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ABSTRACT

This article examines the effect of including environmental provisions (EPs) in preferential trade agreements (PTAs) on climate
change mitigation and explores whether these effects vary based on the heterogeneity of the EPs. Our analysis combines country-
level data on climate change mitigation with details on 300 types of EPs in 775 trade agreements. Empirically, we estimate a gen-
eralised method of moments regression and address potential endogeneity using instrumental variables. Our results show that
the inclusion of EPs in PTAs significantly improves climate change mitigation, regardless of whether we measure performance
using the Climate Change Performance Index, the Environmental Performance Index or CO, emissions data. The effectiveness
of these provisions, however, depends on their diversity. Key benefits include reduced greenhouse gas emissions, increased re-
newable energy use, improved energy efficiency and enhanced climate policies. More importantly, PTAs with direct climate pro-
visions yield greater improvements in climate change mitigation outcomes compared to those addressing environmental issues
more generally or indirectly. Finally, we show that PTAs with climate change provisions are an effective tool for climate change
mitigation, regardless of the development status of the signatories. However, the effects are more pronounced for North-South
PTAs.

JEL Classification: F14, Q17, Q18

1 | Introduction of carbon and other GHGs (Zu Ermgassen et al. 2020). On the

positive side, international trade and trade policies increase the

Globalisation has increased interactions between firms across
countries, even over long distances, often with drastic conse-
quences for social, economic and environmental sustainabil-
ity. As trade grows, however, so does the coupling of consumer
choices in one part of the world to resource use elsewhere in pro-
duction areas. This relationship is a key driver of climate change
as international trade can intensify deforestation (Abman
et al. 2024), biodiversity loss (Bjelle et al. 2021) and emissions

worldwide diffusion and deployment of lower-emission goods
and services, capital equipment and know-how (World Trade
Organisation 2022) while reducing their costs through effi-
ciency gains, economies of scale and learning-by-doing (Berthou
et al. 2019). Concurrently, climate change also negatively affects
international trade by increasing trade costs and disrupting pro-
duction and supply chains (World Trade Organisation 2022). As
a result, there is a growing effort to leverage trade, trade policy
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and international cooperation to tackle climate change, exem-
plified by initiatives like the EU Deforestation Regulation. But
how effective are these policy measures in supporting climate
change mitigation and adaptation strategies? This paper ad-
dresses this question by investigating whether the inclusion of
environmental provisions (EPs) and climate change provisions
(CPs)—defined as rules that are incorporated in an interna-
tional treaty that address or govern environment-related issues
(Bliimer et al. 2020)—in preferential trade agreements (PTAS)
affects climate change mitigation at the country level.

The last decade has seen a proliferation of ‘deep PTASs’ that ex-
tend provisions beyond liberalising tariffs to substantially cover
a broad range of issues including services trade, investments,
standards, public procurement, competition and intellectual
property rights (Diir et al. 2014). This is often credited for the
concurrent proliferation of global and regional value chains
(Fan et al. 2024; Laget et al. 2020; Zhang et al. 2021). Since 1990,
the number of PTAs with an EP has increased from 111 to 680
in 2021. Whereas this increase is noteworthy, there may be dif-
ferent rationales for incorporating EPs in PTAs. It could be a
strategic move to garner the support of sections of society that
oppose economic liberalisation (Bliimer et al. 2020; Martinez-
Zarzoso 2018). This is because EPs are considered more effec-
tive instruments to promote higher environmental standards
(Jinnah and Lindsay 2016; Johnson 2015) as they help diffuse
cleaner technologies worldwide and contribute to global cli-
mate governance (George and Yamaguchi 2018). Including EPs
in PTAs can, however, also be disguised forms of protection-
ism and/or ‘green imperialism’ (Bastiaens and Postnikov 2017;
Bliimer et al. 2020), for instance, if they target cheap imports.
Despite the ubiquity and heterogeneity of EPs in PTAs, empir-
ical evidence on their effects on climate change mitigation and
environmental health is scant (Morin and Jinnah 2018; Sorgho
and Tharakan 2022). Yet, the parallel development of trade lib-
eralisation and climate change policies calls their interplay into
question (Himics et al. 2018). Our work contributes to extending
this literature.

We assess how the inclusion of EPs in PTAs affects climate
change mitigation using a combination of data on environ-
mental quality outcomes from Germanwatch eV. and the
Socioeconomic Data and Applications Center, and data on PTAs
from the TRade and ENvironment Database (TREND). The da-
tabases on environmental quality contain various indicators of
environmental performance, from which we use two indices
that proxy for climate change mitigation: a Climate Protection
Performance Index (CCPI) and an Environmental Performance
Index (EPI). The CCPI measures a country's performance in pro-
tecting its environment from climate change through improve-
ments in climate policy, energy efficiency, renewable energy and
GHG emissions. Similarly, the EPI measures broader environ-
mental protection efforts, focusing on environmental health,
ecosystem vitality and climate change. We compliment these in-
dices with CO, emissions data from the Emissions Database for
Global Atmospheric Research (EDGAR). These climate change
performance measures are combined with data on 775 PTAs, en-
compassing approximately 300 EPs. Empirically, we estimate an
autoregressive panel data model in an exponential fractional re-
gression framework using two-step system generalised method
of moments on a sample of 57 countries from 2000 to 2020. We

address the endogeneity of trade policy variables using instru-
mental variables and panel data estimation techniques.

Our initial descriptive evidence shows that over the study pe-
riod, global climate change mitigation performance has been
modest, with average CCPI and EPI scores of 0.52 and 0.56,
respectively (with both indices measured on a 0-1 scale). This
means that countries, on average, have met just over half of their
climate change mitigation targets. Moreover, this performance
is not entirely determined by a country's development status or
income level, as some developing countries such as Morocco
outperform developed ones such as Australia and the USA. Our
empirical estimates show that PTAs with EPs improve climate
change mitigation efforts, while PTAs without EPs reduce them.
The effects of the latter are, however, not statistically significant.
Specifically, a unit increase in the number of PTAs with EPs is
associated with a 0.017 percentage point increase in the CCPI
and a 0.007 percentage point increase in the EPI. Furthermore,
the overall increase in climate change mitigation performance
is driven by reductions in GHG emissions and improvements in
climate policy. Finally, the positive climate change mitigation
effects of PTAs with EPs outweigh the negative impact of PTAs
without EPs.

Further heterogeneous analyses reveal that whereas PTAs with
climate change provisions that address climate change issues
either directly and/or indirectly enhance environmental perfor-
mance, PTAs that directly tackle climate change achieve greater
environmental benefits. Finally, we show that PTAs with cli-
mate change provisions are an effective tool for climate change
mitigation, regardless of the development status of the signato-
ries. However, the effects are more pronounced for North-South
PTAs compared to North-North and South-South PTAs.

Our work fits into the growing literature on the environmen-
tal impacts of trade agreements, particularly the role of PTAs in
shaping sustainability outcomes. Previous research has exam-
ined both the direct and indirect environmental effects of PTAs.
For example, Ghosh and Yamarik (2006) found that PTAs have
no direct effect on pollution levels, but indirectly increase pollu-
tion through increasing trade and growth. Others focus on the
inclusion of EPs in PTAs as a potential mechanism for improv-
ing environmental quality. Baghdadi et al. (2013) showed that
PTAs with EPs significantly reduce CO, emissions, while those
without EPs tend to increase them. Zhou et al. (2017) found
similar patterns for particulate matter (PM, ), and Martinez-
Zarzoso and Oueslati (2018) extended the analysis to multi-
ple pollutants including PM, ;, SO,, CO, and NO,, finding that
only PTAs with EPs contribute to emission reductions. Sorgho
and Tharakan (2022) distinguished between EPs and climate-
related provisions, showing that only the latter yield significant
reductions in CH,, CO, and N,O emissions. Trade agreements
with provisions targeting forests and biodiversity have also been
shown to offset deforestation otherwise associated with trade
liberalisation (Abman et al. 2024). While these studies highlight
the potential of PTAs in advancing environmental goals, they
generally measure mitigation outcomes narrowly, relying solely
on emissions data.

