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Abstract: We investigated the effect of agreements related to climate change on bilateral trade, using
the Poisson pseudo-maximum likelihood (PPML) estimator on a large dataset that requires com-
puting high-dimensional fixed effects. This study develops the concordance between commodities
based on harmonized systems (HS) and technologies defined by both international and cooperative
patent classifications (IPC/CPC). Using the OECD ENV-TECH classification, covering 169 exporting
countries and 179 importing countries worldwide from 1991 to 2019, we determined the relationship
between HS commodities and IPC/CPC climate change technologies. The main findings show that,
first, the Kyoto Protocol has increased international bilateral trade in the climate change industry,
while the Montreal Protocol has led to the opposite effect. In addition, the impact of environmental
stringency on international bilateral trade in climate-related industries was negative and significant,
refuting the Porter Hypothesis. This result was consistent within the trade between the convention
countries. Therefore, national and industrial perspectives are relative, and voluntary climate mitiga-
tion methods should be applied, considering the areas where carbon reduction is relatively difficult.
In other words, the conventions and policies must shift to a global paradigm in environmental
protection and a more inclusive approach, with recognition of diversity in governance types.

Keywords: climate change; technology; environmental agreements; gravity model; Poisson pseudo-
maximum likelihood

1. Introduction

As the transition to a low-carbon economy is continuously being discussed at an
international level, private sector industries are obliged to voluntarily reduce carbon
emissions through production reduction, adaptation, financial reallocation, technology
investment, and so on [1–3]. The establishment in 1988 of the Intergovernmental Panel on
Climate Change (IPCC) to discuss and find ways to mitigate climate change was followed
by the adoption of the UN Framework Convention on Climate Change (UNFCCC) in 1992.
With the adoption of the Kyoto Protocol in 1997, developed countries were obligated to
reduce greenhouse gas (GHG) emissions [4]. Further, in the Paris Agreement, adopted in
2015, a bottom-up method was imposed on both developed and developing countries, in
which each member state sets its own targets for the nationally determined contribution
(NDC), according to the country’s conditions and capabilities [5].

National implementation of carbon neutrality has become inevitable across the world
as the major participants, namely the EU, the United States, and China, have recently
declared that net-zero will be achieved by 2050 [6]. In July 2021, the European Commission
(EC) announced ‘Fit for 55’, a carbon emission reduction target, which includes initiating a
carbon border adjustment policy in 2026 that imposes carbon emission tax on “dirty” prod-
ucts (e.g., steel, aluminum, cement, etc.) imported from outside the EU [7]. Specifically, the
target is to achieve carbon neutrality by reducing the net carbon emissions of EU member
states to 55% of 1990 levels by 2030 and zero by 2050. The carbon border adjustment policy
is expected to significantly affect the exports of Asian countries, as a large proportion of
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their exports are composed of goods with relatively high carbon emissions compared to
those of EU countries [8]. In addition, the carbon border tax will also be imposed on aircraft
and marine fuels used during the transportation of export goods; thus, the utilization of
eco-friendly ships and the establishment of related infrastructure are inevitable. Similarly,
in the United States, the Biden government has emphasized the introduction of a carbon
border tax to promote renewable energy use and improve energy efficiency [9]. Therefore,
when the carbon border tax is initiated globally, industries with high carbon emissions will
be subjected to relatively high taxes. In other words, countries that have a comparative
advantage in production with green technology are likely to be more competitive in the
international market and have the opportunity to expand their export volume. From
this perspective, our study defines the climate technology industry (hereinafter, climate
industry) and examines the impact of environmental agreements on bilateral trade among
countries by employing a Poisson pseudo-maximum likelihood (PPML) estimation with
high-dimensional fixed effects (HDFE).

Various approaches to evaluating the effects of climate policy and environmental
stringency can be found in the literature. There is empirical evidence of the negative
effect of climate policies on international trade; in particular, the connection between such
policies and the phenomenon of carbon leakage [10–14]. However, climate policy can
foster green innovation by promoting investment in green technologies and improving
consumer perceptions of the quality of these products and technologies [11,15–18]. With
these results in mind, we examined the impact of environmental agreements on trade in
the climate industry, with a re-evaluation of the Porter Hypothesis. The Porter Hypothesis
suggests that well-designed environmental policies could have positive economic effects
such as motivating innovation through improving firm productivity of the brown sector
industries [19,20].

Our results contribute to the study of climate change policy in several ways. In con-
trast with the trade classification methods often used in published studies, we utilized
different matching techniques that characterize climate industries as technology sets. This
is achieved by applying the Organisation for Economic Co-operation and Development
(OECD) environment-related technologies (ENV-TECH) classification and harmonized
system (HS) to international patent classification (IPC) and cooperative patent classification
(CPC) concordance. These classifications are used considering that the development of
science and technology is a major factor in determining an industry, and patents contain
information that identifies technological and industrial activities. Furthermore, the test pro-
vides empirical evidence of the Porter Hypothesis. The results support the conclusion that
properly designed environmental policies in accordance with climate change response are
conducive to the trade and economic growth of the country. Therefore, it is critical that both
developed and developing countries cooperate internationally to combat climate change.

