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Abstract: This research aims to ensure methodological conformance and to test the validity of its
empirical application. To do so, the study analysed differentiation of the development patterns of
four time-series variables. The relationships between greenhouse gas (GHG) emissions, employ-
ment, inflation, and gross domestic product (GDP) at constant prices were analysed, comparing the
European Union (EU-27) and two European Free Trade Association countries. The study period
covers twelve years of monthly and quarterly data from the beginning of 2010 to mid-2021, where
the highest frequency of data was 138 observations. The methodology used included unit root testing
and the vector autoregressive model (VAR). The study’s main results show that GDP at constant
prices significantly affected GHG emissions in the EU-27 countries. Meanwhile, the lag between
inflation and employment did not have a considerable impact. This finding shows that inflation was
not a stable variable and had a strong autocorrelation. Variable employment did not follow a normal
distribution. It was necessary for this research to adopt a suitable model for the technical procedure.

Keywords: greenhouse gas emissions; green economic transformation; vector autoregressive model;
European Union; European Free Trade Association; experimental economics; gross domestic product;
general level of prices

1. Introduction

Green transformation and sustainable economic, social, and environmental develop-
ment are often discussed in contemporary studies and research, capturing the attention of
modern society (Guo et al. 2022; Pei et al. 2022). Issues such as micro-mobility (Dozza et al.
2022), self-dependence (Vitunskienė et al. 2022), car and flight shame (Lai et al. 2022), waste
sorting and management, and zero emissions have been investigated from the perspective
of sustainability (Köhler et al. 2022). This research refers to the United Nations’ Sustainable
Development Goals (UNSDH), particularly Goals 8 and 13. In the study, several activities
relating to the UNSDH were tested: sustaining per capita economic growth in accordance
with national circumstances, employment, green transition, and cooperation.

This study has two main objectives: first, to analyse previous research results, and sec-
ond, to validate the normalities in time-series data. To achieve these objectives, secondary
data from the Eurostat database were used. This research aims to provide insight into the
direction of studied indicators of sustainable economic development and greenhouse gas
emissions (GHG) (Vasylieva et al. 2019; da Silva et al. 2020). It also empirically tests the
hypotheses comparing the activities of European Union (EU-27) and European Free Trade
Association (EFTA-2) countries, using a reliable econometric model.

This research analyses four time-series variables to answer the research question
regarding the policy actions of EU-27 and EFTA-2 (Norway and Iceland) countries in terms
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of GDP and employment. In this research, inflation is considered as an external variable
when measuring overall price increases (usually called a deflator) and is viewed as an
essential determinant of a healthy economy.

The research gap arises from previous research (Jun et al. 2022; Dogan et al. 2022
and others) that highlighted the problems caused by CO2 (climate change), economic
growth, employment, and inflation. The use of GHG as a critical factor for sustainable
economic development in the third decade of the 21st century is investigated in this study.
Additionally, this research provides added value resulting from a modelling procedure that
stresses residual normality testing as a prerequisite of a reliable econometric modelling
methodology (Juselius 2022).

The paper is organised as follows. The next section reviews previous empirical
research on the presented issue. The third section presents data and methodology. The
fourth section deals with the data and empirical analysis, and the subsequent section
discusses the research phenomena. The final section summarises the research findings.

2. Literature Review and Hypotheses Development
2.1. Modelling Technique

The literature has widely addressed the research question regarding sustainability
and economic growth (Arnaut and Lidman 2021; He et al. 2022; Hysa et al. 2020; Ioan et al.
2020; Saqib 2022), more often theoretically and less frequently empirically. Using regression
analysis, Afzal et al. (2022) performed an empirical study of 40 European countries.
Moreover, Sadiq et al. (2022) used regression analysis accompanied by Granger causality
testing to study the case of Nepal. Therefore, a gap in the previous literature was detected
during the research process, i.e., the omission of misspecification testing of variables from
secondary data (Ye et al. 2022). Thus, the present study highlights the importance of testing
the residuals’ normality distribution. In contrast, Yuan et al. (2022) published one of the
deficient studies that researched, discussed, and considered normalities when dealing with
time series data.

Where volatility in time series data is high, GDP and employment could be treated
as I(0) and inflation as I(1) (Juselius 2009). However, there are scarce theoretical findings
approving the GHG emissions variable and its level of integration; hence, this study aims
to provide insight to answer this hypothetical question. Additionally, a unique contribution
is related to the possible impact of persistent inflation on economic growth, employment,
and GHG emissions.

Researching sustainability and economic growth has never been more relevant than
nowadays, as energy prices soar and inflation gallops (Figure 1). Almost one sixth of
analysed published studies in the first quarter of 2022 were foucused on green energy,
economic growth, carbon footprints, CO2, and sustainability.
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2.2. Empirical Studies

Dogan et al. (2022) recognised that ecological tax, energy efficiency, and renewable
energy are the most critical determinants for decreasing CO2 emissions. Some studies
have used panel data (Fernandes et al. 2021) and quantile regressions. Using the VAR
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model, Gedikli et al. (2022) did not find any causalities between economic growth and
environmental pollution in OECD countries. Galiano Bastarrica et al. (2022) discussed
natural resources and their stochastic properties in the EU-27 countries, using econometrics
at the GDP level.

