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Abstract: The main aim of this article is to empirically examine the impact of economic growth and
urbanisation on environmental degradation, as well as the existence of the environmental Kuznets
curve (EKC) in three Baltic States (Lithuania, Latvia, and Estonia) from 2000 to 2020. The main
Kaya identity and the extended urban Kaya identity models are applied within the analysis. The
multiple regression analysis made it possible to assess the influence of urbanisation and other factors
on greenhouse gas (GHG) emissions in the studied countries, as well as test the hypothesis of
the inverted U-shaped EKC. The main finding reveals that GDP per capita growth has the largest
and increasing effect on GHG emissions in all three countries. It was also found that changes in
population in urban areas in Lithuania and Latvia reduced the amount of GHG until 2020, while in
Estonia, the growing urban population greatly contributed to increasing GHG emissions. As a result,
processes related to urbanisation have not yet had a significant impact on environmental quality
in Lithuania and Latvia. Meanwhile, in Estonia, this is a significant factor that policymakers need
to focus on when solving environmental pollution reduction problems. The hypothesis of the EKC
was mostly supported when analysing GHG emissions in Lithuania and Estonia and using GDP
per capita as an indicator for economic growth. On the other hand, it was found that the impact of
the urbanisation rate on GHG emissions is not curved, yet there is some evidence that in Estonia,
a growing urbanisation rate is related to diminishing GHG emissions, according to the multiple
regression analysis. The results of the study showed that policymakers should consider economic
growth and, especially in Estonia, urbanisation when solving problems related to environmental
degradation.

Keywords: greenhouse gas emissions; urbanisation; economic growth; Kaya identity; environmental
Kuznets curve

1. Introduction

The Baltic countries (Lithuania, Latvia, and Estonia), located on the eastern coast of the
Baltic Sea, are politically and economically similar. They were established as independent
states in 1918. From 1940 until the restoration of independence in 1990-1991, they were
annexed by the USSR. In 2004, they became EU members [1]. According to population
census 2021 data [2,3], 6.04 million inhabitants live in the Baltic countries (respectively, 2.81,
1.89, and 1.33 million), or 1.4% of the total population in the EU. EU financial support has
significantly contributed to the economic growth of the Baltic States; in the years 2000-2022,
the economy grew by an average of 6.2% annually in Estonia, 6.0% in Lithuania, and 5.3%
in Latvia (while in the EU it grew 3.2%) [4]. Although the convergence is obvious, the Baltic
countries still lag behind the EU average from an economic point of view. In 2022, GDP
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per capita measured in purchasing power standards (PPS) in Lithuania reached 89.4%, in
Estonia 87.1%, and in Latvia 73.7% of the EU-27 average [5]. In Lithuania and Latvia, the
majority of the population lives in intermediate regions (45-60%), and in Estonia, in urban
regions (45%). The level of urbanisation is increasing in all three countries [6]. One of the
most important indicators affecting climate change, GHG emissions, shows that they have
been decreasing in the Baltic States since 1990. Overall, it decreased by 60-70%, compared
to a fall of 30% across the EU, amounting to 0.3-0.6% of the total EU GHG emissions in
2021 [7].

Human economic activities, both in urban and rural areas, often have a negative
impact on ecosystems, causing serious environmental problems [8,9], including environ-
mental degradation. The increasing concentration of carbon dioxide in the atmosphere is
one of the main causes of global warming, so the number of droughts, floods, hailstorms,
hurricanes, landslides, and other natural phenomena that have a negative impact on peo-
ple’s activities and lives is increasing around the world. The increase in GHG emissions can
also be influenced by the increasing level of urbanisation. Migration of people from rural
to urban areas is often determined by factors such as higher employment and industrial
development [10], better living conditions and living expectations, better access to public
services and resources [11], higher living standards [12], and education. Consequently,
urbanisation drives productivity [9] and is related to economic growth [13-15] because
cities are characterised by an increasing share of knowledge workers and the orientation
of economic activity towards services [16]. On the other hand, economic growth has an
impact on increasing pollution and deteriorating environmental quality [14]. This is espe-
cially important when assessing the impact of urbanisation on environmental degradation
because the United Nations assessment indicates that 55% of the world’s population lives
in urban areas, and that figure is expected to grow to 68% by 2050 [17]. Recent estimates
indicate that urban areas consume more than 66% of the world’s energy and generate more
than 70% of global GHG emissions [18].

Scientists have analysed GHG emission factors and the impact of urbanisation on
environmental degradation, as well as tested the EKC hypothesis in individual countries
or regions. Part of these studies used the main (original) Kaya identity and the extended
urban Kaya identity models. There is scientific evidence that Kaya identity can be widely
and reliably used to assess emissions and identify the most important factors influencing
environmental degradation [19]. For example, recently, Ortega-Ruiz, Mena-Nieto, and
Garca-Ramos [20] used an expanded version of the Kaya identity in India during 1990-2016
and investigated the link between CO, emissions, types of energy sources, size of the
economic sectors, and the GDP. Scientists found that the increase in pollutants was due
to rapid economic growth, while energy intensity has been the main factor in reducing
them. Similar results were obtained by Yang, Liang, and Drohan [21], who used a Kaya
identity model and the logarithmic mean Divisia index (LMDI) factor decomposition
method in China from 2006 to 2018. They analysed the change in carbon emissions from
fossil energy consumption by population, per capita GDP, energy efficiency improvements,
and energy structure. The outcome shows that carbon emissions were greatly affected by
per capita GDP and energy efficiency: GDP per capita increased carbon emissions, but
energy efficiency had a countering effect on carbon emissions. Tavakoli [22], using a Kaya
identity model, assessed four driving forces of GHG emissions: demographic, economic,
fuel type, and energy usage of society in the world’s ten biggest polluters (2015) over a
period of 40 years (1971-2012). The results show that population, energy intensity, and
GDP per capita have the greatest influence on GHG emissions, while carbon intensity
has the least. Previous research by Tavakoli [19] also showed that energy intensity and
carbon intensity reduce GHG emissions, while population and GDP per capita, on the
contrary, increase them. In the G7 (developed countries) and BRICS (developing countries)
country groups, the study of the effect of individual factors on GHG emissions related
to energy use revealed that in the G7 group of countries, energy intensity has been the
major factor in reducing carbon emissions, and in the BRICS group of countries, the



Agriculture 2023, 13, 1844

30f25

most important factor in reducing the amount of pollutants was the affluence effect [23].
The researchers applied Kaya identity and used statistical data from 1990 to 2015. The
impact of factors on environmental degradation according to the average income of the
country’s population was also studied [24]. Analysis shows that in lower-middle-income
countries, energy intensity reduces CO, emissions, while in upper-middle- and high-
income countries, it increases carbon emissions. The results of Kaya identity demonstrated
that the increase in population, GDP per capita, and deteriorating energy efficiency were
the main primary driving forces for the increase in CO, emissions in less developed South
African countries for the period of 1990 to 2012 [25]. In summary, it can be said that other
scientific studies [26-28] confirm that the most important factors affecting the increase in
environmental degradation are the growing GDP per capita and the decreasing efficiency
of energy consumption.

Empirical studies conducted to determine the impact of urbanisation on environmen-
tal degradation have confirmed that this impact is more or less significant and can be
both positive and negative [29]. Wang, Liu, Zhou, Hu, and Ou [30] confirmed the impact
of urbanisation on CO, emissions for four Chinese megacities. Yuan, Rodrigues, Wang,
Tukker, and Behrens [31] found that urbanisation increased household GHG footprints
in emerging regions in China. The significant and positive impact of urbanisation on
environmental degradation is also confirmed by other studies [30,32,33]. Economic growth
driven by urbanisation also increases carbon dioxide emissions, i.e., contributes to envi-
ronmental degradation [9]. Similar research results were obtained using other methods.
For example, it has been found that urbanisation has had a negative impact on the qual-
ity of the environment and increased carbon dioxide emissions in the study by Zhang
and Lin [34], who applied the stochastic impacts by regression on population, affluence,
and technology (STIRPAT) approaches in different regions of China during the period of
1995-2010. Other authors used different methods to investigate the links: Shahbaz, Sbia,
Hamdi, and Ozturk [35] used the autoregressive distributed lags (ARDL) approach and
data from the United Arab Emirates during 1975-2011; Ponce de Leon Barido and Mar-
shall [36] used random- and fixed-effects models based on 80 economies during 1983-2005;
Dogan and Turkekul [37] used the ARDL approach after conducting a study with US data
from 1960-2010. However, some studies found no significant impact of urbanisation on
environmental degradation [38—40].