The remainder of this paper is organized as follows. Section 2 reviews the extant liter-
ature on the impact of environmental agreements and climate policies on trade. Section 3
presents the definition and the international trade patterns of the climate change industry
by classifying countries according to the OECD membership. Section 4 describes the data
and model specifications, and Section 5 provides the empirical results. Finally, policy
implications and conclusions are discussed.

2. Literature Review

As climate change has become an increasingly global threat, the international com-
munity has begun to cooperate on various regulations and policies. In a 2021 study [8],
researchers estimated the value of the carbon border tax on South Korean exports to the
EU, China, and the US, respectively, by differentiating the scenarios by the tax rate. It was
found that the estimated carbon border tax of the top 10 export goods in 2030 accounts
for an average of 2.38% of the total export volume in the case of the EU and 0.67% in the
case of the United States, assuming a carbon border tax rate of 75 US$/tCO2. In the case
of China, the estimated carbon border tax, assuming a rate of 35 US$/tCO2, reaches US$
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713.6 million in 2030, which is the equivalent of approximately 1.08% of the value of the
total export volume from Korea to China.

The question arises as to whether these climate policies actually have an effect and
are moving the member states closer to their targets. Many attempts have been made
to evaluate the effects of climate policy and environmental stringency using various ap-
proaches. Accordingly, we reviewed the literature on international climate agreements,
in particular, the Kyoto and Montreal Protocols. We found empirical evidence, from a
number of published studies, of the negative impact that climate policies have had on
international trade and national economies. Employing difference-in-differences (DID)
estimation, Aichele and Felbermayr [12] examined the impact of Kyoto Protocol commit-
ment on the exports of 34 Kyoto countries by utilizing UN Comtrade data from the period
1997–2007. They suggest that the average treatment effect (ATE) of commitments in the
Kyoto Protocol resulted in a decrease of approximately 15–20% in exports, on average.
The average treatment effect on the treated (ATT) for a Kyoto member state represented a
decrease of approximately 10–13%, of which the most energy-intensive industries (steel,
iron, non-ferrous metals, machinery, equipment goods, etc.) were the most affected (Aver-
age treatment effect (ATE) was calculated by the mean difference between the outcomes
of the treated and controlled groups. The average treatment effect on the treated (ATT)
measures the difference between the mean outcome of the treated group and the mean
outcome of the controlled group had they been treated. Refer to Khandker et al. [21] for
further explanation). Similarly, by applying the gravity model, Kim [14] suggested that
the Kyoto Protocol negatively affected the bilateral trade of the G20 countries and further
reduced the purchasing power of consumers in importing countries in accordance with
an increase in the cost of production in exporting countries. Aichele and Felbermayr [13]
investigated the causal relationship between the Kyoto Protocol and carbon leakage by
exploiting fixed effects (FE) panel regression using data from 1995–2007. The results of the
study suggest that, although the Kyoto Protocol led to more stringent climate policies in
member states and reduced territorial carbon emissions, Kyoto policies also caused a shift
in the production of carbon-intensive goods to non-Kyoto countries, increasing embodied
carbon imports from non-Kyoto countries to Kyoto countries by 8%.

Nevertheless, there seems to be little evidence on the positive economic aspects of
climate policies and environmental regulations, possibly due to the difficulty of data pro-
cessing and the construction of valid indicators. Positive impacts could include green
innovation through promoting investment in green technologies by producers, improve-
ment in perceived quality by the consumer, and so on [11,15]. According to the Porter
hypothesis, polluting firms can benefit from properly crafted environmental regulations
when the innovation leads to an increase in firm productivity, which could potentially more
than compensate for the cost of compliance [19,20]. Ambec et al. [20] state that there is
strong empirical evidence on the relationship between environmental regulation stringency
and innovation, although there are conflicting arguments on the relationship between
environmental regulation stringency and business performance. As an example, Bu, Qiao,
and Liu [22] proposed that voluntary environmental regulation led to firm innovation in
China, and Zhang et al. [23] reported that green credit regulation policy positively and
significantly affected green total factor productivity. On the other hand, He et al. [16]
found that environmental regulation hinders the financial performance of manufacturing
firms in China. Along with the Porter hypothesis, the principle of green growth asserts
that economic growth and carbon emission reduction can be achieved together by pro-
moting green investments and green infrastructure development [23]. Kang and Lee [17]
strengthened this argument by demonstrating that environmental regulation proxied by
environment-related tax and energy intensity has a positive and significant impact on
green exports of high-income countries. Therefore, extending from the existing studies,
we classified the climate and non-climate industries, examined the trade trends of these
industries, and evaluated the impact of environmental agreements on bilateral trade in the
climate industry.
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3. Definition of Climate Change Industry

To assess international trade in the climate industry, we classified trade commodi-
ties based on IPC and CPC. These classifications take into account the development of
science and technology as a major factor in determining an industry, and patents contain
information that identifies these types of activities [24–26].

