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Abstract: The environmental regulations—ecological footprint nexus is occupying an important space
in the current debate of energy economics. As a counter measure to environmental degradation,
implementing environmental regulations remains on the agenda of scholars and policymakers alike,
but whether these regulations have a reducing impact on the ecological footprint remains open since
the literature on the topic, and empirical evidence, remains fragmented and dissimilar. The current
approach aimed to investigate this for five member countries of the Union for the Mediterranean
with panel data econometric techniques. Panel data from France, Italy, Portugal, Spain, and Tiirkiye
were considered for 1992-2015 and were tested for cross-sectional dependence, unit roots, and
cointegration. Panel fixed effect regression estimations were conducted, also with Newey-West and
Driscoll-Kraay standard errors. In addition, a country-level analysis was conducted by using fully
modified ordinary least squares estimation. The results showed that energy consumption and trade
increased the environmental footprint, but for environmental regulations, no conclusive effect was
identified. The country-level analysis indicated that there is a divergent situation for environmental
regulations among the five member countries, where only one out of five member countries showed
a significant negative effect. This new empirical evidence for Union for the Mediterranean member
countries highlights the importance of a common regulatory policy framework to combat the negative
impacts of environmental degradation.

Keywords: environmental regulations; environment patents; ecological footprint; trade; energy consumption

1. Introduction

The current environmental degradation of the Mediterranean region is alarming, and
attempts to preserve its environmental quality are far from being complete [1]. Recently, the
Union for the Mediterranean (an intergovernmental organization consisting of 42 member
states from the European Union and the Mediterranean basin) published a report to deliver
the prediction that the Mediterranean region’s average warming is expected to be 20%
above the global average by the end of the 21st century [2]. The Mediterranean region
has already exceeded the average temperature target of 1.5 degrees Celsius, and its energy
demand is projected to increase by 40% in the next 18 years [1]. These numbers are
problematic, and urgent action is necessary to combat these changes.

Despite the urge for action, there is also a problem with the Mediterranean region
regarding climate governance, since this is based on complex arrangements with multiple
actors acting in different ways to integrate climate change into the policy action agenda [3].
With the establishment of the Union for the Mediterranean, two signature projects were
realized: The Mediterranean Solar Plan and the Depollution of the Mediterranean Project.
Both projects aimed to contribute to climate change mitigation in multiple ways, but the
Union for the Mediterranean also faced some criticism because of fragmented regional
efforts towards mitigating climate change, a lack of financial commitments, and a narrow
focus on renewable energies [3].
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The aim of this work was to focus on five members of the Union for the Mediterranean
to identify possible impacts on the ecological footprint. In this sense, this work aimed to go
beyond the existing approaches to integrate environmental regulations as a possible source
of influence that can bridge the gap between innovations and the ecological footprint. In
addition, going beyond existing approaches, this work aimed to integrate recent panel data
econometric techniques for data analysis. The rest of the paper is structured as follows:
Part 2 presents a comprehensive literature review, summarizing important results from the
extant literature. Part 3 presents the methodological toolkit of the work, whereas Part 4
presents the results of the analysis. Part 5 presents a discussion and concludes the work.

2. Literature Review

The ecological footprint is one of the footprints from the footprint family, going back
to a broad definition of capturing human pressure on the environment [4]. Going back to
the seminal work of Rees and Wackernagel [5], the concept was mainly brought forward
as an alternative to the measurement of economic growth by means of the gross domestic
product of a country. The definition evolved to include “human use of cropland, forests
for timber, build-up land, grazing land, and fishing grounds on the consumption side,
and a land needed to capture carbon dioxide on the waste absorption side” [4] (p. 3)
and has been measured by the Global Footprint Network since then. The concept of the
ecological footprint is a disputed measure. Some claim that, despite its simplicity and
popularity, the concept still needs further elaboration [6], whereas others indicate that it is
a “comprehensive indicator of environmental degradation” [7] (p. 2). To understand and
elaborate this concept further, its relationship with energy use, trade, and environmental
regulations needs to be elaborated.

Energy use is a necessity in many economic activities of industrialized countries, but
it may have a deteriorating impact on the ecological footprint of a country. The previous
literature indicates that energy use, especially fossil energy use, in economic activities
increase the ecological footprint of a country, whereas renewable energy use can reduce
it [7]. Ref. [8] indicates that the 1972 Meadow Report publication and the 1973 and 1979 oil
shocks made many countries aware of the fragility of their growth model that is driven
by the consumption of exhaustible natural resources. According to [8], it was the 1992 Rio
Conference that made a significant shift in the so-called infinite growth model. The authors
indicated that it was this turning point that made environmental policy stand on the same
line as economic policy. Based on an exhaustive literature review, [9] indicated that energy
use is expected to increase the ecological footprint.