In the last decades, a number of economists have investigated the determinants
of CO, emissions within the framework of the EKC hypothesis. Martinez-Zarzoso and
Maruotti [41] analysed the impact of urbanisation on CO, emissions in developing countries
from 1975 to 2003, including the observation of an inverted U-shaped relationship. Research
also showed that the elasticity of emission—urbanisation is positive for low urbanisation
levels. Researchers also established that a threshold level is identified beyond which
the emission—urbanisation elasticity is negative and further increases in the urbanisation
rate do not contribute to higher emissions. The abovementioned Shahbaz, Sbia, Hamdj,
Ozturk [35], Dogan and Turkekul [37] studies failed to ratify the validity of the EKC
hypothesis in the United Arab Emirates and in the USA. However, other research studies
show that the EKC hypothesis is supported and that an inverted-U-shaped relationship
is most often discovered between economic growth and carbon emissions, especially in
studies that include higher-income countries [40,42].

This paper contributes to the debate on the association between urbanisation and
environmental degradation as well as the existence of the EKC in the three Baltic States
(Lithuania, Latvia, and Estonia) in the years 2000-2020. As urbanisation increases in these
countries, it is important to study and assess its impact on the quality of their environment.
This study seeks answers to the following questions: (i) What factors lead to environmental
degradation in the Baltic States, i.e., GHG emissions? (ii) Does urbanisation in these coun-
tries affect environmental degradation, and to what extent? (iii) Does the hypothesis of an
inverted U-shaped EKC hold? The main aim of this article is to empirically examine the
impact of economic growth and urbanisation on environmental degradation as well as the
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existence of the EKC in three Baltic States from 2000 to 2020. The novelty of the study is
that these questions are answered by taking into account the geographical differences of
the countries using the Eurostat urban-rural typology that classifies NUTS-3 regions into
predominantly rural (hereinafter referred to in this study as “rural”), intermediate, and
predominantly urban (hereinafter referred to as “urban”). The Kaya identity method we
apply is a mathematical equation that relates economic, demographic, and environmental
factors to estimate anthropogenic emissions [19]. The decomposition of the GHG emissions
using the extended urban Kaya identity distinguished the variables’ total GDP created in
urban, intermediate, and rural areas, population, and the rate of urbanisation in urban,
intermediate, and rural areas. There are studies that have examined the effects of urban-
isation on environmental degradation; however, this effect has not been studied in the
Baltic countries. This research will provide new empirical evidence on the aforementioned
effects and will serve as a basis for policymakers to make future choices based on the most
effective and critical criteria for the implementation of emission reduction targets.

The paper is structured as follows: Section 2 describes the data set, the research
framework, and the methods used for the research. The results of our evaluation are
presented in Section 3. The results of the empirical research are revealed in four issues
regarding the GHG emissions for all three countries: descriptive analysis and analysis of
GHG emission indices; estimates from the main Kaya identity; estimates from the extended
urban Kaya identity; and estimates from the EKC model. Finally, in Sections 4 and 5, we
conclude with a discussion and proposals for future research.

2. Materials and Methods
2.1. Data

The research investigates the urban Kaya identity as well as the existence of the EKC
in the Baltic States. More specifically, the research emphasises the rate of urbanisation in
all three Baltic States and its relationship with environmental degradation. The research
employs GHG emissions in CO, eq (total, excluding LULUCF and memo items) as a
proxy for environmental degradation. In addition, the study uses data on total energy
consumption (measured in thousands of metric tonnes of oil equivalents), GDP, and total
population, which is split into urban, intermediate, and rural populations. The research
examines annual statistics from 2000 to 2020. Eurostat databases are used to gather data
on all selected indicators [5-7]. To compare the economic outcomes of various nations, the
gross value added is analysed in purchasing power parities (PPP) at the current prices for
each year.

Eurostat identifies three types of regions based on the share of the rural popula-
tion: (i) predominantly urban regions (rural population: <20% of the total population);
(ii) intermediate regions (rural population: 20-50% of the total population); (iii) predomi-
nantly rural regions (rural population: >50% of the total population) [43]. According to this
typology, Eurostat provides population and GDP statistics.

2.2. Research Framework

The research is divided into several steps: (1) All three states” descriptive data for
indicators are provided and analysed; (2) Decomposition of the GHG emissions using
the main Kaya identity is performed; (3) Decomposition of the GHG emissions using
the extended urban Kaya identity is performed; (4) A multiple regression analysis using
urbanisation rate as a factor for GHG emissions is performed. This allows for an estimate
of urbanisation’s and other factors impact on GHG in all three Baltic States in the years
2000-2020 as well as to test the hypothesis for the inverse U-shaped EKC. Next, we provide
the study’s research framework (see Figure 1).
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Figure 1. The study’s research framework.

2.3. Decomposition of the GHG Emissions Using the Main Kaya Identity

The Kaya identity, first proposed by Yoichi Kaya in 1989 [44], is used to describe the
effects on the environment and evaluate the importance of crucial elements influencing
changes in GHG emissions. The original (main) Kaya identity can be seen in Formula (1).
This consists of four factors—the energy GHG emission coefficient (GHG/E), the energy use
intensity (E/GDP), GDP per capita (GDP/P), and total population (P).

GHG E GDP
GHG = 3 XGDPX P X P (1)

where: GHG is total greenhouse gas emissions; E is total energy consumption; GDP is gross
domestic product; and P is total population.

Decomposition using the Kaya identity is based on LMDI methods. The two types of
LMDI decomposition are additive and multiplicative [45]. The additive GHG emissions
contribution from each factor in the main Kaya is estimated using Formula (2).

AGHGx -

GHGt — GHGt_l «1 ( Xt > (2)

In GHG; — In GHGt,1 Xt_1

where: GHG is the total greenhouse gas emission; x is the variable in the Kaya identity; A is
the difference of the first level; ¢ is the time period; t — 1 is the previous time period; and In
is the natural log.
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GHG =

GHG

The multiplicative GHG contribution from each factor in the main Kaya model is
estimated using Formula (3).
Xt
Dy =— 3
g )
where: D is the multiplicative effect; x is the variable in the Kaya identity; t is the time
period; and t — 1 is the previous time period.

2.4. Decomposition of the GHG Emissions Using the Extended Urban Kaya Identity

The article focuses on urban—rural typology statistics to identify the dynamics of the
urbanisation process in the three Baltic States and its impact on environmental degradation.
Using the urban-rural typology statistics, GDP per capita consists of gross value-added
domestic product produced in urban, intermediate, and rural areas (Formula (4)). The
coefficient U stands for the rate of urbanisation in each country and is measured as the
percent of the total population living in urban, intermediate, and rural territories.

GDPg
Pr

DP DP DP
L:G uXUu+G !

P Py p Ut

X UR (4)
where: GDP is gross domestic product; P is total population; U is the rate of urbanisation;
GDPy; is total GDP created in urban areas; GDP; is total GDP created in intermediate areas;
GDPy is total GDP created in rural areas; Py is population in urban areas; P; is population
in intermediate areas; and Py is population in rural areas.

Other authors’ studies extended the original Kaya identity by including more factors
or breaking these factors down into components [29]. The urban Kaya identity is often used
by adding urbanisation to the original Kaya identity [46]. In our study, the extended urban
Kaya identity can be seen in Formula (5). This consists of the abovementioned factors: GDP
and population in different areas, as well as urbanisation rates.

GDP; GDPg

E

_E  (GDPy
GDP Py

where: GHG is the total greenhouse gas emission; other variables are described in Formulas (1)
and (4).

Once the decomposition of GHG emissions using the abovementioned urban Kaya
identity is performed, the individual effects of each factor can be estimated. This is also
measured by using both additive (A) and multiplicative (D) effects.

The additive contribution from urban GDP can be seen in Formula (6). In such a
manner, it is also possible to calculate intermediate AGH Gjy termegiate and rural AGHG,,;,4
additive effects. Then, using Formula (2) effects from GDP/P and urbanisation rate (U)
can be separated according to the typology (urban, intermediate, and rural). Using this
dependence, it is also possible to decompose the population effects AP into urban AP,
intermediate AP;, e mediate, and rural areas AP,,4.

G
A(uy x g
GDP
A(%)
where: GHG is the total greenhouse gas emission; GDP is the gross domestic product; P is
the total population; U is the rate of urbanisation; GD Py is the total GDP created in urban
areas; Py is the population in urban areas; A is the difference of the first level.