In previous studies, analysts tended to classify the green industry based on their own
subjective evaluations, and the policy implications derived from these classifications lacked
strong empirical evidence. To compensate for the limitations of early studies, Kang [27]
defined green technologies and identified the number of patent registrations and citations
related to a particular industry before classifying that industry as a green or green growth
industry. Similarly, to construct the Green Technology Capability Index (GCI) (the Green
Technology Capability Index (GCI) is constructed by quantifying and standardizing the
proportions of green patent, green company, and R&D by industry. Refer to Jang et al. [28]
for further details) and examine the green technology innovation of South Korea, Jang
et al. [28] identified 77 green technologies within five sections (i.e., predictive technology,
input, process, by-product, and pollution-free (knowledge-based) industrial economy
activities). Using the keywords of 77 green technologies, the number of green patents and
citations was derived. The green industry was then assessed using two methods: (1) the
sum of common green industries defined by the Korean Employment Information Service
(KEIS) and the Korea Environmental Industry and Technology Institute (KEITI) (that is 142)
and the industries with more than 25 green patents (that is 237); (2) the sum of common
green industries defined by KEIS and KEITI (that is 142) and the industries with more than
250 patent citations (219). Green patents and industries are matched by constructing a
concordance between the IPC sub-groups and the Korean Standard Statistical Classification
(KSIC) sub-classes. In accordance with IPC-KSIC concordance, 310 out of 1145 KSIC sub-
classes are identified as green industries using the former definition, whereas 295 green
industries are identified when using the latter definition. In either case, more than half of
the classified green industries are in the manufacturing sector.

Furthermore, Kang [29] and Kang and Lee [17] defined and classified green and non-
green industries using the Green and Goods and Services (GGS) and North American Industry
Classification System (NAICS) 2012 concordance table from the Bureau of Labor Survey (U.S.
BLS). Therefore, referring to prior studies, we classified climate industries based on technology
and industry linkages and presented international bilateral trade flows.

Our method is similar to Kang’s [27] green industry classification, insofar that we
match the definition of climate technology with the industry code. The OECD ENV-TECH
classification was used to define the climate industry related to climate change mitigation
and adaptation technologies. Using the ENV-TECH classification, published by the OECD,
we treat patents in environment-related technologies as a proxy measure of environmental
innovation [30] (Refer to OECD [30] for the detailed search strategies for the identifica-
tion of ENV-TECH). ENV-TECH contains a broad spectrum of technologies consisting
of 10 groups. Specifically, the topics of each group are (1) environmental management,
(2) climate change mitigation technologies related to energy generation, transmission, or
distribution; (3) capture, storage, sequestration, or disposal of greenhouse gases; (4) climate
change mitigation technologies related to transportation; (5) climate change mitigation
technologies related to buildings; (6) climate change mitigation technologies related to
wastewater treatment or waste management; (7) climate change mitigation technologies in
the production or processing of goods; (8) climate change mitigation technologies related to
information and communication technologies; (9) climate change adaptation technologies;
and (10) the sustainable ocean economy. We applied the IPC and CPC codes to identify
climate change mitigation activities (groups 2, 3, 4, 5, 6, 7, and 8), climate change adaptation
technologies (group 9), and climate change mitigation and adaptation technologies relevant
to the ocean economy (groups 10.3, 10.4, and 10.6). The classification of the groups is shown
in Table 1.
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Table 1. OECD ENV-TECH Search Strategies 2020.

Environmental Policy Objective Patent Search Strategy

Environmental Health (Human Health Impacts) 1. Environmental Management

Climate Change Mitigation

2. Energy Generation, Transmission, or Distribution

3. Capture, Storage, Sequestration, or Disposal of Greenhouse Gases

4. Climate Change Mitigation Technologies Related to Transportation

5. Climate Change Mitigation Technologies Related to Buildings

6. Climate Change Mitigation Technologies Related to Wastewater Treatment or Waste
Management

7. Climate Change Mitigation Technologies in The Production or Processing of Goods

8. Climate Change Mitigation in Information and Communication Technologies [ICT]

Climate Change Adaptation 9. Climate Change Adaptation Technologies

Improving the Sustainable Ocean Economy 10. Sustainable Ocean Economy(Including the Climate Change Mitigation and Adaptation)

Note: The classification shown in the table was updated in December 2020. Source: modified from Haščič and Migotto [31] and O.E.C.D.
Environ. Dir. Green Growth Indic. Available online: https://www.oecd.org/env/indicators-modeling-outlooks/green-patents.htm
(accessed on 8 June 2021) [32].