Ref. [10] focused on the role of trade in increasing the ecological footprint in their work.
According to the authors, once many countries reach a certain development level, it is only
natural that their consumers ask for more and differentiated goods and services. Since
international trade is the channel through which goods and services are being delivered
to consumers across the world, an immediate consequence is the increase in the air and
soil pollution [10]. A recent finding by [11] indicated that trade and GDP are proportional,
whereas trade and distance between two countries are inversely proportional. As a matter
of fact, recent empirical evidence by [12] also approved the degrading role of trade.

When we combine the effects of both trade activities and energy use, we notice
that there is an urgent need to curb this combined effect on the environment. This can
go through the implementation of stringent environmental regulations that can, on the
one side, improve the environmental quality and, on the other side, lower the energy
intensity levels [13]. A critical issue in this sense is the difference in the environmental
regulations of different countries. The contribution of [14] pointed out the fact that carbon-
intensive and energy-intensive industries relocate from countries with strict environmental
regulations to countries with a weak environmental regulation, and this leads to the
consequence that this relocation puts an obstacle in front of the realization of sustainable
development goals. Ref. [15] also found out that strict environmental regulations reduce the
environmental footprint and contribute to environmental quality. One should also mention
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that environmental regulations may not always end in the desired way. For instance, it is
possible that they are implemented in an inefficient way, and, through that, their possible
benefits are overshadowed by this inefficiency [15].

The past literature on the ecological footprint-environmental regulation nexus for the
Union for the Mediterranean countries is limited. For instance, the recent contribution
by [16] focused on Ethiopia and Egypt regarding the role of technological innovations
(approximated by the number of patent applications) on the ecological footprint. The
authors identified that the feedback hypothesis holds for the relation between technological
innovations and the ecological footprint. The contribution by [13] focused on the next eleven
countries to understand the impact of environmental regulations on the ecological footprint.
The authors found that environmental regulations reduce the ecological footprint, but only
in some of the next eleven countries. A more comprehensive data analysis of 35 countries,
including some Union for the Mediterranean members, was conducted by [17]. The author
found that the impact of environmental regulations (approximated by environmental
patents) is positive, stating that “if patents in environmental technologies were to double
as a share of all patents, we would expect to see an 18.2% increase” [17] (p. 236) in the
ecological footprint. In contrast to these findings, the study by [18] investigated the group
Organization for Economic Cooperation and Development countries, including some
Union for the Mediterranean member countries to identify that environmental regulations
decrease the ecological footprint. However, the impact was present only in the long run.
For the short run, the author did not find any significant findings. Table 1 summarizes
these empirical contributions that involve at least one member country of Union for the
Mediterranean by means of country name, years, estimation strategy, and main findings.

Table 1. Selected empirical literature involving Union for the Mediterranean member countries.

Contribution Member Country Involved (Years) Estimation Strategy Main Findings
Feedback hypothesis
[16] Egypt (1980-2020) Autoregressive distributed lag (technological innovation <
ecological footprint)
Augmented mean group, fully Environmental regulations
[13] Tiirkiye and Egypt (1990-2017) modified ordinary least squares decrease. ecological foofcprmt only
in some countries
Austria, Belgium, South Cyprus,
Denmark, Finland, France,
Germany, Greece, Ireland, Italy, . .
. Environmental regulations
[17] Luxembourg, Morocco, Panel regression increase ecological footprint
Netherlands, Poland, Portugal, & tp
Spain, Sweden, Tiirkiye, United
Kingdom (1982-2016)
Fixed effects, feasible
Belgium, Denmark, France, Greece, generalized least squares, panel Environmental regulations
[18] Netherlands, Spain, Sweden, corrected standard errors, decrease the ecological footprint
Ttirkiye, Italy, Finland (1990-2015) cross-sectional augmented (but only in the long run)

autoregressive distributed lag

To sum up, the literature on the ecological footprint-environmental regulation nexus
is largely fragmented and dissimilar. This dissimilarity can be because of the different path
dependencies along industrialization, different economic and environmental policies, and
the level of growth of economies. Despite this fact, the analyzed studies confirmed the
deteriorating effect of energy use on the ecological footprint, but for the improving effect of
environmental regulations on ecological footprint, there is no consensus. However, empirical
evidence focusing only on the Union for the Mediterranean member countries regarding the
environmental regulations—ecological footprint nexus remains to be a terra incognita.
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3. Materials and Methods
3.1. Model

The model is captured by Equation (1):

Ecological Footprint = 5+ (;Energy Use + (,Trade+ BzEnvironmental Regulations + (1)

For the equation above, 3 is the intercept, whereas 31_3 are elasticity parameters that
are going to be estimated using the fixed effect panel regression model with Driscoll-Kraay
standard errors and Newey-West standard errors. i stands for country (withi =1,2,3,4,5),
t stands for time (with t = 1,2,...,24), and p;j; stands for the error term. Country-level
observations were utilized in the framework of a fully modified least squares estimation.
All variables were considered in logarithmic terms.