Additionally, some other studies have obtained results for emerging and developing
countries (Kousar et al. 2022). Yuan et al. (2022) researched the nexus between energy pric-
ing and carbon emissions in terms of the policy-mix response. They used well-standardised
quantiles, e.g., normalities, to look for alternative energy sources to meet the growing
demand for energy. Ma et al. (2022) applied quantile regression to panel data for exports
and the digital economy, and identified a negative impact on carbon emissions. Ye et al.
(2022) proposed a green credit method to enrich renewable energy, using an error correction
model to achieve the results of their study. Li et al. (2022) applied quantile regression to
research renewable energy consumption for BRICS (Brazil, Russia, India, China, and South
Africa) countries, and Tu et al. (2022) took a similar approach for Regional Comprehensive
Economic Partnership economies.

In contrast, Zhou et al. (2022) discussed the non-linear relationship in modelling the
nexus between agricultural and energy production and CO2 emissions. Furthermore, Jiang
and Chang (2022) found that green output and renewable energy were positively associated
with rising stock market prices in six Asian countries. Yan et al. (2022) researched green
bonds, energy prices, gold prices, and green energy stocks using quantile regression. Finally,
Zhang and Han (2022) correlated spillover effects in the carbon market and stock market.

Jun et al. (2022) discussed environmental consequences caused by industrialisation and
economic development. Their research using panel data applied cointegration techniques
and a cross-sectional augmented distributed lag model. The findings supported renewable
electricity production. Zhang et al. (2022) discussed the effects of the COVID-19 pandemic
on energy prices in the United States of America. Over the past four decades, there have
been discussions regarding sustainable economics in (non-profit) organisations (Rosner and
Cohen 1983). According to this stream of literature, interventions and urbanisation drive
the global economy via increased spending and consumption of products and services
(Ramakrishna 2021). Particularly in certain developing countries, strong links have been
identified between food insecurity, population growth, urbanisation, and water availability
(Kousar et al. 2021).

On the other hand, according to Bowden (2018), who researched the economics and
sustainability of modernity, debt can never generate sufficient income. Modernity consists
of finding human wellbeing in an environment that provides adventure, power, pleasure,
growth, and the transformation of people in the changing world. Bojnec and Papler
(2011) highlighted that the overexploitation of natural resources is one of the most critical
problems in the EU-27 countries, and that countries’ environmental management could be
damaged in the future if governments fail to consider these issues more systematically.

2.3. Hypotheses Development

This paper investigates the associations between GDP, inflation, employment, and
CO2 emissions using the cointegration method developed by Juselius (2009, 2021). Un-
derstanding the behaviour of a macroeconomy can be crucial for better comprehension
of policy implications and practice. The study develops a econometric time-series model
applied to secondary data (Ross 2019).

The term GHG emissions refers to the amount in thousands of tonnes of CO2, N2O in
CO2 equivalent, CH4 in CO2 equivalent, HFC in CO2 equivalent, PFC in CO2 equivalent,
SF6 in CO2 equivalent, and NF3 in CO2 equivalent (Eurostat 2022). In the current era of
rapid economic development, with the world moving towards continuous expansion and
economic growth, GHG emissions have increased significantly (Bilgili and Ozturk 2015).
The issue of GHG emissions has been at the centre of research efforts, which have aimed to
shed light on its impact on economic growth and environmental sustainability (Lan et al.
2012). However, the influence and role of employment in increasing GHG emission rates
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have often been neglected. The increasing GHG emission rate has become a vital issue for
developed countries, due to environmental resource scarcity (Akram et al. 2019). GHG
emissions relate not only to electricity as an energy resource but also to water, oil, coal, and
natural gas. The EU-27 countries represent one of the fastest growing economies, with GDP
at current prices worth 14,507,067.2 million euros in 2021, and the EFTA-2 countries had
GDP of 429,186.4 million euros at current prices in 2021 (Eurostat 2022). Assuming that
economic development directly affects greenhouse gas emissions, it can be stated that as
production and economic growth increase, so does energy consumption. In this context,
the study by Yu et al. (2020) implies that the growth of economic activities requires energy
as a mandatory input to compel and increase the speed of the process, defined by the law
of thermodynamics (Oppenheim 1996).

However, employment and labour are among the most critical drivers of the debate
on GHG emissions (Hamit-Haggar 2012). Currently, developing countries are moving
towards industrialisation, which substantially influences GHG emissions and leads to a
scarcity of natural resources from which energy can be obtained (Sebri and Ben-Salha 2014).
Bhattacharya et al. (2016) suggested that high-energy consumption threatens environmental
sustainability and reduces resources for the future, which is a logical position. Liddle (2014)
stated that employment is related to energy consumption, and economic growth can be
considered a mediating factor for employment, thereby affecting energy consumption.

Yao et al. (2019) noted that employment has several meanings in contemporary
literature. In business management, employees can be classified as an intangible asset
representing the abilities, expertise, and temperaments of individuals who work together
to create economic value for the entire population or customer base. Based on the findings
from desk research and the goals of this study, three hypotheses were developed for the
comparative analysis of EU-27 and EFTA-2 countries:

H1. Employment has a significant upward trend impact on GHG emissions.