We contribute to the literature by offering two key innova-
tions. First, unlike existing studies that focus solely on GHG
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emissions, we adopt a comprehensive measure of climate
change mitigation. We use the Climate Change Performance
Index, which combines 14 indicators across four pillars—GHG
emissions, renewable energy, energy use and climate policy—
to assess climate action in 57 countries covering over 90% of
global emissions (Burck et al. 2023). This allows us to capture
both emissions outcomes and policy efforts and energy transi-
tions. To broaden coverage, we complement the CCPI with the
Environmental Performance Index, available for 180 countries.
Together, these indices provide a more holistic view of global cli-
mate performance than emissions data alone.

Second, we advance the literature by distinguishing between
general EPs and those that explicitly address climate change.
Whereas Sorgho and Tharakan (2022) introduced a similar clas-
sification, our approach is more restrictive in that we focus ex-
clusively on direct climate change provisions, excluding more
general or indirect provisions. We define direct climate change
provisions as EPs that directly tackle issues related to climate
change such as reducing GHG emissions or harmonising cli-
mate regulations. In contrast, indirect provisions include indi-
rect measures such as promoting trade in environmental goods
or encouraging stakeholder participation. This distinction en-
sures that we accurately capture the intentionality of signatories
in addressing climate change, reflecting their genuine commit-
ment to mitigating its effects. Our findings also show why this
distinction is important: PTAs with direct climate provisions
consistently show stronger positive effects on climate mitigation
outcomes compared to those with broader or indirect EPs.

Our work also contributes to the literature examining the im-
pact of PTAs on the agricultural and food sector. Many of
these studies focus on their effects on export performance
(Fiankor et al. 2025; Afesorgbor et al. 2024; Jafari et al. 2023;
Scoppola et al. 2018) and food security (Ritzel and Fiankor 2024;
Gordon 2024), largely overlooking their interaction with climate
change. Yet, agriculture is both a major contributor to green-
house gas emissions and one of the most vulnerable sectors to
climate variability and shocks. Given that trade has played a
key role in enhancing global food security over recent decades
(Anderson 2022; Brown et al. 2017; Timsina and Culas 2020),
understanding how PTAs can support the sustainability of food
systems is critical. Our study highlights that to maintain these
gains in a changing climate, PTAs must go beyond market access
and incorporate strong, enforceable environmental provisions.

As preferential trade agreements proliferate, they need to be
deepened to ensure that food systems remain sustainable. Our
findings show that deep trade agreements with environmental
provisions have positive effects on climate change mitigation.
This suggests that the inclusion of environmental provisions in
trade agreements could be an effective trade policy instrument
in the existential fight against climate change. By joining trade
agreements that have environmental provisions, countries are
more likely to put environmental issues at the centre of trade
and environmental policy debates, leading to improved domes-
tic environmental (climate) policy formulation and regulation
and improved climate change mitigation efforts. Our work com-
plements existing works (e.g., Baghdadi et al. 2013; Martinez-
Zarzoso and Oueslati 2018; Sorgho and Tharakan 2022; Zhou
et al. 2017) that show that the inclusion of environmental

provisions in trade agreements is associated with improvements
in environmental quality outcomes such as reductions in GHG
emissions. Our work, however, extends the existing evidence in
stressing the fact that effective designing of PTAs is crucial. If
PTAs are to achieve climate change mitigation efforts and ad-
dress other environmental problems, they must directly address
climate change issues (i.e., have climate change provisions).

The rest of the article is organised as follows. Section 2 briefly de-
scribes the theoretical framework linking PTAs and environmen-
tal provisions to trade and environmental quality indicators. We
describe our analytical framework and econometric procedure in
Section 3 and present key data sources in Section 4. We present
and discuss our main results in Section 5 and policy implications
in Section 6 before drawing our conclusions in Section 7.

2 | Theoretical Framework

While trade liberalisation and environmental outcomes are deeply
intertwined, empirical evidence shows that the way in which they
affect each other is rather complex. Increased trade openness can
benefit or destroy a country's environment and natural resources
depending on the size and interactions among the so-called scale,
composition and technique effects (Grossman and Krueger 1991).
The pioneering work of Grossman and Krueger (1991) has been
used many times in the literature to assess how international trade
interacts with the environment (e.g., Copeland and Taylor 2004;
Grossman and Krueger 1991; Managi et al. 2009). This section
presents a review of the theoretical literature that forms the basis
for our analysis and provides the theoretical predictions that in-
form the interpretation of our findings.

As trade increases global economic activity, it can lead to more
environmental pollution and degradation. This is the scale ef-
fect. Although this is the general expectation, there is also em-
pirical evidence suggesting that higher incomes, often resulting
from increased trade, can improve environmental quality
(Antweiler et al. 2001; Copeland and Taylor 2004; Grossman
and Krueger 1991). This aligns with the Environmental Kuznets
Curve, which describes an inverted U-shaped relationship
where environmental quality initially declines with rising in-
come but improves after reaching a certain threshold. Second,
the technique effect indicates that trade liberalisation positively
impacts the environment by promoting the diffusion of im-
proved knowledge and production technologies, resulting in the
extensive adoption and use of cleaner technologies which con-
tribute to reducing pollution. Trade is a conduit for technology
transfers and improved technologies can benefit the environ-
ment if they reduce emission intensities. Finally, it is argued that
trade liberalisation alters comparative advantage and the mix of
goods produced by economies, and this affects environmental
quality. This is the so-called composition effect. Based on eco-
nomic theory, it is difficult to predict, a priori, the net impact of
the composition effect of trade liberalisation on the environment
because it depends on the specific sectors in which a particular
economy has comparative advantage. In the end, the direction
of the effect is an empirical question.

Moreover, comparative advantage can arise from cross-country
differences in both resource endowments and environmental
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regulations. On the one hand, if an economy's comparative advan-
tage is mainly determined by its relative factor endowment, such
as capital relative to labour, the Factor Endowment Hypothesis
(FEH) postulates that economies in which capital is relatively
abundant are likely to export capital-intensive (and therefore
often pollution-intensive) goods. Thus, the FEH predicts that pol-
lution should increase in capital-intensive countries and decrease
in countries where capital is scarce. Alternatively, if a country's
comparative advantage emanates from lax environmental regula-
tions, the Pollution Haven Hypothesis (PHH) suggests that ‘trade
liberalisation in goods will lead to the relocation of pollution-
intensive production from countries with high income and more
stringent environmental regulations to countries with low in-
come and less stringent environmental regulations’ (Martinez-
Zarzoso 2018, 13). The PHH predicts that environmental damage
could increase particularly in developing countries because their
lax environmental regulations could make them pollution ha-
vens. A number of researchers (e.g., Cherniwchan et al. 2017,
Millimet and Roy 2016; Wilting et al. 2021) have provided evi-
dence to support the existence of the PHH. Overall, numerous
scientific studies that directly investigate the impact of PTAs on
the environment conclude that PTAs, generally, improve envi-
ronmental quality outcomes by increasing trade, quality of traded
goods and income per capita (Baghdadi et al. 2013; Ghosh and
Yamarik 2006; Bastiaens and Postnikov 2017; Brandi et al. 2020;
Martinez-Zarzoso 2018).

3 | Analytical Framework and Econometric
Strategy

This section sets out the analytical framework and econometric
estimation strategy that we use to test the theoretical predictions
set out in Section 2.

3.1 | Empirical Strategy

We follow Martinez-Zarzoso and Oueslati (2018) and Sorgho
and Tharakan (2022) and estimate the effects of environmental
provisions in PTAs on climate change mitigation using the fol-
lowing empirical model:

CPP’ =  a;PTAWOEP, +a,PTAWEP; +a;CPP!

i1 T @4 10g Openness;,

+ a5 log GDPcap;, + a, log Popdensity;, + a;Demoindex;,

+7,4+8,+ 4

¢ T Hig a
where CPP}, is measure p for the climate change mitigation per-
formance of country i in year t. p denotes the two indicators of
climate change mitigation performance, that is, the Climate
Change Performance Index and its components (i.e., GHGs
emissions, climate policy, energy efficiency and renewable en-
ergy) as well as the Environmental Performance Index and its
components (i.e., environmental health, and climate and en-
ergy). We measure a country's willingness to deal with climate
change by the number of the different types of PTAs that it has
inyear t. PTAWoEP;, is the cumulative count of PTAs that do not
include environmental provisions while PTAWEP,, is the cumu-
lative number of PTAs that include such provisions. PTAwoEP;,
and PTAWEP; are our key variables of interest. In further

heterogeneity analyses, we will assess the effects of PTAs with
general climate change provisions (PTAWCPs) and those with
direct climate change provisions (PTAWDCPs).! Figure 1 shows
how the different types of PTAs are related.

