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ECONOMETRIC ANALYSIS OF SUSTAINABLE NATIONAL ECONOMY
DEVELOPMENT

Purpose. The study objective was to model conditions, mechanisms and opportunities to achieve
sustainable development parameters for the national economy.

Methods. Analysis and synthesis, induction and deduction, analytical grouping and special (abstraction,
modelling, etc.) methods of studying economic phenomena and processes have been used.

Results. Based on the analysis of the dynamics of GDP growth rates, sulfur dioxide, nitrogen dioxide,
oxide and carbon dioxide emissions during 1991-2017, the cycle of their change lasting 3 - 5 years has been
proved. It has been found out that the Environmental Kuznets Curve (EKC) in Ukraine is a specific one due to
the "turning points”. According to the results of comparing the cyclicality of per capita income growth rates,
GDP indexes with the dynamics of dependence between the hazardous substances emissions and per capita in-
come and GDP in actual prices, it is found that they do not always coincide. It gives grounds to make a conclu-
sion about the presence of lag between the emissions volumes changes and values of per capita income and GDP
in actual prices. The conclusions are grounded on the comparison of the dynamics of GDP growth rates, income
per capita, pollutant emissions and the parameters of their mutual correlation. It has been proposed to carry out
coordinated policy referring its economic, social and environmental components, taking into account the time lag
to create the conditions for the EKC curve parameters in the economy of Ukraine.

Conclusions. . Based on the analysis of GDP growth rates dynamics, sulfur dioxide, nitrogen dioxide,
carbon oxide and dioxide emissions, the periodicity (cyclicality) of their change has been proved. In Ukraine,
EKC has a specific nature in the form of separate «turning pointsy», without achievement of long-term parameters
of the relationship between the hazardous substances emissions and GDP and per capita income values. Thus,
the feasibility of developing the agreed policy concerning the economic (GDP value), social (population income
level) and environmental components (conservation activity financing and decrease of hazardous substances
emissions) taking into account the time lag, which will create the conditions for achieving not only temporary
values, but also long-term parameters of EKC curve in the Ukrainian economy, was substantiated. The obtained
results allow to forecast sustainable development parameters of Ukraine for the future.

KEY WORDS: sustainable development, economic growth, GDP, income per capita, national economy,
emissions of air pollutants
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MeTtoan. 3araTpbHOHAYKOBI (aHANI3 Ta CHHTE3, IHIYKINS Ta NEAYKIlis, aHATITHIHE TPYITyBAaHHS) Ta CHEi-
anbHi (abcTparyBaHHS, MOJICTIOBAHHS 1 T. 1H.) METOIM BUBUEHHS €KOHOMIYHUX SIBUIII 1 TIPOIIECIB.

PesyasTaT. Ha ocHOBI aHamizy auHamiky TemmiB 3poctanHs BBII, BukumiB giokcuaa cipkw, mioKcHIa
a30Ty, OKCHJa Ta AMOKCHJIA BYTJEHIO BIpoaoBxk 1991-2017 pokiB moBeneHa mepiogwmyHICTh (HUKIIYHICTB) X
3MiHH TpHUBAJICTIO 3 — 5 pokiB. BeranoBieHo, mo B Ykpaini exonorigda kpuBa Kysneus (EKK) mae cenmdiu-
HUI XapakTep y BHUIIIAAI OKPEMHUX «TIOBOPOTHUX TOYOK». BUCHOBKH 3pOOJICHO HA MiJCTaBi CIIBCTABJICHHS JU-
HaMiku TemiiB 3poctands BBII, noxoziB Ha mynry HaceleHHs i BUKU/IIB 3a0pY/THIOIOUMX PEYOBUH Ta IMapaMeT-
piB B3a€MHOI Kopessiuii MK HUMH. 3a pe3yJbTaTaMH MOPIBHSIHHS IMKJIIYHOCTI TEMIIB 3pOCTaHHS JO0XOJIB Ha
Iyury HaceneHHs, iHaekciB BBII 3 nuHaMikoro 3aJeKHOCTI MiXK BUKHJAMH IIKIUIMBUX PCUOBHH Ta BEIUYHUH
JIOXOJIIB Ha nymry HacesneHHs Ta BBII y gakTuyHMX 1iHAaX, BCTAHOBJICHO, 1[0 BOHHU HE 3aBXKIH CIIBNAAal0Th. Lle
JIAJIO TiJCTaBU 3pOOUTH BUCHOBOK IPO HASBHICTH Jary MiXK 3MiHAMH OOCSTIB BUKHUJIIB Ta BEIUYUHAMHE JTOXOJIB
Ha nyury HaceneHHA Ta BBII y gaktnunanx minax. 3amponoHOBaHO 3MiHCHIOBAaTH (JOPMYBAaHHS Y3TOHKEHOT MMOJTi-
THUKU IOJ0 CKOHOMIYHOI, COIialbHOI Ta EKOJIOTIYHOI CKJIIAJOBHX 3 ypaxXyBaHHSAM 4YacOBOTO JIary 3ailsl CTBO-
PEeHHS YMOB JUTs JocsTHEHHS mapaMeTpiB kpuBoi EKK B exoHOoMini Yipainu.