H2. GDP at constant prices has a significant reversible unstable impact on GHG emissions.

H3. Inflation has a significant positive impact on GHG emissions.

Overall, this study aims to address two gaps in the literature by testing secondary
data based on UNSDH activity and analysing quarterly data in a reliable, testable, and
trustworthy model.

3. Materials and Methods

This paper’s conceptual and theoretical goal is to describe volatilities in sustainability
and economics, to show how they can be treated econometrically beyond misspecification
tests. The empirical approach is developed in two stages: first, implementing the time series,
and second, applying causalities to GHG. To analyse recent developments in economic
activity by using strategically selected contemporary variables, the study applies the
Juselius (2009) methodology. Variables were investigated to test the three hypotheses
arguing that sustainable economic growth depends on GHG emissions and vice versa.

As a starting point, an illustrative example is introduced using two time series, Xt and
Yt, t = 1, . . . , T, according to a substantive theory (Kulendran and Witt 2001):

Y = β · X, (1)

where X influences Y in a linear fashion.
The obtained data may not be directly comparable, and they are usually unsupported

by theory. Haavelmo (1943) argued that some deterministic proposals and research prob-
lems are needed to overcome issue of stochastic properties, requiring methods which
should be as elastic as possible, further developed by Hoover et al. (2008).

We introduce:
Yt = β · Xt + εt, t = 1, . . . , T, (2)
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with the error term εt which is a statistical relationship (Juselius 2009).
There is a widely known problem that normally distributed residuals εt are i.i.d.

N
(
0, σ2) in regression analysis that does not link empirical regression to theoretical values

(Brooks 2014). Furthermore, the issue exists of stationarity and Xt being nonstochastic
(Johansen and Nielsen 2012). This study aimed to design a modelling process capable
of further discussing the vulnerability of the econometric conclusions. At the same time,
evaluating systems according to applied economic results is of practical importance to
policy, and that importance increases after each negative shock. The vector autoregressive
model (VAR) and the Granger causality model were used in the empirical part of this
research.

The first stage of the time-series data analysis focused on the stochastic properties of
variables by testing for the presence of unit roots. This step allowed the identification of
stationary and non-stationary time series, to permit the specification of a model that should
not produce spurious results provided that the variables are non-stationary, as is usually
the case with time-series data. Therefore, the existence of a long-run equilibrium among
variables was then tested, starting with the specification of a VAR model of order k:

zt = a + B0zt + B1zt−1 + . . . + Bpzt−p + εt, t = 1, . . . , T, (3)

In Equation (3), zt denotes the (4 × 1) vector of indices of the variables (Figure 2),
and εt denotes the white-noise error term. A vital feature of the VAR model is that it does
not impose any a priori restriction on the exogeneity of variables, attractive in the present
context because of the possibility of bi-directional causality.
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Annual, quarterly, or monthly time-series variables from the beginning of 2010 to
mid-2021 were used, and the highest frequency of data was 138 observations, as presented
in Figure 2.

The specified variables were employment as a labour force in the economy (HCt), GDP
at constant prices (GDPt), and air emissions accounting for greenhouse gases according to
the European Classification of Economic Activities (NACE) (GHGt) as quarterly data, and
Consumer price index as a monthly inflation integer (HICPt).

The data were collected separately in aggregated values for the EU-27 countries and
the EFTA-2 countries (Alghalith 2007; Archontakis and Mosconi 2021; Baxa et al. 2015;
Eurostat 2022). Additionally, the Granger representation theorem was applied to the
studied relationships between researched variables and defined hypotheses:

∆yt = αβ′yt−1 + ∑∞
i=1 Γi∆yt−i + vt, (4)

Π = αβ′, (5)

where, in Equations (3)–(5), p is the number of time series, and its value is three; zt is a
dependent variable with restriction on β; zt−1 is the independent variable; Φ∗i are extraor-
dinary events (seasonal dummies, transitory, blip, and permanent dummies); Πxt−1 is the
level matrix, called the error correction form; Γ1∆y is a matrix describing pure transitory
effects measured by lagged changes of the variables; i is a dimension of integration; ∆yt is
the cointegrated vector autoregressive form; and ∆yt−i is the long-term causality process yt
of collected observations in the matrices Yn of prediction error vt.

4. Data and Empirical Results

The first step of the modelling process consisted of data description. The empirical
results are presented in two steps, indicating the descriptive analysis of the variables and
the VAR modelling using Granger causality.

This research analyses the direction of the association between three macroeconomic
aggregates and greenhouse gas emissions (GHG). Gross domestic product (GDP) is ex-
pressed in chain-linked volumes in millions of euros at constant prices. Employment is
defined as total employment of the resident population, conceptually based on the Labour
Force Survey (LFS). Secondary data on inflation is isolated as a monthly rate of change.

