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Abstract: To limit increasing air pollution and fossil- energy production, several environmental
and climate agreements have been established globally. In addition, trade agreements could also
serve to achieve climate-mitigation goals, through a trade policy with environmental regulation. By
removing tariffs and harmonizing standards on environmentally friendly products and eliminating
distortionary subsidies on fossil-energy production, climate change can be mitigated. The objective
of the research is to explore the effects of economic growth, international trade agreements and
climate conventions on greenhouse gas emissions between 1990 and 2019, at the global level. As an
econometric method, an air-pollution function is estimated by panel-regression models. The results
confirm that global climate agreements have a significant, but only small, mitigating impact on global
greenhouse-gas emissions. The results supported the inverted-U-shaped environmental Kuznets
curve. In contrast, the environmental impacts of free-trade agreements had ambiguous results
on emissions, as the members of the World Trade Organization contributed to the decrease in air
pollution, while countries that signed the regional trade agreements were unable to limit emissions.

Keywords: climate change; environmental Kuznets curve; Kyoto Protocol; Paris Agreement; regional
trade agreement; World Trade Organization

1. Introduction

After the Industrial Revolution, global production expanded remarkably. This in-
creased greenhouse gas (GHG) emissions significantly, which caused environmental prob-
lems at the global level. The concentration of greenhouse gases in the atmosphere is
projected to double by 2030, and is estimated to lead to an average temperature increase of
1.5–4.5 degrees Celsius by 2100 [1]. The Kyoto Protocol and the Paris Agreement were the
two most important agreements signed and ratified by a wide range of countries, specifying
concrete carbon-emission targets.

Since 1950, global trade has increased more than twenty-sevenfold in volume [2]. The
share of international trade in the global gross domestic product (GDP) has increased from
25% in 1970 to 56.5% in 2021 [3]. The increase in international trade raised the debate on
the interrelation between trade and the environment. Economic growth is the main driver
of trade expansion, which has a direct impact on the environment (increasing pollution and
degrading natural resources). In turn, increased trade can support economic development
and welfare, and improve access to new technologies [4].

In addition to global climate agreements, trade agreements might also help achieve
climate-change-mitigation goals. Trade policies can be adjusted by removing tariffs and har-
monizing standards on environmental goods, eliminating distortionary subsidies directly
or indirectly leading to carbon emissions (CO2). However, trade agreements are expanding,
and climate change is a global phenomenon; there is a lack of literature researching the
partial effect of free-trade agreements and climate conventions as well as the impact of the
environmental Kuznets curve on environmental pollution.

The objective of the paper is to investigate the effects of economic progress, climate
conventions and free-trade agreements on GHG emissions between 1990 and 2019 at the

Agriculture 2023, 13, 424. https://doi.org/10.3390/agriculture13020424 https://www.mdpi.com/journal/agriculture

https://doi.org/10.3390/agriculture13020424
https://doi.org/10.3390/agriculture13020424
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com
https://orcid.org/0000-0001-9081-0071
https://orcid.org/0000-0003-4328-0631
https://doi.org/10.3390/agriculture13020424
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com/article/10.3390/agriculture13020424?type=check_update&version=2


Agriculture 2023, 13, 424 2 of 13

global level. Besides testing the role of the environmental Kuznets curve as an environmen-
tal hypothesis, the paper aims to explore the effects of free-trade agreements represented
by the membership of the World Trade Organization and the impact of the regional trade
agreements, along with the role of international environmental agreements captured by the
ratification of the Kyoto Protocol and Paris Agreement on global greenhouse-gas emissions.

This research contributes to the empirical literature in many ways. It analyses the role
of trade liberalization and climate policy on global greenhouse-gas emissions, including a
large number of countries representing the world economy. The novelty of this study is in
discovering the partial impacts of the two main climate agreements (the Kyoto Protocol
and the Paris Agreement) and the partial effects of regional (RTA) and global free-trade
agreements (WTO). Empirical findings provide implications for global climate policy and
provide a recommendation to improve the effectiveness of international trade policy in
climate mitigation.

The structure of the paper is as follows. The following section gives an overview of
the climate-trade related literature, i.e., addressing the impacts of climate convention, as
well as trade agreements, on climate change. Section 3 provides the results of the regression
models applied to the panel dataset. The final section concludes the paper and discusses
the results.

