of all,
we need a national system of motivation for sus-
tainable low-carbon development, based on an ef-
fective mechanism for paying tax on carbon dioxi-
de emissions under paragraph 4 of Article 242 of
the Tax Code of Ukraine [8] (hereinafter — TCU)
and the formation of the Decarbonisation Fund.
Thus, the issue of reducing the carbon trace of
multimodal transportation does not lose its rele-
vance, but with the adoption of anti-carbon poli-
cy, generally determined by the mainstream trans-
formation of the economy to climate neutrality.

For many years now, a significant cohort of
both foreign and domestic politicians, scientists
and practitioners has been actively working on
reducing the carbon trace of multimodal trans-
portation. In particular, UN Secretary-General
Antonio Guterres emphasizes that existing cli-
mate threats, biodiversity crises and environmen-
tal pollution require humanity to reflect on the
true value of nature. It is worth to admit that hu-
manity will ensure the well-being of the planet
only by understanding its value and directing in-
genuity to the transition to low-carbon produc-
tion, and hence the well-being of present and fu-
ture generations [9].
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David Bannister, Honoured Professor of Trans-
port Studies at SOGE (Oxford), participant in
VIBAT-London projects: vision and retrospec-
tive analysis of London transport until 2050,
HEFCE and DIUS, EEA, OMS and others em-
phasizes in its numerous works, and in particu-
lar in its work Transport Policy and the Environ-
ment [10], its serious concern about the growing
demand for transport and related air pollution.

The author for the first time proposed a me-
thod of quantitative assessment of the pressure
of transport on the environment, which is gene-
rally recognized as the main contribution of Bri-
tish research in studying the impact of transport
on the environment. Banister D. has repeatedly
emphasized that the way to address greenhouse
gas emission reductions is to unite countries, re-
gions and cities in finding political, economic and
innovative solutions.

Robin Hinkman, the follower of Banister’s ideas
in research Looking to the future: transport and re-
ducing CO, emissions in the UK by 2030 [11] re-
ports that he has completed a study of possible
options to achieve a 60% reduction in CO, emis-
sions in transport sector of Great Britain by 2030.
The author comments on the scenarios proposed
by Banister D. and makes minor clarifications and
adjustments related to changes in demand for
transportation in conditions of uncertainty.

Petri Tapio, in his work Towards a theory of de-
coupling: degrees of decoupling in the EU and the
case of road traffic in Finland between 1970 and
2001 [12] emphasizes that the transition to low-
carbon multimodal transport and achieving neut-
ral greenhouse gas emissions is vital important
and is a fundamental basis in solving the climate
problem, both the country and the planet as a who-
le. According to statistics from the EU-15 for the
period 1970—2000, the author determined the
elasticity of both freight and passenger traffic
in terms of GDP.

The researcher emphasizes that among the stu-
died countries, only in the United Kingdom, Swe-
den and Finland in some years during the period
under study, there is an accompaniment to the
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growth of traffic by the phenomenon of decoup-
ling. On the example of Finland, the scientist de-
scribes in great detail the dependence of changes
in carbon emissions on increasing traffic and pro-
ves the need to take measures to reduce them.

M. Z. Acutt and J. S. Dodgson in research pub-
lication Transport and Global Warming: Modelling
the Consequences of Alternative Policies [13], try
to convey to the government, business and citi-
zens the need for the fastest possible mobiliza-
tion to achieve carbon neutrality in the field of
transportation. The authors emphasize the pres-
sure of transport on the environment and discuss
the economic models they have developed for fo-
recasting greenhouse gas emissions in line with
alternative UK policy scenarios.

Given the fact that the UK government has re-
jected the European Commission’s (EC) propo-
sals for a carbon tax and decided to expand the
value added tax (VAT) base on domestic fuel and
increase the duty on motor fuel, the authors have
proposed three alternative scenarios of the state
policy on reduction of greenhouse gas emissions
by vehicles: the baseline scenario with keeping
fuel prices at the level at the beginning of 1996;
the next scenario — with an annual increase in the
fuel duties by at least 5%; and the last scenario,
with doubled prices for motor fuel.

M. Z. Acutt and J.S. Dodgson stressed that due
to the deepening climate crisis, the government
has no right to waste time and should immediate-
ly take decisive decisions to mitigate the impact
of transport on the environment [13].