3.2. Data

Even though the Union for the Mediterranean has been active since 2008 and regularly
publishes technical reports, data availability for the member countries remains restricted.
Annual data for five member countries (in alphabetical order: France, Italy, Portugal, Spain,
Ttirkiye) were utilized for the period 1992-2015 since these are the countries for which the
data availability did not provide any problems and gave a balanced panel. The dependent
variable is the ecological footprint (global hectares per capita) and was taken from the
website of the Global Footprint Network. The independent variables were trade, which
was measured as the sum of total exports and imports as a proportion of the GDP; energy
use, which was measured in kilograms of oil equivalent per capita; and environmental
regulations, which was measured as patents on environment technologies. Data on trade
and energy use were taken from the World Bank World Development Indicators Database,
whereas data on environmental regulations were taken from the Organization of Economic
Cooperation and Development database.

Table 2 provides an overview of the data. EF stands for ecological footprint, ER stands
for environmental regulations, EU stands for energy use, and T stands for trade. From
Table 2, one can notice that environmental regulations increased over time for all countries
of observation, and energy use roughly remained the same for France and Italy, whereas it
increased for Portugal, Spain, and Tiirkiye. Trade, on the other hand, increased dramatically
for all countries of observations. Last, but not least, ecological footprint dropped for all
countries of observation except Tiirkiye. Data are visualized in Figures 1-5 for France, Italy,
Portugal, Spain, and Tiirkiye, respectively.

Table 2. Country-level data.

Year 1992 2002 2015
EF ER EU T EF ER EU T EF ER EU T

France 5.584 7.09 3954 41.992 5.512 6.79 422547  53.072 4.70 1340  3692.02 61.752
Italy 5.191 5.37 2627.34 34914 5.515 6.28 3037.27  48.058 4.28 10.66  2481.75 56.418
Portugal  4.355 5.82 1813.89  56.307 4.715 12.61 244779  62.308 4.00 1228 2131.68  80.491
Spain 4.701 5.61 2430.37  35.978 5.566 4.8 3107.87  55.099 3.93 13.62 257134 64.213
Tiirkiye  2.389 6.90 961931 31.737 2.69 8.15 1139.35 4798 3.26 9.67 1651.36  51.089
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Figure 1. Data visualization for France.
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Figure 2. Data visualization for Italy.
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Figure 3. Data visualization for Portugal.
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Figure 4. Data visualization for Spain.
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Figure 5. Data visualization for Tiirkiye.

3.3. Cross-Sectional Dependence

Controlling for cross-sectional dependence in panel data is necessary since their
presence may lead to biased estimations in case of panel fixed effect regressions. Since
the number of cross-sections (countries) is smaller than the number of periods (years) in
data, the Pesaran cross-sectional dependence test in the sense of [19] was utilized for this
purpose. The test statistics are given as:

oD =\ (D D es)N©.) @

In Equation (2), T stands for time, N stands for cross-sections, and Pjj stands for the
correlations of error between i and j in cross-sections. In addition, Breusch-Pagan LM
and Pesaran scaled LM tests were also utilized for confirming the results of the Pesaran
cross-sectional dependence test.

3.4. Unit Root

This research utilized the Cross-sectional Augmented Dickey-Fuller Test (CADF) in
the sense of [20], which is given in Equation (3):

Ayy = ai +biyj g +a¥ g + Zf:o dijAy,_; + stzl 0jAY; ¢ T eit ®)

Considering Equation (3), ¥ stands for the averages of the cross-sectional depen-
dent variables at lagged levels, whereas Ay stands for the averages of the cross-sectional
dependent variables at first differences.
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3.5. Cointegration

The Pedroni cointegration test [21] was utilized in this research to understand whether
the variables of interest were cointegrated. In this sense, the Pedroni cointegration test’s
point of departure is Equation (4):

Vit = @i +bit + crixqi + oiXoif + -+ + CHiXHi + it 4)

In Equation (4), t stands for time, i stands for cross-sections, H stands for the number
of independent variables, a; stands for the cross-section-specific intercept, cj;_p;j stand for
the slope coefficients, and ej; stands for the residual. The null hypothesis (no cointegration)
for the Pedroni cointegration test indicates that ey is I(1).