The multiplicative contribution from urban GDP can be seen in Formula (7). Cal-
culating the intermediate D;,torpediate and rural D,,,,,; multiplicative contributions is also

x Uy + x Uy + XUR) X(Pu+PI+PR) (5)

AGHG,ypan = AGHG x (6)
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GHG
n

GDP
1 7:ﬁ0+ﬁllnT+ﬁ2h‘l<

P

achievable in this way. Then, using Formula (3), effects from GDP/P and urbanisation (U)
can be separated according to the typology (urban, intermediate, and rural).

611G, gt
t A(ZFH)
Dyrpan = <GHGt 1) i (7)

where: D is the multiplicative effect; GDP is the gross domestic product; P is the total
population; Uy is the rate of urbanisation; GDPy; is the total GDP created in urban areas;
Py is the population in urban areas; t is the time period; ¢ — 1 is the previous time period;
A is the difference of the first level.

2.5. Multiple Regression Analysis Using Urbanisation Rate as a Factor for GHG Emissions

The econometric equation for the EKC relationship test can be seen in Formula (8).
We define this equation similarly to other authors [47] and expect parameters f; > 0
and B, < 0 to validate the inverse U-shaped relationship between economic growth and
environmental degradation. In addition, time dummy variables are used to describe the
Baltic States” accession to the European Union in 2004, as well as the financial crisis of
2009 and the COVID-19 pandemic years of 2020, as all these key years played a significant
role in countries’ economies and their applied green policies. If time dummy variables are
observed to be statistically insignificant p > 0.05, they are eliminated from the model.

GHG GDP GDP)\?
In—— = o+ p1In 3 T B2 1H<P) + B3D2009 + BaS2004 + B5D2020 +&  (8)

p
where: GHG is the total greenhouse gas emission; P is the total population; GDP is the
gross domestic product; € is the error; Dygg is a time dummy variable (if the year is 2009,
the value is 1, otherwise it is 0); Sypo4 is a dummy variable (if the year is 2004 or later, the
value is 1, otherwise it is 0); Dypyp is a time dummy variable (if the year is 2020, the value is
1, otherwise it is 0); B 12,345 are model parameters; and [n is the natural log.

An expanded econometric equation for the EKC relationship test using urbanisation
rate as the proxy for economic growth can be seen in Formula (9). This equation uses more
variables. Therefore, we use the procedure of sequential elimination of variables using the
software Gretl until all parameters have a two-sided p-value of 0.05.

2
?) + B1In Uy + B2 In Uy + B3Daooo + BaSa004 + BsDaooo + Be In U + 7 In(Uyr)* + ¢ )
where: Uy is the rate of urbanisation; other variables are described in Formula (8).

After constructing models best describing the relationship between economic growth
and environmental degradation, we provide their determination coefficient R? values as
well as the results for a test of the model’s normality of residuals using the Doornik-Hansen
test (n-test) and a test for heteroskedasticity, the Breusch—Pagan test (BP-test). The study
also uses panel data (time series) for all three Baltic States. In this case, we also apply the
Pesaran CD test for cross-sectional dependence.

3. Results
3.1. Descriptive Analysis and Analysis of GHG Emission Indices

Figure 2 depicts the dynamics of GHG emissions in the Baltic States from 2000 to
2020. Latvia and Lithuania are estimated to have similar dynamics of GHG emissions, with
Lithuania and Latvia having about 103% of the initial 2000 level in 2020. Lithuania reached
a peak in 2007, reaching 126.9% of the initial GHG emission value. Latvia reached its peak
in 2010, reaching 121.0% of the initial GHG emission value. GHG emissions in Estonia have
changed more dramatically between the years 2000 and 2020. GHG emissions in Estonia
fell by up to 94.6% in 2009 and even more in 2020, to 65.4%. In Estonia, GHG emissions
peaked in 2013 at 125.3% of the initial level.
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Figure 2. The GHG emission indices in the Baltic States, 2000-2020. Source: authors’ calculations
based on Eurostat [7] data, 2023.

Figure 3 depicts changes in GHG emissions across all three Baltic countries from 2000
to 2020. Estonia has had the most dramatic changes in GHG emissions, increasing GHG
emissions by 4603.3 Kt of CO, eq in 2010. However, Estonia’s GHG emissions decreased
by 5492.3 Kt of CO; eq in 2019. GHG emissions in Lithuania remained relatively stable.
However, there was a significant fall in 2009, when GHG emissions were reduced by
4013.7 Kt of CO; eq. GHG emissions increased the most in Lithuania in 2007 by 1979.9 Kt
of CO; eq. The changes in GHG emissions in Latvia were the smallest: the largest reduction
was in 2011 by 796.9 Kt of CO; eq, and the largest increase was in 2010 by 1066.7 Kt of
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Figure 3. Changes in GHG emissions in the Baltic States, 2000-2020. Source: authors’ calculations
based on Eurostat [7] data, 2023.

The descriptive statistics of all four indicators in the main Kaya identity can be seen
in Table 1. The GHG emissions were largest in Lithuania, where the mean in the years
2000-2020 is estimated to be 20,999.6 Kt of CO; eq, and least in Latvia, where the mean
is estimated to be 10,999.8 Kt of CO, eq. As mentioned above, the GHG emissions were
most volatile in Estonia (13.432% mean value) and least volatile in Latvia (3.869% mean
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value). The GHG/E, E/GDP, and GDP/P are largest on average in Estonia and smallest in
Latvia. During these years, Lithuania had the largest population, whereas Estonia had the
smallest population.

Table 1. Descriptive statistics of total greenhouse gas emissions (GHG), the energy carbon emission
coefficient (GHG/E), the energy use intensity (E/GDP), GDP per capita (GDP/P), and total population
(P) using data from 2000 to 2020.

Indicator GHG GHG/E E/GDP GDP/P P
Lithuania
Mean 20,999.597 2.601 0.182 16.499 3113.619
Median 20,380.940 2.600 0.150 16.077 3097.280
Minimum 19,529.000 2.223 0.104 7.016 2794.160
Maximum 24,775.060 2.934 0.310 26.359 3499.490
Std. Dev. 1385.423 0.217 0.072 6.009 245.322
Std. Dev. % 6.597 8.331 39.737 36.424 7.879
Skewness 1.472 —0.248 0.587 0.085 0.156
Kurtosis 1.957 —0.962 —1.094 —1.039 —1.450
Latvia
Mean 10,999.760 2.460 0.159 14.522 2112.379
Median 10,882.180 2.425 0.148 14.378 2097.300
Minimum 10,192.570 2.354 0.106 6.673 1900.870
Maximum 11,954.290 2.638 0.245 21.703 2367.620
Std. Dev. 425.630 0.083 0.041 4.617 153.645
Std. Dev. % 3.869 3.359 26.054 31.791 7.274
Skewness 0.708 0.953 0.692 —0.065 0.152
Kurtosis 0.726 —0.081 —0.466 —0.952 —1.431
Estonia
Mean 18,898.625 3.524 0.254 17.361 1342.338
Median 19,362.260 3.589 0.237 17.674 1333.290
Minimum 11,407.080 2.536 0.131 7.802 1314.870
Maximum 22,046.440 3.861 0.431 25.847 1401.250
Std. Dev. 2538.389 0.304 0.082 5.541 27.088
Std. Dev. % 13.432 8.629 32.457 31.919 2.018
Skewness —1.333 —1.936 0.674 —0.172 0.877
Kurtosis 2.707 5.094 —0.033 —0.900 —0.276

Source: authors’ calculations based on Eurostat [5-7,48] data, 2023.

The structure of energy use is provided in Figure Al. In Lithuania, oil and petroleum
products contribute to more than 50% of the energy balance. In Latvia, oil and petroleum
products contribute to around one-third of the energy balance. Finally, in Estonia, a large
share of the energy balance comes from other sources, most notably nuclear heat (until
2010) and electricity.

3.2. Estimates from the Main Kaya Identity

Next, we apply the Kaya identity to estimate the effects of different factors (GHG/E,
E/GDP, GDP/P, and P) on GHG emissions. A graphic depiction of additive factors in the
Kaya identity can be seen in Figure A2.