I. P. Haidutskyi in his article Low-Carbon De-
velopment: Global Tools of Motivation |7] argues
the need for a global and national system of moti-
vation for sustainable low-carbon development
of the economy as a whole and its individual in-
dustries. The author emphasizes that achieving am-
bitious goals requires large amounts of investment.
But the formation of such investment potential
is complicated by contradictions in the global an-
ti-carbon policy, when the negative environmental
consequences are global, and the financing of mea-
sures to reduce greenhouse gas emissions is national.
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Fig. 1. Carbon trace of the member states of the Paris Agreement, close to Ukraine in the length of transport routes

The researcher substantiates the expediency of
establishing the Global Anti-Carbon Fund as the
main source of funding for sustainable low-car-
bon development, which should be formed on the
basis of: participation of countries in the fund ade-
quate to the amount of carbon emissions; pay-
ment of global anti-carbon tax; ensuring a faster
reduction in carbon emissions against GDP growth;
responsibilities for countries that refuse to par-
ticipate in the fund through the introduction of
international anti-carbon sanctions; optimal ba-
lancing of income and expenditure of the fund by
country, etc. [7, 24].

We partially support I.P. Haidutsky, but nume-
rous negotiations on the creation of the Global
Anti-Carbon Fund, which may take years, will lead
to the loss of precious time. Countries with the
right to self-determine NDCs should take deci-
sive regulatory and fiscal decisions today to redu-
ce greenhouse gas emissions.

Hence, the purpose of this study is to study the
possibility of reducing the carbon trace of multi-
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modal transportation in the transformation of Uk-
raine’s economy to climate neutrality through
the introduction of a mechanism for paying car-
bon tax on fuel that will ensure fair treatment of
environmental pollutants and reasonable forma-
tion of investment potential of the Decarbonisa-
tion Fund.

In the course of the research the following me-
thods were used: economic and mathematical mo-
delling — in determining the dependence of green-
house gas emissions on GDP (at constant 2010
prices) and the number of permanent population,
freight and passenger turnover, as well as fuel con-
sumption in the transport sector; decoupling ana-
lysis — when assessing the impact of transport
on the environment; comparative analysis — when
studying the elasticity of greenhouse gas emis-
sions with changes in GDP in countries with the
length of transport routes close to Ukraine; stra-
tegic analysis — when assessing the realism of
NDCs2; ,GAP-analysis — in finding ways to achie-
ve the ambitious goals to reduce the carbon trace
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of transport; forecasting — when determining the
volume of greenhouse gas emissions under the
condition of increasing the volume of transport;
abstract and logical — in generalizing the results
of the study and formulating conclusions [14].

Undoubtedly, these prerequisites have a signi-
ficant impact on increasing the volume of multi-
modal traffic, but the decisive role in their change
still plays the volume of GDP. With its growth,
the volume of traffic increases, and accordingly
their carbon trace, that is catastrophically dan-
gerous for the environment. In order to convince
the correctness of this statement, according to the
International Energy Agency (IEA) [15], we will
perform a comparative analysis of the dependen-
ce of greenhouse gas emissions on GDP in the mem-
ber states of the Paris Agreement, which are close
to Ukraine in terms of transport routes.

Given that the requirements of the Paris Agree-
ment provides for the definition of NVV in com-
parison with 1990, so, according to Fig. 1, consi-
der the current trends in reducing carbon emis-
sions for the period from 1990 to the present in
countries such as Italy, Sweden, Belgium, Finland
and others (Fig. 1 and Fig. 2).

Among the countries presented in Fig. 1 during
the period studied in terms of greenhouse gas
emissions, Italy is in the lead, which before the
global economic crisis in 2008 aggressively increa-
sed GDP. However, with its onset, the situation
changed to the opposite (which is natural). The-
refore, in the following years there was a clear
downward trend in both GDP and CO, emissions.

In recent years, Poland has been characterized
by gradual economic growth and a steady increa-
se in greenhouse gas emissions.

Even with the ratification of the Kyoto Proto-
col in 2008, CO, emissions gradually increased
over the next two years. However, with the de-
cline in production volumes, the weakening of the
national currency and a significant increase in go-
vernment debt due to the global financial crisis
during 2010—2012, we observe a decline in the
carbon emission curve. Instead, supporting Po-
lish exports allowed recovering the Polish eco-
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nomy in the post-crisis years. Consequently, the-
re is a sharp increase in greenhouse gas emissions
in 2014—2017.