For understanding whether ej; is I(1), the following equation was estimated for each cross-section:

it = Pi€it—1 T Mit ®)

For performing the Pedroni cointegration test, two separate models were considered
as within-dimension and between-dimension, with the use of the following test statistics:

a2 -1 a2 . 2 4
T\/NZyn1-1 =TV N(Zﬁl i Lnieiz,t_1> YR Y Lo (ei,tﬁAeit — 367 - 512]) (6)
1 -1
_ N 42 vN T »~-29 N T »-2 A
Zint = (N YoosPY ) Llliei,tl) Y1) Livieie 108 )

_1 _1 N T 1T -2/, ~ Lro
TN"2Z pN1-1 = TN 2 izl( t:1ei2,t—1> Zt_1L111<ei,t—1Aeit—Z{Uiz—sizD (8)

N=

_1 _1 <N T 1 <N .o, - T . R
N 2Zxt=N 2221 (Zt—lNZi sfze%tl) thl 81108 )

Considering the above-illustrated equations, Equation (6) stands for the panel-p statis-
tic, Equation (7) stands for the panel-t statistic, Equation (8) stands for the group-p statistic,
and Equation (9) stands for the group-t statistic.

3.6. Parameter Estimations and Causality

The elasticity parameters 3;_3 of Equation (1) were estimated using fixed effect panel
data regression, but for the sake of completeness, a random effect panel data regression
model was also estimated to compare the consistency of the two models using the Hausman
test. The panel data regression model that obtained a green light from the Hausman test is
presented with Driscoll-Kraay standard errors (DK) in the sense of [22] and Newey-West
standard errors (NW) in the sense of [23]. DK standard errors account for the cross-sectional
dependence of panel data and, as such, deliver standard errors that are estimated in a
robust and consistent way. NW standard errors were used for confirming the results and
noticing their robustness. In addition, country-level estimations were conducted using the
fully modified ordinary least squares (FMOLS) estimation, which can give an overview of
the long-run relationship among the observed variables [24]. Last, but not least, a causality
analysis was performed using the contribution by [25].

4. Results

The results are presented as follows. The empirical estimation strategy starts with
the detection of cross-sectional dependence and continues with tests of the unit root and
cointegration before the main results of the analysis are presented by means of parameter
estimations in the tradition of the fixed effect panel regression model with DK standard
errors and NW standard errors, a country-level overview of the estimations using the fully
modified least squares estimation, and a causality test in the tradition of Dumitrescu-Hurlin.
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4.1. Cross-Sectional Dependence

Table 3 presents the results of the cross-sectional dependence tests in the sense of
Pesaran CD, Breusch-Pagan LM, and Pesaran Scaled LM. All test results were highly
significant, rejecting the null hypothesis of cross-sectional independence. The results
justified the choice of DK standard errors when performing the fixed effect panel regression.
The results were expected because of the common issues of these countries—four of
the observed countries are members of the European Union, one of them is a candidate
country, which is, nevertheless, a part of the Customs Union. All five countries signed
the Paris Agreement. This common ground highlights that these countries follow similar
environmental rules and regulations due to the implications of the EU membership or
harmonization processes and the Paris Agreement.

Table 3. Cross-sectional dependence test results. Variables are in logarithmic terms.

Variable Pesaran CD Breusch-Pagan LM Pesaran Scaled LM
Ecological footprint 5.408 *** 126.06 *** 25.961 ***
Environmental 5.771 # 71.593 *** 13.773 **
regulations
Energy use 7.287 *** 105.44 *** 21.342 ***
Trade 13.064 *** 172.92 *** 36.43 ***

*** implies statistical significance at 1% level.

4.2. Unit Root

Table 4 presents the results of the panel unit root tests in the sense of CADF. The
results highlight that all variables were stationary in their first differences, leading to the
possibility of co-integration.

Table 4. Panel unit root test results. Variables are in logarithmic terms.

Variable CADF
10 I(1)
Ecological footprint —1.969 —6.880 ***
Environmental regulations —3.859 ** —12.536 ***
Energy use —2.312 —5.690 ***
Trade —4.617 *** —9.641 ***

*** implies statistical significance at 1% level, ** implies statistical significance at 5% level.

4.3. Cointegration

Table 5 presents the results of the Pedroni panel cointegration test. According to the
results, 7 out of 7 test statistics rejected the null hypothesis of no cointegration between
the variables for the case with intercept, whereas 5 out of 7 test statistics rejected the null
hypothesis for the case with intercept and trend. The results therefore indicated that there
is a long-term relationship among the variables.

Table 5. Pedroni panel cointegration test results.