Next, we provide both additive and multiplicative effects by accumulating them
throughout the years 2000-2020 (see Figure 4). Here we can see that in Estonia, GHG/E
remained relatively stable, but in Lithuania and Latvia, it increased after the year 2009.
E/GDP, regardless of fluctuations, decreased in all three countries. GDP /P increased in
all three countries except for the global financial crisis in 2009 and the pandemic period in
2020. The effect of P remained relatively stable but steadily decreased in all three countries.
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Figure 4. The estimates of contributions from different factors in the main Kaya identity are displayed
by accumulating both additive (GHG) and multiplicative (D) effects. Source: authors’ calculations
based on Eurostat [5-7,48] data, 2023.

Next, the structure of cumulative effects from the final year of 2020 used in the study is
displayed in Figure 5. Here we can see that GHG/E had only a small but negative effect on
GHG in all three countries: the largest in Estonia (—3820.2), then in Latvia (—1000.8), and
finally in Lithuania (—469.2). E/GDP greatly reduced GHG emissions in all three countries:
the reduction was the largest in Lithuania (—23,087.3), then in Estonia (—22,000.3), and
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smallest in Latvia (—8928.4). Growing GDP/P increased GHG emissions in all three
countries: the increase was the largest in Lithuania (25,810.9), then in Estonia (21,734.9),
and the smallest in Latvia (11,758.6.6). P had a relatively small effect on GHG emissions,
but it decreased them in all three countries: the reduction was the largest in Lithuania
(—4598.6), then in Latvia (—2294.4), and the smallest in Estonia (—940.1).

Latvia —2294.37 - 11,758.64

-35,000 —25,000 —15,000 —5,000 5,000 15000 25,000 35,000
®A(GHG/E) ®A(E/GDP) =A(GDP/P) = AP

Figure 5. The structure of factors contributing to GHG emissions in 2020, in Kt CO, eq. Source:
authors’ calculations based on Eurostat [5-7,48] data, 2023.

3.3. Estimates from the Extended Urban Kaya Identity

The estimates of urbanisation rates” multiplicative and additive effects are then pro-
vided (see Table 2). Note that Uy reflects the proportion of the total population living in
urban areas, Uy in intermediate areas, and Uy in rural areas. Positive changes in the Uy
rate had the greatest impact in Lithuania in 20162017, when GHG emissions increased by
0.57%, or 115.6 Kt. The years 2000-2001 witnessed the smallest increase in the component
indicated previously (13.7 Kt), which corresponds to a 0.07% increase in GHG emissions. In
2015-2016, the Uy had the largest impact in Latvia (55.4 Kt, or 0.52%). The largest decline in
Latvia was observed between 2019 and 2020 and was estimated to be 0.39% (—42.8 Kt). The
Uy rate in Estonia had the greatest impact between 2010 and 2011, when GHG emissions
increased by 0.77%, or 162.6 Kt, whereas the largest decline was between 2014 and 2015
(—28.3 Kt), which amounted to 0.15%. The effects of Uy in Lithuania are estimated to be
negative during all years used in the study. The greatest negative impact of intermediate
U; was discovered in Lithuania in 2016-2017, accounting for 0.24% (—49.6 Kt). The smallest
decline that occurred between 2000 and 2001 (—11.3 Kt) is estimated to have been 0.06%. In
2019-2020, the Uy had the greatest positive impact in Latvia (18.0 Kt), with an estimated
increase of 0.17%. The years 20152016 saw the greatest decline, which can be calculated to
be 0.11% (—11.6 Kt). In 2014-2015, the Uj rate had the smallest negative impact in Estonia
(—6.7 tonnes, or 0.03%). The largest decline in Estonia was observed between 2017 and 2018
(—59.3 Kt), representing 0.29%. In 2000-2001, Ug had an estimated 0.01% (1.7 Kt) influence
on the GHG emissions in Lithuania. Between 2019 and 2020, there was a reduction of
15.9 Kt, or 0.08%. In 2000-2001, the impact of the Uy rate was 0.02% in Latvia (2.2 Kt). The
decline from 2016 to 2017 (—11.4 Kt) represented 0.11%. In Estonia, the Uy rate had the
greatest impact in 2014-2015, accounting for 0.1% (19.8 Kt). The largest decline of Uy in
Estonia was observed between 2010 and 2011 (—52.3 Kt), which was 0.25%.



Agriculture 2023, 13, 1844

12 of 25

Table 2. Estimates of additive (A) and multiplicative (D) effects from urbanisation rates Uy, Uy, and
Ugr on GHG emissions for all three countries.

Years Aurban  Dinterr Brural Durban  Dinter Drural Years Aurban  Dinter Brural Durban  Dinter Drural
Lithuania
2000/2001 13.7 -11.3 1.7 1.0007 0.9994 1.0001 2010/2011 91.1 —48.8 —44 1.0044 0.9977 0.9998
2001/2002 26.5 —-162 —0.2 1.0013 0.9992 1.0000 2011/2012 82.5 —42.0 —-5.9 1.0039 0.9980 0.9997
2002/2003 44.9 —248 —1.6 1.0022 0.9988 0.9999 2012/2013 82.2 -394 —-71 1.0040 0.9981 0.9997
2003/2004 64.4 —34.6 —3.0 1.0030 0.9984 0.9999 2013/2014 74.1 —33.8 =71 1.0037 0.9983 0.9996
2004 /2005 80.6 —40.8 —5.2 1.0037 0.9982 0.9998 2014/2015 72.2 —319 —-74 1.0036 0.9984 0.9996
2005/2006 82.9 -394 —-59 1.0037 0.9983 0.9997 2015/2016 92.3 —40.7 —9.3 1.0046 0.9980 0.9995
2006/2007 82.3 —-36.8 —6.1 1.0035 0.9985 0.9997 2016/2017 115.6 —49.6 —13.2 1.0057 0.9976 0.9994
2007 /2008 87.5 —38.9 —69 1.0036 0.9984 09997 2017/2018 107.1 —42.1 —-14.8 1.0053 0.9979 0.9993
2008 /2009 82.7 —389 —6.1 1.0038 0.9982 0.9997 2018/2019 101.7 —36.8 —154 1.0051 0.9982 0.9992
2009/2010 93.1 —47.7 —49 1.0046 0.9977 0.9998 2019/2020 99.8 —35.2 —159 1.0049 0.9983 0.9992
Latvia
2000/2001 —-31.4 10.6 2.2 0.9970 1.0010 1.0002 2010/2011 2.2 4.1 —4.6 1.0002 1.0004 0.9996
2001/2002 —26.0 9.8 0.8 0.9976 1.0009 1.0001 2011/2012 14 1.1 —1.6 1.0001 1.0001 0.9999
2002/2003 —11.5 6.1 —1.2 09989 1.0006 0.9999 2012/2013 32.7 —-70 =63 1.0030 0.9994 0.9994
2003 /2004 —5.0 3.9 —1.6 09995 1.0004 0.9999 2013/2014 42.8 —81 =88 1.0040 0.9992 0.9992
2004 /2005 1.6 3.3 —3.4 1.0001 1.0003 0.9997 2014/2015 30.7 —48 =74 1.0029 0.9996 0.9993
2005/2006 14.5 1.5 —6.4 1.0013 1.0001 0.9994 2015/2016 55.4 —11.6 —10.5 1.0052 0.9989 0.9990
2006/2007 9.7 4.1 —7.2 1.0008 1.0004 0.9994 2016/2017 44.0 —6.2 —114 1.0041 0.9994 0.9989
2007 /2008 —2.2 7.0 —55 09998 1.0006 0.9995 2017/2018 5.3 6.2 —75 1.0005 1.0006 0.9993
2008 /2009 —5.1 8.6 —59 09995 1.0008 0.9995 2018/2019 —38.8 172 —05 0.9965 1.0015 1.0000
2009/2010 0.0 9.0 —8.5 1.0000 1.0008 0.9993 2019/2020 —42.8 18.0 0.6 09961 1.0017 1.0001
Estonia

2000/2001 9.7 -9.9 6.3 1.0005 0.9994 1.0004 2010/2011 162.6 —238 —52.3 1.0077 0.9989 0.9975
2001/2002 50.5 —16.7 —4.6 1.0029 0.9990 0.9997 2011/2012 144.7 —18.8 —46.1 1.0071 0.9991 0.9978
2002/2003 85.2 —174 —-19.2 1.0047 0.9990 0.9989 2012/2013 78.8 —12.5 —22.1 1.0038 0.9994 0.9989
2003/2004 139.5 —125 —48.3 1.0073 0.9994 0.9975 2013/2014 1434 —20.6 —42.8 1.0067 0.9990 0.9980
2004/2005 1455 —12,5 —51.8 1.0076 0.9994 0.9973 2014/2015 —283 —6.7 19.8 0.9985 0.9997 1.0010
2005/2006 94.8 —-95 =327 1.0051 0.9995 09983 2015/2016 145.2 —18.7 —449 1.0078 0.9990 0.9976
2006/2007 117.5 —134 —-39.5 1.0058 0.9993 0.9980 2016/2017 133.8 —232 —-352 1.0066 0.9989 0.9983
2007/2008 1244 —19.3 —39.3 1.0059 0.9991 09981 2017/2018 125.3 —-59.3 31 1.0061 09971 1.0002
2008/2009 105.2 —15.9 —-32.8 1.0058 0.9991 0.9982 2018/2019 106.4 —224 —-29.8 1.0062 0.9987 0.9983
2009/2010 114.3 —15.2 =375 1.0061 0.9992 0.9980 2019/2020 77.6 —14.2 —-23.6 1.0060 0.9989 0.9982

Source: authors’ calculations based on Eurostat [6,7] data, 2023.