Therefore, only with the ratification of the Pa-
ris Agreement in Poland on greenhouse gas emis-
sions is there some stabilization, which is asso-
ciated with the adoption of an anti-carbon poli-
cy and the definition of commitments to reduce
CO, emissions.

Regarding Ukraine, it should be noted that du-
ring the period under study, the most significant
decline in greenhouse gas emissions in the count-
ry was observed during 1990—2000, which was
unfortunately not based on modernization of pro-
duction and implementation of innovative pro-
jects, but by the impressive decline of the Ukrai-
nian economy.

Indeed, the results of the last inspection ex-
perts of UNFCCC Secretariat National invento-
ries of anthropogenic emissions undertaken in ac-
cordance with decision 20 / SR.21 and 10 / SMR.11
Conferences of the Parties to the UNFCCC and
the Paris agreement established that Ukraine in
recent years has demonstrated full compliance
obligations for NDCS1 to the Paris Agreement.
However, we emphasize once again that the ba-
sis for such changes was not the modernization
of production and the introduction of clean tech-
nologies, but the reduction of GDP. Greenhouse
gas emissions in other countries, shown in Fig. 1,
are characterized by moderate fluctuations throu-
ghout the period under consideration.

The situation with Ukraine proves that study-
ing only the dynamics of changes in greenhouse
gas emissions and GDP is insufficient to assess
the effectiveness of anti-carbon policies of count-
ries and the real state of their transformation into
a low-carbon economy. We consider it possible to
have a realistic assessment of the situation if we
study the accompaniment of an increase in GDP
by the effect of decoupling.

The concept of decoupling in domestic prac-
tice has not yet been widely used. Interpretations
of its substantive component are mainly based on
the etymology of the borrowed English term [16].
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In particular, in the presentation of its content in
the Millennium Declaration, approved by the UN
General Assembly Resolution of 08.09.2000 on
No. 55 / 2 [16], where decoupling is seen as a break
between the negative environmental impact and
economic benefits.

Instead, with the formation of the Assessment
of resource efficiency indicators and targets (Final
report 2012) and with the beginning of laying
UNEP report Decoupling Natural Resource Use
and Environmental Impacts from Economic Growth,
the concept of decoupling has become more broad-
ly interpreted, namely as a key principle related
processes of economic growth, the amount of na-
tural resources consumed and environmental pol-
lution, which provides for the growing needs of
society while minimizing the impact of nature
load [17].

The effect of decoupling is manifested when
the positive dynamics of economic growth indi-
cators of negative impact on the environment re-
main stable or show a downward trend over the
same period [12].

According to the OECD methodology, the ef-
fect of decoupling is evaluated by the decoupling
index (Declnd) and the decoupling factor (Dec-
Fact) and is defined [18] as follow:

(EP/ DF) ending

DecInd = = R renang (1)
(EP/ Dl:)begining KDFbegining ,
DecFact =1 — Declnd, (2)

where EP is environmental pressure, indicator of
anthropogenic pressure on the environment, nat-
ural units; DFis driving force, an indicator of eco-
nomic growth through gross domestic product,
natural units; K, K, are growth rates of relevant
indicators.

We introduce the following notation: K, is
chain growth rates to the previous year of CO,
emissions from fuel combustion of transport of
the country, %. K, , is chain growth rate to the
previous year of the country’s GDP, %.

To calculate the values of indicators are taken
in the final (ending) and base (beginning) periods

of the study (years).
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Fig. 3. Classification of types of decoupling effect

To describe the effect of decoupling, we use the
classification of types of the effect of decoupling
according to P. Tapio [12], given in Fig. 3.

Guided by the classification of types of decou-
pling effect by P. Tapio, we note that during the
period studied the decoupling effect is character-
ized in the countries-parties to the Paris Agree-
ment, which are close to Ukraine in terms of the
length of transport, as follows:
¢ in particular, in Ukraine, in the 1990s, the de-

cline in GDP was accompanied by an increase

in CO, emissions and, consequently, a strong
overcoupling effect, i.e. when Declnd is in the

range Declnd <0. At the beginning of the 21

century, the situation is gradually changing,

but rather sluggishly. During the first decade,

GDP growth was accompanied by a simultane-

ous increase in greenhouse gas emissions with

a slight excess of the rate of change of the latter.