2. Relevant Literature

In this section, the literature addressing the impacts of global climate policy (Section 2.1)
and international trade policy (Section 2.2) on carbon emissions is discussed. Since climate
change is a global phenomenon and international trade is increasingly globalized, the roles
of the United Nations Framework Convention on Climate Change (UNFCCC) and the
World Trade Organization (WTO) are presented.

2.1. The Impacts of Climate Agreements on Emissions

In 1992, the Earth Summit in Rio de Janeiro created the United Nations Framework
Convention on Climate Change (UNFCCC) as a first step in tackling climate change. The
197 ratifying countries have become parties to the convention [5]. The next milestone of
this process was the Kyoto Protocol, adopted in 1997. This is known as the world’s first
international climate agreement to reduce greenhouse-gas emissions. The Protocol legally
obliges developed countries to meet their emission-reduction targets. It sets individual
emission-reduction targets for developed countries. In the Protocol, Annex I, (industrial-
ized) countries accepted achieving an average greenhouse-gas-emissions reduction of 5.2%
CO2, equivalent to the 1990 emission levels in the first period of 2008–2012 [6]. The Doha
Amendment to the Kyoto Protocol was adopted for the second commitment period of the
Kyoto Protocol (2013–2020). However, although several countries have made commitments
to reduce GHG emissions, the Doha Amendment has not entered into force [6]. Finally,
the Paris Agreement established in 2015, which came into force on 4 November 2016, was
the first international regulation accepted by most countries, and targeted remarkable
climate-mitigation goals. This was based on voluntary commitments to limit warming
to 1.5 Celsius or to keep global warming below 2 Celsius, compared to the preindustrial
level [7]. Concerning climate agreements, Tingley and Tomz [8] underlined the importance
of proper calibration of these commitments, as too-high or too-low levels can harm the
achievement of the desired levels.

Cifci and Oliver [9] suggested that the implementation of the Kyoto Protocol and the
Paris Climate Agreement is weak because value systems may struggle to meet the targets
of reducing greenhouse gas emissions. McGrath and Bernauer [10] added that, compared
to the Kyoto Protocol, the Paris Agreement relies mainly on climate rules that are accepted
independently and voluntarily. Furthermore, climate-policy preferences are driven by a
range of disposition and cost considerations, which existing research has already explored
quite extensively, rather than by considerations of what other countries do. Lawrence and
Wong [11] stated that the development of the transparency, review and non-compliance
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elements of the Paris Agreement is essential but is not a substitute for strong political will to
reduce emissions. Moreover, it is crucial to push political readiness to improve the climate-
mitigation commitments of the Paris Agreement and transform them into rigid obligations.
Stiglitz [12] highlighted that a voluntary agreement cannot include countries that export a
significant amount of fossil fuel. According to Nordhaus [13], great progress in the scientific
and economic understanding of climate change has met difficulties in forging international
agreements, due to free-riding, as seen in the defunct Kyoto Protocol. Morin and Jinnah [14]
underlined the fact that preferential trade agreements often include more detailed and
enforceable provisions than international climate agreements. Another problem with GHG
emissions is that national policies often fail to deal with non-carbon-related emissions [15].

Michaelowa et al. [16] noted that the market mechanisms of the Paris Agreement
possibly increase international pressure, and require significantly higher ambitions to be
able to deal with global warming [17]. In addition to this, current pledges of countries
cannot limit climate change to inappropriate decarbonization [18]. Finally, outstanding
methods would be needed to measure the additional effects of such policies.

In summary, these international climate agreements, i.e., the Kyoto Protocol and
the Paris Agreement, may have a significant impact on CO2 reduction and help control
global warming. Based on the empirical literature, trade agreements also impact climate-
mitigation policies and contribute to the reduction of greenhouse gas emissions in countries.

2.2. The Impacts of Free-trade Agreements on Emissions

The World Trade Organization (WTO) was established in 1995, replacing the General
Agreement on Tariffs and Trade (GATT), linked to the end of the Uruguay Round Agree-
ment. The WTO aims to facilitate international trade and help reduce trade restrictions and
barriers. Currently, the WTO has 164 members that represent 98% of global trade [19].