BucnoBku. Ha ocHoBi aHami3y muHamiku temis 3poctands BBII, miokcumy cipku, TiOKCHIy a30Ty, BU-
KAIIB OKCHIIB BYTJICHIO Ta TIOKCHIY, JOBEICHA MEPiOANIHICTh (IMUKIiYHICTE) iX 3MiHH. B Vipaini EKC mae
cnenuiYHAN XapaKTep Yy BUIILAI OKPEMHUX «IIOBOPOTHUX TOYOK», O3 ITOCATHEHHS TOBTOCTPOKOBHX ITapaMerT-
PiB B3a€MO3B'SI3Ky MK BUKHJAMHU HIKIIIHBUX pedoBUH Ta BBII Ta 3HaYCHHSAMHU J0XOAY HA YNy HACEICHHS.
TakuM 4MHOM, TOLITBHOIO € PO3POOKa Y3roKEHOT MOJMITHKY 11010 eKoHOoMIuHOT (BenmunHa BBII), coriansHol
(piBeHb JOXO/y HACEJICHHS) Ta €KOJOTIYHUX CKIAJ0BUX ((piHAaHCYBaHHS MPUPOJOOXOPOHHOI JIsIILHOCTI Ta 3Me-
HIIICHHS BUKU/IIB HEOC3MEUHUX PEUYOBUH) 3 YPaxyBaHHIM Y4aCcOBOIO Jiary, IO CTBOPUTh YMOBH U OOTPYHTOBA-
HOTO JIOCSITHEHHSI HE JIMILe TUMYacOBHX 3HAa4YeHb, a i JOBroctpokoBux napamerpiB kpuBoi EKC B ykpaiHChKiii
exkoHoMimi. OTpuMaHi pe3yibTaTH MO3BOJIOTH 3IIMCHIOBATH IPOTHO3YBAaHHS IapaMeTpiB CTAJOro PO3BHUTKY
VYkpaiHu Ha MepCICKTUBRY.

KJIIOYOBI CJOBA: cranuii po3BUTOK, €eKOHOMiIYHe 3pocTanHs, BBII, 1oxomu Ha 0JHOTO MpaIroivo-
ro, HaIllOHaJbHE FOCIIOAAPCTBO, BUKUIN 3a0pYTHIOIOUNX PEIOBUH
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SKOHOMETPHUUYECKHI AHAJIN3 YCTOMYHMBOI'O PA3BUTHUS HAILMOHAJIBHOIO
XO34MCTBA

Hesas. MonenmupoBaHre yCIOBHIA, MEXaHU3MOB H BO3MOXKHOCTEH JOCTIKCHHUS MMAPaMETPOB YCTOWIHBOTO
pa3BUTHA HAIIMOHAJIHFHOTO XO35HCTBA.

Metoasl. O0meHay4HbIe (aHATA3 U CHHTE3, WHAYKIUS W JCAYKINS, aHAIUTHYSCKOE TPYIIHPOBKH) U
crierasbHbie (a0CTparupoBaHue, MOJCITUPOBAHKE H T. J.) METO/bI U3Y4YEHHs YSKOHOMHUYECCKUX SIBICHUN U MPO-
I[ECCOB.

Pe3yabTaThl. Ha ocHOBe aHanm3a nuHamuku TeMnoB pocta BBII, BEIOpocOB auokcuaa cepol, TUOKCHIA
a30Ta, OKCHJa U TUOKcHaa yriepoaa B TeueHue 1991-2017 ronos mokazaHa MEpHOINIHOCTD (IUKIMIHOCTH) UX
W3MEHEHUsl TPOJOJDKUTENBHOCTRIO 3 - 5 51eT. YCTaHOBIEHO, 4TO B YKpaWHEe dKojorudeckas kpupas KysHena
(OKK) umeer cneunduueckuii Xapakrep B BUJE OTAENbHBIX IIOBOPOTHBIX TOYEK». BBIBOABI CliesiaHbl Ha OCHO-
BaHUHU COTIOCTAaBJICHHUS NTWHAMUKH TeMIoB pocta BBII, 1oxom0B Ha Aylry HaceleHUs W BHIOPOCOB 3arps3HSIO-
IIMX BEHIECTB U MapaMeTPOB B3aUMHOW KOPPEISAIMH MeXTy HUMH. [lo pe3ynpTaTam CpaBHEHHUS IUKIAYHOCTH
TEMIIOB pOCTa JOXOJOB Ha AyIIy HaceleHus, uHiuekcoB BBII ¢ muHaMuKko# 3aBUCHMOCTH MEXIy BBIOpOCaMHU
BPEIHBIX BEIIECTB M BEIUYWH JIOXOMOB Ha aymry HaceneHus U BBII B akTuyeckux meHaX, yCTaHOBJICHO, YTO
OHH HE BCETJIa COBMANAIOT. DTO A0 OCHOBAHUS CAETATh BBIBOJ O HATMYHMH JIara MEXy U3MEHCHUSIMHU 00bEMOB
BBEIOPOCOB W BEIMYMHAMHU JI0XO0JI0B Ha nyury Hacenenus u BBII B pakruyeckux renax. [IpemioskeHo ocymiecTs-
JATh (POpPMHUPOBAHKE COTIIACOBAHHOW IMOJUTHKH IO SKOHOMHYECKOW, CONMAILHOW U AKOJOTHYECKOH COCTaBIIs-
IOLUX C YYETOM BPEMEHHOIO Jiara Ui CO3JIaHusl YCIOBUH Ui TOCTHKEHUs napameTpoB kKpuBoil OKK B 3koHO-
MUKE Y KpauHsbl.

BeiBoabl. Ha ocHoBe aHanm3a guHamuku TemnioB pocta BBII, anokcuaa cepbl, AMOKCcHaa a30Ta, BEIOPO-
COB OKCHJIOB YTJIepoJia U JUOKCHJIA, JOKa3aHa MEPHOAMIHOCTh (ITUKIMYHOCTD) UX n3MeHeHus. B Ykpanne EKC
nMeeT crenupuIecKuii XapakTep B BUJE OTACIHHBIX «MOBOPOTHBIX TOYEK», 0€3 JOCTHKEHHS JOJITOCPOYHBIX
MapaMeTpoB B3aMMOCBS3M MEXIy BhIOpOcamMu BpeaHbIX BemiecTB M BBII u 3HadueHUssMH 10X0/a HA IyITy Hace-
nenus. Takum oOpas3om,, Iienecoodpa3Ha pa3paboTKa COTIACOBAHHOM MOJIMTUKH MO0 SKOHOMHYECKOW (BeIMYMHA
BBII), conmanbHO#l (YpOBEHB TOXO0JIa HACEICHHS) H IKOJOTHYECKOW COCTABIIONIMX ((DUHAHCUPOBAHHE TPUPO-
JIOOXPAHHOM JIESITEIPHOCTH W YMEHBIIICHUS BBIOPOCOB OITACHBIX BEHIECTB) C YYETOM YaCOBOTO JIara, 4YTo CO3JacT
yCIIOBHS I 0OOCHOBAHHOTO JIOCTUKCHUS HE TOJBKO BPEMEHHBIX 3HAUCHHM, HO M JOJTOCPOYHBIX apaMeTpOB
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kpuBoit EKC B ykpamHckoii skoHOMEKE. [loydeHHBIE pe3yIbTaThl MO3BOJSIOT OCYIIECTBISATH IPOTHO3HPOBA-
HHE TIapaMETPOB YCTOMUMBOTO Pa3BUTHA Y KPAaHHBI HA TIEPCIICKTHBY.