Thus, with the growth of GDP in the country

there is an expansive overcoupling-effect (i.e.

when Declnd is in the range DecInd> 1.2) [19],

which in the early second decade is gradually

transformed into a strong decoupling-effect, in
which economic growth is accompanied by si-

multaneous reduction of carbon emissions, i.e.

when Declnd is in the range of DecInd <0;
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¢ the situation in Finland, Belgium, and the Ne-
therlands is practically opposite to Ukraine. Sin-
ce the late 1990s, the country’s economic growth
has been accompanied by a decline in greenhou-
se gas emissions and, consequently, accompa-
nied by expansive overcoupling- and strong de-
coupling-effects;

«+ for Italy, in the pre-crisis years (until 2008), it
is accompanied with expansive overcoupling-
effect, but with the crisis of 2008—2009, the
situation changed dramatically. The fall in GDP
has led to a recessive decoupling effect, in which

CO, emissions decrease with a simultaneous de-
cline in economic growth, but at a faster pace,
i.e. when Declnd is in the range of DecInd>1.2.
This is explained by Italy’s ratification of the
Kyoto Protocol and its commitment to reduce
greenhouse gas emissions. The full implementa-
tion of the Kyoto Protocol’s obligations in both
the first and second periods of its validity, as well
as Italy’s ratification of the Paris Agreement,
contributed to a change in the type of decoup-
ling effect in the following years. Since the rate
of economic growth is characterized by a simulta-

Table 1. Dynamics of Indicators in the Transport Sector of Ukraine [20—23]

Permanvent GDP, UAH million Cargo turnover, | Passenger turnover, | Fuel consumption CO, emissions
Years population, (at consﬁant 2010 billion tons kmy billion pass. km " | in the t'rapsport sector, | from Transport
thousand people prices) million tons sector, Mt
1990 51 556.5 991960.7 688.2029 199.3496 17.587 55
1991 51623.5 905660.1 680.9651 198.2304 19.19 66
1992 51708.2 815999.8 543.2332 163.1956 10.958 41
1993 51 870.4 700127.8 496.0737 153.8127 9.138 35
1994 517154 539798.5 465.6349 129.0364 8.051 32
1995 51 300.4 473943.1 471.0687 128.3214 8.24 33
1996 50 874.1 426548.8 440.1246 98.2589 7.193 30
1997 50 400.0 413752.3 497.1041 137.2831 9.176 36
1998 49973.5 405891 472.3247 120.8751 8.284 34
1999 49 544.8 405079.3 390.1214 82.3145 6.656 28
2000 49 115.0 428978.9 380.7281 81.2291 6.499 27
2001 48 663.6 468445 384.5037 84.1463 6.942 28
2002 48 240.9 493036 398.1241 89.1365 7.39 30
2003 47 823.1 539953 450.7344 95.8034 7.067 29
2004 47 4421 605335 469.4001 104.7191 7.432 31
2005 47 100.5 623479 460.6401 111.4239 7.371 31
2006 46 749.2 669865 477.2375 116.3022 7.551 30
2007 46 465.7 720731 496.4509 144.4230 9.179 40
2008 46 192.3 737336 491.7461 147.2652 9.134 40
2009 45963.4 628516 380.0035 130.1068 8.293 33
2010 45782.6 1079346 404.5729 129.8153 8.459 34
2011 45 598.2 1138338 426.4277 134.2541 8.38 34
2012 45453.3 1141055 394.6481 132.4797 8.578 31
2013 45372.7 1140750 379.045 128.5082 8.403 31
2014 452459 1066001 335.1517 106.1478 7.022 27
2015 42759.7 961821 315.3418 97.2807 6.302 23
2016 42590.9 985299 323.4739 102.2394 6.85 24
2017 42 414.9 1009597 343.0571 99.2777 7.047 25
2018 42 216.8 1043977 331.8562 96.1408 7.084 25
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neous decrease in the rate of greenhouse gas emis-

sions, we have reason to believe that GDP growth

in the country is accompanied by a strong decoup-

ling effect);

¢ in Poland and the Czech Republic, in contrast
to the countries previously considered, during
the period under study, economic growth is ac-
companied only by an expansive overcoupling ef-
fect, which is gradually transformed into a strong
decoupling effect. Only 2008 (the beginning of
the global financial crisis) became for the Czech

Republic a year of accompanying changes in

GDP of recessive decoupling-effect.

Thus, we come to the conclusion that a real as-
sessment of the transformation of countries to a
low-carbon economy can be obtained only if a clear
understanding of the type of decoupling effect,
which is transformed into one or another type with
a change in GDP.