Referring to the rapidly expanding international trade, the number of regional trade
agreements (RTA) has increased significantly (Figure 1). Their main characteristics are
reciprocity and preferentiality [20]. Some of them are bilateral, while others are multilateral.
According to the available data on 1 February 2021, 339 RTAs were in force, corresponding
to 548 notifications [20]. At the level of the type of notification, 63.32% of them are goods
notifications, service notifications have a 31.39% share, and accessions with an RTA have
only a 5.29% share [21].
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Figure 1. Evolution of RTAs, 2000–2021. Source: authors’ composition, based on [21].
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As seen above, 2021 was an exceptionally active year, especially in terms of new
goods and service notifications. This was caused by Brexit; for example, 32 of the 35 goods
notifications were signed between the UK and its 56 trading partners [22]. This also
contributed significantly to the highest number of European RTA notifications in force
(Figure 2). Furthermore, Europe, East Asia and South America have a high number of
active RTAs (150, 100 and 70, respectively).
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Figure 2. Notifications of RTAs in force by regions, 2021. Source: authors’ composition, based on [23].

The connections between RTAs and climate change have been analyzed in the scientific
literature. Many researchers [24–26] indicated that carbon-motivated regional agreements
could mitigate the effects of climate change and improve sustainable-energy trade. Further-
more, the authors highlighted that greater cooperation between developed and developing
countries, encouraging the production of more renewable energy [26]. Strategically de-
signed climate treaties, combined with trade restrictions, are usually sufficient to enforce a
trade agreement [27]. Furthermore, WTO members should pursue similar climate-friendly
policies to achieve their climate goals [28]. According to Kirchner and Schmid [29], the
arrangement of agri-environmental payments with WTO trading rules is crucial in the
successful trade–environment debate. De Melo and Solleder [28] pointed out that dele-
gating independent scientific experts to trade negotiations can change WTO rules in a
climate-friendly direction. Small trade penalties on outsiders to trade agreements can
induce a stable climate coalition with high levels of emission reduction [13].

Based on the empirical literature that evaluated the effect of trade agreements on climate
mitigation, it can be stated that WTO membership and RTAs potentially influence emission
reduction. Following these findings, we formulated and tested the following hypotheses.

H1: International climate agreements (Kyoto Protocol, Paris Agreements) have a detectable impact
on the reduction of greenhouse gas emissions of the signing countries, at the global level.

The Paris Agreement provided an international regulation accepted by most countries,
and aimed at achieving remarkable climate-mitigation goals. Since 2016, several coun-
tries have submitted their NDCs committed to significant reductions in greenhouse gas
emissions, including the European Union, China, and India. Yao et al. [30] suggest that
human capital and political regimes that affect energy efficiency and trade are critical fac-
tors in shaping environmental quality. Furthermore, international trade allows developing
countries to import energy-saving technology that consume less energy and generate more
output, from developed countries.
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H2: Increasing participation in Free-Trade Agreements (represented by membership of WTO,
number of RTAs signed) contributes to global greenhouse-gas mitigation goals.

Griffin et al. [31] indicated that trade agreements of the WTO could help achieve
climate-mitigation goals by removing tariffs and harmonizing standards on environmen-
tally friendly goods or services and eliminating subsidies on fossil fuels. Tian et al. [32]
stressed that trade among Asia-Pacific countries increased and expanded with the reduction
in regional tariffs. By contrast, it shaped the fact that complete tariff elimination increased
global CO2 emissions in this region.

H3: An inverted U-shaped relationship exists between economic development and environmental
quality at the global level.

The hypothesis of the environmental Kuznets curve is valid for the world economy.
The EKC hypothesis assumes that the inverted U-shaped relationship exists between
economic development and environmental quality [33]. In other words, environmental
pressure increases to a given level as economic progress rises; then, reaching a turning point,
it tends to decrease, due to technical efficiency. Qin et al. [34] confirmed the validity of the
EKC hypothesis for the G7 economies and concluded that environmental policy and green
innovation help control carbon emissions. Furthermore, Khan et al. [35] argue that emerging
countries could give more priority to economic growth by receiving foreign investments
from more developed economies, and balancing the trade-off between economic growth and
environmental protection. In addition, Khan et al. [36] found that uncertainty in economic
policy, trade, and economic growth has a positive correlation with carbon emissions in East
Asian economies.