KJIFOUYEBBIE CJIOBA: ycroituuBoe pa3sutne, sKoHOMIYeCKHi poct, BBII, moxonst Ha oxHOTO pado-
TAIOIIETO, HAIIMOHAIBHOE XO3SIHCTBO, BEIOPOCH 3aTrPS3HAIOIINX BEIIECTB

Introduction

The global threats that the world faces
and that are connected with the environmental
problems substantiate the need to form the pa-
rameters, conditions and mechanisms of sus-
tainable development. It is relevant first of all
for developing countries, including for
Ukraine. The aim of the paper is to forming the
national economy sustainable development
model taking into account new realities, pecu-
liarities of economic systems, availability of
resources, environmental state, production vol-
umes, populations’ standards of living and oth-
er factors of internal and external environment.

The problems of economic growth, fac-
tors that form it and ensure the national econ-
omy sustainable development attract more and
more attention. The problems of sustainable
development are traditionally studied with de-
fining the economic, environmental and social
determinants [1-5]. Concerning the relation-
ship between the economic and environmental
components, one of the models was proposed
by Simon Kuznets, according to which there
exists the relationship between the income
(economic growth) and environmental pollu-
tion, which is of nonlinear nature — a form of
reversed parabolic curve. This model remains
relevant, gets new interpretations and can be
used for characterising the problems of today,
namely the problems of forming the national
economy sustainable development model tak-
ing into account new realities, peculiarities of
economic systems, availability of resources,
environmental state, production volumes, pop-
ulations’ standards of living and other factors
of internal and external environment.

Environmental Kuznets curve (EKC)
dependence takes into account the influence of
such main factors as: a) scale of production
effect, i.e. its extension with the unchanged
production factors, directions of influence on
the environment and technological level; b)
changes in the composition of pollutants emis-
sions and other factors affecting the environ-
ment (output mix). The economic growth is
accompanied by the change of emissions com-
positions, as different industries have different
pollution intensiveness; c) change of produc-
tion factors, in particular consumption of raw
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materials (input mix), which lead to replacing
the less environmentally harmful factors with
more environmentally harmful factors and vice
versa; d) state of technology improvement,
which predetermine the changes in production
efficiency in the aspect of resource saving and
decreasing the amount of waste per product
(release) unit and pollutants emissions into the
environment (emissions) per unit of the raw
materials used.

These variables can feel the effect of
such other factors as environmental regulation,
education and awareness in the socio-
economic development issues. A number of
publications describe the theoretical models of
how the state assistance and technologies can
affect the environmental quality in different
periods of time. Different hypotheses in order
to simplify the description of the economy are
presented in the studies. In the majority of
them, there appears the possibility of creating
the inverted U-shaped curve of the change of
pollution intensiveness, but there is no agree-
ment concerning its inevitability. The results of
the studies depend on the hypotheses presented
and the values of main parameters. Some re-
searchers tell about the conditions of un-
changed means of living, exogenous nature of
technological changes and that it is not con-
sumption but production that leads to pollution
[7-8]. Other created the so-called cross-
contamination models, according to which it is
not production but consumption that causes
contamination [9-10]. Stokey [11] assumed
that the technical changes are of endogenous
nature. Stern [12] notes that, based on some
assumptions, it is easy to create a model, from
which environmental Kuznets curve appears,
but none of these models was proved empiri-
cally. If the monotonous dynamics of the pol-
lutants emissions is proved by empirical stud-
ies, then the ability of EKC to create the in-
verted U-shaped curve of changes is not its
property, but the separate case.

The evolutionary approach to assessing
the factors that cause EKC was used by Canto-
re [13] who, unlike other researchers, used not
the econometric instruments but the climate
change complex assessment model RICE99
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interpreted by Nordhaus and Boyer [14,15],
which is one of the newest versions of regional
dynamic general equilibrium model, developed
by Nordhaus for studying the economic aspects
of climate changes [14,15]. Such model was
developed for each of eight macroregions,
which the world is divided into (USA, other
high-income countries, OECD European states,
Russia and Eastern European countries, aver-
age-income states, below average-income
states, China and low-income countries). Ac-
cording to it, it is assumed that every region
chooses the most optimal investment trajectory

In the analysis, general-scientific meth-
ods (analysis and synthesis, induction and de-
duction) and special methods of phenomena

The dynamics of GDP growth rates, sul-
fur dioxide, nitrogen dioxide, carbon oxide and
dioxide emissions in Ukraine as a whole can be
observed based on the data of State Statistic Ser-
vice of Ukraine. It was done for 1991-2017 peri-
od, which showed some dependencies (Fig. 1).

The listed indicators change cyclically.
So, at the GDP index curves, there are the min-
imums in 1994, 1998, 2002, 2005, 2009 and

and energy consumption expenditures, which
maximise the per capita discounted consump-
tion cost (GDP). He studied the factors that can
neutralise the scale effect in the relationship
between the income and environmental degra-
dation: economic structure (production of
goods and services), effectiveness of the re-
sources usage (resource units per product unit),
technological changes (replacement of scarce
resources with the environmentally friendly
technologies, which can decrease the environ-
mental degradation).