Dimension Test Statistics Intercept Intercept and Trend
Panel-v statistic 1.532* 0.910

Within-di . Panel-rho statistic —2.431 ** —1.624 %
ithin-dimension Panel-P statistic —4.493 *** —4.770 ***
Panel-ADF statistic —4.429 *** —3.914 ***

Group-rho statistic —1.899 ** —0.929
Between-dimension Group-PP statistic —5.311 *** —4.949 ***
Group-ADF statistic —5.378 *** —2.627 ***

*** implies statistical significance at 1% level, ** implies statistical significance at 5% level, * implies statistical
significance at 10% level.
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4.4. Parameter Estimations

Table 6 presents the results of the estimations using the fixed effect panel regression
approach with DK standard errors and NW standard errors. To decide for the choice of
the model, a Hausman test was conducted to understand whether a fixed effect model or a
random effect model should be used in the first place, which resulted in a chi-squared test
statistic of 26.421 with 3 degrees of freedom and a p-value of 0.000, giving a green light for
a fixed effect estimation (two-way fixed effects). According to the fixed effect estimation
results, it was confirmed that energy use and trade both increase ecological footprint. The
corresponding coefficients were statistically significant. The Driscoll-Kraay and Newey-West
approaches also confirmed this. This finding confirmed the findings of [9,26,27], who all
identified similar findings in different contexts. On the other hand, environmental regulations
did not have any statistically significant impact on ecological footprint. This is in line with
the findings of [28], who found that environmental regulations in the Middle East-North
Africa region are not yet in their desired state. Similarly, [29] also founds that there is no
clear evidence of environmental regulations reducing levels of pollution for the European
Union countries. This can be seen as a contradiction to the findings of [17], who identified
that environmental regulations actually increase ecological footprint.

Table 6. Estimations using FE and DK. Independent variables are in logarithmic terms. T-statistics
are in parentheses. Dependent variable is ecological footprint in logarithmic terms.

Variable FE FE s.e. DK DK s.e. NW NW s.e.
Environmental regulations 0.007 (0.388) 0.017 0.007 (0.489) 0.014 0.007 (0.441) 0.015
Energy use 0.849 (16.056) *** 0.053 0.849 (16.327) *** 0.052 0.849 (17.569) *** 0.048
Trade 0.142 (1.786) * 0.080 0.142 (2.983) ** 0.048 0.142 (1.960) * 0.073
R-squared 0.761
Adjusted R-squared 0.680
F-statistic 94.352 ***

*** implies statistical significance at 1% level, ** implies statistical significance at 5% level, * implies statistical
significance at 10% level.

Table 7 presents the results of the country-level estimations using fully modified
ordinary least squares regression. Accordingly, for France only, energy use appeared to
have a statistically significant impact on ecological footprint. The sign of the coefficient was
positive. For Italy, Portugal, and Tiirkiye, energy use and trade had statistically significant
impacts on ecological footprint, whereas energy use increased ecological footprints for
all three countries, trade increased ecological footprint only for Italy, and it decreased
ecological footprint for Portugal and Ttirkiye. Finally, all three variables were identified to
have statistically significant impacts on ecological footprint for Spain only. In the case of
Spain, trade and environmental regulations decreased ecological footprint, whereas energy
use increased it.

Table 7. Country-level estimations using FMOLS analysis. Independent variables are in logarithmic
terms. T-statistics are in parentheses. Dependent variable is ecological footprint in logarithmic terms.

Variable France Italy Portugal Spain Tiirkiye
Environmental regulations —0.019 (—0.488) —0.037 (—1.720) 0.033 (1.192) —0.101 (—3.443) *** 0.012 (0.564)
Energy use 0.837 (4.167) *** 1.073 (19.796) *** 0.573 (7.649) *** 1.264 (11.713) *** 0.667 (11.056) ***
Trade —0.076 (—0.872) 0.056 (—3.026) *** —0.512 (—7.453) *** —0.336 (—3.471) *** —0.167 (—2.066) *
R-squared 0.660 0.928 0.789 0.927 0.855
Adjusted R-squared 0.606 0.916 0.755 0.915 0.832

*** implies statistical significance at 1% level, * implies statistical significance at 10% level.

4.5. Causality

Table 8 presents the results of the Dumitrescu-Hurlin Causality Test. The results show
that there are bidirectional causality relations between ecological footprint and energy,
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ecological footprint and environmental regulations, as well as ecological footprint and
trade. In addition, trade drives energy consumption, and there is a bidirectional causality
relationship between energy consumption and environmental regulations.

Table 8. Dumitrescu-Hurlin Causality Test results.