Next, the estimates of the additive and multiplicative effects of factor GDP/P are
given (see Table 3). In Lithuania, the largest impact of the growing urban GDP /P factor
was discovered in 20062007 (1457.9 Kt) and can be estimated to have increased GHG by
6.33%. These were the years of the economic boom prior to the economic crisis of 2008-2009.
The largest decreasing effect from the previously mentioned factor was observed in the
financial crisis years of 20082009 (—1450.4 Kt) and can be estimated to have reduced the
GHG emissions by 6.44%. In Latvia, the largest impact of the urban GDP/P factor was
discovered in 2004-2005 (821.2 Kt, or 7.78%). These were the years of Latvia’s accession to
the European Union. The largest decrease was observed in the years 2008-2009 (—1113.6 Kt)
and can be estimated to be 9.51%. In Estonia, the largest impact of the urban GDP /P factor
was discovered in 2010-2011 (1617.6 Kt) and can be estimated to have increased GHG
emissions by 7.97%. These are the years after the economic crisis of 2008-2009. The largest
decrease was observed in the years 2008-2009 (—1157.5 Kt) and can be estimated to be
6.17%. The effects caused by the intermediate GDP /P factor are larger than those caused by
urban GDP/P in Lithuania. In Lithuania, the largest impact of the intermediate factor was
discovered in 2002-2003 (1724.8 Kt) and can be estimated at 8.67%. The largest decrease
was observed in the years 20082009 (—1922.2 Kt), and it can be estimated to be 8.44%.
In Latvia, the largest impact of the intermediate segment was discovered in 20062007
(675.9 Kt) and can be estimated at 5.93%. The largest decrease in Latvia was observed in
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the years 2008-2009 (—560.9 Kt), and it can be estimated to be 4.91%. Note that GDP is
measured in purchasing power parities (PPP), so the impact of price levels is eliminated. In
Estonia, the largest impact of the intermediate GDP/P factor was discovered in 2017-2018
(277.6 Kt, or 1.37%). The largest decrease was observed in the years 2008-2009 (—335.6 Kt)
and can be estimated to be 1.83%. When analysing the rural GDP/P factor in Lithuania,
the largest impact of rural GDP/P was discovered in 2002-2003 (171.5 Kt) and can be
estimated at 0.83%, whereas the largest decrease in Lithuania was observed in the years
2008-2009 (—188.0 Kt) and can be estimated to be 0.86%. In Latvia, the largest impact of
rural GDP/P was discovered in 20062007 (282.7 Kt) and can be estimated at 2.44%. The
largest decrease in Latvia was observed in the years 2008-2009 (—182.6 Kt) and can be
estimated to be 1.62%. In Estonia, the largest impact of rural GDP/P was discovered in
2004-2005 (994.0 Kt) and can be estimated at 5.3%. The largest decrease was observed in
the years 2008-2009 (—1011.0 Kt) and can be estimated to be 5.41%. Note that for all three
Baltic States in 2019-2020, different contributing factors differed in their signs: rural GDP/P
increased GHG, whereas urban and intermediate GHG decreased it.

Table 3. Estimates of additive (A) and multiplicative (D) effects from GDP /Py, GDP/P;, and GDP/Pg
on GHG emissions for all three countries.

Years Aurban Ainter- Arural Durban Dinter Drural Years Aurban Ainter Arural Durban Dinter Drural
Lithuania
2000/2001 822.2 1262.4 50.1 1.0422 1.0655 1.0025 2010/2011 7254 1487.6  145.7 1.0352 1.0736 1.0070
2001/2002 994.3 869.3 729 1.0497 1.0434 1.0036 2011/2012 587.7 713.1 89.2 1.0282 1.0343 1.0042
2002/2003 1044.1 1724.8 171.5 1.0516 1.0867 1.0083 2012/2013 545.3 517.5 434 1.0269 1.0255 1.0021
2003 /2004 521.0 931.6 46.5 1.0248 1.0449 1.0022 2013/2014 394.0 453.5 42.6 1.0200 1.0230 1.0021
2004 /2005 943.7 1354.0 91.3 1.0437 1.0633 1.0041 2014/2015 215.1 264.5 7.5 1.0108 1.0133 1.0004
2005/2006 1095.3 975.0 103.7 1.0496 1.0440 1.0046 2015/2016 259.3 406.0 129 1.0129 1.0203 1.0006
2006/2007 1457.9 1713.3 125.1 1.0633 1.0747 1.0053 2016/2017 510.1 894.3 97.8 1.0254 1.0450 1.0048
2007 /2008 342.6 1032.6 147.5 1.0142 1.0434 1.0061 2017/2018 622.1 526.9 49.7 1.0313 1.0264 1.0025
2008/2009 —1450.4  —1922.2 —188.0 0.9356 0.9156 0.9914 2018/2019 612.1 617.8 59.3 1.0308 1.0311 1.0029
2009/2010 722.0 1222.6 168.3 1.0362 1.0620 1.0083 2019/2020 -91.3 —31.8 18.1 0.9955 0.9984 1.0009
Latvia
2000/2001 722.7 345.1 144.6 1.0714 1.0335 1.0139 2010/2011 150.9 527.2 104.3 1.0132 1.0470 1.0091
2001/2002 574.3 335.9 1735 1.0548 1.0317 1.0162 2011/2012 675.4 207.7 1233 1.0634 1.0191 1.0113
2002/2003 573.2 324.4 133.2 1.0543 1.0304 1.0124 2012/2013 365.5 53.9 —224 1.0342 1.0050 0.9979
2003/2004 584.0 369.4 140.0 1.0550 1.0344 1.0129 2013/2014 240.2 49.1 151.2 1.0225 1.0046 1.0141
2004/2005 821.2 388.7 176.3 1.0778 1.0361 1.0162 2014/2015 317.0 162.4 49.2 1.0299 1.0152 1.0046
2005/2006 800.3 157.3 170.9 1.0736 1.0140 1.0153 2015/2016 126.2 150.0 50.3 1.0118 1.0140 1.0047
2006/2007 590.5 675.9 282.7 1.0516 1.0593 1.0244 2016/2017 243.3 307.0 66.8 1.0228 1.0289 1.0062
2007/2008 319.0 230.0 69.2 1.0276 1.0198 1.0059 2017/2018 499.2 92.0 79.8 1.0463 1.0084 1.0073
2008/2009 —1113.6 —560.9 —182.6 0.9049 0.9509 0.9838 2018/2019 54.1 240.4 140.6 1.0048 1.0217 1.0126
2009/2010 249.9 140.5 87.0 1.0223 1.0125 1.0077 2019/2020 —13.6 —67.5 50.3 0.9987 0.9938 1.0047
Estonia

2000/2001 967.3 117.0 4447 1.0563 1.0066 1.0255 2010/2011 1617.6 229.7 4194 1.0797 1.0109 1.0201
2001/2002 1206.8 1153 641.2 1.0710 1.0066 1.0371 2011/2012 746.4 —34.6 186.3 1.0371 0.9983 1.0091
2002/2003 1298.0 185.2 659.1 1.0737 1.0102 1.0368 2012/2013 424.4 133.6 722 1.0205 1.0064 1.0035
2003/2004 1159.9 1153 522.2 1.0620 1.0060 1.0274 2013/2014 504.6 56.4 350.4 1.0238 1.0026 1.0165
2004/2005 1309.6 250.7 994.0 1.0704 1.0131 1.0530 2014/2015 170.3 —126.8 214.3 1.0088 0.9935 1.0111
2005/2006 1464.1 124.5 639.6 1.0809 1.0066 1.0346 2015/2016 359.6 5.9 224.8 1.0193 1.0003 1.0120
2006/2007 1242.6 221.8 1139.0 1.0634 1.0110 1.0580 2016/2017 736.2 141.1 409.4 1.0370 1.0070 1.0204
2007/2008 —118.1 124.0 142.8 0.9944 1.0059 1.0068 2017/2018 455.1 277.6 461.7 1.0225 1.0137 1.0228
2008 /2009 —1157.5 —335.6 —-1011.0 0.9383 0.9817 0.9459 2018/2019 191.8 -32.6 488.5 1.0113 0.9981 1.0289
2009/2010 322.8 227.2 438.5 1.0174 1.0122 1.0237 2019/2020 57.1 —74.6 12.8 1.0044 0.9942 1.0010

Source: authors’ calculations based on Eurostat [5,7] data, 2023.