Method

and processes analysis (abstraction, economet-
ric and econometric-mathematical modelling)
have been used.

Results

2014, which correspond to the country’s eco-
nomic recessions. The GDP indexes maximums
correspond to 2000, 2003, 2007 and 2010. The
minimums at the per capita income growth rates
dynamics curve are observed in 1998, 2002,
2006, 2009 and 2014. The corresponding max-
imums are observed in 2000, 2004, 2008, 2015.
Thus, it can be seen that the duration of small
cycles is from 3 to 5 years.
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Fig. 1 — Dynamics of GDP indexes, sulfur dioxide, nitrogen dioxide, carbon oxide, carbon dioxide emissions
growth chain rates and annual per capita income during 1991-2017
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As for the environmental indicators (the
volumes of hazardous substances emissions),
they also change with some periodicity, but the
duration of their cycles is from 2 to 5 years. The
maximums and minimums of the curves of sul-
fur dioxide, nitrogen dioxide, carbon oxide and
dioxide emissions growth rates do not always
coincide with the corresponding maximums at
the curves of GDP indexes and per capita in-
come growth rates.

S. Kuznets proved the existence of the re-
lationship between the hazardous substances
emissions volumes and per capita income level,
but the traditional EKC is not confirmed by the
analysis of official statistic data concerning
Ukraine. There is some specificity of this curve,
which contains cyclicality, which can be de-
scribed with the help of distributed lag model.

Most often, when analysing the time se-
ries data, it is taken into account that the ex-
planatory variables affect the resulting indica-
tor value at the same moment of time. But,
previous value of both the explanatory varia-
bles and the indicator itself can affect the cur-
rent value of the resulting indicator. l.e. the
effect from the influence of certain factor on
the resulting indicator is manifested not imme-
diately, but gradually, in some period of time.
In this case, there appears a time lag.

The changes in one cyclical process can
lead to the change in the dynamics of others in
some period of time (lag). Lag models are used
for studying such processes. In order to
substantiate the lags, it is reasonable to use the
cross-correlation function, which characterises
the density of the relationship of each element
of dynamic series of dependent (resulting) v:
and explanatory x; variables, shifted relative to
each other to time lag .

In order to substantiate the lags, it is rea-
sonable to use the cross-correlation function,
which characterises the density of the relation-
ship of each element of dynamic series of de-
pendent (resulting) y: and explanatory x; varia-
bles, shifted relative to each other to time lag .
Cross-correlation coefficient is defined accord-
ing to the formula:

(n - T)z yt Xt—r - Z yt Z X[—r
t-1 t-1 t-1

r; = -t n-r 2 n—z = 2
\/[(n S0Z Y - EY) M- DX K - Exe ()]

(1)
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where y; and x; are the elements of the
vector of dependent (resulting) and explanato-
ry variables, respectively, shifted relative to
each other to time lag z; n is the number of the
values of r.

The cross-correlation coefficient chang-
es from —1 to 1, the biggest value on the mod-
ule defines the shift or time lag. If there are
several values, it is thought that the time lag
takes place during some period of time, as a
result, we have several time lags.

According to the results of comparing
the cyclicality of per capita income growth
rates, GDP indexes with the dynamics of de-
pendence between the hazardous substances
emissions and per capita income and GDP in
actual prices, it is found that they do not al-
ways coincide. It gives grounds to make a con-
clusion about the presence of lag between the
emissions volumes changes and values of per
capita income and GDP in actual prices.

As for current investments, the coinci-
dence of current investments changes dynam-
ics with the hazardous substances emissions
should testify the absence of lag and high level
of cross-correlation between the mentioned
values.

The proposed hypotheses can be
checked based on official statistical data.

Figure 2 shows the dynamics of cross-
correlation coefficient (correlogram) between
the sulfur dioxide, nitrogen dioxide, carbon
oxide and dioxide emissions volumes and per
capita income during 1996 — 2016.

As for the sulfur dioxide, during 1996—
2000, there takes place gradual increase of
cross-correlation coefficients values between
the hazardous substances emissions and per
capita income, maximum absolute value r =
0.9033 was achieved in 2000. The next maxi-
mum achieved in 2015 was r = 1.

According to the results obtained (Fig. 1),
in 2000, there was observed the increase of per
capita income growth rates with the simultane-
ous minimum of sulfur dioxide emissions
growth rates, which absolutely coincides with
the results obtained. During past and future
years, similar situation was not observed.
Thus, it confirms the conclusion that Ukraine
did not yet reach a «turning point» in tradition-
al EKC model, only temporary results were
obtained.
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Cross-correlation
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Fig. 2 — Dynamics of cross-correlation coefficient (correlogram) between the sulfur dioxide, nitrogen dioxide,
carbon oxide, carbon dioxide emissions volumes and per capita income

As for the nitrogen dioxide, during 1996—
2000, there also took place gradual increase of
cross-correlation coefficients values between
the emissions and per capita income, maximum
absolute value r = 0.9202 was achieved in 2000.
It is close to maximum value (r = 1), which
shows the presence of high level of values rela-
tionship. The next maximum achieved in 2015
wasr=1.

The result obtained is also confirmed by
the study results (Fig.1): it is in 2000 when there
was observed the increase of per capita income
growth rates with the simultaneous minimum of
nitrogen dioxide emissions growth rates. During
past and future years, such coincidence was not
found. Thus, similar to sulfur dioxide, it con-
firms the conclusion that Ukraine did not reach
a steady turning point in traditional EKC maodel.
There are temporary, not continuous results.

As for the carbon oxide, during 2000-
2004, there also takes place gradual increase of
cross-correlation coefficients values between
the emissions and per capita income, maximum
absolute value r = 0.9340 was achieved in 2004.
It is close to maximum value (r = 1), which
shows the presence of high level of values rela-
tionship. The next maximum achieved in 2015
wasr=1.