To establish for the next decade changes in CO,
emissions in Ukraine from changes in traffic and,
accordingly, fuel combustion, with the same en-
gine design and fuel type used, based on the im-
pact of cargo, passenger and gross output, given
in Table. 1, the authors based on the conducted
results of the correlation and regression analysis
propose the regression functional dependences,
which reflect the existing relationship between
the obtained result and the combination of influ-
encing factors.

According to Table 1, it is obvious that the
growth of cargo turnover, passenger turnover and
GDP causes an increase in CO, emissions. Based
on the assumption that the main factor influen-
cing CO, emissions in the transport sector is fuel
combustion, which is generally characterized by
traffic volumes, which in turn have basic factors
influencing economic growth and demographics,
the authors proposed the following system of si-
multaneous nonlinear regressions:

PTV = —1794.7488 + 75.6741 - In(GDP) +
+4.1189 - NPOP,

CTV = -6867.6739 + 123.7834 - In(GDP) +
+ 382.0944 - “NPOP

ISSN 2409-9066. Sci. innov. 2022.18(1)

(1)

(2)

OCT = 3.3388 + (0.0046 - CTV) +
+(0,4895 - PTV)03 3)

E,,,=—39.0359 + 34.1657 - In(OCT),  (4)

where: GDP is GDP of Ukraine (at constant pri-
ces of 2010), UAH million; POP is permanent po-
pulation, thousand people; CTV is cargo turnover,
billion tons, km; PTV is passenger turnover, billion
pass. km; OCT is fuel consumption in the transport
sector of Ukraine, million tons; E,, is volume of
CO, emissions from fuel combustion in the trans-
port sector of Ukraine, million tons.

The coefficients of multifactor nonlinear reg-
ression (1)—(3) after the initial linearization by
logarithm were found by the generalized least squa-
res method (LSM) in matrix form, and the model
(4) — by ordinary LSM [24]. The form of nonli-
near models was chosen by the method of direc-
ted search of power and logarithmic dependences.
The criterion for the best fit of the model to reali-
ty was the closest value of the coefficient of de-
termination R?to unity (Table 2). This coefficient
determines the fraction of variation of one of the
variables, which is explained by the variation of
other variables, i.e. measures the fraction of the
scatter relative to the average value, which is ex-
plained by the constructed regression. Fisher’s
test, F>F _, showed that with a reliability of 95%
(significance level o = 0.05) we can assume that
the corresponding R? is statistically significant
and the proposed mathematical models are ade-
quate to the statistical data and on the basis of
the accepted system of simultaneous regressions
it is possible to carry out the researches.

Table 2. Coefficients for the Analysis
of the Adequacy of the Proposed Mathematical Model

Ne
regression R? F F, (o.=10.05)
equation
1 0.7137 32.4157
2 0.6709 26.5015 3.37 (k, =2, k, = 26)
3 0.8690 86.2652
4 0.9443 4582549 | 4.21 (k, =1,k,=27)
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Fig. 5. Surface of regression of fuel consumption in
transport sector of Ukraine

Analysing the regression equations (1) and (2),
we observe their rather similar character (Fig.4).
Both surfaces have a convex shape. Both factors
GDP and POP contribute to the growth of indi-
cators CTVand PTV, however, the factor POP cau-
ses a faster change in the indicator CTV in formu-
la (2) than the indicator PTV in formula (1).

Both factors PTV and CTV in regression (3) al-
so cause an increase in the indicator OCT (Fig. 5).
The nature of this dependence is different — the
surface has a convexity to the bottom in contrast
to the previous two.
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In Fig. 6 solid line shows the regression equa-
tion (4), the round markers show the initial sta-
tistics for 1990—2018 with Table 1, the squares
indicate the predicted values.

According to the State Statistics Service of
Ukraine [25], the population as of January 2020
amounted to 41,401.96 thousand people. Instead,
according to the Modelling Report prepared by
the Institute of Economics and Forecasting of the
National Academy of Sciences of Ukraine (IEF)
for the Government of Ukraine [26], it was estab-
lished that the population of Ukraine in 2030
will be 40.6 million people, and in 2050 39.7 mil-
lion people.

Economic growth is also expected in Ukraine.
According to [27] starting from 2019, GDP is pro-
jected to grow on average by 4.2% over the year,
and after 2030 by 3.2. However, according to the
State Statistics Service of Ukraine [28], in 2019
GDP grew by only 3.2%, and in 2020 due to the
COVID-19 pandemic, there is even a decline.