4.1. Descriptive Analysis and Misspecification Testing

The first main result based on the summary of descriptive statistics in natural log-
arithm form shows that after the 2010 recession, GHG emissions declined in the EU-27
(Figure 3). This finding could align with a strategy for reducing emissions in Europe.
Figures 3 and 4a,b also show that GDP at constant prices has increased in the EU-27 coun-
tries, Norway, and Iceland. On the other hand, GHG emissions in Norway and Iceland
have slowly reduced, after a tendency to increase during the economic prosperity of the
previous decade (Figure 4a,b).

The second notable finding that emerged from the unit root testing was that inflation
has been led by employment (HC). Higher demand for employees and increased labour
costs for enterprises could have contributed to this finding. Additionally, employment in
the EU-27 countries [Equation (6)] and Norway [Equation (7)] was recognised as an integer
of normality in the harmonised consumer price index (HICP). Moreover, the autocorrelation
test identified serial autocorrelations either in HC or in HICP, and therefore the equations
for the real variable (r) between inflation and employment can be expressed:

(hicpEU−27/hcEU−27)
r
t + εt = HICPEU − 27

t

/HCEU − 27
t

, (6)

(hicpN/hcN)
r
t + εt = HICPN,

t

/HCN
t

, (7)
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where εt is a random walk. The misspecification tests are depicted in Table 1, where
lowercase letters define the real variables.
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This technical aspect of the work is essential to ensure a reliable econometric approach
and provides theoretical added value for this research. In applied economics, this tech-
nological step is usually omitted and is not performed. Testing the unit root in a variable
dataset is crucial because it determines whether the data are stationary or fall into the
non-stationary range. The traditional method for evaluating the unit root in the data is
the extended Augmented Dickey–Fuller (ADF) unit root. In the conclusion of the mis-
specification test, the data vector is employed for further analysis. The function of the
VAR approach is to measure the cointegrated interrelation among the variables, where the
standard linear function for calculating the interrelation between GHG, GDP, and the real
variable between HICP and HC in the EU-27 countries is as follows:

EU−27
r [GDP GHG hicp/hc]∼1

t−1, (8)

where t− 1 indicates differentiated time series of at least ∼ 1 first order of integration, and
r indicates real data, vector (8) recognises GDP at constant prices, GHG, and hicp/hc as
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relevant variables without serial autocorrelation, and non-normalities in the series for the
EU-27 countries. On the other hand, as seen from Equation (8) and in Table 1, for Norway
it can be expressed as data vector (9):

N
r [GDP hicp/hc]∼1

t−1, (9)

and for Iceland as data vector 10:

IS
r [GDP HICP]∼1

t−1, (10)

Table 1. Misspecification test.

Variable Region ADF Test
Level

ADF Test
Differences

Normality
Test Level

Normality Test
Differences

HCt

EU-27 −0.5214 −2.3650 *, c 5.2720 * 408.8220 ***

N −2.3811 −2.1724 ***, c 4.0520 * 21.6478 ***

IS −1.2597 −3.2098 **, c,t 3.7066 * 122.203 ***

GDPt

EU-27 0.8046 −4.5084 ***, c 2.8032 2.5320

N −2.2607 −17.1221 ***, c 0.7903 0.6879

IS −2.4661 * −2.8538 **, c 4.5007 * 2.0056

GHGt

EU-27 −0.6308 −3.0827 **, c 12.0937 *** 0.1015

N −2.1519 −4.5213 ***, c 0.7586 1.5649 ln

IS −1.2725 −2.8420 **, c 5.0096 * 0.4329 ln

HICPt

EU-27 −4.0740 *** −2.6741 * 21.4932 *** 1.1379

N 1.3965 −6.0731 *** 4.4327 * 1.5449

IS −3.8984 *** −2.0711 4.8153 * 2.5542

HICPt
HCt

EU-27 −2.7463 * −3.5939 *, c, t2 2.8442 250.032 ***

N −3.0091 * −3.82973 ***, c 4.5768 * 13.5424 ***

IS −1.1586 −9.8196 ***, c, t2 26.4987 *** 116.859 ***
HCt—employment, GDPt− GDP at constant prices, GHGt—air emissions accounting for greenhouse gases,
HICPt—harmonised consumer price index, EU-27—27 European Union countries, N—Norway, IS—Iceland,
c—constant, t—trend, ln—natural logarithm, *, **, ***—10, 5, 1% significance, respectively. Green—accepted,
red—firmly declined.

Therefore, with data vectors (8)–(10) we are able to proceed to the VAR analysis. The
symbols in the equations are include GDP—GDP at constant prices, GHG—air emissions
accounting for greenhouse gases, real variable (r), N—Norway, IS—Iceland, ∼1—first
order of integration, t− 1—lagged time series, HICP—harmonised consumer price index,
and hicp/hc is a real variable between inflation and employment. As can be seen from
Equations (6)–(9), inflation affects employment. As a result, there is no direct relationship
between the employment variable and GDP at constant prices.

Table 2 presents the descriptive analysis results.
The mean value of GHG emissions was 91.15, which means that the average emissions

in the EU-27 countries decreased with statistical significance during the observed period,
by almost 9% on average. The result was calculated from 46 observations. The minimum
value was estimated to be 69.03 for the second quarter of 2020, while the maximum value
was 103.80 in the fourth quarter of 2010. The dispersion of the data was 6.4%, which means
that GHG emissions in the EU-27 countries either increased or decreased by 12.12%.