It is in 2000 when there was observed the
increase of per capita income growth rates with
the simultaneous minimum of carbon oxide
emissions growth rates (Fig. 1), which absolute-
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ly correlated with the data obtained. Thus, simi-
lar to sulfur and nitrogen dioxide, it shows that
Ukraine did not reach a steady turning point in
traditional EKC model, only temporary results
were obtained.

Besides, the same time lag value © = 4
was obtained for all three types of hazardous
substances emissions. Thus, it shows that the
cyclicality of hazardous substances emissions
volumes dynamics differs from cyclicality of
per capita income dynamics with the lag of 4
years.

Figure 3 shows the dynamics of cross-
country coefficient (correlogram) between the
sulfur dioxide, nitrogen dioxide, carbon oxide
and dioxide and GDP in actual prices during
1996-2016.

During 1996-2003, there took place the
gradual increase of cross-correlation coeffi-
cients values between the sulfur dioxide emis-
sions and GDP values, maximum absolute value
r = 0.9007 was achieved in 2003. It is close to
maximum value (r = 1), which confirms the
presence of high level of values relationship.

Comparing the obtained results concern-
ing the cross-correlation coefficients with the
dynamics of GDP growth rates, sulfur dioxide,
nitrogen dioxide, carbon oxide and dioxide
emissions during 1991-2017 (Figure 1) shows
that only in 2003 there was observed GDP in-
dexes growth with the simultaneous minimum
of sulfur dioxide growth rates. Thus, it also
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Fig. 3 — Dynamics of cross-correlation coefficient (correlogram) between the sulfur dioxide, nitrogen dioxide,
carbon oxide and carbon dioxide emissions volumes and GDP in actual prices

confirms the earlier conclusion about the tempo-
rary nature of achieving the turning point at
EKC curve.

As for the nitrogen dioxide, during
1996-2003, there also takes place gradual in-
crease of cross-correlation coefficients values
between the emissions and GDP values, max-
imum absolute value r = 0.9216 was achieved
in 2003. It is close to maximum value (r = 1),
which shows the presence of high level of val-
ues relationship.

In 2003, there was observed the increase
GDP indexes growth with the simultaneous
minimum of nitrogen dioxide emissions growth
rates (Figure 1). During past and future years,
similar situation was not observed. As it is seen,
maximum value of cross-correlation coefficient
was achieved. This coincidence confirms the
conclusion about the temporary nature of
achieving the turning point at EKC curve.

As for the carbon oxide, during 2000—
2007, there also takes place gradual increase of
cross-correlation coefficients values between
the emissions and GDP values, maximum ab-
solute value r = 0.9419 was achieved in 2007.
It is close to maximum value (r = 1), that is
why it is possible to assume the presence of
high level of values relationship. The next
maximum achieved in 2016 was r = 1.

Achievement of maximum value of
cross-correlation coefficient in 2007 coincided
with the with the disclosed tendency towards
the GDP index growth with simultaneous min-
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imum of sulfur dioxide and nitrogen dioxide
emissions growth rates in 2003 (Figure 1), and
the carbon dioxide — in 2007. Thus, similar to
relationship between the hazardous substances
emissions and per capita income values, the
conclusion about the temporary nature of
achieving the turning point at EKC curve was
confirmed for GDP.

Also it should be noted that the same
time lag value t = 7 was obtained for all three
types of hazardous substances emissions. Thus,
it is possible to think that the cyclicality of haz-
ardous substances emissions volumes dynamics
differs from cyclicality of GDP indexes with the
lag of 7 years.

Figure 4 shows the dynamics of cross-
correlation coefficient (correlogram) between
the sulfur dioxide, nitrogen dioxide, carbon ox-
ide and dioxide emissions volumes and the val-
ues of current expenditures on conservation ac-
tivity during 2000-2016.

The analysis showed that during 2000—
2016, there takes place gradual increase of
cross-correlation coefficients values between
sulfur dioxide emissions and values of current
expenditures on conservation activity. It abso-
lutely coincides with the conclusions about the
increased effectiveness of financing the
measures of environmental protection and their
relationship with emissions volumes.

Table 1 analyzes the dynamics of envi-
ronmental protection expenditure changes.
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Table 1
Dynamics of budget environmental protection expenditure changes, million UAH

Budget envi- National budget | Growth rate | Local budgets | Growth rate

Year ronmental Growth rate, environ_mental of national environmgn- of local bud_g—
protection % protection ex- budget ex- tal protection | ets expendi-

expenditure penditure penditure, % | expenditure ture,%
2007 22413 1809,1 432,2
2008 2764,7 123,35 2230,2 123,28 534,5 123,67
2009 2538,8 91,83 1824,3 81,80 7145 133,68
2010 28724 113,14 22927 125,68 579,7 81,13
2011 3890,7 135,45 3008,40 131,22 882,30 152,20
2012 52979 136,17 4135,40 137,46 1162,50 131,76
2013 5594,2 105,59 4595,00 111,11 999,20 85,95
2014 34817 62,24 2597,00 56,52 884,70 88,54
2015 5529,7 158,82 4053,00 156,06 1476,70 166,92
2016 6255,4 113,12 4771,60 117,73 1483,80 100,48
2017 7349,3 117,49 4739,90 99,34 2609,30 175,85

As one can see, the growth rates of in-
vestment are volatile; the slowdown was ob-
served in 2010 - 2013 and 2015, acceleration,
on the contrary, in 2009 and 2014. This ap-
proach cannot be considered systemic and, as a
result, there is lack of radical changes in the
environmental situation in the country.

In order to describe the dynamics of the
investment, it is possible to propose the model
described by the function (2).