Null Hypothesis Whbar Zbar p-Value Conclusion
EF — ER 5.110 6.498 0.000
ER — EF 3.171 3.433 0.001 Bidirectional causality (1% level)
EF — Energy 4271 5.171 0.000
Energy — EF 3.475 3.913 0.000 Bidirectional causality (1% level)
EF — Trade 2.545 2.443 0.015
Trade — EF 2.354 2.140 0.032 Bidirectional causality (5% level)
Trade — Energy 1.11 0.176 0.861

Unidirectional causality Trade —

Energy — Trade 2.164 1.841 0.066 Energy (10% level)
ER — Energy 2.323 2.091 0.037
Energy — ER 6.475 8.657 0.000 Bidirectional causality (5% level)

Regarding the bidirectional causality between ecological footprint and environmental
regulations, the results of [16] were confirmed, and the results of [13] were contradicted.
Regarding the bidirectional causality between ecological footprint and energy use, and the
unidirectional causality between trade and energy use, the results of [13] were confirmed.
The case of a bidirectional causality between trade and ecological footprint contradicts the
findings of [13].

5. Discussion and Conclusions

The last couple of decades saw a number of high-level policies aiming to decouple
economic growth from environmental degradation and a movement towards the imple-
mentation of strict environmental regulations [30]. Despite this fact, one cannot talk about
a world-wide convergence as the implementation of these high-level policies proceeded
in different speeds and with different social, economic, legislative, and political condi-
tions. A region that rings alarm bells in this dispute is the Mediterranean region, since
its energy demand is expected to increase by 62% in the next 18 years, but the region has
already exceeded the average temperature of 1.5 degrees Celsius as proposed by the Paris
Agreement [31].

Despite this urgency, there is still no formal or legislative coordination among the
Union for the Mediterranean Countries, even though the problem was identified earlier and
some steps have been taken. For instance, the recently published 2021 annual report of the
Union for the Mediterranean places an important weight on the topics of the environment
and climate action [32]. It was reported that the member states of the Union for the
Mediterranean met on 4 October 2021 to agree upon an agenda called “Towards 2030:
Agenda for a Greener Med—Contributing to the Achieving the Environmental SDGs in the
Mediterranean”, which is a declaration to mitigate climate change and its consequences [33].
In this declaration, the member states of the Union for the Mediterranean declared that
innovative solutions are required to mitigate climate change and its consequences, which,
on the one hand, requires technological innovations and, because of them, investment in
research and development, and on the other hand, a social context that welcomes these
innovations, coupling needs with technology. An emphasis was made regarding energy
transition, and the Union for the Mediterranean Energy Platforms was established, which
provides a channel for dialogue between the member countries [32]. These steps show that
the problem is taken seriously, but action needs to be taken that can transfer ideas and
declarations into policies and standards.
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In line with the results, it is obvious that one member country in the sample could suc-
cessfully implement environmental regulations that could decrease the ecological footprint
(Spain), but for the other member countries, as well as the overall sample of five member
countries, no significant effect was detected. As shown by [1], more effort needs to be put
on the effective development of environmental technologies that can reduce the ecological
footprint of countries; however, the results indicate that this may not be the entire picture,
as environmental regulations accompanied by environmentally friendly technologies need
to be implemented in an efficient way to observe the desired outcome. Currently, despite
many efforts, the sample from the Union for the Mediterranean is far from this situation.
Results of this research call for a common framework of environmental regulations that
can reduce the ecological footprint of the Union for the Mediterranean member countries.
This is not an easy issue, as empirical evidence sometimes shows a contradictory effect of
environmental technologies, increasing the ecological footprint [17]. This picture indicates
a twofold approach to make progress: firstly, to establish research and to develop infras-
tructures that can encourage and support the development of environmental technologies
in the Union for the Mediterranean member countries; and secondly, to ensure that these
environmental technologies do not create an undesired effect of increasing the ecological
footprint. For the researchers, it remains to focus on the country-level analysis of possi-
ble scenarios of convergence for the future, also by an improved data quality from other
member countries.

Author Contributions: Conceptualization, H.K.; methodology, B.E.; software, B.E.; formal analysis,
B.E.; writing—original draft preparation, B.E.; writing—review and editing, H.K.; data visualization,
H.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: Data used in this study were taken from World Bank World Develop-
ment Indicators, Organization of Economic Cooperation and Development database, and Global
Footprint Network database.

Acknowledgments: The authors would like to express their gratitude to two anonymous referees
and the editor for constructive comments, suggestions, and feedback.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Erkut, B. Renewable Energy and Carbon Emissions: New Empirical Evidence from the Union for the Mediterranean. Sustainability
2022, 14, 6921. [CrossRef]

2. Union for the Mediterranean. Regional Analysis on Nationally Determined Contributions; Union for the Mediterranean: Barcelona,
Spain, 2021.