The mean value of GDP at constant prices was calculated as 110.09 in the EU-27
countries, 106.61 in Norway, and 122.77 in Iceland, which indicated the average value of
GDP. The maximum value of GDP at constant prices was calculated as 122.19 in the EU-27
countries, 118.60 in Norway, and 149.80 in Iceland, which means that GDP at constant
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prices was growing significantly. The standard deviation was calculated as 5.74, 6.03, and
14.16, respectively, indicating the dispersion of GDP at constant prices.

Table 2. Descriptive statistics.

Variable Region Mean St. Deviation Minimum Maximum

GDPt

EU-27 110.09 5.74 100.00 122.19
N 106.61 6.03 93.48 118.60
IS 122.77 14.16 100.00 149.80

GHGt

EU-27 91.15 6.40 69.03 103.80
N 109.30 5.05 100.00 120.30
IS 117.90 20.30 96.46 153.90(

hicp
hc

)
t

EU-27 −29.22 18.77 −44.64 30.07
N 3.91 3.09 −0.17 9.19

HICPt IS 3.90 3.09 100.00 109.40
GDPt—GDP at constant prices, GHGt—air emissions accounting for greenhouse gases, (hicp/hc)t—harmonised
consumer price index over employment, EU-27—27 European Union countries, N—Norway, IS—Iceland.

The mean value of the ratio of inflation to employment was −29.22 in the EU-27
countries and 3.91 in Norway. The results show that stable or even decreased inflation is a
consequence of full employment; in other words, it represents the impact of employment
on the macroeconomic aggregate. It can be concluded that full employment leads to lower
inflation. On the other hand, policy regulations for transport and industry aim at lower
GHG emissions and higher GDP. Overall, the HICP in Iceland was uniquely stable, whereas
employment was unstable and suffered from serial autocorrelation.

4.2. VAR Analysis

In VAR modelling, the null hypothesis indicates a possible relationship between the
regressor and the regressed variable, as evidenced by the F-statistic (Table 3). If the value
of the F-statistic is less than the critical value, the null hypothesis cannot be rejected. Where
cointegration was established, the following procedure was applied to calculate the long-
and short-term cointegration.

Based on the ADF unit root, it was found that all variables in the time-series data had
a unit root; therefore, the VAR approach was performed to evaluate causality between
factors. Table 3 shows the results of the VAR approach, in which GHG emissions are the
regressive or dependent variable, and the other variables are the regressors. Regarding
the significance of the model for EU-27 countries, the probability of the F-statistic was
evaluated. The probability value was 9.02× 10−10, which is less than the threshold of 1%,
which means that the model built by VAR was significant and had no statistical errors. The
R–squared value was calculated as 87.81%, which means that the regressors can explain
87.92% of the variance in GHG emissions.

The main results show that the lag of GHG emissions, GDP at constant prices, and
inflation over employment significantly affected GHG emissions. Each one-unit change in
the lag of GHG emissions, GDP at constant prices, and the real variable between inflation
and employment in the EU-27 countries resulted in a positive shift in GHG emissions,
with coefficients of 0.40, −1.28, and 2.06, respectively. On the other hand, neither GDP
at constant prices in Norway and Iceland nor the real variable between inflation and
employment significantly impacted GHG emissions, because of degrees of freedom (annual
data) (Figure 2, and Table 3). The Durbin–Watson statistic value was 2.02, which indicates
that the model did not suffer from autocorrelation, and the lag selection was four, based
on the Akaike information criteria (AIC). The asterisks in Table 3 show the significance of
the coefficients at lag two. The probabilities are given in parenthesis. Therefore, the results
based on two lags show the crucial negative influence on GHG emissions in the EU-27
countries. Nevertheless, in each second quarter, GHG emissions declined with statistical
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significance in a time-dependent manner. Overall, the VAR model did not suffer from
autocorrelation, nor non-normality.

Table 3. VAR model.

Variable Region Coefficient St. Error t-Statistics Probability

GHGt−1 EU-27 0.40 (−0.96) *** 0.18 −2.18 0.04

∆GHGt−1
N / / / /

IS / / / /

GDPt−1

EU-27 −1.28 (0.55) *** 0.15 −3.31 0.00

N 0.45 (−0.08) 0.19 2.40 0.02

IS 0.15 (−0.37) ** 0.21 0.82 0.47(
hicp
hc

)
t

EU-27 2.16 (−0.29) *** 1.96 −3.46 0.00

N −4.18 (−0.01) 2.41 −1.75 0.09

HICPt IS 6.63 (9.91) * 5.39 1.23 0.23

lag 1 2 3 4 5

AIC information
criteria EU-27 −98.54 −78.59 *** −76.78 ** −70.90 *** −70.65

Normality test of
the VAR model EU-27 [3.8834] N [0.5958] IS [20.76 ***]

Autocorrelation
test of the VAR

model
EU-27 [8.17 ***] N [0.34] IS [2.94 **]

D–W test EU-27 [2.02] N [1.85] IS [1.69]
GDPt−1—gross domestic product, GHGt−1—air emissions accounting for greenhouse gases, (hicp/hc)t−1—
harmonised consumer price index over employment, EU-27—27 European Union countries, N—Norway, IS—
Iceland, ∆—natural logarithm, *, **, ***—10%, 5% and 1% significance level, respectively, green—accepted,
AIC—Akaike information criteria.