Following that, assessments of additive and multiplicative effects from the total popu-
lation living in urban, intermediate, and rural areas are provided (see Table 4). In most years
in Lithuania, the declining urban population has a negative impact on GHG emissions.
The greatest positive rise was found in the years 2019-2020 (70.4 Kt), with an estimated
0.35% gain. The most significant negative impact of urban population was identified in
2010-2011 (—62.5 Kt) and is estimated to be 0.3%. The greatest positive impact of urban
population growth was observed in Latvia in 2015-2016 (1.1 Kt) and is estimated to be
0.01%. The greatest reduction (—75.9 Kt) was observed in 2009-2010 and is assessed to be
0.67%. The biggest positive impact of the urban population in Estonia was observed in
2017-2018 (112.6 Kt) and is assessed to be 0.55%. The greatest reduction (—34.9 Kt) was
reported in the years 2000-2001 and is assessed to be 0.2%. In Lithuania, the intermediate
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impacts are larger than the urban effects throughout the majority of the years. In Lithuania,
all intermediate population impacts are negative. The greatest negative impact of the
intermediate was discovered in Lithuania in 2010-2011 (—361.1 Kt) and is assessed to be
1.71%. The smallest negative impact (—38.4 Kt) was found in 2019-2020, and it is predicted
to be 0.19%. The greatest negative impact of the intermediate was discovered in Latvia in
2009-2010 (—96.1 Kt) and is assessed to be 0.84%. The smallest negative impact (—6.5 Kt)
was found in 2019-2020, and it is predicted to be 0.06%. The highest negative impact of the
intermediate was discovered in Estonia in 2017-2018 (—87.2 Kt) and is assessed to be 0.43%.
The smallest negative impact (—12.4 Kt) was seen in 2014-2015, and it is assessed to be
0.06%. In Lithuania, all rural population effects are negative. The greatest negative impact
of rural population was identified in Lithuania in 2010-2011 (—49.6 Kt) and is estimated to
be 0.24%. The smallest negative impact (—12.5 Kt) was seen in the years 2000-2001, and it
is assessed to be 0.06%. The greatest detrimental impact of the intermediate was discovered
in Latvia in 2009-2010 (—66.8 Kt) and is assessed to be 0.59%. The smallest negative impact
(—14.3 Kt) was found in 2019-2020, and it is predicted to be 0.13%. The biggest positive
impact of the intermediate was discovered in Estonia in 2017-2018 (28.9 Kt) and is assessed
to be 0.14%. The greatest negative impact was found in 2003-2004 (—132.1 Kt), with an
estimated 0.68%.

Table 4. Estimates of additive (A) and multiplicative (D) effects from total population Py, Py, and Pg
on GHG emissions for all three countries.

Years Aurban Ainter- Aryral Durban Dinter Drural Years Aurban Ainter Aryral Durban Dinter Drural
Lithuania
2000/2001 —30.2 —121.1 —12.5 0.9985 0.9939  0.9994 2010/2011 —62.5 —361.1 —49.6 0.9970 0.9829  0.9976
2001/2002 —21.7 —126.9 —15.6 0.9989 0.9938  0.9992 2011/2012 —18.3 —230.2 —349 0.9991 0.9892  0.9983
2002/2003 —10.8 —139.6 —18.3 0.9995 0.9933  0.9991 2012/2013 0.7 —178.6 —30.0 1.0000 0.9913  0.9985
2003/2004 —14.9 —196.3 —27.1 0.9993 0.9908  0.9987 2013/2014 4.1 —148.7 —26.8 1.0002 0.9926  0.9987
2004/2005 —34.6 —282.5 —42.1 0.9984 0.9873  0.9981 2014/2015 —2.5 —157.2 —289 0.9999 0.9922  0.9986
2005/2006 —35.6 —282.2 —43.7 0.9984 0.9876  0.9981 2015/2016 —8.2 —210.5 —38.3 0.9996 0.9896  0.9981
2006/2007 —18.0 —227.4 —36.8 0.9992 09905 0.9985 2016/2017 —0.1 —237.2 —47.0 1.0000 09884 09977
2007/2008  —6.6 —208.3 —35.1 0.9997 0.9915  0.9986 2017/2018 19.2 —170.5 —41.6 1.0010 0.9916  0.9979
2008/2009 —7.3 —202.3 —32.5 0.9997 0.9908  0.9985 2018/2019 54.6 —76.8 -31.0 1.0027 0.9962  0.9985
2009/2010 —48.5 —331.0 —46.6 0.9976 0.9838  0.9977 2019/2020 70.4 —38.4 —26.7 1.0035 0.9981  0.9987
Latvia
2000/2001 —61.2 —44.8 —27.3 0.9942 0.9957 09974 2010/2011 —66.2 —91.4 —549 0.9942 0.9921 0.9952
2001/2002 —55.6 —43.0 —28.0 0.9948 0.9960  0.9974 2011/2012 —42.0 —60.2 —32.8 0.9962 0.9945  0.9970
2002/2003 —40.1 —38.7 —26.3 0.9963 09964 09976 2012/2013 —15.9 —60.8 —35.0 0.9985 0.9944  0.9968
2003/2004 —41.0 —48.8 -30.4 0.9962 0.9955  0.9972 2013/2014 —6.5 -57.1 —-36.2 0.9994 0.9947  0.9966
2004/2005 —36.5 —48.7 —32.9 0.9967 09956  0.9970 2014/2015 —11.3 —48.6 -31.8 0.9989 0.9955  0.9970
2005/2006 —23.9 —43.8 —-33.9 0.9979 0.9961  0.9970 2015/2016 1.1 —61.3 —38.2 1.0001 0.9943  0.9965
2006/2007 —24.1 —36.4 —-33.1 0.9979 0.9969  0.9972 2016/2017 —6.2 —54.2 —40.0 0.9994 0.9950  0.9963
2007/2008 —41.0 —46.5 —-37.2 0.9965 0.9960  0.9968 2017/2018 —24.8 —29.7 —30.6 0.9978 0.9973  0.9972
2008/2009 —61.7 —71.8 —51.1 0.9945 0.9936  0.9954 2018/2019 —48.7 —10.3 —17.4 0.9957 0.9991 0.9984
2009/2010 —75.9 —96.1 —66.8 0.9933 09916  0.9941 2019/2020 —49.1 —6.5 —14.3 0.9955 0.9994  0.9987
Estonia

2000/2001 —34.9 —29.6 —43.4 0.9980 0.9983  0.9975 2010/2011 88.4 —42.6 —103.3 1.0042 0.9980  0.9951
2001/2002 —11.5 —41.8 —63.4 0.9993 0.9976  0.9964 2011/2012 69.7 -37.0 —101.4 1.0034 0.9982  0.9951
2002/2003 13.5 —42.2 —81.4 1.0007 0.9977  0.9956 2012/2013 194 —28.6 —70.5 1.0009 0.9986  0.9966
2003/2004 424 —36.2 —132.1 1.0022 0.9981  0.9932 2013/2014 67.3 —-39.5 —98.7 1.0031 0.9982  0.9954
2004 /2005 55.1 —33.3 —126.3 1.0029 0.9983  0.9935 2014/2015 —25.5 —124 23.9 0.9987 0.9994 1.0012
2005/2006 18.1 —29.4 —101.8 1.0010 0.9984 09946 2015/2016 106.5 -30.5 —60.7 1.0057 0.9984  0.9968
2006/2007 32.1 —36.5 —1124 1.0016 0.9982  0.9945 2016/2017 90.6 —40.4 —55.0 1.0045 0.9980  0.9973
2007/2008 57.4 —39.0 —88.6 1.0027 0.9981 0.9958 2017/2018 112.6 —87.2 28.9 1.0055 0.9957  1.0014
2008/2009 57.3 —30.0 —64.0 1.0032 0.9983  0.9965 2018/2019 110.2 —26.3 —10.2 1.0064 0.9985  0.9994
2009/2010 64.4 —28.6 —70.1 1.0034 0.9985  0.9963 2019/2020 75.0 —-19.3 —-15.3 1.0058 0.9985  0.9988

Source: authors’ calculations based on Eurostat [6,7] data, 2023. Next, the estimations of additive and multiplica-
tive effects from urban, intermediate, and rural factors are given graphically, accumulating both additive and
multiplicative effects (see Figure 6).
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Figure 6. The estimates of additive GDP/P and population factors, split into urban, intermediate and
rural. Source: authors’ calculations based on Eurostat [5,6] data, 2023.