Following the patent search and technology groupings, we examined goods and ser-
vices based on HS codes. To determine whether the goods and services under a particular
HS code can be classified as climate technologies, the IPC/CPC code was first linked to
the International Standard Industrial Classification (ISIC) code, which was then linked
back to HS code to define the climate industry. We utilized the concordance information
(between 4-digit IPC/CPC and 4-digit ISIC codes) proposed by Goldschlag et al. [33] and a
probabilistic linkage methodology to examine the persistence of the relationship between
technology and industry. The climate industry defined based on the ISIC Rev.2 codes is
listed in Table 2. Based on ISIC Rev.2 criteria for climate technology, the proportion of
climate industries is 28.8% of the total industry, which accounts for 46 out of 160 industries.
Manufacturing (major division 3, 31~39) and Community, Social, and Personal Services
(major division 9, 91~96) represent the largest proportion among the industries.

Table 2. Climate Change Classification based on ISIC Rev.2.

Major Division Description Climate Non-Climate Total

1 (11~13) Agriculture, Hunting, Forestry and Fishing 4 (2.5%) 3 (1.9%) 7 (4.4%)

2 (21~23, 29) Mining and Quarrying 5 (3.1%) 3 (1.9%) 8 (5.0%)

3 (31~39) Manufacturing 13 (8.1%) 68 (42.5%) 81 (50.6%)

4(41~42) Electricity, Gas and Water 4 (2.5%) 0 (0.0%) 4 (2.5%)

5 (50) Construction 1 (0.6%) 0 (0.0%) 1 (0.6%)

6 (61~63) Wholesale and Retail Trade and Restaurants and Hotels 1 (0.6%) 3 (1.9%) 4 (2.5%)

7 (71~72) Transport, Storage and Communication 5 (3.1%) 9 (5.6%) 14 (8.8%)

8 (81~83) Financing, Insurance, Real Estate and Business Services 1 (0.6%) 11 (6.9%) 12 (7.5%)

9 (91~96) Community, Social, and Personal Services 12 (7.5%) 16 (10.0%) 28 (17.5%)

0 (0) Activities not Adequately Defined 0 (0.0%) 0 (0.0%) 1 (0.6%)

Total 46 (28.8%) 113 (70.6%) 160 (100.0%)

Note: (1) The codes are based on the major division and 2-digit ISIC Rev.2 classification. (2) The proportion of industries to total industries
is shown in parentheses. Source: UNSD (United Nations Framework Convention on Climate Change). International Standard Industrial
Classification (ISIC) Available online: https://unstats.un.org/unsd/classifications/Econ/ISIC#ISIC2htm (accessed on 7 June 2021) [34].

We present in Table 3 a summary of the climate change and non-climate change
industries based on HS92, matching the 6-digit HS92 and 4-digit ISIC Rev.2 concordance
table from the UN Comtrade data. Some industries are omitted during the linkage process
from ISIC Rev.2 to HS92. Therefore, the classification is supplemented by referring to the

https://www.oecd.org/env/indicators-modeling-outlooks/green-patents.htm
https://unstats.un.org/unsd/classifications/Econ/ISIC#ISIC2htm
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4-digit IPC/CPC and 6-digit HS2002 concordance codes from Goldschlag et al. [33]. Based
on the 6-digit HS1992, the total number of climate industries accounted for 1202 (23.8%) of
the 5040 industries. Among the industry sectors, Metals (Sector XIV, HS72–83) accounted
for the highest proportion of the climate industries, at 7.5% (377 industries), followed
by Vegetable (Sector II, HS06–15), at 4.7% (238 industries). The lowest share of climate
industries was Chemicals (Sector VI, HS28–38) and Wood (Sector IX, HS44–49). It is possible
that during the matching processes, a bias arises, such that some major commodities are
not captured in the technological classifications, for example, Chemicals and Wood.

Table 3. Climate Change Classification by HS92.