To control for the scale, technique and composition effects that
feature in our theoretical framework, we include further controls
in Equation (1). We define Openness;, as a ratio of total trade to
gross domestic product (GDP) and use it as a control for the direct
effect of trade intensity on climate change mitigation. Openness;,
proxies the composition effect (Antweiler et al. 2001; Copeland
and Taylor 2004; Frankel and Rose 2005; Baghdadi et al. 2013).
GDP per capita in constant US dollars, GDPcap,, is our proxy for
the technique effect and captures the direct effect of income on
climate protection performance. We proxy the scale effect using
population density (Popdensity;,) defined as the average number
of people inhabiting a square kilometre of land area in country i in
year t. A priori, we expect population density to negatively impact
environmental quality (Antweiler et al. 2001; Martinez-Zarzoso
and Oueslati 2018), though empirical evidence on this relation-
ship remains mixed (Sorgho and Tharakan 2022). Demoindex;
captures a country's political structure, measuring the extent of
democracy or autocracy in its governance and accounting for the
role of political institutions in addressing market failures includ-
ing environmental externalities (Frankel and Rose 2005). Time-
fixed effects 6, capture global trends like economic downturns,
while country-fixed effects r; account for country-specific factors
that remain constant over time and influence climate change
mitigation efforts. yu;, is the random error term with mean zero,
which we cluster at the country level.

3.2 | Addressing Endogeneity of Trade
and Climate Protection Performance

Equation (1) may suffer from several sources of endogeneity that
could affect identification. First, there is potential endogeneity
stemming from omitted variable biases due to observed and un-
observed confounding factors (e.g., country-specific quality of
economic and environmental institutions) that we cannot control
for. We address this concern using country and time fixed effects.
Second, there is potential reverse causality of the PTA and envi-
ronmental quality performance relationship. For instance, while
having more PTAs with EPs may improve environmental perfor-
mance, the severity of environmental concerns in a country may
induce it to sign up to PTAs with EPs (Martinez-Zarzoso 2018).
We use dynamic panel data estimation techniques to address this
concern (Arellano and Bond 1991). We, additionally, use 1- and 2-
year lags of the PTA variables to assess the existence of phase-in
effects. Third, there is a risk that our indices (i.e., CCPI and EPI)
may suffer from measurement bias because they involve subjective
weights and are influenced by country-specific factors. However,
this risk is mitigated by the fact that both indices use standardised
criteria across countries and potential measurement errors are un-
likely to be systematic. Nevertheless, we also use emissions data
measured as CO, equivalents in sensitivity analysis.

Fourth is the endogeneity of the relationship between income
(GDP) and trade. This is a common issue in the trade openness
and economic growth literature (Baghdadi et al. 2013; Frankel
and Rose 2005; Managi et al. 2009; Martinez-Zarzoso and
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All PTAs

(PTAWOEP)

TAs with environmental provisions] [PTAS without environmental provisions

P
(PTAWEP)

PTAs with climate change

environmental provisions
(PTAWCP)

PTAs without climate change
environmental provisions
(PTAwoCP)

PTAs with direct climate change
environmental provisions
(PTAWDCP)

PTAs without direct climate change
environmental provisions
(PTAwoDCP)

FIGURE1 | Schematic diagram showing the relationships between different types of preferential trade agreements. Source: Authors' illustration.

Oueslati 2018; Sorgho and Tharakan 2022), which we address
using instrumental variable (IV) techniques, requiring suitable
instruments for trade openness and GDP in our estimation.

We instrument for trade flows using the theory and empirics of
the gravity model of trade (Anderson and Van Wincoop 2003).
The gravity model postulates that trade between two countries
is influenced positively by their sizes and negatively by the bi-
lateral distance between them. This is the workhorse model for
studying how trade-related policies such as standards, trade
agreements or global shocks affect international trade (Larch
and Yotov 2024; Fiankor et al. 2024). We estimate the following
theory-consistent structural gravity model:

X = exp [Zi’jﬂ +11;, + cojt] X €5 2

where total bilateral trade values between countries i and j in
year t, Xy, is regressed on a vector Z, i’jﬂ of country-pair variables
(including bilateral distance, contiguity, linguistic similarity and
colonial ties), and a host of time-varying exporting country (I1;,)
and importing country (w;,) fixed effects. The country-time fixed
effects control for all country-time specific variables (e.g., GDP,
production, institutional quality, population). These fixed effects
also control for the theoretical outward and inward multilateral
resistance terms which capture the fact that trade depends not
only on bilateral trade barriers but also on average trade barriers
across all trade partners (Anderson and Van Wincoop 2003). £, is
the random error term, which we cluster at the exporter-importer-
year level. We estimate Equation (2) using the Poisson Pseudo-
Maximum Likelihood (PPML) estimator to address potential
inconsistencies due to heteroskedasticity of trade data (Silva and
Tenreyro 2006). The estimates of the gravity model are reported
in Table S1 of Appendix S1. All estimated coefficients have the
expected signs and are statistically significant. Next, we predict
total bilateral trade and sum it across all trading partners for each

~

country, Zj X t0 obtain the predicted total trade for country i
in year t. We then use the predicted trade values as an instrument
for the observed trade (Frankel and Rose 2005; Millimet and

Roy 2016; Sorgho and Tharakan 2022).

To instrument the income effect, we estimate the following in-
come equation based on the theories and empirics of income
growth (Baghdadi et al. 2013; Frankel and Rose 2005):

log GDPpc;,;= 0, log GDPpc;,_, +0, log Pop;, + 05 log Invest;,
+0,log Tradecap;,_, + 05 log Openness;, + 6 log HCI,,
+0,Popgrowth;, +@; + 0, +u;

©)
where we regress GDP per capita (GDPpc;,) for country i in year ¢
on its lag (GDPpc;,_,), population (Pop;,), investment rate (Invest;,)
proxied by gross capital formation, trade per capita (Tradecap;,_,)
defined as the ratio of total trade to population, human capital
proxied by the human capital index (HCI;,), population growth
rate (Popgrowth;,), country-fixed effects (¢;) and year-fixed ef-
fects (o,). The term u;, is random error with mean zero, which
we cluster at the country level. We estimate Equation (3) using
ordinary least squares (OLS) and present the results in Table S2
of the Appendix S1. Thereafter, we predict income per capita (i.e.,
GDPpc;,) and use it as an instrument for the observed GDP per cap-
ita. In addition, we calculate predicted trade openness as the ratio
of predicted total trade we obtained from Equation (2) to predicted
GDP per capita (i.e., O@ssu =2 #i)/(\' iie/ @cu) and use it as
an instrument for observed trade openness in Equation (1).

3.3 | Empirical Estimation

We specify our estimation Equation (1) as an auto-regressive
panel data model because the indicators of climate change mit-
igation exhibit state/path dependence (Blundell and Bond 1998;
Managi et al. 2009; Sorgho and Tharakan 2022). This implies
that a country's current climate change mitigation performance
depends on its past performance. Thus, in the absence of a large
exogenous negative shock, high performing countries are likely
to consistently perform high. Econometrically, these time dy-
namic effects pose estimation challenges because they cause the
incidental parameter problem (Neyman and Scott 1948). As a
result, we use the two-step system generalised method of mo-
ments (GMM) estimator (Arellano and Bover 1995; Blundell and
Bond 1998) instead of the difference GMM estimator (Arellano
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and Bond 1991) because the former performs well in the presence
of heteroskedasticity and time-invariant independent variables
(Blundell and Bond 1998; Windmeijer 2005). We use Olmssi,
and @cit as instruments for the endogenous variables
Openness;, and GDPpc;;, respectively. Furthermore, regressors
Popdensity,, Demoindex; and 6, are used as excluded instru-
ments while ‘internal instruments’ (i.e., differences of the lags
of endogenous variables ACPP],_, and PTA’I:I) were used to ad-
dress the endogeneity of the lagged regressor CPP;, and the PTA
variables (Blundell and Bond 1998; Sorgho and Tharakan 2022).
As our dependent variable CPP}, is bounded between 0 and 1,
we specify our estimation equations as an exponential fractional
regression model following Ramalho et al. (2018).