3.4. Estimates from the U-Kuznet’s Curve Model

Next, the statistical estimates of the EKC are provided using both approaches (see
Table 5). We use the OLS method to estimate the parameter values in each model. We
begin with the model using GDP/P and (GDP/P)? as the independent variables to explain
GHG/P. Statistically significant effects are found in all three countries except for Latvia,
where only GDP /P has a p-value below 0.05. In all three countries, (GDP/P)? has a negative
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coefficient value, thus providing evidence for the hypothesis of the inverse U-relationship
between GHG/P and economic growth, but it can only be accepted in Lithuania and
Estonia. Another important observation is that in Lithuania and Estonia, the dummy
variable indicating the year 2009 of the financial crisis is statistically significant and reduces
GHG. In Estonia, the dummy variable indicating the COVID-19 pandemic in 2020 also has
a statistically significant negative effect on GHG/P. When analysing panel data for all three
countries, the accession to the EU in 2004 was found to reduce GHG in all three countries.

Table 5. The estimates of U-Kuznet'’s curve, using models with GDP/P and urbanisation rate.

GHG/P = GDP/P + (GDP/P)? + D

GHG/P = GDP/P + (GDP/P)2+ U + U; 2+ D

Variable Coefficient p-Value Variable Coefficient p-Value
Lithuania
constant 0.0734 0.8561 constant —1.3884 0.0023
GDP/P 1.2353 0.0009 Uu? 0.1304 <0.0001
(GDP/P)>? —0.2015 0.0028 (GDP/P)? 1.3044 <0.0001
D_2009 —0.0890 0.0408
R-squared: 0.8248; n-test: 0.1113; BP-test: 0.1001. R-squared: 0.9180; n-test: 0.3380; BP-test: 0.5392.
Latvia
constant 0.5882 0.0793 constant 1.0772 <0.0001
GDP/P 0.6146 0.0261 GDP/P 0.2192 <0.0001
(GDP/ P)2 —0.0783 0.1355
R-squared: 0.9020; n-test: 0.0134; BP-test: 0.4889. R-squared: 0.8887; n-test: 0.0108; BP-test: 0.9015.
Estonia
constant —1.0234 0.4239 constant —20.9162 0.0024
GDP/P 2.6909 0.0121 Uu —54.3259 0.0008
(GDP/P)? —0.4827 0.0156 Uu? —31.1599 0.0007
D_2009 —0.2112 0.0382 D_2009 —0.2437 0.0092
D_2020 —0.4726 0.0003 D_2020 —0.3691 0.0017
R-squared: 0.7444; n-test: 0.0691; BP-test: 0.0102. R-squared: 0.8046; n-test: 0.2899; BP-test: 0.0065.
Panel
constant —5.0909 0.1850 constant 4.1462 0.0659
GDP/P 5.0206 0.0865 GDP/P 49071 0.0023
(GDP/P)>? —0.7998 0.1261 (GDP/P)? —0.8733 0.0024
S_2004 —0.5827 0.0493 Uu 14.3959 <0.0001
Uu? 5.8288 <0.0001
S 2004 —0.3209 0.0439

R-squared: 0.1437; n-test: <0.0001; CD test: <0.0001.

R-squared: 0.7669; n-test: 0.1843; CD test 0.7020.

Source: authors’ calculations based on Eurostat [5-7] data, 2023.

Then, we analyse models that include coefficients for urbanisation (Uy and Uy?) to
explain GHG/P. After omitting statistically insignificant variables, the urbanisation rate
is found to increase GHG/P in Lithuania and reduce it in Estonia. However, there is
no evidence of an inverse U-relationship between these variables. Another important
observation is that in Estonia, the urbanisation rate explains GHG/P better than GDP/P as
GDP/P is omitted from the model as statistically insignificant. All models using urbanisa-
tion rates have residual normality test p-values above 0.05, showing that the residuals are
normally distributed. However, only the model for Lithuania has heteroscedasticity test
results with p above 0.05, showing that homoscedasticity among residuals is present. The
cross-sectional dependence test indicates a p-value above 0.05, showing that there is a weak
cross-dependence among variable time series.

4. Discussion
4.1. Comparison with Previous Studies
In the study, the Kaya identity was applied to analyse GHG emissions and their con-

stituent components. The extended Kaya method was also widely applied in the analysis
of carbon emissions and various aspects of urbanisation by other authors in different
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countries: energy efficiency by various sources [49], fossil fuel type [50], urbanisation
effects [51], household energy consumption [52], agriculture sector [53]. Our study focuses
on the effects of urbanisation ratio, urban population, and urban economic growth on GHG
emissions. The research conducted, established the following main points:

First, according to Kaya’s estimates, GDP per capita growth has the largest and
most positive effect on GHG emissions in all three countries. The second-largest effect
is from energy intensity, which decreased in all three countries, as did GHG emissions.
The remaining two effects (gas emission coefficient and population) both have relatively
small effects.

According to other authors, who also used the LMDI to disaggregate CO, emissions
in terms of the type of fuel source, rapid economic growth is the main contributing factor
in developing countries, whereas energy intensity reduces CO; [20]. For example, energy
intensity had a balancing effect on carbon emissions, which decreased them even if per
capita GDP increased in China [21]. Population, energy intensity, and GDP per capita
are the three factors with the most influence, whereas the carbon emission coefficient
has the least, according to a global perspective [22]. According to the findings, while
population and gross domestic product (GDP) per capita are on the rise, energy intensity
and carbon intensity are on the decline [19]. The G7 group of rich nations’ reduced carbon
dioxide emissions appeared to be mostly driven by energy intensity [23]. Lower-middle-
income countries have a decrease in CO, emissions as a result of the energy intensity
effect, whereas upper-middle and high-income countries experience an increase that may
both raise and lower the overall level of CO, emissions [24]. According to a Kaya identity
decomposition, the rise in GDP was the primary driver of the EU’s territorial emissions
prior to the global financial crisis [54]. The findings of Kaya Identity showed that a rising
population, rising GDP per capita, and declining energy efficiency were the main factors
causing CO, emissions to rise in South Africa [25]. The disparity between the regions,
however, dramatically widened, and the GDP per capita has a greater impact on the
amount of emissions compared to the population as a driving element [27]. Similarly, other
authors’ research showed that despite annual variations in energy intensity and economic
development, these two factors had the biggest effects on changes in GHG emissions
in Baltic countries [28]. Authors also revealed that GHG emissions decreased in Baltic
countries as a result of increases in labour productivity, decreases in the share of fossil
fuels, and increases in the number of employees and emissions intensity [55]. Authors
analysing Latvian data discovered that energy efficiency and the proportion of fossil fuel
consumption in total may only change the direction of GHG emission reduction [26].

The second important discovery includes the effects of urbanisation. It was found that
population changes in urban areas reduced GHG while the GDP per capita produced there
increased. On the other hand, an exception was found in Estonia, where both population
and GDP per capita increased GHG emissions. In this study, all countries increased their
urbanisation rates, but the increase was largest in Estonia.