Section (2-Digit) Description Climate Non-Climate Total

I (01~05) Animal 20 (0.4%) 174 (3.5%) 194 (3.8%)

II (06~15) Vegetable 238 (4.7%) 85 (1.7%) 323 (6.4%)

III (16~24) Food Products 57 (1.1%) 124 (2.5%) 181 (3.6%)

IV (25~26) Minerals 83 (1.6%) 28 (0.6%) 111 (2.2%)

V (27) Fuels 132 (2.6%) 96 (1.9%) 228 (4.5%)

VI (28~38) Chemicals 1 (0.02%) 58 (1.2%) 59 (1.2%)

VII (39~40) Plastic or Rubber 78 (1.5%) 682 (13.5%) 760 (15.1%)

VIII (41~43) Hides and Skins 71 (1.4%) 118 (2.3%) 189 (3.8%)

IX (44~49) Wood 2 (0.04%) 72 (1.4%) 74 (1.5%)

X (50~63) Textiles and Clothing 31 (0.6%) 778 (15.4%) 809 (16.1%)

XI (64~67) Footwear 13 (0.3%) 42 (0.8%) 55 (1.1%)

XII (68~71) Stone and Glass 37 (0.7%) 153 (3.0%) 190 (3.8%)

XIV (72~83) Metals 377 (7.5%) 210 (4.2%) 587 (11.6%)

XV (84~85) Machinery and Electrical Equipment 46 (0.9%) 716 (14.2%) 762 (15.1%)

XVI (86~89) Transportation 4 (0.1%) 128 (2.5%) 132 (2.6%)

XVII (90~99) Miscellaneous 12 (0.2%) 374 (7.4%) 386 (7.7%)

Total 1202 (23.8%) 3838 (76.2%) 5040 (100.0%)

Note: (1) The codes are based on the section and 2-digit HS1992 classification. (2) The proportion of industries to total industries is shown
in parentheses. (3) This product group is largely based on World Custom Organizations (WCO) Sector classification for the harmonized
system (HS) product nomenclature with some minor differences. Source: WITS. [World Integrated Trade Solution]. Merchandise Trade
Prod. Metadata. Available online: https://wits.worldbank.org/product-metadata.aspx?lang=en (accessed on 7 June 2021) [35].

In Figure 1, we present the climate, non-climate, and total trade patterns from 1991 to
2019. The total value of trade was estimated at US$ 3.88 trillion in 1991 and consisted of
US$ 0.66 trillion in climate-related trade and US$ 3.23 trillion in non-climate trade. In 2019,
the total and non-climate trade volume reached US$ 36.69 trillion and US$ 29.61 trillion, an
increase of 9.4 and 9.2 times, respectively, compared to 1991. In addition, the trends of total
and non-climate trade have been shown to be similar since 1991. On the other hand, there
has been a gradual increase in climate trade since 1991, although the gap with non-climate
trade has not decreased. Nevertheless, the volume of climate trade was US$ 7.07 trillion in
2019, which has increased by approximately 10.8 times since 1991, a faster rate than the
non-climate and total trade.

A similar increasing trend of trade shares since 1991 can be seen in the lower plot of
Figure 1. The shares of climate trade, exports, and imports are the ratios of total trade,
exports, and imports, respectively. The share of climate exports rose from 17.04% in 1991 to
17.88% in 1995, and then gradually declined until 2000. Climate exports rose by 19.01%,
but then deteriorated again, beginning in 2017, although it remains higher than it was in
1991. Similarly, Kang [29] suggested the green shares of world exports, imports, and trade
had generally increased from 1980 to 2015, while he found that the green exports exhibited

https://wits.worldbank.org/product-metadata.aspx?lang=en
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a higher share than the green imports during the sample period. Because we define the
climate industry based on technology classifications, it is predicted that the deviation could
be large depending on country characteristics. Therefore, in Figure 2, we provide the share
patterns according to the OECD membership.

Figure 1. Trends of International Climate, non-climate, and Total Trade. Note: Authors’ calculation
by using the UN Comtrade data. Source: UN Comtrade. International Trade Statistics-Import/Export
Data (accessed on 8 May 2021) [36].

The upper plot in Figure 2 represents the climate trade shares of OECD countries.
Since 1991, the share of climate trade of OECD countries (total 17.09%, exports 17.65%,
and imports 16.54%, as of 1991) has tended to increase continuously, with climate exports
showing higher values than the shares of total climate and imports since the early 2000.
In 2019, the shares of climate trade (total, exports, and imports) were 20.49%, 21.35%,
and 19.68%, respectively. For OECD countries, Kang [29] suggested the share of green
exports and imports increased from 34.7% and 30.5% in 1980 to 41.5% and 40.3% in
2015, respectively.

In the non-OECD countries shown in the lower plot of Figure 2, the shares of total
climate trade, exports, and imports were 17.37%, 15.42%, 19.48% in 2019, respectively,
compared to the corresponding values in 1991 (total 15.82%, exports 13.38%, and imports
18.26%), with shares increasing by an average of approximately 1.60%. In addition, the
export share of non-OECD countries showed the lowest value among the trade shares over
the sample period, in contrast to the trends of OECD countries. Kang [29] also described
the shares of green exports and imports of non-OECD countries decreased until 1999 and
increased afterward with some fluctuations.
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Figure 2. Trends of Climate Share: OECD and non-OECD. Note: authors’ calculation by using the UN
Comtrade data. Source: UN Comtrade. International Trade Statistics-Import/Export Data (accessed
on 8 May 2021) [36].