The so-called soft one, where the coeffi-
cient of investment (&) depending on the in-
vestment:

dN
— =C 2
ot )
Formula (2) describes the logistic model.
We consider that it can be used to describe the
process of ecological investment growth. The

N —d N2

following expressions for coefficients ¢ and d
could be proposed in this model: ¢ = ¢ d = ¢/
K. In this case, the dynamics ecological in-
vestment, forming the sufficient level of eco-
logical security, can be described by the logis-
tical equation:
&£
— SN _“ NZ ' (3)
K
where ¢ — constant coefficient of propor-
tionality which is the ratio of the ecological

. dN
investment growth rate o to the volume of

ecological investment N;

K = Nmax — maximum possible and safe
rate of ecological investment.

In this model, steady state C is sustainable:
higher income — decreases, lower — increases.
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The equation (3) can be written in an-
other way:
d_N K-N

@ N @

Dividing the variables into equation (4),
we obtain:

KdN
— = (5)
N(K-N)
Taking into account that
1 1 1
= (6)

_— =,
N(K-N) KN K(K-N)
the equation (5) will be'
£ )dN _dt. (@)
N K-N
After integratlon (7), we obtain:

(o e
N K-N
InT-In(K-T) =et+1Ina Ina=A,
N
=g+Ina. 8
N (8)

From the equation (8) we find:

N t
—— =aeg". 9
N 9)
When t = 0, the amount of ecological in-
vestment is R = Rq , then from the equation (9)

we obtain:

In

K—No
Having solved the equation (8) as to N,
we find the function N = f (t) in this form:
st
N(t) = aKe”

aegt'

(10)

If to divide the numerator and denomi-
nator of the right part by e", we obtain:

N(t) = aK a=—N°_ gcacw.
a+ egt K - No
(11)
Function (11) can be presented as:
N =— (12

1+exp(b—et)
where constant of integration b:

The traditional model of the studied dy-
namics of process™ development is: (:j—l:I =N,

parametric variable ¢ — specific speed of eco-
logical investment is considered to be constant.
To take into account the inverse relationship in
the economic system, we assume that r(R) is
variable, which depends on income:

R
r(R):b—aR:ro—ro?.

It is under these conditions we have a
logistic model of the rate of return changes’
dynamics:

dN N
—=¢&(N)N=(b—-aN)N =¢g,(1——)N,
m (NN =( IN = g K)
K:Nma)(,b:é‘o,a:%

The equation (5) could be presented as:

N =—— 1
1+bect  N(t)=—
ab+n

The upper point of the logistical curve is

. 1 .
defined as —; the lower point as — :
g a+e

point of trajectory inflexion — ZL .
£

In our opinion, the logistic equation can
be considered an equation that is closest to the
conditions of ecological investment sustainable
development. Thus, it allows to determine safe
limits of ecological investment changes, which
is capable to ensure sustainable development.
The lower and upper points of the curve’s tra-
jectory are these limits.

Thus, the expedient of developing the
agreed policy concerning the economic (GDP
value), social (population income level) and
environmental components (conservation ac-
tivity financing and decrease of hazardous sub-
stances emissions) taking into account the time
lag, which will create the conditions for
achieving not only temporary values, but also

1 K — N, long-term parameters of EKC curve in the
b=|ng=|n N (13) Ukrainian economy, was substantiated.
0
Conclusions

Based on the analysis of GDP growth
rates dynamics, sulfur dioxide, nitrogen diox-
ide, carbon oxide and dioxide emissions during

1991-2017, the periodicity (cyclicality) of
their change lasting from 3 to 5 years was
proved.
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According the results of the study on the
relationship between the per capita income in
Ukraine and sulfur dioxide, nitrogen dioxide,
carbon oxide and dioxide emissions volumes
during 1991-2017, it was found that Ukraine
did not reach a steady turning point, which is
present in traditional EKC model. The cycli-
cality concerning the dynamics of the men-
tioned indicators change lasting from 3 to 5
years (small cycles) was proved.

Against the background of the analysis
of the relationship between the GDP in actual
prices and sulfur dioxide, nitrogen dioxide,
carbon oxide and dioxide emissions volumes
during 1996-2017, it was proved that in
Ukraine, EKC on GDP has a specific nature,
which is caused by significant dependence of
the environmental development indicators
based on the hazardous substances emissions
criterion from the level of economic develop-
ment.

The hypothesis about the need to take
into account the indicators of conservation ac-
tivity investment in EKC against the back-

ground of the analysis of the dynamics of the
relationship between current and capital ex-
penditures on conservation activity and vol-
umes of sulfur dioxide, nitrogen dioxide, car-
bon oxide emissions during 2000-2017 was
confirmed. The presence of periodicity (cycli-
cality) of the processes lasting from 3 to 5
years was found.

In Ukraine, EKC has a specific nature in
the form of separate “turning points”, without
achievement of long-term parameters of the rela-
tionship between the hazardous substances emis-
sions and GDP and per capita income values.

Thus, the feasibility of developing the
agreed policy concerning the economic (GDP
value), social (population income level) and
environmental components (conservation ac-
tivity financing and decrease of hazardous sub-
stances emissions) taking into account the time
lag, which will create the conditions for
achieving not only temporary values, but also
long-term parameters of EKC curve in the
Ukrainian economy, was substantiated.

Conflict of interests

The authors declare that this article is made within the research 0120U102208 "Multicriteria
management of sustainable development of natural economic systems” (CraTts BUKOHaHa y MeKax
HJP 0120U102208 «bararokputepiaibHe ynpaBliHHS CTaIMM PO3BUTKOM NMPHUPOAHO-TOCIOJAPCHKUX
cuctem»). In addition, the ethical issues, including plagiarism, informed consent, misconduct, data
fabrication and/or falsification, double publication and/or submission, and redundancies have been

completely observed by the authors.