In fact, the pace of economic growth in Ukraine
will be determined by the success of structural
reforms, product and geographical diversification
of exports and, in particular, the warming of the
domestic market. To do this, starting from 2020,
it is necessary to conduct a large-scale invest-
ment campaign, the growth rate of gross fixed
capital formation should reach at least 8—14%,
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2020—2025, and 15—18%, 2021—2050. In this ca-
se, the rate of accumulation of fixed capital to GDP
should reach 20—24%, which is the initial condi-
tion for accelerating economic growth [29].

Among other important factors that should en-
sure economic growth in Ukraine is the achieve-
ment of a general political consensus. Then the
economy will receive a strong impetus for the de-
velopment of individual industries and for the
economy as a whole.

Therefore, we consider it reasonable to choose
an average growth rate of 3% per year until 2050
under scenario 1, 3.5% under scenario 2 and 3.7%
under scenario 3 [26]. Having determined the
forecast volumes of GDP for the medium and
long term and guided by formulas (1)—(4), the
calculation of the forecast values of the relevant
indicators is carried out. The forecast values are
summarized in Table. 3.

According to Table 3, the limited pace of im-
plementation of national and municipal policies
(climate, energy efficiency, etc.) observed in pre-
vious years and the maintenance of which is en-
visaged in Scenario 1 will still have an impact on
overall greenhouse gas emissions in some sectors
of Ukraine, however, without a new climate poli-
cy in transport or an updated National Transport
Policy, greenhouse gas emissions will increase ve-
ry rapidly, as we can see from Table 3 and Fig. 6.

This necessitates the introduction of key meas-
ures to reduce carbon emissions under Scenario
2: upgrading the rolling stock of private and pub-
lic transport to improve energy efficiency; con-
tinuing to stimulate the transition to the use of
electric vehicles in passenger traffic; continuing
to stimulate the use of liquefied natural gas (chea-
per, less greenhouse gas emissions and harmful
substances); growth of the share of biofuel con-
sumption in the next 10—20 years; optimization
of the structure of passenger and freight traffic in
cities. Due to such measures, the estimated value
of fuel consumption is expected to decrease in ac-
cordance with NDCs2.

Projected values of CO, emissions according
to the three scenarios are indicated by squares
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Fig. 6. Graph of CO, emissions by vehicles depending on fuel
combustion volumes

in Fig. 6. As we can see in the first scenario, CO,
emissions increase to the level of 2009. Based on
the results of modelling of Scenario 3, greenhouse
gas emissions in 2030 will be reduced by 53.6%
compared to the reference year in transport, in
2050, CO, emissions will be reduced by 90.1%,
which will be consistent with the Strategy of low-
carbon development of Ukraine until 2050 year,
where the respective percentages of reduction are
60 and 90% [27].

The results of the conducted decoupling- ana-
lysis show that the implementation of Scenarios 2
and 3 will contribute to the support of economic
growth of strong decoupling-effect in the count-
ry, in which, as noted earlier, economic growth is
prone to growth and negative impact on the en-
vironment, on the contrary, is prone to decline.
If the government chooses Scenario 1 in 2050,
we can expect only a weak decoupling-effect, in
which economic growth rates, along with CO,
emissions, tend to increase, but the growth rates
of the former are higher than the growth rates of
the latter.

The success of any of these projects, first of all,
will be determined by the conditions of effective
financial support. In many countries where such
support is available (particularly in the EU), the-
re have been significant advances in the move-
ment of transport sector on a low-carbon trajec-
tory. However, in many countries such subsidies
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are at a very low level, due to which there is still
a high intensity of carbon emissions.

A generally accepted effective way to mobilize
financial resources is a tax mechanism. However,
the environmental taxes provided by the Tax Co-
de of Ukraine (hereinafter — TCU) are far from
fulfilling this task. Their share in GDP and tax
payments is very low and inadequate to the na-
ture of the economy. Unfortunately, the tax base
is not related to environmental pressures.

Therefore, the current environmental taxes do
not affect the intensity of carbon reduction. We
need a new paradigm for building such a tax me-
chanism, which would be an effective tool for a
global system of motivation for sustainable low-
carbon development, both the economy as a who-
le and its individual sectors [7, p. 323].