3. Katsaris, A. Managing Climate Change in the Mediterranean: The Union for the Mediterranean and the Challenges of Fragmenta-
tion. Mediterr. Polit. 2015, 20, 288-294. [CrossRef]

4. Matustik, J.; Ko¢i, V. What is a footprint? A conceptual analysis of environmental footprint indicators. J. Clean. Prod. 2021, 285, 124833.
[CrossRef]

5. Rees, W.; Wackernagel, M. Urban Ecological Footprints: Why Cities Cannot be Sustainable—And Why They are a Key to
Sustainability. Environ. Impact Assess. Rev. 1996, 16, 223-248. [CrossRef]

6.  Van Den Bergh, ].C.J.M.; Grazi, F. Reply to the first systematic response by the Global Footprint Network to criticism: A real
debate finally? Ecol. Indic. 2015, 58, 458-463. [CrossRef]

7. Danish; Ulucak, R.; Khan, S.U.-D. Determinants of the ecological footprint: Role of renewable energy, natural resources, and
urbanization. Sustain. Cities Soc. 2020, 54, 101996. [CrossRef]

8.  Esseghir, A.; Haouaoui Khouni, L. Economic growth, energy consumption and sustainable development: The case of the Union
for the Mediterranean countries. Energy 2014, 71, 218-225. [CrossRef]

9. Khan, I.; Hou, F,; Zakari, A.; Tawiah, V.; Ali, S.A. Energy use and urbanization as determinants of China’s environmental quality:
Prospects of the Paris climate agreement. J. Environ. Plan. Manag. 2021, 65, 2363-2386. [CrossRef]

10. Alvarado, R.; Ortiz, C.; Jiménez, N.; Ochoa-Jiménez, D.; Tillaguango, B. Ecological footprint, air quality and research and
development: The role of agriculture and international trade. J. Clean. Prod. 2021, 288, 125589. [CrossRef]

11.  Zhao, X.; Ramzan, M.; Sengupta, T.; Deep Sharma, G.; Shahzad, U.; Cui, L. Impacts of bilateral trade on energy affordability and

accessibility across Europe: Does economic globalization reduce energy poverty? Energy Build. 2022, 262, 112023. [CrossRef]


http://doi.org/10.3390/su14116921
http://doi.org/10.1080/13629395.2015.1046267
http://doi.org/10.1016/j.jclepro.2020.124833
http://doi.org/10.1016/S0195-9255(96)00022-4
http://doi.org/10.1016/j.ecolind.2015.05.007
http://doi.org/10.1016/j.scs.2019.101996
http://doi.org/10.1016/j.energy.2014.04.050
http://doi.org/10.1080/09640568.2021.1972797
http://doi.org/10.1016/j.jclepro.2020.125589
http://doi.org/10.1016/j.enbuild.2022.112023

Energies 2022, 15, 8493 12 of 12

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

Vlahini¢ Lenz, N.; Fajdeti¢, B. Does Economic Globalisation Harm Climate? New Evidence from European Union. Energies
2022, 15, 6699. [CrossRef]

Nathaniel, S.P.; Murshed, M.; Bassim, M. The nexus between economic growth, energy use, international trade and ecological
footprints: The role of environmental regulations in N11 countries. Energy Ecol. Environ. 2021, 6, 496-512. [CrossRef]

Sarkodie, S.A.; Strezov, V. Effect of foreign direct investments, economic development and energy consumption on greenhouse
gas emissions in developing countries. Sci. Total Environ. 2019, 646, 862-871. [CrossRef] [PubMed]

Ahmed, Z.; Ahmad, M.; Rjoub, H.; Kalugina, O.A.; Hussain, N. Economic growth, renewable energy consumption, and ecological
footprint: Exploring the role of environmental regulations and democracy in sustainable development. Sustain. Dev. 2022, 30, 595-605.
[CrossRef]

Ma, C.; Qamruzzaman, M. An Asymmetric Nexus between Urbanization and Technological Innovation and Environmental
Sustainability in Ethiopia and Egypt: What Is the Role of Renewable Energy? Sustainability 2022, 14, 7639. [CrossRef]

Bugden, D. Technology, decoupling, and ecological crisis: Examining ecological modernization theory through patent data.
Environ. Sociol. 2022, 8, 228-241. [CrossRef]

Chu, LK. Determinants of ecological footprint in OCED countries: Do environmental-related technologies reduce environmental
degradation? Environ. Sci. Pollut. Res. 2022, 29, 23779-23793. [CrossRef]