References

. Dergachova, V., Kravchenko, M. & Zgurovsky, A. (2017). Econometric analysis of the structure and sustain-
ability of Ukraine socio-economic system in the context of the economic systems theory. Problems and Per-
spectives in Management, 15(4), 86-89. http://dx.doi.org/10.21511/ppm.15(4).2017.08

Mykhailova, L., Stoyanets, N., Mykhailov, A., Kharchenko, T. & Bachev, H. (2018). Sustainable develop-

ment of the Ukrainian agrarian sector: perspectives and challenges. Problems and Perspectives in Manage-

ment, 16(3), 28-39. http://dx.doi.org/10.21511/ppm.16(3).2018.03

. Kandrashina, E. & Zotova, A. (2018). Changes effectiveness assessment on the basis of sustainable develop-
ment factor, Problems and Perspectives in Management, 16(1), 437-444,
http://dx.doi.org/10.21511/ppm.16(1).2018.41

. Horoshkova, L.A, Khlobistov, le.V. & Trofimchuk, V.0O. (2019). Interconnection between economic growth
and assimilation potential of the environment considering ensuring sustainable development of the national
economy. Project Management and Production Development, 1(69), 24-37. Retrieved from
http://www.pmdp.org.ua/images/Journal/69/3.pdf (in Ukrainian).

. Horoshkova, L.A., Khlobistov, le.V. & Trofimchuk, V.O. (2019). Economic and statistical modeling of
determinants of the dynamics of environmental pollution in Ukraine. Economics and Organization of
Management, 2 (34), 46-55. https://doi.org/10.31558/2307-2318.2019.2.5 (in Ukrainian).

. Horoshkova, L.A., Khlobistov, le.V. & Trofimchuk, V.O. (2018). Financial mechanisms of sustainable use of
territorial resources of natural economic systems. Theoretical and Practical Aspects of Economics and Intel-
lectual Property, (18), 275-284. https://doi.org/10.31498/2225-6407.18.2018.180117 (in Ukrainian).

. Lopez, R. (1994).The environment as a factor of production: the effects of economic growth and trade
liberalization. Journal of Environmental Economics and Management, 27(2), 163-184.
https://doi.org/10.1006/jeem.1994.1032

. Selden, T. M. & Song, D. (1995). Neoclassical growth, the J curve for abatement and the inverted U curve for
pollution. Journal of Environmental Economics and Management, 29 (2), 162-168.
https://doi.org/10.1006/jeem.1995.1038

76


http://dx.doi.org/10.21511/ppm.15(4).2017.08
http://dx.doi.org/10.21511/ppm.16(3).2018.03
http://dx.doi.org/10.21511/ppm.16(1).2018.41
http://www.pmdp.org.ua/index.php/en/2019/1-69-2019?id=1694
http://www.pmdp.org.ua/index.php/en/2019/1-69-2019?id=1694
http://www.pmdp.org.ua/index.php/en/2019/1-69-2019?id=1694
http://www.pmdp.org.ua/images/Journal/69/3.pdf
https://doi.org/10.31558/2307-2318.2019.2.5
https://doi.org/10.31498/2225-6407.18.2018.180117
https://doi.org/10.1006/jeem.1994.1032
https://doi.org/10.1006/jeem.1995.1038

Bicnux XHY imeni B. H. Kapasina cepis «Exonozisay, 2020, eun. 23

9. John, A. & Pecchenino, R. (1994). An overlapping generations model of growth and the environment.
Economic Journal, 104(427), 1393-1410. https://doi.org/10.2307/2235455

10. McCONNELL, K. (1997). Income and the demand for environmental quality. Environment and
Development Economics, 2(4), 383-399. https://doi.org/10.1017/S1355770X9700020X

11. Stokey, N.L. (1998). Are there limits to growth? International Economic Review, 39(1), 1-31.
https://ideas.repec.org/a/ier/iecrev/v39y1998ilp1-31.html

12. Stern David 1. (2003). The Rise and Fall of the Environmental Kuznets Curv. Rensselaer Working Papers in
Economics, (0302), October. 32. Retrieved from  http://archives.evergreen.edu/webpages/curricular/2005-
2006/tesd/Rise%20and%20Fall%200f%20the%20EKC%20(Stern).pdf

13. Cantore, N. (2006). Exogenous technology as an Environmental Kuznets Curve driving force: an impact
assessmen. Mechanism of economy regulation, (3), 11-26.

14. Nordhaus, W. & Boyer, J. (2000). Rolling the DICE again: economic models of global warming.

Cambridge, Massachusetts : MIT Press, 6-8. Retrieved from
https://www.researchgate.net/publication/237429571 Roll the DICE_Again Economic_models_of global
warming

15. Nordhaus, W. Roll the DICE again: the economics of global warming. Retrieved from
http://www.econ.yale.edu/~nordhaus/homepage/rice98%20pap%20121898.PDF.

Jlimepamypa

1. Dergachova, V., Kravchenko, M. and Zgurovsky, A. (2017) ‘Econometric analysis of the structure and sustainability of
Ukraine socio-economic system in the context of the economic systems theory’, Problems and Perspectives in Man-
agement, Vol. 15, No. 4, pp.86-89. URL.: http://dx.doi.org/10.21511/ppm.15(4).2017.08

3. 2. Mykhailova, L., Stoyanets, N., Mykhailov, A., Kharchenko, T. and Bachev, H. (2018) ‘Sustainable development of
the Ukrainian agrarian sector: perspectives and challenges’, Problems and Perspectives in Management, Vol. 16, No.
3, pp.28-39. URL.: http://dx.doi.org/10.21511/ppm.16(3).2018.03

3. Kandrashina, E. and Zotova, A. (2018) ‘Changes effectiveness assessment on the basis of sustainable development
factor’, Problems and Perspectives in  Management, Vol. 16, No. 1, pp437-444. URL:
http://dx.doi.org/10.21511/ppm.16(1).2018.41