For this purpose, we propose to introduce a
mechanism for owners of vehicles to pay an envi-
ronmental tax on greenhouse gas emissions and
other pollutants from fuel combustion during in
transport implementation, the so-called carbon tax
on fuel (Fig. 7), and, consequently, to amend the
following legislative acts of Ukraine, in particular
the Tax Code of Ukraine, the Budget Code of Uk-
raine and the Draft Law of Ukraine on Amend-
ments to the Budget Code of Ukraine in terms of
the Introduction of the State Decarbonisation Fund.

Thus, the results of the present study states
that according to the National Inventory of Anth-
ropogenic Emissions [30], more than 10% of to-
tal greenhouse gas emissions are emissions from
transport, the amount of which depends on chan-
ges in GDP, population and other factors.

Table 3. The Results of Modelling the Forecast Indicators of Ukraine’s

Economic Growth and the Carbon Trace of Transportation

2030 2050
Indicators

scenario scenario scenario scenario scenario scenario
The permanent population of Ukraine, POP, 40.6 39.7
million people
GDP of Ukraine GDP, % (at constant prices | 1389997.8 | 1458966.6 | 1487406.6 | 2510490.6 | 2903035.6 | 3076129.1
in 2010), UAH mln. (with an average annual (3%) (3.5%) (3.7%) (3%) (3.5%) (3.7%)
growth, %)
Passenger turnover, PTV, billion pass. km 815999.8 | 543.2332 | 163.1956 10.958 41 41
Cargo turnover, CTV, billion tons km 307.0002 | 312.9946 | 315.3842 | 349.8669 | 367.8500 | 375.0189
Fuel consumption in the transport sector of|  5.8358 6.0378 6.1182 7.5498 8.1395 8.3751
Ukraine, OCT, million tons without taking
into account the transition to other fuels and
the use of more economical engines
Volume of CO, emissions from fuel combus-| 21.2328 22.3954 | 22.84716 | 30.0308 32.6001 33.5752
tion in the transport sector of Ukraine, E_,,
million tons, without taking into account the
transition to other fuels and the use of more
economical engines
Fuel consumption in the transport sector of|  5.8358 4.8302 4.2827 7.5498 4.0697 3.3501
Ukraine, OCT, million tons (reduction of the| (-0%) (-20%) | (—30%) (—0%) (-50%) (—60%)
calculated value due to the transition to other
fuels and the use of more economical engines, %)
Projected volume of CO, emissions from fuel | 21.2328 | 14.77152 | 10.66111 | 30.0308 8918274 | 2.269514
combustion in the transport sector of Ukrai-
ne, E_,,, million tons
Decoupling index relative to the reference year | —0.1726 | —0.6921 | —0.9817 0.1898 -0.3033 —-0.4100
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"carbon" fuel tax |

| 1% of the cost of fuel | | Benefits | |

| Financial support for measures to reduce carbon emissions

Stimulating fuel economy and environmental friendliness of vehicles,
the use of alternative fuels, “green” modes of transport

| Reimbursement of bank interest on loans for the purchase of electric vehicles

| 100% to the Decarbonisation Fund

1\

Parliamentary control over the targeted use of funds

&

Fig. 7. The mechanism for paying the carbon fuel tax

Having chosen as a strategic guideline for the
transformation of Ukraine’s economy to climate
neutrality, the government should decide to in-
crease the ambition to reduce the carbon trace of
multimodal transportation through the use of,
first of all, an arsenal of effective fiscal measures.
In particular, the introduction of a mechanism for
paying the carbon fuel tax, which will ensure fair
treatment of environmental pollutants and the
formation of the investment potential of the De-
carbonisation Fund, the intended use of which
should be subject to parliamentary control.

In order to implement the submitted proposals,
it is necessary to make additions and changes to:
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MIABUIIEHHI AMBIIIIMHOCTI IO CKOPOUEHHS
BYTJIEILEBOT'O CJIIJIY MYJABIUMOJIAJIBHUX ITEPEBE3EHD
B YMOBAX TPAHCO®OPMAIIII EKOHOMIKU YKPATHU

1O «<KJIIMATUYHOT HEMTPAJIBHOCTI»

Beryn. Crpareriuaum opieHTUpOoM TpaHchopMallii eKOHOMIKM YKpPaiHU [0 «KJIIMATUYHOI HelTpaIbHOCTI> OOPAHO MiBUIIEH-
Hs1 aMOIIHOCTI 10 CKOPOYEHHsI BYIJIEIIEBOTO CJI/Ly MYyJIBTUMOJIAIbHUX [IEPEBE3EHD 3aBSKU 3aCTOCYBAHHIO apCEeHay JEBUX
peryJasaTopHuX Ta (hicKasbHUX 3aX0/IiB.