4 | Data

Our analysis combines data from two main sources: one on en-
vironmental provisions in preferential trade agreements and an-
other on indicators of climate change mitigation performance.
This section discusses these data sources and provides descrip-
tive statistics.

4.1 | PTAs and Environmental Provisions

We use the TRade and ENvironment Database (TREND) that
systematically collects detailed information on PTAs and the
different types of environmental provisions (EPs) they con-
tain. TREND identifies close to 300 EPs in 775 trade agree-

ments.?> Following Morin and Jinnah (2018) and Sorgho and
Tharakan (2022), we categorise EPs into those that address
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climate change (directly and indirectly) and those that address
other environmental issues. But we take our approach a step fur-
ther and make a stricter distinction between PTAs that directly
address climate change and those that only address general
environmental concerns. We argue that, by joining PTAs that
have direct climate change provisions, countries signal their
willingness to consciously address climate change issues. Based
on this categorisation of EPs, we classify PTAs into six catego-
ries as follows: (i) PTAs with EPs (PTAWEPs), (ii) PTAs without
EPs (PTAwOEPs), (iii) PTAs with direct climate change provi-
sions (PTAWDCPs), (iv) PTAs without direct climate change
provisions (PTAwoDCPs), (v) PTAs with either direct or indirect
climate change provisions (PTAwWCPs) and (vi) PTAs without cli-
mate change provisions (PTAwoCPs).

Figure 2 shows the growth in the number of the different types
of PTAs based on the categories outlined above. Overall, the
number of PTAs and the share of PTAs with EPs has increased
steadily since the early 1990s, but most of these PTAs do not
directly address climate change issues. In 2021, only 144 out of
the 775 PTAs (i.e., around 18.63%) directly addressed climate
change. Moreover, itwasonlyin 1979 that PTAsbegan toinclude
direct provisions on climate change. Our work exploits this vari-
ation in the various types of environmental provisions in PTAs
over time and across countries to assess how they affect envi-
ronmental outcomes.

4.2 | Measuring Environmental Performance

The data for our climate protection performance measures (i.e.,
the CCPI and its components) are provided by Germanwatch

- 100

Percentage of PTA type
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C—Cumulative number of PTAs
—+— Percentage of PTAWCPs

T
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FIGURE2 | Globalevolution of PTAs by type. PTAs means preferential trade agreements; PTAWEPs means PTAs with environmental provisions;

PTAwCPs means PTAs with climate change provisions that either directly or indirectly address climate change issues; PTAWDCPs means PTAs with

climate change provisions that directly address climate change issues. Source: Authors' calculations based on data from TRade and ENvironment

Database (TREND).
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e.V. The CCPI examines 14 indicators in four categories using
standardised criteria: 40% for GHG emissions, 20% for renew-
able energy, 20% for energy efficiency and 20% for climate policy.
While the climate policy component qualitatively captures the
most recent developments in national and international climate
policy frameworks that a country is pursuing in its efforts to ad-
dress climate change, the energy use component accounts for
improvements in energy efficiency that are essential to achiev-
ing global decarbonisation and overall greenhouse gas neutral-
ity by mid-century (Burck et al. 2023). Similarly, the renewable
energy component captures the critical role that the substitution
of fossil fuels with renewable energy plays in transforming an
economic system towards limiting global warming to 1.5°C in a
cost effective manner.?

Countries' progress in enacting and/or implementing policies
aimed at achieving the goals of the Paris Agreement* is assessed
using the CCPI's climate policy section. Broadly speaking, the
index captures how climate policy, when effective, affects en-
ergy efficiency and renewable energy, ultimately leading to re-
ductions in GHG emissions over time (Burck et al. 2023) and
thus improvements in protecting the environment from cli-
mate change. Higher scores on the index (and its components)
signify that a country performed better in terms of protecting
its environment and climate. The data cover 57 countries over
the period 2006 to 2019. Overall, global climate protection per-
formance has been modest, with mean CCPI scores of around
50% (see Figure 3). In terms of CCPI components, Figure 3, for
example, shows that countries around the world generally expe-
rienced great improvements in energy use (i.e., improvements
in energy efficiency, globally) and GHG emissions (i.e., reduced
emissions of GHGs) between 2017 and 2018. The data also show
that climate protection performance is not entirely determined
by a country’s development status (Figure 4 below). For example,

Morocco (a developing country) outperforms developed coun-
tries such as Australia and the United States of America.

To provide broader and robust evidence (i.e., based on more
countries) on how well countries perform in terms of climate
change performance, environmental health and ecosystem vi-
tality, we complement our analyses on CCPI using data on the
Environmental Performance Index. These data come from the
Socioeconomic Data and Applications Center (SEDAC).> Using
standardised criteria, the EPI evaluates 58 performance indi-
cators across 11 issue categories (for details see Figure S2 in
Appendix S1) in three policy objectives: climate change (30% of
the overall score),® environmental health (25%),” and ecosystem
vitality (45%)® (Block et al. 2024). A higher EPI score indicates
that a country is doing a better job of protecting its environment
and climate. Overall, EPI scores vary widely, ranging from 0.184
in Mali to 0.935 in Iceland, with a mean of 0.560 (Table 1). For
details on the variations in mean EPI scores across countries
over the sample period, see Figure S3 in Appendix S1. The stan-
dardised nature of both the CCPI and EPI minimises measure-
ment errors and related potential bias.

4.3 | Other Data Sources

The rest of the variables used in the empirical analyses come
from different sources. Data on GDP per capita, population, in-
vestment and population growth rate are from the World Bank's
World Development Indicators (WDI) whereas the human
capital index comes from the Penn World Table version 10.01
(Feenstra et al. 2015). Bilateral trade flows and gravity vari-
ables (i.e., bilateral distance, contiguity, colonial relationship
and common language) are from the Base pour 1'Analyse du
Commerce International (Gaulier and Zignago 2010). Data on
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FIGURE3 | Globaltrendsin Climate Change Performance Index and its components from 2007 to 2023. The primary vertical axis captures scores

for overall CCPI and emissions while scores for climate policy, renewable energy (i.e., increased renewable energy use) and energy use (i.e., improved

energy efficiency) are on the secondary y-axis. Source: Authors' calculations based on data from Germanwatch e.V.
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FIGURE 4 | Variations in mean CCPI scores across countries over the sample period. The darker shade (from yellow to purple), the larger the
average CCPI score. Pink-shaded regions refer to missing data (i.e., where CCPI is not tracked). Source: Authors' illustration based on data from

Germanwatch e.V.

the democracy index comes from the Economic Intelligence
Unit. Table S4 defines our key variables and outlines the data
and data sources we used in our econometric estimations, while
Table 1 presents the summary statistics.

5 | Results and Discussion
5.1 | Benchmark Regression Analysis

Our main results are presented in Column (1) of Table 2 and
suggest that international trade cooperation through PTAs
enhances a country's ability to mitigate and adapt to climate
change. The results show that the number of PTAs with EPs is
positively associated with a statistically significant increase in
the Climate Change Performance Index (CCPI). Specifically,
a unit increase in the number of PTAs with EPs is associated
with a 0.017 percentage points increase in the CCPI. This result
is quite significant considering that real-world climate change
policies have produced negligible impacts. For instance, empiri-
cal evidence shows that the Paris Agreement reduced CO, emis-
sions by roughly 1% between 1995 and 2019 in France, Spain and
Germany (Sadr et al. 2022). Eskander and Fankhauser (2020)
also found that each new climate law, on average, resulted in
an annual reduction of CO, emissions per unit of GDP by 0.78%
and 1.79% in the short-term and long-term, respectively. On the
contrary, PTAs without EPs are associated with a reduction in
the CCPI, although the coefficient present high standard errors
and thus not statistically significant at conventional levels. As
a form of sensitivity analyses, we analyse whether our findings
are influenced by potential phase-in effects of the targeted trade
policy, specifically the environmental provisions in PTAs. To
do this, we use 1- and 2-year lags of the variables of interest,
and the results are presented in Tables S5 and S6, respectively.
We find no evidence of phase-in effects.” Moreover, we use the
Kernel Regularised Least Squares (KRLS) estimator to analyse
the robustness of our main results to the choice of estimator. The

results presented in Tables S10 and S11 in Appendix S1 show
that our main results are consistent across the two estimators.