4. T'oporkoBa, JI.A., Xno6wucros, €.B., Tpohumuyk, B.O. B3aeM03B’s130k eKOHOMIYHOTO 3POCTaHHS Ta ACHMUTILIIHHOTO
TIOTEHITiaTy TOBKULTA y 3a0€3MeUeHHI CTaJIoro PO3BUTKY HAIlIOHAIBHOTO TOCTIONAPCTBA. Ynpasiintsa npoekmamu ma
poseumox supoonuymea. 2019. Ne 1(69). C. 24-37. URL.: http://www.pmdp.org.ua/images/Journal/69/3.pdf

5. T'opomkoBa, JL.A., Xio6ucros, €.B., Tpoprmayk, B.O. EKOHOMiKO-CTaTUCTHYIHE MOJICTIOBAHHS ICTEPMIHAHT JUHA-
MIKH 3a0pyIHEHHS NOBKUUTI YKpainu. Exonomika i opeawizayis ynpaeninnsa. 2019. Ne 2 (34). C.46-55. URL:
https://doi.org/10.31558/2307-2318.2019.2.5

6. T'oporkosa, JL.A., Xnobwuctos, €.B., Tpodhumayk, B.O. diHaHCOBI MEXaHI3MH CTATIOT0 BUKOPUCTAHHS TEPUTOPiailb-
HHX PecypciB MPUPOAHO-TOCHOAPCHKUX CUCTEM. Teopemuuti i npakmuyHi acnekmu eKOHOMIKU ma iHMeneKmyaib-
HOI  enacHocmi: 30iprux Haykoeux npays. Mapiynoms: JABH3 «[IATY», 2018. Ne 18. C.275-284. URL:
https://doi.org/10.31498/2225-6407.18.2018.180117

7. Lopez R. The environment as a factor of production: the effects of economic growth and trade liberalization. Journal of
Environmental Economics and Management. 1994. Ne 27. P. 163-184. URL: https://doi.org/10.1006/jeem.1994.1032

8. Selden T. M., Song D. Neoclassical growth, the J curve for abatement and the inverted U curve for pollution. Journal
of Environmental Economics and Environmental Management. 1995. Ne 29. P. 162-168. URL:
https://doi.org/10.1006/jeem.1995.1038

9. John A., Pecchenino R. An overlapping generations model of growth and the environment. Economic Journal. 1994.
Ne 104. P. 1393-1410. URL: https://doi.org/10.2307/2235455

10. McConnell K.E. Income and the demand for environmental quality. Environment and Development Economics. 1997.
Ne 2. P. 383-399. https://doi.org/10.1017/S1355770X9700020X

11. Stokey N.L. Are there limits to growth? International Economic Review. 1998. Vol. 39, No. 1. P. 1-31. URL:
https://ideas.repec.org/a/ier/iecrev/iv39y1998i1p1-31.html

12. Stern David I. The Rise and Fall of the Environmental Kuznets Curv. Rensselaer Working Papers in Economics.
2003. No. 0302, October. 32 p. URL: http://archives.evergreen.edu/webpages/curricular/2005-
2006/tesd/Rise%20and%20Fall%200f%20the%20EK C%20(Stern).pdf

13. Cantore N. Exogenous technology as an Environmental Kuznets Curve driving force: an impact assessmen. Mexa-
Hizm peeymosarns exonomixu. 2006. Ne 3. C. 11-26.

14. Nordhaus W., Boyer J. Rolling the DICE again: economic models of global warming. Cambridge, Massachusetts :
MIT Press, 2000. P. 6-8. URL: https://www.researchgate.net/publication/237429571 Roll the DICE
Again_Economic_models_of global warming

15. Nordhaus W. Roll the DICE again: the economics of global warming. — 79 p.
http:/Avww.econ.yale.edu/~nordhaus/homepage/rice98%20pap%20121898.PDF.
Avrrived: 30.09.2020 Accepted: 20.10.2020

77


https://doi.org/10.2307/2235455
https://doi.org/10.1017/S1355770X9700020X
https://ideas.repec.org/a/ier/iecrev/v39y1998i1p1-31.html
http://archives.evergreen.edu/webpages/curricular/2005-2006/tesd/Rise%20and%20Fall%20of%20the%20EKC%20(Stern).pdf
http://archives.evergreen.edu/webpages/curricular/2005-2006/tesd/Rise%20and%20Fall%20of%20the%20EKC%20(Stern).pdf
https://www.researchgate.net/publication/237429571_Roll_the_DICE_Again_Economic_models_of_global_warming
https://www.researchgate.net/publication/237429571_Roll_the_DICE_Again_Economic_models_of_global_warming
http://www.econ.yale.edu/~nordhaus/homepage/rice98%20pap%20121898.PDF
http://dx.doi.org/10.21511/ppm.15(4).2017.08
http://dx.doi.org/10.21511/ppm.16(3).2018.03
http://dx.doi.org/10.21511/ppm.16(1).2018.41
http://www.pmdp.org.ua/images/Journal/69/3.pdf
https://doi.org/10.31558/2307-2318.2019.2.5
https://doi.org/10.31498/2225-6407.18.2018.180117
https://doi.org/10.1006/jeem.1994.1032
https://doi.org/10.1006/jeem.1995.1038
https://doi.org/10.2307/2235455
https://doi.org/10.1017/S1355770X9700020X
https://ideas.repec.org/a/ier/iecrev/v39y1998i1p1-31.html
http://archives.evergreen.edu/webpages/curricular/2005-2006/tesd/Rise%20and%20Fall%20of%20the%20EKC%20(Stern).pdf
http://archives.evergreen.edu/webpages/curricular/2005-2006/tesd/Rise%20and%20Fall%20of%20the%20EKC%20(Stern).pdf
https://www.researchgate.net/publication/237429571_Roll_the_DICE_%20Again_Economic_models_of_global_warming
https://www.researchgate.net/publication/237429571_Roll_the_DICE_%20Again_Economic_models_of_global_warming
http://www.econ.yale.edu/~nordhaus/homepage/rice98%20pap%20121898.PDF