3. Materials and Methods

To measure the potential impacts of climate-mitigation policy and international trade
agreements, an econometric panel-regression model is designed. The research includes
strongly balanced panel data, covering a series from 1990 to 2019, comprising 161 countries
(n = 161, t = 30). The econometric estimation of the air-pollution function is written as
follows [34,37,38] for panel data comprising the environmental Kuznets curve:

ln(CO2pcit) = α + β1 ln(CO2 pcit)(t−1) + β2 ln(CO2 pcit)(t−2) + β3 ln(GDPpcit) + β4 ln(GDPpcit)2 + β5 Kyotoit + β6 Parisit + β7 WTOit + β8 RTAit + εit (1)

where
β symbolizes the estimated coefficient of panel regression;
α is the constant;
t captures the dimension of time in years (the time frame is 1990–2019);
i illustrates a given country (161 countries are included in the analysis);
εit denotes the error term.
Climate change through greenhouse gas emission is represented by all greenhouse

gases expressed in carbon-dioxide emission per capita (CO2 equivalent). In our case,
economic growth is captured by GDP and the squared term of per capita GDP for EKC,
while pollution is captured by CO2 emission. Table 1 presents the description of the applied
variables in detail.

Table 1. Description of variables.

Variable Description Source

ln(CO2pcit)
per capita carbon-dioxide emission as a dependent variable
represents climate change expressed in kilotons World Bank [39]

Explanatory variables

ln(GDPpcit) per capita Gross Domestic Product in current Local Currency Unit World Bank [39]
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Table 1. Cont.

Variable Description Source

ln(GDPpcit) + ln(GDPpcit)2 environmental Kuznets curve (EKC) captures the existence of
U-shaped curve World Bank [39]

WTOit
a dummy variable for WTO membership over time (equal to 1 if a
country is a member of the WTO, 0 otherwise) WTO [40]

RTAit
captures the number of RTAs entered into force for a given country,
over time WTO [41]

Kyotoit

represents a dummy for the ratification of the Kyoto protocol over
time (Kyoto is equal to 1 if a country ratified the Kyoto Protocol, 0
otherwise)

UN [42]

Parisit
represents a dummy for ratification of the Paris Agreement (it equals
1 if a country ratified the Agreement, 0 otherwise)

Open Climate Data
[43]

Source: authors’ composition.

We applied various preliminary tests to verify the structure of the data set and select
the appropriate estimation method. We employed the Lagrangian multiplier test to choose
between simple OLS and random-effects panel estimation [44]. We also carried out the
Wooldridge [45] test for autocorrelation and a cross-section dependency test on our panel
data. Finally, we used first- and second-generation [46] unit-root and cointegration tests for
the variables selected. They are detailed in Appendix A. In line with the test results and
empirical literature [40], we applied several estimation techniques to capture the impact of
trade agreements and climate conventions. The estimation methods were as follows:

1. Generalized-least-squares (GLS) random-effects model estimation with robust standard-
error option (RE);

2. Linear regression with panel-corrected standard errors (PCSE) [47]. In this estimation,
the error structure is assumed to be panel-level heteroskedastic;

3. Fully modified ordinary-least-squares (FMOLS) estimations for cointegration
regression [48];

4. Arellano and Bover [49], Blundell and Bond [50], estimation (DPD-SYS) that fits a linear-
dynamic-panel-data model with the first- and second-lagged dependent variable.

4. Results

Before running our regression models, we applied three preliminary tests (the La-
grange multiplier, autocorrelation, cross-section-dependency, unit-root, and cointegration
tests). Detailed results of descriptive statistics and tests are presented in Appendix A. Based
on the Lagrange-multiplier test, the random-effect model (1) was more suitable, compared
to the simple OLS regression. The Wooldridge test showed that first-order autocorrelation
arises, and cross-section dependency is identified (Appendix A, Table A2). In addition,
unit-root tests revealed unit roots assuming cross-section dependence (CIPS) and the null
hypothesis of no cointegration was therefore rejected (Appendix A, Tables A4 and A5),
behind the (2) panel-corrected standard-errors model (PCSE) and the (3) dynamic-panel
estimates (DPD-SYS); we also applied cointegrated (FMOLS) regressions (4). First- and
second-lagged dependent variables were used for dynamic-panel estimations and to handle
autocorrelation. Table 2 gives an overview of our results.
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Table 2. Panel-regression results.