Pesaran, M.H. General diagnostic tests for cross-sectional dependence in panels. Empir. Econ. 2021, 60, 13-50. [CrossRef]
Pesaran, M.H. A simple panel unit root test in the presence of cross-section dependence. J. Appl. Econ. 2007, 22, 265-312.
[CrossRef]

Pedroni, P. Critical Values for Cointegration Tests in Heterogeneous Panels with Multiple Regressors. Oxf. Bull. Econ. Stat.
1999, 61, 653-670. [CrossRef]

Driscoll, J.C.; Kraay, A.C. Consistent Covariance Matrix Estimation with Spatially Dependent Panel Data. Rev. Econ. Stat.
1998, 80, 549-560. [CrossRef]

Newey, WK.; West, K.D. A Simple, Positive Semi-Definite, Heteroskedasticity and Autocorrelation Consistent Covariance Matrix.
Econometrica 1987, 55, 703. [CrossRef]

Mehmood, U.; Agyekum, E.B.; Kamel, S.; Shahinzadeh, H.; Moshayedi, A.J. Exploring the Roles of Renewable Energy, Education
Spending, and CO2 Emissions towards Health Spending in South Asian Countries. Sustainability 2022, 14, 3549. [CrossRef]
Dumitrescu, E.-I.; Hurlin, C. Testing for Granger non-causality in heterogeneous panels. Econ. Model. 2012, 29, 1450-1460.
[CrossRef]

Destek, M.A.; Ulucak, R.; Dogan, E. Analyzing the environmental Kuznets curve for the EU countries: The role of ecological
footprint. Environ. Sci. Pollut. Res. 2018, 25, 29387-29396. [CrossRef]

Zakari, A.; Toplak, J. Investigation into the social behavioural effects on a country’s ecological footprint: Evidence from Central
Europe. Technol. Forecast. Soc. Chang. 2021, 170, 120891. [CrossRef]

Omojolaibi, J.A.; Nathaniel, S.P. Assessing the potency of environmental regulation in maintaining environmental sustainability
in MENA countries: An advanced panel data estimation. J. Public Aff. 2022, 22, €2526. [CrossRef]

Albulescu, C.T.; Artene, A.E.; Luminosu, C.T.; Tamasila, M. CO, emissions, renewable energy, and environmental regulations in
the EU countries. Environ. Sci. Pollut. Res. 2020, 27, 33615-33635. [CrossRef]

Rehman, A.; Radulescu, M.; Ma, H.; Dagar, V.; Hussain, I.; Khan, M. The Impact of Globalization, Energy Use, and Trade on
Ecological Footprint in Pakistan: Does Environmental Sustainability Exist? Energies 2021, 14, 5234. [CrossRef]

Union for the Mediterranean. Energy and Climate Action. Available online: https://ufmsecretariat.org/what-we-do/energy-
and-climate-action/ (accessed on 15 September 2022).

Union for the Mediterranean. Annual Report 2021; Union for the Mediterranean: Barcelona, Spain, 2022.

Union for the Mediterranean. Towards 2030: Agenda for a Greener Med “Contributing to Achieving the Environmental SDGs in the
Mediterranean”; Union for the Mediterranean: Cairo, Egypt, 2021.


http://doi.org/10.3390/en15186699
http://doi.org/10.1007/s40974-020-00205-y
http://doi.org/10.1016/j.scitotenv.2018.07.365
http://www.ncbi.nlm.nih.gov/pubmed/30064112
http://doi.org/10.1002/sd.2251
http://doi.org/10.3390/su14137639
http://doi.org/10.1080/23251042.2021.2021604
http://doi.org/10.1007/s11356-021-17261-4
http://doi.org/10.1007/s00181-020-01875-7
http://doi.org/10.1002/jae.951
http://doi.org/10.1111/1468-0084.61.s1.14
http://doi.org/10.1162/003465398557825
http://doi.org/10.2307/1913610
http://doi.org/10.3390/su14063549
http://doi.org/10.1016/j.econmod.2012.02.014
http://doi.org/10.1007/s11356-018-2911-4
http://doi.org/10.1016/j.techfore.2021.120891
http://doi.org/10.1002/pa.2526
http://doi.org/10.1007/s11356-019-06155-1
http://doi.org/10.3390/en14175234
https://ufmsecretariat.org/what-we-do/energy-and-climate-action/
https://ufmsecretariat.org/what-we-do/energy-and-climate-action/

	Introduction 
	Literature Review 
	Materials and Methods 
	Model 
	Data 
	Cross-Sectional Dependence 
	Unit Root 
	Cointegration 
	Parameter Estimations and Causality 

	Results 
	Cross-Sectional Dependence 
	Unit Root 
	Cointegration 
	Parameter Estimations 
	Causality 

	Discussion and Conclusions 
	References