To assess the channels through which the PTAs with EPs af-
fect environmental performance, we assess how it affects the
different components that make up the CCPI. The results are
presented in Columns (2)-(5) of Table 2. We find that PTAs with
environmental provisions have a positive effect on GHG emis-
sions reduction, energy efficiency and climate policy. Moreover,
PTAs without environmental provisions significantly under-
mine performance in areas such as climate policy. These results
suggest that the significant positive effect of PTAs with envi-
ronmental provisions on climate change mitigation is driven by
improvements in domestic environmental and climate policy
initiatives and energy efficiency as well as reductions in GHG
emissions.

As expected, we find that all coefficients on the lag of the out-
come variables (i.e., CPP) are positive and statistically signif-
icant. This implies that a country's capacity to address climate
change depends in part on the effectiveness of its past efforts.
We further observe that all coefficients on trade openness are
positive except for GHGs emissions and improved energy effi-
ciency. On the one hand, the negative and statistically signifi-
cant effect of trade openness on GHGs emissions (Column (2)
of Table 2) implies that countries that trade more tend to have
higher levels of GHGs emissions. This is consistent with the
findings of Sorgho and Tharakan (2022) that trade openness in-
creases emissions of CH, and CO,. On the other hand, the posi-
tive effect of trade openness on renewable energy (Column (3),
Table 2) suggests that countries that are more open use more
renewable energy. These results indicate that increased trade
openness can benefit or hurt a country's climate change mit-
igation efforts depending on the size and interactions among
the scale, composition and technique effects (Copeland and
Taylor 2004; Grossman and Krueger 1991; Managi et al. 2009).
Except for energy efficiency, all coefficients on the income
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TABLE1 | Descriptive statistics for selected variables.

N Mean SD Min Max
Climate related variables
CCPI (overall score) 983 0.518 0.105 0.088 0.796
Emissions 983 0.304 0.090 0.093 0.466
Renewable energy 983 0.042 0.034 0 0.194
Energy efficiency 983 0.075 0.037 0.006 0.187
Climate policy 983 0.097 0.042 0 0.200
EPI (overall score, [0 1]) 1779 0.560 0.127 0.184 0.935
Environmental health 1959 0.625 0.276 0.001 0.999
Climate and energy 1737 0.498 0.226 0.002 0.998
PTA variables
All PTAs 1840 27.118 24.164 1 113
PTAWEPs 1840 24.942 23.406 1 110
PTAwoOEPs 1840 2.177 2.459 0 16
PTAwCPs 1840 17.299 16.121 0 77
PTAwoCPs 1840 9.819 10.262 0 41
PTAwDCPs 1840 8.980 11.401 0 57
PTAwoDCPs 1840 18.138 14.705 1 60
Auxiliary data
Trade (annual total, billion current USS$) 1840 239.390 512.145 0.413 4235.529
Trade openness (%) 1840 88.848 58.852 1.219 442.620
GDP per capita (000 constant 2017 US$) 1840 21.635 21.758 0.730 120.648
Investment rate (%) 1840 24.611 7.720 1.571 79.401
Population growth (annual %) 1840 1.456 1.649 —2.258 5.320
Population (million) 1840 51.742 165.715 0.304 1407.745
Population density (people/km?) 1840 254.406 887.120 1.657 7965.878
Human capital index 1840 2.584 0.702 1.126 4.352
Democracy index (ranging from 0 to 1) 1840 0.590 0.211 0.113 0.993
GHGs emissions (annual total, teratonnes) 1826 340.308 1243.764 1.557 14,300
Bilateral distance (000 km) 1,210,282 8.557 4.712 0.002 19.939
Contiguity (Yes=1) 1,210,282 0.013 0.112 0 1
Colonial relationship (Yes=1) 1,210,282 0.188 0.390 0 1
Common language (Yes=1) 1,210,282 0.006 0.079 0 1

Note: Equality between observed and predicted trade values is not a mistake. PTAWEPs means PTAs with environmental provisions; PTAwWoEPs means PTAs without
environmental provisions; PTAWCPs means PTAs with climate change provisions; PTAwoCPs means PTAs without climate change provisions; PTAWEPwoCPs means

PTAs with environmental provisions but without climate change provisions.
Abbreviations: N, number of observations; SD, standard deviation.

Source: Authors' calculations based on data from Germanwatch e.V., Socioeconomic Data and Applications Center (SEDAC), TRade and ENvironment Database
(TREND), Base pour I'Analyse du Commerce International (BACI), World Bank's World Development Indicators (WDI), Penn World Table version 10.01 and Economic

Intelligence Unit (EIU).

variable (i.e., GDP per capita) are positive whenever they are
statistically significant. This implies that countries with high
income levels have more capacity to reduce GHGs emissions
and increase the use of renewable. They can invest in green

production technologies to reduce their carbon footprints
and/or import more environmental goods. Population density
is negatively associated with all our outcome variables. The
same is true for the democracy index. As such, climate change

85U807 SUOWILLIOD BAesID 3|qedljdde 8Ly Aq pausenob ale ke VO ‘8sn 4O Sa|ni Joj ARIqIT 8UIIUO AB|1M UO (SUOIpUOD-pUe-SWLBHWI0d" A | 1M Afe.q 1 BUI|UO//:SdNY) SUORIPUOD PUe Swie 1 8L} 88S *[6202/60/2Z] Uo Areiq)TauliuO A8|IM ‘2S00L 6878-L9FT/TTTT OT/I0p/W0d 8| M  Afeiq Ul juo//SARY Wol4 papeo|umoq ‘0 ‘6878.9vT



TABLE 2 | Effects of environmental provisions in PTAs on climate change mitigation.

Emissions Increased Improved energy
CCPI reduction renewable energy efficiency Climate policy
Dependent variable (6)) @) 3) @ O]
PTAwoEP;, -0.010 0.080 -0.077 —0.323 —0.182%**
(0.037) (0.169) 0.132) (0.268) (0.050)
PTAWEP;, 0.017%#* 0.0047%** —-0.001 0.031%** 0.036%**
(0.005) (0.001) (0.009) (0.011) (0.009)
CPP‘I."t_1 0.158** 0.501*** 0.105*** —0.120%** 0.534%*
(0.089) (0.113) (0.311) (0.193) (0.084)
log Openness;, 0.079 —0.453%** 0.040%** —0.668* 0.358
(0.214) (0.160) (0.022) (0.352) (0.223)
log GDPcap;, 0.506 0.807** 0.034** 0.828 0.797*
(0.533) (0.391) (0.017) (0.494) (0.483)
log Popdensity;, —0.478* —0.576%** —0.048 0.206 —0.493*
(0.272) (0.206) (0.113) (0.174) (0.283)
Demoindex;, —2.853%** —4.633%%* —-0.399 -0.221 —3.422%%*
(1.003) (1.401) (0.923) (1.109) (0.530)
Country fixed effect Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes
Observations 727 727 727 727 727
Countries 57 57 57 57 57
Hansen test (Prob) 0.117 0.123 0.128 0.166 0.137

Note: CCPI means Climate Change Performance Index. PTAWoEP;, is the number of preferential trade agreements without environmental provisions in force for
country i in year t. PTAWEP;, is the number of PTAs with environmental provisions. Standard errors, clustered at the country level, are in parentheses. ***, ** and
*Significance at 1%, 5% and 10%, respectively. Intercepts included but not reported for brevity. The Hansen test results fail to reject the validity of the instruments. All

models are estimated using two-step system generalised method of moments.

mitigation performance decreases with increasing levels of
democracy.'?

5.2 | Accounting for Climate-Specific Provisions

The effects of environmental provisions on environmen-
tal quality outcomes also depend on the heterogeneity of
the specific environmental provisions included in the trade
agreements (Bliimer et al. 2020; Brandi et al. 2020). To assess
whether this heterogeneity matters for climate change miti-
gation, we categorise the EPs included in a trade agreement
into direct, indirect and neutral (i.e., neither address climate
change issues directly nor indirectly) climate change provi-
sions. For instance, Article V of the PTA signed between China
and Singapore in 2008 prescribes standards on the promotion
of renewable production of energy and energy efficiency. This
is an example of a PTA with direct climate change provisions.
An example of a PTA that includes indirect climate change
provisions is the trade agreements signed between Mexico
and Panama in 2014, which provide measures that call for
the conservation of natural resources and the establishment
of contact points on environmental matters. Based on this

classification, we categorise PTAs into four groups: (i) PTAs
with direct climate change provisions (PTAWDCPs), (ii) PTAs
without direct climate change provisions (PTAwoDCPs), (iii)
PTAs with climate change provisions (PTAwWCPs) and (iv)
PTAs without climate change provisions (PTAwoCPs). By spe-
cifically focusing on PTAs that have EPs that address climate
change issues, this allows us to assess whether the explicit in-
clusion of climate change provisions in PTAs matters for cli-
mate change mitigation.