(1) (2) (3) (4)

RE PCSE DPD-SYS FMOLS
VARIABLES ln(CO2pc) ln(CO2pc) ln(CO2pc) ln(CO2pc)

ln(CO2pc)(t−1) 0.855 *** 0.855 *** 0.651 *** 0.855 ***
(0.014) (0.030) (0.013) (0.013)

ln(CO2pc)(t−2) 0.135 *** 0.135 *** 0.176 *** 0.135 ***
(0.014) (0.030) (0.010) (0.013)

ln(GDPpc) 0.010 *** 0.010 *** 0.001 0.012 ***
(0.002) (0.0025) (0.005) (0.002)

ln(GDPpc)2 −0.0003 *** −0.0003 *** 0.001 *** −0.0004 ***
(0.000) (0.000) (0.000) (0.000)

Kyoto −0.007 * −0.007 * −0.048 *** −0.007 **
(0.004) (0.004) (0.007) (0.003)

Paris 0.001 0.001 −0.011 0.001
(0.006) (0.006) (0.007) (0.005)

WTO −0.010 * −0.010 −0.529 *** −0.0002 *
(0.005) (0.007) (0.059) (0.000)

RTA −0.0002 −0.0002 ** −0.011 *** −0.010 *
(0.000) (0.000) (0.001) (0.005)

Constant −0.0393 ** −0.039 *** 0.266 *** −0.048 ***
(0.015) (0.014) (0.068) (0.015)

Observations 4508 4508 4508 4507
0.993 0.994 0.989

Number of countries 161 161 161 161
Robust standard errors are in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.

As seen above, we received statistically significant results with most applied variables
and estimation methods (RE, PCSE, DPDSYS and FMOLS). It was confirmed that higher
income per capita (GDP) results in higher CO2 emissions per capita in the world, during
the analyzed period. We also tested the hypothesis of an inverted-U-shaped EKC curve
by using the squared term of GDP per capita. We received a positive sign for the single
per-capita-GDP variable, while mostly negative values for the squared term of GDP per
capita (representing the EKC curve) were confirmed by most models, (1), (2) and (4). This
means an inverted-U-shaped relation between economic development and environmental
quality. It confirms the existence of the EKC curve [33]; therefore, our third hypothesis (H3)
can be accepted. According to the literature, climate agreements (ratification of the Kyoto
Protocol and Paris Agreements) contributed to a lower level of CO2 emissions, although
this impact was relatively small. In turn, the impact of the Paris Agreement was mostly
positive, and insignificant in our models (1)–(2); (4). Behind the Paris Agreement, the Kyoto
Protocol had a significant impact on emission reduction (negative sign); therefore, our first
hypothesis (H1) can only be partly accepted. Furthermore, the estimated coefficient for
trade agreements (WTO and RTA) provided consistent results. Being a member of the WTO
led to better environmental performance (a negative sign of emission parameters), while
per-capita-CO2 emission decreased proportionally with a higher share of RTAs in force.
Therefore, we can fully accept our second hypothesis (H2).

The Climate Action Tracker [51] has projected a 2.7 ◦C global warming, above prein-
dustrial levels, by 2100. Regarding current climate policies, GHG-emission-reduction
targets are noticeable, due to climate agreements in some countries; however, the level is
not sufficient to remain on the path of the maximum 1.5 ◦C global-warming level. How-
ever, Blümer et al. [52] and Peterson [53] pointed out that democratic countries add more
environmental provisions and are more ambitious regarding climate-change-mitigation
actions than less-democratic nations.
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5. Discussion

Keeping global warming through GHG emissions at an acceptable level is one of the
main challenges humanity faces. Climate agreements, especially with a high number of
participants, could be potential global solutions to reduce GHG emissions. The Kyoto
Protocol was adopted in 1997, and aimed to reduce GHG emissions by 5.2% (second
commitment period by 8%) by 2012, compared to the emission level of the year 1990. Its
second commitment period (the EU and Iceland have agreed to meet a 20% reduction
target) just finished, in 2020. The Paris Agreement was established in 2015, and came into
force in 2016. According to the related literature [24–26], WTO members (countries joined)
and RTAs, especially when they are carbon motivated, can initiate a reduction in GHG
emissions (captured by CO2).

We estimated an air-pollution function comprising economic growth per person and
the environmental Kuznets curve, along with variables capturing the impacts of free-trade
and climate agreements, aggregated in panel data. In the estimated-regression models, we
compared four different estimation methods, including the dynamic-panel and cointegrated
models. The findings show that only the Kyoto Protocol contributed significantly to the
reduction in GHG emissions (negative effects on emissions are revealed) at the global level.
The Kyoto Protocol had a generally robust emission impact, while the effect of the Paris
Agreement was insignificant during the analyzed period.