The VAR model for Norway and Iceland followed Equations (6) and (7), and the
procedure was performed without the GHG emissions variable due to the low R-squared
values of 0.09 for Norway and 0.21 for Iceland. Additionally, several noteworthy findings
are shown in the lower rows of Table 3. The diagnostic testing of the VAR model’s results
showed that the developed model for the EU-27 countries and Iceland was free of autocor-
relation. Meanwhile, the model and its residuals were normally distributed for the EU-27
countries and Norway, but not for Iceland. It is noteworthy that

(
hicp
hc

)
t

is a justification of
the modelling process.

4.2.1. Hypothesis 1

After the results were gathered, the hypotheses were tested. The results for Hypothesis
1 are presented in Table 4. Hypothesis 1 could not be explained, due to the model’s unreli-
ability resulting from the non-normalities in the variable HC, as described in Section 4.1.
Moreover, the Durbin–Watson statistic (D–W) was too high, at more than 2.24, meaning
that the model suffered from negative autocorrelation.

Table 4. Testing Hypothesis 1.

H Description Region Lag Beta Significance Result D–W R2

1
Employment (HC) has a significant

upward trend impact on GHG emissions. EU-27
1 −1.06 0.28 Vague

2.30 0.542 0.94 0.34 Vague

GHG—air emissions accounting for greenhouse gases, EU-27—27 European Union countries, H—Hypothesis,
D–W—Durbin Watson statistics, R2—deterministic coefficient.

4.2.2. Hypothesis 2

Hypothesis 2 (Table 5) is accepted for the EU-27 countries, where the D–W is 2.15. The
results show that the model did not contain serial misspecification, while the probability in
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squared brackets is 0.07 and the adjusted coefficient of determination (R2) is 0.58, meaning
that Hypothesis 2 explained with statistical significance 57.9% of the total variance of the
model.

Table 5. Testing Hypothesis 2.

H Description Region Lag Beta Significance Result D–W R2

2
GDP at constant prices has a

significant reversible impact on
GHG emissions.

EU-27
1

0.14GDPt−1 0.46 Accept
[0.0207]

F-statistics
2.89

2.12 0.643
−0.31GHGt−1 0.08

2
0.46GDPt−1 0.07
−0.99GHGt−1 3.58× 10−9

GDPt−1—GDP at constant prices, GHGt−1—air emissions account for greenhouse gases, EU-27—27 European
Union countries, H—Hypothesis, D–W—Durbin Watson statistics, R2—deterministic coefficient.

It can be concluded that GDP at constant prices had an insignificant positive impact
on GHG emissions in the first lag, and a significant effect in the second lag. Moreover, the
beta coefficient showed that GHG emissions were the most powerful factor. The negative
beta coefficients could explain this inconsistency for GHG emissions, due to the sustainable
strategy for transport and commuting within the EU-27 countries on the one hand and
the lower carbon footprint of industry on the other. Overall, the direction of causality
indicating that GDP at constant prices affects GHG emissions was confirmed by the F-test
result of 2.89. This result thus confirms Hypothesis 2 for the EU-27 countries.

On the other hand, comparing Norway and Iceland was impossible due to the lack of
observation data. Overall, Hypothesis 2 is accepted for the EU-27 countries. However, the
main finding was that GDP at constant prices did not have a statistically significant effect
on GHG emissions directly in the first quarter, and the effect was limited to the second
quarter. At the same time, the indirect impact of GDP growth on sustainable development
was more critical, as it had a positive effect on the reduction of GHG emissions.

4.2.3. Hypothesis 3

As described in Equations (6) and (7), to account for inflation, the real variable between
inflation and employment was used. Hypothesis 3 (Table 6) is rejected for the EU-27 coun-
tries. The statistics showed negative autocorrelation at first, with a low F–statistic, which
was not statistically significant. Moreover, almost all beta coefficients were statistically
insignificant. The only considerable result was for GHG emissions, which were dependent
on a second lag.

Table 6. Testing Hypothesis 3.

H Description Region Lag Beta Significance Result D–W R2

3
Inflation has a significant positive

impact on GHG emissions. EU-27
1

0.47hicp/hct−1
0.37 Reject

[0.5300]
F-statistics

0.65

2.42 0.53
−0.08GHGt−1 0.50

2
−0.56hicp/hct−1

0.30
−0.75GHGt−1 1.76× 10−8

GHGt−1—air emissions accounting for greenhouse gases, hicp/hct−1—real variable between the harmonised
consumer price index and employment, EU-27—27 European Union countries, H—Hypothesis, D–W—Durbin
Watson statistics, R2—deterministic coefficient.