The urbanisation topic is still under research in the Baltic countries, but according to
the findings from other countries, the urbanisation effect continues to have a significant
impact on overall carbon emissions [29]. Urbanisation plays an important role in GHG
emissions, especially in developing countries such as China [30]. Contrary to expectations,
major population shifts from rural to urban areas led to an increase in household GHG
footprints in emerging regions, with >1% increases in China, Indonesia, India, and Mexico
over the period [31]. According to other authors’ findings, higher rates of urbanisation,
energy carbon emission coefficients, and energy intensities will result in larger carbon
emissions [32]. However, greater than population growth and urbanisation rates, GDP
per capita contributes more to CO; emissions, and this contribution rate is rising [33].
Other authors also emphasise that the socioeconomic elements of economic expansion,
urbanisation, and industrialisation will result in more CO, emissions, while advancements
in service and technology levels may result in lower CO, emissions [30]. The outcome
also showed that economic expansion has a favourable and significant effect on carbon
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emissions, suggesting that economic growth directly lowers environmental quality through
raising carbon emissions in highly urbanised Singapore [9]. Other authors reveal that
energy intensity is the main factor in urban—rural CO, emission inequality [56].

The final observation in this study is that there is some evidence for an EKC in
Estonia and Lithuania, but only when using the GDP as an indicator for economic growth.
The inverted U-shaped EKC hypothesis is typically disproven in the Baltic countries,
according to the findings of other econometric research [57], or only in Lithuania [58]. The
hypothesis is valid when analysing pooled data from the Baltic and Visegrad countries [59].
Other authors who examined Lithuanian data discovered that the growth in the intensity
of renewable resources and energy efficiency, as well as the decline in GHG, were all
influenced by the drop in energy consumption and the decarbonisation index [60]. The
authors analysed the EKC in other countries: Japan [40], the USA [61], South Africa [62],
Saudi Arabia [63], and Singapore [9]. The EKC is typically observed in studies that include
higher-income countries. Our study also used the urbanisation ratio as a factor for GHG
emissions in the EKC model. Similarly, to other authors who analysed different countries,
the relationship between urbanisation and CO, emissions is positive but not curved [35,37].
Other authors reveal that when urbanisation increases beyond a certain level, it does not
stimulate higher CO, [39,41]. Others reveal that urbanisation’s impact on environmental
degradation varies across different economic regions [34].

4.2. Limitations and Proposals for Future Research

The study uses the LMDI to decompose the extended Kaya model. The study empha-
sizes the effects of urbanisation on GHG emissions in the Baltic States. Index decomposition
analysis (IDA) methods, such as Kaya identity, are used by other authors not only in the
investigation of national but also regional and sectoral changes in carbon emissions to
separate these from economic or population growth [64], for example, in the commercial
building sector [65-68] and industrial sectors [69]. Therefore, future research can focus
on agriculture or another sector that produces most of the GHG in the Baltic countries.
Another important aspect of future research is to separate GHG according to different
source types. For example, according to other authors, relative (weak) decoupling in the
Baltic states of the relationship between transport-related GHG emissions and economic
growth was found [70].

Some authors claim that larger cities emit fewer GHG emissions than smaller ones [71].
Therefore, the further analysis of urbanisation effects can be more detailed according to the
structure of cities and their size in the Baltic States.

The study could analyse more countries. A future study can also use more sophis-
ticated time series methods. For example, a quantile regression approach can be used to
assess the drivers of carbon emission from production activities at different quantile levels,
employing an augmented Kaya identity, similar to other authors [72]. The correlation
between Kaya identity factors and their decomposed variables can also be analysed [73].
The research can include the modified Kaya identity in the autoregressive distributive lag
model (ARDL), which is a time series approach [74]. A multivariate co-integration analysis
of the Kaya factors can be performed [75]. To predict the carbon footprint and investigate
the effects of the energy consumption paradigm shift policy, simulations can be run [76].
Multi-criteria decision-making (MCDM) and MULTIMOORA can also be applied [77].
Convergence processes for several groups of EU countries can be applied [78]. For example,
other authors have analysed convergence processes in South America [79].

The main limitation of this study is that the data was only available up to 2020 during
the study. Research employed time dummy variables such as the global financial crisis and
countries” accession to the EU. Once more data becomes available, the research can also
emphasise the effects of the post-COVID-19 crisis on GHG emissions [80]. Additionally, the
study can add more economic development variables to the extended Kaya identity or split
GHG emissions and energy use according to fuel type or sector, as currently we are using
the total GHG emissions and energy use. Since there is evidence for the inverse U-shaped
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EKC in Lithuania and Estonia, future research can also dwell on more complex forms of
interrelationships between economic growth and environmental degradation, such as the
N-shaped EKC.

4.3. Practical Implications

In this study, the three Baltic states were chosen for examination due to their simi-
lar economic systems, comparable development levels, and the fact that these countries
adopted the EU’s aim to be climate-neutral by 2050. According to a study by Siksnelyte [77],
Denmark and Latvia had the best records in terms of achieving the EU’s development
targets for sustainable energy during the study period. Others emphasise growing energy
demand in manufacturing and transport sectors for all three Baltic nations [81]. However,
the study’s conclusions show that economic growth is insufficient to address environmen-
tal problems. The study recommends that the government prioritise carbon reduction
initiatives more highly and implement them successfully at the national level.

Other authors propose several strategies to control energy use and GHG emissions,
highlighting: carbon removal [82], manufacturing and transportation-related activity [81],
policymaking, and societal issues [47], sustained energy efficiency improvement, dramatic
industrial reorganisation, and energy transition [83], and improving energy efficiency [84,85],
providing adequate technologies and infrastructure in urban areas [86], and renewable
energy [87]. Authors who analysed OECD countries discovered that the cornerstones
for decarbonisation appear to be activity reduction, energy conservation, renewable elec-
trification, efficient power plants, and the phase-out of coal [88]. However, the primary
compensating factor impeding the achievement of greater GHG emission reductions was
the impact of economic expansion [89]. Others claim that larger cities emit fewer GHG
than smaller ones. This finding points to the need for improved energy production and
consumption technologies as well as efficient transportation methods [71]. Improved
household solar energy use, particularly among farm households, has been attributed in
part to subsidy schemes, while greater heated areas in rural homes and positive attitudes
towards renewable energy have also improved self-reported energy bill savings [90].

5. Conclusions

This study examines the relationship between GHG emissions, economic growth, and
urbanisation. The study attempts to extend the body of knowledge and provide a more
comprehensive explanation of how these connections are formed. The study uses the Baltic
States, which are less studied in the works of other authors and uses annual data for all three
countries from 2000 to 2020. Since all three countries have similar geographical, economic,
and historical backgrounds, the research results for all three countries are comparable
and provide new insights. The research uses an extended Kaya identity where GDP and
population are further split into urban, intermediate, and rural components. The study
also tests the EKC hypothesis using economic growth and urbanisation as factors for
GHG emissions.

The study led to three major conclusions. First, in all three countries, GDP per
capita growth has the biggest impact on GHG emissions, according to Kaya’s identity
decomposition. Energy intensity, which dropped in all three nations along with GHG
emissions, has the second-largest impact. Both the population and the gas emission
coefficient have relatively small effects on GHG emissions. This finding is similar to the
results obtained by other researchers who analysed the Baltic and other countries. Second, it
was discovered that changes in the urban population until 2020 decreased GHG emissions
in Latvia and Lithuania, as shrinking urban population had a diminishing effect on GHG
emissions. However, in Estonia, GHG emissions rose not only from urban GDP per capita
growth, but also from an increased urban population. In the time frame analysed, the
rates of urbanisation rose fastest in Estonia. The study’s final finding is that the hypothesis
on the EKC can be accepted when analysing data from Lithuania and Estonia, but only
when using GDP per capita as a factor for GHG emissions. The urbanisation rate has a
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statistically significant one-directional effect on GHG emissions when analysing Lithuania,
Estonia, and panel data. However, in Estonia, this effect is negative, showing that increases
in urbanisation rates have a diminishing effect on GHG emissions. However, there is no
inverse U-shaped relationship between urbanisation rate and environmental degradation
in all three countries.

The data used in the study only goes back to 2000, as only that much data on urban
GDP and population was available for all three Baltic countries. Therefore, the study can be
expanded with the availability of more post-2021 data once it becomes available. Another
important future research guideline is to include more countries and compare results
between eastern and western EU countries. The study can also use more indicators showing
economic development and energy sources, adding them to the expanded Kaya identity.

The results of the study have important applications for future policymaking regarding
economic development and urban planning in order to enhance environmental quality
or slow down environmental degradation, while ensuring economic development in the
Baltic States in the upcoming decades.
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Figure A2. The estimates of additive factors in the Kaya identity. Source: authors’ calculations based
on Eurostat [5-7,48] data, 2023.
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