Results only partly confirmed our first hypothesis, namely that international climate
agreements encourage countries to reduce their GHG emissions. Although it was as-
sumed, we did not find a clear climate-mitigating effect between the Paris Agreement and
environmental performance (emission reduction) in line with [9,10,13].

The models suggest that WTO members made efforts to reduce their GHG emissions
(negative sign), and the impacts of increasing RTAs were also efficient (H2), supporting the
results of [24–26,31]. Overall, although the latest climate agreements were not sufficient
to reduce CO2 emissions, they may have some positive impacts, depending on their type.
Therefore, we could only partly accept our first hypothesis (H1) as being true. The positive
sign of the GDP variable and the negative sign of the squared GDP confirmed the existence
of the inverted U shape of the environmental Kuznets curve, resulting in the acceptance of
our third hypothesis (H3), in accordance with the literature in [33,34].

From a global point of view, free trade agreements were more efficient in reducing or
limiting carbon emissions significantly than global climate agreements (especially the Paris
Agreement), during the period analyzed.

In conclusion, so far, economic progress and the increasing number of free-trade
agreements had a more crucial role in global climate mitigation than the Paris Agreement.
However, most of the countries ratified the Paris Agreement and submitted their pledges,
although their implementation of the pledged is lagging behind. The largest countries
that emit the highest level of GHG and trade the most (the United States, China, the
European Union countries, and India), should mitigate their emissions more rapidly and
more efficiently by substituting their fossil-energy resources in their energy mix for green,
low-carbon resources. Being one of the most important trade hubs, the EU plays a crucial
role in promoting climate-action norms [54].

The trade policy of these countries should regulate and limit the trade of fossil en-
ergy and polluting products, stimulate the higher level of production of sustainable, en-
vironmentally friendly goods and services domestically, and enhance energy efficiency,
renewable-energy investments, and sustainable trade (generating social, economic, and
environmental benefits), more efficiently. This also implies that trade policies should be
adjusted, comprising climate policy and climate mitigation; otherwise, environmental
problems will probably be transported (outsourced) to other countries or regions with low
environmental standards. This is particularly important for developing countries, as trade
openness has a positive impact on GHG-emission reduction, especially in sub-Saharan
African countries [55]. This could enhance the positive impacts of climate-related trade
policies. Unlike developed countries, developing countries have fewer resources to invest



Agriculture 2023, 13, 424 9 of 13

in climate-change mitigation, which hinders their efforts to be carbon neutral [56]. There-
fore, developed countries need to contribute to these actions to reduce the GHG emissions
embodied in international trade [57]. However, it should be highlighted that FTAs with a
cooperation framework contribute more to climate-change mitigation, compared to FTAs
focusing on trade liberalization [54].

In general, effective climate policies should be diversified based on a wide range
of low-carbon technologies, and flexibly adjusted to external shocks such as the recent
COVID-19 pandemic, and the impacts of the Russian–Ukrainian war. Policies should
stimulate green growth by restructuring the energy trade and international trade relations;
otherwise, it will be impossible to move toward a more favorable emission path, achieve
carbon neutrality by 2050, and decrease fossil-energy dependency.

The main limitation of the study is the selected period, which covers annual data
between 1990 and 2019. The impact of the Paris Agreement is also limited, because it came
into force only in 2016. The model focused on global-level analysis, while country-level
research would further deepen our knowledge of the impacts of climate policies and trade
agreements on GHG emissions.

Future research may focus on the impacts of the national climate policies of the largest
emitters and their diversification in terms of emission cuts.
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Appendix A

Table A1. Descriptive statistics.

Variable Observation Mean Standard Deviation Min Max

ln_CO2 4830 0.591 1.585 −3.897 3.864
ln_GDP 4830 10.726 2.801 −10.469 19.572
ln_GDP2 4830 122.882 56.655 0.001 383.048
Kyoto 4830 0.482 0.500 0.000 1.000
Paris 4830 0.114 0.318 0.000 1.000
WTO 4830 11.553 14.438 0.000 45
RTA 4830 0.876 0.330 0.000 1.000

Source: authors’ composition, based on sample data.
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Table A2. Pesaran (2004) CD test for cross-section dependence in panel time-series data.