5. Discussion

The main objective of the study was to assess the impact of three macroeconomic
aggregates and GHG emissions (Niu et al. 2022), i.e., economic growth and greenhouse gas
emissions, as previously described by Vasylieva et al. (2019), in the EU-27 countries and the
EFTA-2 countries, i.e., Norway and Iceland. For research purposes, secondary data were
collected, and the econometric VAR approach was applied to analyse the data (Figure 5).
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The research results are summarised in Figure 5. The VAR analysis was performed for
the EU-27, Norway, and Iceland. Causalities and hypotheses testing were developed only
for the EU-27 countries, while degrees of freedom were detected for Norway and Iceland.

The main findings resulting from the objectives and the VAR model showed that
increased GDP at constant prices significantly affected the reduction of GHG emissions
in EU-27 countries. This finding is in line with the environmental Kuznets curve (Dinda
2004; Jun et al. 2022; Arnaut and Lidman 2021), suggesting that despite trade-offs between
economic growth and rising awareness about environmental pollution, higher rates of
economic growth and thus higher levels of economic development can provide more
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resources for reducing environmental problems. This may indicate a need for countries to
develop their green transformation towards a zero-emissions strategy, to further improve
their GDP growth with overall sustainability objectives that consider economic, social,
and environmental aspects that may be affected. This finding aligns with the most recent
studies by Jun et al. (2022) and Saqib (2022).

In contrast, other economic aggregates involved in the modelling showed that employ-
ment had a slight impact on GHG emissions. The studies by Sharma et al. (2021) for the Bay
of Bengal Initiative for Multi-Sectoral Technical and Economic Cooperation (BIMSTEC re-
gion) and Sarkodie et al. (2020) for China showed that employment affects GHG emissions.
This recognition could provide a further research question about the causal relationship
between the development status of a country and environmental aspects. However, it can
also be related to variables which captures the stock and/or flow of employment.

Additionally, following the literature, non-normalities were thoroughly investigated.
Therefore, by improving the modelling, the econometric dispersion can be expanded.
Normalities in the residuals were not found in the aggregates of employment and inflation.
Independently, both variables could lead to a (new) real variable when inflation is divided
by employment., e.g., high employment is beneficial for lower inflation and vice versa.
This groundbreaking finding should be explored further and is an essential issue for future
research. This finding was found to be valid for the EU-27 countries and Norway, but not
Iceland.

Finally, an additional hypothesis should be tested. This paper benefits from applied
econometrics, and the subject matter relates to EU-27 enlargements (Coondoo and Dinda
2002):

1. Empirical: Lower GHG emissions cause higher inflation and lower employment; the
alternative hypothesis is that lower GHG emissions cause lower inflation and higher
employment.

2. Theoretical: Finding the real variable(s) and normalities within the goals and objec-
tives of the study. The innovative results of the present research are highlighted:

3. Theoretical: The normalities in the residuals show that the variables of employment
and inflation did not meet the misspecification criteria in terms of test results and prob-
abilities. Therefore, the study highlights the defined real variable between inflation
and employment (

(
hicp
hc

)
t
). The second goal has been reached.

4. Empirical: The upward direction of higher GDP at constant prices caused decreasing
GHG emissions in the EU-27 countries, which validates the second hypothesis of
this paper.

This study could be extended to additionally include variables such as micro-mobility
(Sareen et al. 2021), self-dependence (Korphaibool et al. 2021), car and flight shame (Chi-
ambaretto et al. 2021), waste sorting (Xiao et al. 2022), and zero emissions (Vieira et al. 2021),
among others. These future research determinants are supported by Guan et al. (2022),
who found that technological innovation significantly reduced GHG emissions resulting
from tourism. The EU-27 countries’ financing plan supports the environment, energy, and
mobility (ConsultTech 2022).

Overall, higher employment is associated with lower inflation, as previously discussed
by Samuelson and Solow (1960), and lower employment has a significant and positive
impact on higher inflation, as addressed by Cottarelli et al. (1998). Additionally, Cottarelli
(1998) argued that substantial relative price increases raise general prices in transition
economies such as Slovenia. This effect may interact with the employment response; if the
authorities offset the price increases by increasing the money supply—out of concern for
depressed demand and lower employment—the inflationary effects of the relative price
shock are amplified (Cottarelli 1998). The results obtained for the EU-27 countries and
Norway were not in line with the explanation of the Phillips curve (Rudd and Whelan
2005), probably due to the money supply boom, as discussed by Liñán and Jaén (2020).
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6. Conclusions

This research has addressed some crucial economic and environmental sustainability
approaches for the EU-27 countries, Norway, and Iceland, where economic growth and
CO2 emissions diverge. The findings are consistent with greening the energy sector. The
contribution of the empirical testing is of considerable relevance for econometric modelling.

6.1. Technical Discussion

This study assessed the impact of GDP at constant prices, employment, and inflation
on GHG emissions in the EU-27 and EFTA-2 countries. Employment is defined as a
country’s labour force that creates economic value. Understandably, employment has
an impact on a country’s economic development. However, the way that employment
affects inflation has not yet been fully explored, especially in the case of normality in
time-series residuals.