We present the results in Table 3. The estimates in Column (1)
of Table 3 show that PTAs with any form of climate change
provisions (i.e., the provisions address climate change issues
directly and/or indirectly) are associated with a positive and
statistically significant effect on climate change mitigation.
Specifically, a one unit increase in the number of such PTAs is
associated with a 0.17 percentage point increase in the CCPL.
We find, however, that PTAs with environmental provisions
that directly address climate change issues are associated
with an even larger positive effect on climate protection per-
formance (Column (2)) with a unit increase in the number of
such PTAs leading to a 0.45 percentage point increase in the
CCPI. In essence, to achieve greater climate change mitigation
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outcomes, the EPs included in the PTAs must address climate
change issues precisely.

In terms of channels through which different types of EPs in
PTAs influence the overall climate change mitigation perfor-
mance, we find that PTAs with climate change provisions that
address climate change issues more broadly are associated
with significant positive effects on GHG emissions (i.e., re-
duce GHGs emission) (Column (3)), energy efficiency (Column
(7)) and climate policy (Column (9)). Moreover, PTAs that do
not have any climate change provisions are associated with
significant negative and positive effects on GHG emissions
reduction efforts (i.e., increase GHGs emissions) and climate
policy, respectively. On climate policy, our findings in Column
(9) indicate that enhanced international trade collaboration
through PTAs can facilitate the adoption and implementation
of environmental and climate policies, irrespective of whether
the provisions within the agreement specifically address cli-
mate change.

The positive direct effect of PTAs with climate change provisions
on CCPI, GHG emissions, energy efficiency and climate policy
supports the conclusion by Sorgho and Tharakan (2022) that the
inclusion of climate change-related provisions in PTAs can have
an overall positive effect on environmental quality. Our work is,
however, novel in showing that we achieve even larger positive
effects when the provisions on climate change are direct and ex-
plicit. The results are presented in the even-numbered columns
of Table 3. We find that PTAs with climate change provisions
that directly address climate change issues are associated with
an overall significant positive effect on climate change mitiga-
tion and GHG emissions (Columns (2) and (4)). We also observe
that PTAs without direct climate change provisions are associ-
ated with increased GHG emissions and improved energy effi-
ciency (Columns (4) and (8)).

5.3 | Alternative Measures of Climate
Performance

Our findings so far confirm the positive effects of PTAs with
EPs on climate change mitigation. The use of the CCPI index
allows us to capture climate change effects more broadly, but
the downside is that the CCPI covers a limited set of countries,
which calls into question the generalisability of our findings.
To address this concern and provide a broader and more robust
evidence on how different types of PTAs affect environmental
quality outcomes, we measure climate change mitigation using
alternative indicators.

5.3.1 | Environmental Performance Index

Our first alternative measure of climate change mitigation
is the Environmental Performance Index (EPI) and its com-
ponents (i.e., environmental health, and climate and en-
ergy). The EPI covers 180 countries. Specifically, we estimate
Equation (1) but replace the outcome variable CCPI with EPI.
The results are presented in Table 4. First, we assess whether
EPs matter for climate change mitigation and present the re-
sults in Columns (1), (4) and (7). Consistent with our findings

in Table 2, we find that PTAs with environmental provisions
have a positive effect on EPI, but also its components—envi-
ronmental health and climate and energy. PTAs without EPs,
however, have no discernible effects on EPI and climate and
energy, but have a negative effect on environmental health.
The significant positive direct effect of PTAs with EPs on the
three environmental quality indicators reaffirms our main
findings and the notion that the inclusion of environmental
provisions in trade agreements could be an effective trade pol-
icy instrument in the existential fight against climate change
and other environmental issues (Abman et al. 2024; Brandi
et al. 2020; Sorgho and Tharakan 2022).

Consistent with Section 5.2, we also examine whether the cli-
mate change mitigation effects of PTAs depend on whether
the provisions address climate change directly or indirectly. In
Columns (2), (5) and (8), PTAs with climate change provisions
are associated with positive and statistically significant effects
on EPI, environmental health and climate and energy. Moreover,
PTAs without climate change provisions are negatively associ-
ated with all three environmental quality indicators. The results
in Columns (3), (6) and (9) of Table 4 further show that PTAs
with direct climate change provisions are associated with an
overall significant positive effect on climate protections per-
formance. Here, again, the effects of PTAs with direct climate
change provisions on climate mitigation performance are larger
in magnitude than the effects of PTAs with more broadly de-
fined climate provisions.

5.3.2 | Emissions Data

There may be concerns about the objectivity of the different cli-
mate indices we use as some may argue that these indices often
involve subjective weights and are influenced by country-specific
factors, which may introduce measurement bias. To strengthen
our claim that PTAs with EP improve climate change mitigation
efforts, we use emissions by country data from the Emissions
Database for Global Atmospheric Research (EDGAR) maintained
by the European Commission.! The results are presented in
Table 5. Consistent with our main results in Tables 2 and 3, we
find that PTAs with EPs are associated significant decrease in
GHGs emissions (i.e., CO, equivalents). The estimates also show
that PTAs with the provisions that address climate change issues
directly and/or indirectly are associated with a negative and sta-
tistically significant effects on GHGs emissions. These results
replicate the findings of Sorgho and Tharakan (2022) and provide
strong support for our paper's main claim that PTAs with EPs help
improve climate change mitigation performance by reducing GHG
emissions. This also reinforces the confidence that our results are
not driven by the specific datasets and indices we employed.

5.4 | Heterogeneous Effects Across North-North,
North-South and South-South PTAs

The effectiveness of environmental regulations can be miti-
gated by several factors. For instance, the effectiveness of EPs
in PTAs could depend on whether they are signed between
developed (North), or developed and developing (South), or de-
veloping countries (Bastiaens and Postnikov 2017). Therefore,
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TABLE 4 | Effects of environmental provisions in PTAs on environmental quality outcomes.

Environmental
Protection Index Environmental health Climate and energy
@ @ 3 @ ()] © ) ® ©)]
PTAWOEP, 0.009 —0.423%# —0.005
(0.064) (0.061) (0.057)
PTAWEP, 0.007** 0.026** 0.015%*
(0.003) (0.012) (0.006)
PTAwoCP;, —-0.020 —0.074%** —0.002
(0.025) (0.028) (0.016)
PTAWCP, 0.002%* 0.057%** 0.025%**
(0.001) (0.018) (0.009)
PTAwoDCP;, —0.025* —0.059* 0.013
(0.015) (0.031) (0.012)
PTAwWDCP, 0.003** 0.147%** 0.012%*
(0.001) (0.051) (0.004)
CPPft_1 0.618%*** 0.461** 0.525%* 0.543%** 0.794%** 0.226™* 0.607%*** 0.671** 0.392%%*
0.221)  (0.225)  (0.246) (0.076) (0.019) (0.114) (0.130) (0.333) (0.065)
log Openness;, 0.352%** 0.330%* 0.412%** 0.216 0.616™* 0.313%#* —0.419**  —0.561***  —0.381**
(0.135) (0.134) (0.128) (0.332) (0.278) (0.118) (0.204) (0.202) (0.192)
log GDPcap;, 0.038 —-0.054 -0.121 0.547 0.053** 0.787*** —0.484*%  —0.562***  —0.515%*
(0.239) (0235  (0.192) (0.472) (0.027) (0.225) (0.218) (0.213) 0.224)
log Popdensity;, —0.263 -0.114 -0.134 —0.060 —0.049 —0.349%* 0.092 0.088 0.097
(0.199) (0.190) (0.222) (0.166) (0.198) (0.149) (0.120) (0.116) (0.121)
Demoindex;, 0.036%**  0.048***  0.043%** 0.024%+* 0.035%#* 0.046%** 0.026%** 0.038%*** 0.046%***
(0.011) (0.010)  (0.009) (0.007) (0.005) (0.012) (0.006) (0.004) (0.005)
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 787 787 787 905 905 905 794 794 794
Countries 114 114 114 132 132 132 115 115 115
Hansen test 0.162 0.163 0.155 0.148 0.123 0.173 0.141 0.142 0.153
(Prob)