In Figure 3, we plotted the volume of bilateral trade between OECD and non-OECD
countries. On 14 December 1960, 20 countries originally signed the Convention on the
Organization for Economic Cooperation and Development (OECD). There are now (as of
2021) 38 member countries in the OECD. The volumes of bilateral climate exports between
countries show increasing and steady trends from 1991 to 2019. The trends in bilateral
climate exports from the perspective of OECD countries are shown in the upper panel
of Figure 3. The value of climate exports of OECD to OECD countries increased from
US$ 0.21 trillion in 1991 to US$ 1.69 trillion in 2019. The climate exports from OECD to
non-OECD countries increased from US$ 0.08 trillion in 1991 to US$ 0.63 trillion in 2019,
where the gap with the climate exports between OECDs gradually increased. This indicates
that OECD countries were relatively competitive in the climate industry compared to
non-OECD countries.

The lower plots in Figure 3 depict bilateral climate exports from the perspective of
non-OECD countries. The climate exports from the non-OECD to the OECD countries as
well as trade between non-OECDs remained almost stable until the early 2000s; however,
since then, trade in both these categories have increased. More specifically, the share of
non-OECD to OECD countries increased slightly from 13.74% in 1991 to 14.59% in 2019,
whereas the share of exports between the non-OECDs increased from 12.96% in 1991 to
16.04% in 2019. However, during the sample period, both trends fluctuated within the
range between 11% and 16%. This implies that non-OECD countries are struggling to
align their competitiveness with the climate change regime. Despite the countries being
categorized according to the OECD membership, the trends of climate trade, imports,
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and exports vary significantly by country, possibly due to the different environmental
restrictions and incentive systems [29].

Figure 3. Trends of Bilateral Climate Exports. Note: Authors’ calculation by using the UN Comtrade
data. Source: UN Comtrade. International Trade Statistics-Import/Export Data (accessed on 8 May
2021) [36].

4. Data and Model Specification

In this study, we used a gravity model with the Poisson pseudo-maximum likeli-
hood (PPML) approach, taking into account the country and year fixed effects [37–43].
The PPML estimator is recommended in circumstances with zero trade-flow issues and
heteroskedasticity in the gravity model. Our study modified the empirical methodology
of Tinbergen [37] and Anderson and Wincoop [38]. The theoretical basic equation of the
gravity model from Tinbergen [37] is as follows:

Xijt = αY it
β1Y jt

β2 D ij
β3 (1)

where Xijt is exports of country i to country j at time t, Yit and Yjt are measures of economic
size, namely gross national product (GNP) and gross domestic product (GDP) of countries
i and j, Dij is the distance between country i and country j, β1, β2, and β3 are the coefficients
of the explanatory variables, and α is a constant.

Anderson and Wincoop [38] suggested a method that consistently and efficiently
estimates a theoretical gravity equation and correctly calculates the comparative statics of
trade frictions. In particular, multilateral trade resistance (MTR) is considered by controlling
for endogeneity from the omitted variable bias. In addition, they suggested that bilateral
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trade flow should be used as the dependent variable. Equations (2) to (4) show the bilateral
trade equation based on constant elasticity of substitution (CES) preferences.

Xijt =
YitEjt

Yw
t

(
τij

ΠitPjt

)1−σ

(2)

Πit = ∑c
i=1

{
τij

Pjt

}1−σ
Ejt

Yw
t

(3)

Pjt = ∑c
i=1

{
τij

Πit

}1−σ Yjt

Yw
t

(4)

where Xijt is trade flows from exporting country i to importing country j at time t, Yit and
Ejt are county i’s gross product and county j’s gross expenditure, expressed as GDP, respec-
tively. Yw

t is the world product, σ is the elasticity of substitution between all commodities,
τij is the trade cost between countries. Πit is the outward MTR of county i and Pjt is the
inward MTR of county j. In this study, the country and time fixed effects are included in
the empirical analysis to consider multilateral resistance, similar to previous studies.

We used the PPML approach with HDFE to obtain a consistent estimator regarding
the limitations of bilateral data, such as a large number of zeros, heteroskedasticity, and
clustering [38–42]. In this model, general effect factors such as GDP and population
are dropped out by controlling all time-varying country-specific factors. Expressed in
multiplicative form and allowing the variables to vary over time, the equation is as follows:

Xijt = exp
[
γ′Zijt + πit + ϕjt

]
+ εijt (5)