An added value of this study is geographically applicable to the EU-27 countries and
Norway, but not for Iceland. This was the result of essential testing on normalities as
illustrated in this study using data vectors. It is evident that the EU-27 member states are
becoming greener and more energy efficient than the other two studied countries, which
are endowed with energy resources and relatively low population density. The Kuznets
hypothesis may also lead to a defensive solution when their respective GDPs grow to
certain levels; they may start to pursue energy-efficient technologies, which may reduce
their energy consumption. It is essential to mention that there is a significant reversible
impact of a country’s GDP at constant prices in terms of its effect on GHG emissions, as
proven by the second hypothesis.

6.2. Findings

This study aimed to evaluate the effects of GDP at constant prices, GHG, employment,
and inflation. Secondary data from twelve years and the econometric technique of VAR
modelling were used. The macroeconomic aggregate with a significant but reversible
impact on GHG emissions was found to be the lag of GDP at constant prices. Therefore,
the study results indicated positive economic growth and lower GHG emissions in the
EU-27 countries. The result could be interpreted as being because EU-27 countries had
demonstrated sufficient movement towards zero emissions in the previous years, in line
with UNSDH.

Finally, the study did not complete the hypothesis testing for Norway and Iceland.
This decision was due to the Eurostat dataset’s lack of GHG emissions observations. Low
amounts of data lead to problems with degrees of freedom. Nevertheless, some essential
illustrative findings can be noted. The EU-27 countries had growing GDP at constant prices
and falling GHG emissions. The same was not true for Iceland or Norway. In addition,
GDP at constant prices followed GHG emissions over the period studied, and started to
fall significantly after 2019 in both Iceland and Norway. Overall, the EU-27 and EFTA-2
countries did not experience similar progress in sustainable economic development.

By comparing the nominal macro-economic data for GDP at constant prices, employ-
ment, and inflation, and reductions in GHG emissions in the three geolocations under
study, Table A1 supports several findings. With the chain indices given in parenthesis, the
EU-27 countries had the most success in reducing GHG emissions per capita in kilograms
(kg) (78.40), followed by Norway (83.65), and Iceland (97.67). Similar trends were observed
when comparing GHG emissions in tons per million euros of GDP. Norway was the leader
with almost a 50% reduction in emissions (52.08), followed by the EU-27 countries (65.63).
As assessed by GHG emissions, Iceland’s pollution levels increased by 105.55 tons per
million euros of GDP.

6.3. Limitations

Regarding the limitations of this study, it focused exclusively on the context of Euro-
pean integration, and there was a lack of time-series data from Eurostat datasets. Future
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studies could be conducted for other regional associations in different continents. In addi-
tion, this study included only a few variables, namely GDP at constant prices, inflation,
GHG emissions, and employment. However, future studies should include other elements
such as interest rates, industrial fees, tourism demand, or other factors (biodiversity, water
quality, and local environmental pollution). An example in Appendix A shows that GHG
significantly declines while tourism demand and economic growth increase.

There were limited data for the thirteen years from secondary sources other than
Eurostat, which was our primary source, as presented in Appendix C. Therefore, expanding
the sample timeframe could increase the robustness of the analysis. The methodology
could be extended to a vector error correction model or for use with panel data.
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Appendix A

The evolution of variables: (i) GHG, (ii) tourist arrivals, and (iii) GDP at constant
prices, plotted in Figure A1. Annual data are from 2010 to 2019, obtained from Eurostat
(2022) for EU-27 countries. Additional, variable (iv) is a six–month interest rate for the
eurozone, which was obtained from Eurostat (2022).
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Appendix B

Table A1. Differences in GHG emissions between analysed countries.

Geo GHG Emissions Per Capita in kg GHG (Tones) Per Million Euros of GDP

Year 2010 2020 I 2010 2020 I

EU-27 8013.40 6282.23 78.40 0.32 0.21 65.63
Norway 15,538.17 12,998.43 83.65 0.48 0.25 52.08
Iceland 12,009.02 11,728.85 97.67 0.18 0.19 105.55

Note: I—chain index.

Appendix C

Table A2. Annual calculations of GHG for a prolonged period, accounting for Eurostat data availability.

Year
GHG Emissions in Tonnes

EU-27 Iceland Norway

2008 3,783,845,903.93 5,421,167.59 59,116,362.76
2009 3,455,403,580.3 4,939,505.05 55,308,075.77
2010 3,534,241,525.23 4,941,776.58 58,715,115.33
2011 3,478,872,025.29 4,762,667.66 63,829,000.72
2012 3,409,615,623.74 4,914,979.34 63,329,246.75
2013 3,315,551,439.91 5,283,181.2 63,405,520.7
2014 3,209,407,796.91 5,297,447.01 62,083,589.74
2015 3,255,765,093.91 5,694,004.57 68,821,965.94
2016 3,246,862,018.79 6,383,878.96 59,860,006.97
2017 3,291,725,154.43 6,733,049.02 61,971,059.07
2018 3,232,177,718.3 6,919,991.36 65,136,534.62
2019 3,085,859,744.46 6,280,155.19 63,832,439.39
2020 2,810,332,080.55 4,763,444.99 63,095,043.42
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