Note: PTAWoEP;, is the number of preferential trade agreements (PTAs) that do not have environmental provisions and are in force in country i in year t. PTAWEP;, is
the number of PTAs that have environmental provisions. PTAwoCP;, is the number of PTAs that do not have environmental provisions addressing climate change-
related issues either directly, indirectly or both, and are in force in country i in year t. PTAWCP;, is the number of PTAs that have environmental provisions addressing
climate change-related issues either directly, indirectly or both. PTAwoDCP;, is the number of PTAs that do not have environmental provisions directly addressing
climate change-related issues, while PTAWDCP;, is the number of PTAs that have environmental provisions directly addressing climate change-related issues. Standard
errors, clustered at the country level, are in parentheses. ***, ** and *Significance at the 1%, 5% and 10% levels, respectively. Intercepts, as well as country and year
fixed effects, are included but not reported for brevity. The Hansen test results fail to reject the validity of the instruments. All models are estimated using the two-step

system generalised method of moments.

we extend our analyses and examine whether the climate
change mitigation effects of EPs in PTAs vary between South
and South PTAs, North and North PTAs and North and South
PTAs. We use the United Nations Conference on Trade and
Development classification to divide countries into two mu-
tually exclusive and collectively exhaustive groups: North and

South (Hoffmeister 2020, see also Table S3). We then split up
PTAs based on whether they were signed between South and
South, North and North or North and South countries and es-
timate Equation (1) on these sub-samples. In this section, our
analysis is limited to the EPI, rather than the CCPI, due to
the former's larger sample size of developed and developing
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TABLE 5 | Effects of environmental provisions in PTAs on GHGs emissions (CO, equivalents).

CO, equivalents

CO, equivalents CO, equivalents

Dependent variable @ 2 3)
PTAWOEP,, 0.033
(0.035)
PTAWEP, —0.004%**
(0.001)
PTAwWoCP,, 0.008
(0.021)
PTAWCP, —0.004%**
(0.002)
PTAwoDCP, -0.008
(0.020)
PTAwWDCP, —0.002%**
(0.001)
CPP,_, 0.900%** 0.905%** 0.909***
(0.031) (0.033) (0.035)
log Openness;, —-0.076 —0.101 —0.027
(0.084) (0.066) (0.073)
log GDPcap;, 0.072** 0.068** 0.101**
(0.035) (0.040) (0.034)
log Popdensity;, —0.055** —0.070** —0.054**
(0.027) (0.026) (0.018)
Demoindex;, —0.279%** —0.240%** —0.022%**
(0.043) (0.049) (0.009)
Country fixed effect Yes Yes Yes
Year fixed effect Yes Yes Yes
Observations 1826 1826 1826
Countries 132 132 132
Hansen test (Prob) 0.119 0.125 0.115

Note: PTAWOEP;, is the number of preferential trade agreements (PTAs) that do not have environmental provisions and are in force in country i in year t. PTAWEP;, is
the number of PTAs that have environmental provisions. PTAwoCP;, is the number of PTAs that do not have environmental provisions that address climate change-
related issues either directly, indirectly or both, and are in force in country i in year t. PTAWCP;, is the number of PTAs that have environmental provisions that
address climate change-related issues either directly, indirectly or both. PTAWoDCP;, is the number of PTAs that do not have environmental provisions that directly
address climate change-related issues, while PTAWDCP;, is the number of PTAs that have environmental provisions that directly address climate change-related issues.
Standard errors, clustered at the country level, are in parentheses. ***, ** and *Significance at the 1%, 5% and 10% levels, respectively. Intercepts are included but not
reported for brevity. The Hansen test results fail to reject the validity of the instruments. All models are estimated using the two-step system generalised method of

moments (GMM).

countries, which provides sufficient variation for analysis.
The results are presented in Table 6 (see Tables S7-S9 in
Appendix S1 for detailed results).

The top panel of Table 6 assesses the effects of PTAs with some
form of climate provisions on climate change mitigation, while
the lower panel assesses the effects of PTAs with direct climate
change provisions. Consistent with our findings presented
in Table 4, we find that PTAs with climate change provisions

are associated with positive and significant effects on EPI, en-
vironmental health and climate and energy irrespective of the
development status of the signatories. The same is true for PTAs
with direct climate change provisions. The magnitudes of the
estimated effects are, however, larger for PTAs with direct cli-
mate change provisions. We also observe that climate change
provisions have larger climate change mitigation effects in
North-South PTAs than in either North-North or South-South
PTAs. Moreover, North-North PTAs without climate change
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TABLE 6 | Effects of climate-change related environmental provisions on environmental quality outcomes.

North-North PTAs

North-South PTAs

South-South PTAs

Env. Climate Env. Climate Env. Climate
Dependent EPI health & energy EPI health & energy EPI health & energy
variable @ 2 ©)] @ ) © @) ® )
Panel a
PTAwoCP;, —-0.021 —0.042 —0.043 0.014 —0.018 0.023 0.058 0.018 0.026
(0.028)  (0.051) (0.036) (0.137) (0.088) (0.049) (0.053) (0.047) (0.046)
PTAWCP;, 0.031***  0.052** 0.023%** 0.080** 0.271%%* 0.017** 0.011** 0.037%** 0.010**
(0.004)  (0.026) (0.008) (0.036) (0.052) (0.008) (0.005) (0.008) (0.004)
Hansen test 0.194 0.165 0.159 0.201 0.125 0.150 0.144 0.155 0.140
(Prob)
Panel b
PTAwoDCP;, —0.006 —0.026 0.102%** 0.066** 0.122%* —0.002 0.012 0.024%** 0.002
(0.028)  (0.032) (0.020) (0.027) (0.048) (0.025) (0.032) (0.007) (0.031)
PTAwDCP;, 0.180***  0.063** 0.103%** 0.079*%**  0.096™** 0.042%+* 0.363%*F  (0.247%** 0.162%*
(0.063)  (0.028) (0.025) (0.019) (0.027) (0.012) (0.141) (0.041) (0.087)
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country fixed Yes Yes Yes Yes Yes Yes Yes Yes Yes
effect
Year fixed effect Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 298 298 298 731 841 738 490 607 497
Countries 43 43 43 106 123 107 71 89 72
Hansen test 0.167 0.134 0.263 0.140 0.136 0.179 0.151 0.153 0.162

(Prob)

Note: EPI refers to the Environmental Performance Index. PTAwoCP;; is the number of preferential trade agreements (PTAs) that do not have environmental
provisions addressing climate change-related issues either directly, indirectly or both, and are in force in country i in year t. PTAWCP;, is the number of PTAs that
have environmental provisions addressing climate change-related issues either directly, indirectly or both. PTAwoDCP;, is the number of PTAs that do not have
environmental provisions directly addressing climate change-related issues, while PTAWDCP;, is the number of PTAs that have environmental provisions directly
addressing climate change-related issues. Standard errors, clustered at the country level, are in parentheses. ***, ** and *Significance at the 1%, 5% and 10% levels,
respectively. Intercepts, as well as country and year fixed effects, are included but not reported for brevity. The Hansen test results fail to reject the validity of the
instruments. All models are estimated using the two-step system generalised method of moments (GMM).

provisions are negatively associated with all three environ-
mental quality indicators but the effects are statistically non-
significant. On the contrary, North-South and South-South
PTAs without climate change provisions are generally associ-
ated with non-significant positive effects on EPI, environmental
health and climate and energy.

We further assess whether environmental provisions that
directly address climate change-related issues have hetero-
geneous environmental quality effects across North-North,
North-South and South-South PTAs and present the results
in panel b of Table 6. We find that PTAs with direct climate
change provisions are associated with significant positive ef-
fects on all environmental quality indicators. This further re-
affirms that PTAs with direct climate change provisions can
contribute to improving environmental sustainability. We also
observe that direct climate change provisions have larger en-
vironmental quality-promoting effects in South-South PTAs
than in either North-North or North-South PTAs. In addition,

North-North PTAs without direct climate change provisions
are associated with significant positive effects on climate and
energy. Moreover, North-South PTAs and South-South PTAs
without direct climate change provisions are generally posi-
tively associated with all three environmental quality indica-
tors but the effects are significant for EPI and environmental
health.