IIpo6GaemaTuka. [Tonryk MIAXIB MiABUIIEHHS aMOILIHOCTI 10 CKOPOUYEHHS BYIJIELEBOIO CJIiy MYJIBTUMOJAIbHUX Hepe-
Be3eHb B yMOBax TpaHcgopmariii eKOHOMIKN YKpaiHU /10 «KITIMaTHIHOI HEHTPaTbHOCTI».

Merta. Po3poOKka ciieHapiiB CKOPOUEHHSI BYTJIEIIEBOTO CJTi/LY MYJIBTHMOJIA/IbHIX TIepeBe3eHb 3a/11s 3a0esredeHtst 36epe-
JKEHHSI JIOBKIJIST Ta GIaromo Ty qdst IPUH/IENTHIX TOKOJIiHb.

Marepianu Ta MeTOM. BUKOPHCTAHO METO/IN: EKOHOMIKO-MaTeMaTUYHOTO MOJIEJIOBAHHS HA OCHOBI KOPEJISAIIHO-perpe-
CciifHOTO aHaJi3y — IPU BUSHAUEHHI 3aJIe5KHOCTI 06CATIB BUKH/IIB TAaPHUKOBKX Ta3iB Big 00CATIB CHIOKUBAHHS TaJIBa B TPaH-
criopTHOMY cekTopi, o6esris BBIT ta uncebHOCTI MOCTIHOTO HAaCETEeHH s, BAHTAKO- Ta MACAKMPOOOITY; IeKaIlIiHr-aHai3y —
[IPM OILiHIOBAHHI BIJIMBY TPAHCIIOPTHUX TIepeBe3eHb Ha JI0BKIJIJIA; KOMIIAPATHBHOTO aHasli3y — IIPU BUBYEHHI €JIaCTHYHOCTI
BUKU/IIB TAPHUKOBUX Ta3iB 3i 3MiHO0 06c¢sris BBIT y kpaiHax 3 IPOTSKHICTIO TPAHCIIOPTHUX NISAXIB, HAOIMKEHUX 10 YKpai-
HU; CTPATETIYHOTO aHATi3y — IIPH OIiHIOBaHHI peasicTnaHocTi HarionasbHo Bu3HAU€HOTO BHECKY; CIIEHAPHOTO MPOTHO3Y-
BaHHA — [IPU BU3HAYEH] aJbTePHATUBHUX CLEHAPIiB 3MiHK 00CATIB BUKK/IIB MAPHUKOBUX Ta3iB 3a yMOBM HAPOIILyBaHHs 00-
CATIB TPAHCIOPTHUX TIePEBE3EHb.

Pesyabratu. Briepiie 3apornoHoBaHo MeXaHi3M CILIATH «BYTJIEI[EBOT0O» MOJIATKY 3 [AINBa, IKUiT 3a0€311eYnTh CIIpaBe/-
JIVIBE CTABJICHHSI JI0 3a0PYy/IHIOBAYIB HABKOJIMIITHBOTO CePEIOBHIIA Ta OOTPYHTOBaHE (hOPMYBAHHS IHBECTUIIHHOTO MOTEHITia-
sy Donny nexapboHizartii.

BucnoBku. O6pasiiu crparerivHuM OpieHTUPOM TpaHchOopMaIlil eKOHOMIKM YKPaiHU 10 «KIIMaTUYHOI HEHTPAIbHOCTI»,
yPSAL KpaiHyU Ma€ MPUIAHATH PIlIEHHS MO0 IiABUIIEHHA aMOIiHHOCTI 10 CKOPOYEHHS BYTJIEIIEBOTO CJIi/y MYJIBTUMO/IA/b-
HUX TIepeBe3eHb 3aB/ISIKU 3aCTOCYBAHHIO, HAcaMIlepe/l, apCeHay JieBUX (icKaIbHUX 3aXO0/1iB.

Knwouosi croea: antuByrienesa MOJTITHKA, BYTJIETeBi BUKU/IN, «BYTJIEIEBUIT» MTO/IATOK 3 TTAJINBA, AEKATIiHT, MyJIBTUMO-
JTaJIbHI TIepeBe3eHHs, KJIIMaTHYHA HEUTPAIbHICTh.
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