Xijt = exp
[
γ′1GRVijt + γ′2EAGijt + πit + ϕjt

]
+ εijt (6)

where Xijt is the climate change industrial exports from country i to country j at time t, γ′

is the coefficient of explanatory variables, Zijt represents the vector of covariates, and πit
and ϕjt are exporter and importer time fixed effects, respectively. εijt is the remainder of
the error term. To control for trade cost, the vectors of standard gravity variables (GRVijt)
including distance, colonial history, common language, adjacency, and regional trade
agreement (RTA), are used in the empirical gravity equation. In addition, the institutional
quality index and the environmental regulatory gap between countries are included in the
standard gravity variables. EAGijt is a country-pair signed climate-related agreement, such
as the Kyoto Protocol (Kyotoijt) and Montreal Protocol (Montrealijt) (Country status of the
Montreal Protocol Ratification is updated on the UNEP website [44]). In particular, Kyotoijt
denotes country-pair affiliated with Annex I parties between 2008 and 2019 [45,46] (Refer
to UNFCCC [45,46] for further details of the Kyoto Protocol and its amendment).

The dataset consists of a panel of 30,251 country pairs, including 169 exporting coun-
tries and 179 importing countries, between 1991–2019. The variables are described in Table
4. First, the dependent variable (Xijt) is the bilateral export volume of the climate industry
on aggregate bilateral exports based on product level (in HS92). Second, the standard
gravity variables were collected from the Center d’Études Prospectives et d’Informations
Internationales (CEPII) database [47]. Principal component analysis (PCA) was performed,
using the institutional quality index (Instituteijt) derived from the following WGI indi-
cators: control of corruption (CC), government effectiveness (GE), political stability and
absence of violence (VA), political stability and absence of violence/terrorism (PS), rule
of law (RL), and voice and accountability (VA). In addition, we included the proxy envi-
ronment policy stringency (Stringijt), which is the environmental regulatory gap between
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countries according to the environmental Kuznets curve hypothesis from De Santis [16].
The proxy of two trading countries is built as

Stringijt =

∣∣∣∣∣ln
(

GDPit
POPit

)
− ln

(
GDPjt

POPjt

)∣∣∣∣∣
where GDP is a measure of the relative size of a country’s economy and POP is the population
sourced from the World Bank WDI database [48]. Furthermore, the climate-related agreement
dummy variables are based on a country list from the UN Environment Programme (UNEP)
and the United Nations Framework Convention on Climate Change (UNFCCC).

Table 4. Descriptive Statistics (1991–2019).

Variables Description Obs. Mean Std. Dev. Min Max

Xijt Bilateral climate change exports (in billion USD) 689,117 0.080 0.828 0 83.597

lnDistij Log of distance between most populated city of each country (km) 592,225 8.693 0.821 4.105 9.899

Colonyij 1 = Pair ever in colonial or dependency relationship 592,170 0.014 0.116 0 1

Comlangij 1 if countries share common official or primary language 592,225 0.160 0.366 0 1

Conitgijt 1 if countries are adjacent to each other 592,225 0.018 0.134 0 1

RTAijt 1 = RTA 592,225 0.163 0.369 0 1

Instituteijt Log of institutional quality index 466,665 0.200 0.931 −9.391 1.609

Stringijt Environmental regulatory gap between countries 555,417 1.745 1.239 0.000 6.275

Kyotoijt 1 = Countries included in Kyoto Protocol Annex I 689,117 0.408 0.492 0 1

Montrealijt 1 = Countries have signed (ratified) the Montreal Protocol 689,117 0.487 0.500 0 1

5. Results

As shown in Equation (6) above, the gravity model estimates the PPML with HDFE
for the period 1991–2019, taking into account factors of geography, historical ties, cul-
tural and political similarity, and agreement proximities. The results are summarized in
Tables 5 and 6. Regarding the heteroskedasticity-robust regression equation specification
error test (RESET), shown at the bottom of the tables, most of the models do not reject the
null hypothesis of collected specification, except Model (5), indicating that the model could
contain certain types of neglected nonlinearities.

In Table 5 we present the results of Model (1), which considers the Kyoto Protocol,
Model (2), which considers the Montreal Protocol, and Models (3), (4), and (5), which
consider both conventions but different countries. The results show that distance (lnDISTij),
which reflects the trade cost, has a negative impact on bilateral exports in every model,
consistent with the standard gravity studies. Moreover, the colonial or dependency relation
(Colonyij), representing historical ties between countries, is expected to have positive
effects on bilateral trade. The results of Model (5) show that, although the RESET test
has failed, Colonyij is significantly positive, indicating that stronger historical ties increase
the climate exports of non-OECD countries. In addition, when countries are adjacent
to each other, denoted as Conitgijt, this proximity positively and significantly affects the
bilateral trade of climate industry in every model. Furthermore, sharing a common RTA
(RTAijt) would promote the bilateral trade volumes and is positively associated with
bilateral climate export flows, as expected. The impact of environment policy stringency
(Stringijt), which is proxied by the relative country (economic) size, on climate exports is
shown to be significantly negative in every model, in contrast to the Porter hypothesis.
This result is in line among previous studies [11,16,17,49]. Meanwhile, common language
(Comlangij), which reflects the ease of communication and cultural similarities, as well as
institutional quality (Instituteijt) are shown to be insignificant attributes of climate trade
export. Furthermore, the results are quite consistent with those estimated using non-climate
change industry as dependent variables except for the model specifications. In other words,
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it is expected that there is direct/indirect impact not only on the industry to which climate
change technology is applied but also on general industries or industries to which the
technology is unapplied. Especially, most of the energy-consuming industries could be
indirectly affected by the climate change agreement (The results are available on request).