6 | Policy Implications

Our findings offer clear guidance for policymakers who want
to integrate climate goals into trade policy. First, our results
show that PTAs with environmental provisions, particularly
those that directly address climate change, can significantly
contribute to climate change mitigation. This underscores
the need for policymakers to move beyond generic environ-
mental language and prioritise the inclusion of concrete, en-
forceable climate-related commitments in trade agreements.
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Our findings complement prior studies (e.g., Baghdadi
et al. 2013; Martinez-Zarzoso and Oueslati 2018; Sorgho and
Tharakan 2022; Zhou et al. 2017) that link EPs in PTAs to
improved environmental outcomes such as reduced green-
house gas emissions. However, our work emphasises that the
effectiveness of PTAs depends on their design; to effectively
support climate goals, PTAs must incorporate specific climate
change provisions. Policymakers should focus on negotiating
PTAs that include specific, measurable and enforceable cli-
mate provisions.

As global trade in the past three decades has lifted millions out
of poverty, keeping food markets open to trade remains crucial
for global food security (Anderson 2022; Brown et al. 2017).
As preferential trade agreements proliferate, they need to be
deepened to ensure that food systems remain sustainable. Our
findings show that deep trade agreements with environmental
provisions have positive effects on climate change mitigation.
This suggests that the inclusion of environmental provisions in
trade agreements could be an effective trade policy instrument
in the existential fight against climate change. By joining trade
agreements that have environmental provisions, countries are
more likely to put environmental issues at the center of trade
and environmental policy debates, leading to improved domes-
tic environmental (climate) policy formulation and regulation
and improved climate change mitigation efforts.

Evolving carbon market mechanisms—such as the EU’s Carbon
Border Adjustment Mechanism—highlight the growing inter-
section between trade and climate policy. As carbon pricing
schemes become more widespread, aligning PTA provisions
with these mechanisms could ensure coherence and avoid reg-
ulatory conflict. EPs can also provide a platform for mutual
recognition of standards and help harmonise approaches across
countries.

7 | Conclusion

International trade and climate change are intricately inter-
twined. While climate change can have enormous negative
effects on international trade (e.g., by increasing trading
costs, disrupting production and supply chains; World Trade
Organisation 2022), international trade can also worsen cli-
mate change effects by contributing to deforestation (Abman
et al. 2024; DeFries et al. 2010; Leblois et al. 2017), loss of
biodiversity (Bjelle et al. 2021; Chaudhary and Brooks 2019;
Lenzen et al. 2012; Marques et al. 2019; Wilting et al. 2021)
and increased emissions of carbon and GHGs (Zu Ermgassen
et al. 2020; Johansson et al. 2020; Karstensen et al. 2013;
Saikku et al. 2012). However, trade and well-designed trade
policies remain crucial avenues for mitigating and adapting
to climate change (World Trade Organisation 2022). But, do
targeted trade policy instruments such as environmental pro-
visions in trade agreements contribute to improved climate
protection performance?

In this study, we analyse the effects of environmental provi-
sions and climate change provisions in PTAs on environmen-
tal quality. We use the Climate Change Performance Index and

the Environmental Performance Index to objectively measure
cross-country differences in addressing climate change and
other environmental issues. We assess how heterogeneous en-
vironmental provisions in PTAs affect environmental quality
outcomes. Our primary contribution is to provide comprehen-
sive direct evidence on the effects of the heterogeneity of envi-
ronmental and climate change provisions in PTAs on climate
change mitigation.

We use an autoregressive panel data model to estimate the
effects of including environmental provisions and climate
change provisions in PTAs on climate protection performance
controlling for scale, composition and technique effects. We
address potential endogeneity concerns using dynamic panel
data estimation techniques and instrumental variables ap-
proaches. We find that, ceteris paribus, the inclusion of envi-
ronmental provisions and climate change provisions in PTAs
enhances a country's performance in improving its environ-
mental health, ecosystem vitality and adapting to and miti-
gating climate change. The environmental quality-enhancing
effects are primarily driven by gains in the areas such as
emissions, renewable energy and climate policy. Moreover,
PTAs that have direct climate change provisions (i.e., directly
address climate change issues) have larger effects on climate
protection performance, environmental health and ecosys-
tem vitality than PTAs that either address environmental
issues in general and/or indirectly address climate change
issues. It is important that trade agreements should include
climate change provisions if they are to be an effective strat-
egy for dampening potential negative environmental quality
effects of trade and/or directly mitigating and adapting to
climate change or addressing other environmental issues.
Moreover, these should be complemented by effective political
institutions.

Our analysis contributes to the contentious debate on trade,
trade policy and climate change and their implications for
environmental and economic sustainability. Our results also
inform the design of future deep PTAs (or modification of
the existing PTAs) that seek to address specific issues of con-
cern such as climate governance. Although our findings have
important implications for environmental- and climate pro-
tection, trade- and environmental policy, we recognise they
could be limited in three ways. First, data on our main out-
come variable (i.e., CCPI) is limited to selected countries that
contribute to over 90% of global GHG emissions. These coun-
tries are most likely different from most countries that are not
tracked by the index which might limit the external validity
of our results. However, we complement our CCPI analyses
with analyses based on the Environmental Performance Index
to address the limited sample coverage problem and enhance
the external validity of our results. Second, we independently
modelled and estimated the effects of environmental provi-
sions and climate change provisions on the four components
of the CCPI by assuming that they are statistically indepen-
dent. Finally, the effects of EPs and CPs likely vary by sector.
However, due to data limitations, we could not test this hy-
pothesis. While our country-level analysis provides valuable
insights, it likely misses out on the nuances that transpire at
granular levels.!
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Endnotes

LPTAwWCPs comprise all PTAs that have environmental provisions
that address climate change related issues either directly, indirectly,
or both while PTAWDCPs consist of all PTAs that have EPs that di-
rectly tackle climate change related issues. Thus, PTAWDCPs is a
subset of PTAwCPs.

2 Most trade agreements incorporate enforcement clauses in addition
to the environmental provisions to ensure that signatory countries
implement the stipulations of the environmental provisions. These
enforcement mechanisms not only stipulate punitive measure against
inaction or misaction but also dispute resolutions mechanisms in
case of disagreements between the signatory countries.

3 See Figure S1 in Appendix S1 for a detailed description of the compo-
nents that make up the CCPI.

4 This is a historic global deal on climate change, adopted in December
2015 during the UN Climate Conference (COP21) held in Paris,
France. It officially took effect on 4th November 2016. The agree-
ment marked a major turning point, as nearly all countries in the
world came together with a shared commitment: to tackle climate
change and prepare for its impacts, all while working to keep global
warming within safe limits. It seeks to Limit global warming to well
below 2°C above pre-industrial levels and pursue efforts to limit the
temperature increase to 1.5°C.

5> Data available at https://sedac.ciesin.columbia.edu/data/collection/
epi/sets/browse.

6 Issue areas: climate change mitigation (30%).

7Issue areas: air quality (17%), sanitation and drinking water (5%),
heavy metals (2%) and waste management (1%).

8 Issue areas: biodiversity and habitat (25%), forests (5%), fisheries (2%),
air pollution (6%), agriculture (3%) and waste water (4%).

° This also ensures that we take into account, in part, the possible stag-
gered nature of policy adoption across different countries and trade
agreements, which could lead to significant heterogeneity in the tim-
ing and magnitude of the policy's effects.

10 Whereas, we find that democracy is negatively associated with envi-
ronmental quality outcomes, we acknowledge that the empirical evi-
dence on this relationship is rather mixed. Acheampong et al. (2022)
show that high-level democracy indicators moderate energy con-
sumption to increase carbon dioxide emissions in West Africa and
Central Eastern Africa but not Sub-Saharan Africa and Southern

Africa. Povitkina and Jagers (2022) show that the type of democracy
matters for environmental policy outputs. They find that ‘democ-
racies with stronger deliberative features adopt more, but not nec-
essarily stricter or more effective, environmental policies. Instead,
democracies with stronger social-liberal features adopt both stricter
and more effective policies’.

! https://edgar.jrc.ec.europa.eu.

12'We are grateful to one of the anonymous reviewers for pointing this
out.
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