Variable CD-Test p Value

ln(CO2) 50.9 0.000
ln(GDP) 569.16 0.000
ln(GDP)2 572.27 0.000

H0: cross-sectional independence CD ~ N(0,1). Ha: cross-sectional dependence.

Table A3. Fisher-type unit-root test for ln(CO2pc).

Based on augmented Dickey–Fuller tests for zero lag p-value

Inverse chi-squared (414) P 0.000
Inverse inverse normal Z 0.756
Inverse logit t (1029) L* 0.512
Modified inverse chi-squared Pm 0.000

Based on augmented Dickey–Fuller tests for one lag p-value

Inverse chi-squared (412) P 0.000
Inverse inverse normal Z 0.597
Inverse logit t (1014) L* 0.048
Modified inverse chi-squared Pm 0.000

Source: authors’ composition, based on sample data.

Table A4. Second-generation panel-unit-root tests.

(A) Maddala and Wu (1999) Panel-Unit-Root Test (MW) (B) Pesaran (2007) Panel-Unit-Root Test (CIPS)

Specification without Trend Specification with Trend Specification without Trend Specification with Trend

Variable lags chi_sq p-value chi_sq p-value lags chi_sq p-value chi_sq p-value
ln(CO2) 0 453.659 0.000 473.786 0.000 0 −4.255 0.000 −0.375 0.354
ln(CO2) 1 531.328 0.000 524.984 0.000 1 −5.277 0.000 −1.239 0.108
ln(CO2) 2 402.916 0.001 395.767 0.003 2 −2.384 0.009 1.880 0.970
ln(CO2) 3 371.502 0.030 396.713 0.003 3 0.209 0.583 3.867 1.000
ln(CO2) 4 294.344 0.864 293.69 0.869 4 3.094 0.999 9.018 1.000
ln(CO2) 5 411.306 0.001 369.307 0.035 5 1.496 0.933 7.940 1.000

ln(GDP) 0 2005.192 0.000 702.73 0.000 0 −2.597 0.005 0.855 0.804
ln(GDP) 1 1103.032 0.000 1062.546 0.000 1 −15.322 0.000 −7.281 0.000
ln(GDP) 2 783.073 0.000 916.901 0.000 2 −11.012 0.000 −5.921 0.000
ln(GDP) 3 614.153 0.000 738.517 0.000 3 −10.861 0.000 −8.064 0.000
ln(GDP) 4 460.876 0.000 330.099 0.366 4 −3.216 0.001 1.610 0.946
ln(GDP) 5 458.205 0.000 313.156 0.628 5 0.211 0.584 2.728 0.997

ln(GDP)2 0 1033.014 0.000 541.571 0.000 0 −3.477 0.000 1.665 0.952
ln(GDP)2 1 525.018 0.000 639.412 0.000 1 −7.681 0.000 −3.489 0.000
ln(GDP)2 2 508.286 0.000 647.028 0.000 2 −6.652 0.000 −2.786 0.003
ln(GDP)2 3 509.842 0.000 608.379 0.000 3 −7.113 0.000 −4.643 0.000
ln(GDP)2 4 356.168 0.092 268.03 0.987 4 −0.199 0.421 3.565 1.000
ln(GDP)2 5 329.633 0.373 262.647 0.993 5 1.888 0.970 5.279 1.000

H0: MW and CIPS tests: series is integrated of order one I (1). MW test assumes cross-section independence. CIPS
test assumes cross-section dependence. Source: authors’ composition based on sample data.
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Table A5. Panel-cointegration tests.

Kao test for cointegration Statistic p-value

Modified Dickey–Fuller t −86.605 0.000
Dickey–Fuller t -57.784 0.000
Augmented Dickey–Fuller t −38.311 0.000
Unadjusted modified Dickey–Fuller t −94.314 0.000
Unadjusted Dickey–Fuller t −58.089 0.000

H0: No cointegration
Ha: All panels are cointegrated

Pedroni test for cointegration

Modified Phillips–Perron t −9.720 0.000
Phillips–Perron t −38.096 0.000
Augmented Dickey–Fuller t −36.859 0.000

H0: No cointegration
Ha: All panels are cointegrated

Westerlund test for cointegration

Variance ratio −9.499 0.000

H0: No cointegration
Ha: Some panels are cointegrated

Source: authors’ composition, based on sample data.
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