Table 5. PPML HDFE Estimation Results: Agreements Related Climate Change.

(1) (2) (3) (4) (5)

World World World OECD Non-OECD

lnDistij −0.440 *** −0.497 *** −0.463 *** −0.503 *** −0.322 ***
(0.083) (0.077) (0.081) (0.103) (0.101)

Colonyij 0.319 0.287 0.305 0.290 1.084 *
(0.246) (0.237) (0.238) (0.250) (0.611)

Comlangij −0.172 −0.209 −0.184 −0.338 0.154
(0.188) (0.182) (0.186) (0.239) (0.189)

Conitgijt 1.184 *** 1.158 *** 1.149 *** 1.355 *** 0.587 ***
(0.207) (0.199) (0.205) (0.277) (0.209)

RTAijt 0.765 *** 0.771 *** 0.757 *** 0.588 *** 1.402 ***
(0.137) (0.130) (0.136) (0.187) (0.166)

Instituteijt 0.073 0.018 0.053 0.101 0.019
(0.058) (0.056) (0.057) (0.099) (0.061)

Stringijt −0.577 *** −0.607 *** −0.560 *** −0.627 *** −0.302 ***
(0.058) (0.060) (0.055) (0.069) (0.077)

Kyotoijt 0.639 *** 0.692 *** 0.631 *** 1.060 ***
(0.133) (0.139) (0.145) (0.304)

Montrealijt −0.392 *** −0.450 *** −0.549 *** −0.054
(0.137) (0.140) (0.164) (0.149)

Constant 2.417 *** 3.545 *** 2.744 *** 3.521 *** 0.029
(0.724) (0.666) (0.705) (0.899) (0.903)

Observations 401,428 401,428 401,428 149,864 251,564
Pseudo-R2 0.479 0.478 0.481 0.451 0.429

Exporter time fixed effects YES YES YES YES YES
Importer time fixed effects YES YES YES YES YES

RESET test (p-value) 0.39 0.27 0.77 0.98 0.01
Note: (1) Robust standard errors are in parentheses. (2) *** significant at 1%, ** significant at 5%, * significant
at 10%.

Interestingly, the proxy indicators of climate change agreements (Kyotoijt, Montrealijt),
the main variables of this study show contrasting effects on bilateral exports in the five
Models. Among the parties included in Annex I of the Kyoto Protocol in Models (3), (4), and
(5), the agreement could have a positive effect on bilateral trade between the convention
countries and a consequent trade diversion effect with respect to countries that did not sign
the agreements and whose products have different environmental standards [15]. Evidence
from the Montreal Protocol in Models (2), (3), and (4) present significant negative effects
on bilateral exports globally and with OECD countries. The results should be interpreted
carefully, as both dummy variables are multilateral agreements. Thus, their impacts on
environmental stringency and spillover effects on trade vary depending on the goal of
environmental protection and the target of application. In order to confirm whether the
trade conversion effect is caused by the deal of the protocol when the exporting country
was a member of the deal, the effect with the partner country that did join the protocol
and vice versa was also estimated. As a result, when dummy variables were defined
from member countries to non-members, it was analyzed that the trade diversion effect
appeared in the world and non-OECD models in the case of the Kyoto dummy (Kyotoijt).
On the other hand, the Montreal dummy (Montrealijt) showed significant positive values
in the world and OECD models as unexpected. In addition, when dummy variables were
defined as non-members to members, only the Kyoto dummy (Kyotoijt) of the non-OECD
model showed a significant positive coefficient, indicating that the trade diversion effect
appears from partner countries’ view (the results are available on request).

During the commitment periods (1st 2008–2012, 2nd 2013–2020) of the Kyoto Protocol,
the obligation to reduce GHG emissions was imposed only on developed countries, and
the outcome was satisfactorily attributed to the designated specific reduction targets.
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Specifically, Kyoto countries reduced GHG emissions in the first phase in 2012 by an average
of 22.6% compared to 1990, significantly exceeding the reduction target, which was initially
5.2% [50]. The Montreal Protocol is the landmark multilateral environmental agreement of
all 198 UN countries adopted in 1987, regulating the production and consumption of nearly
100 man-made chemicals referred to as ozone-depleting substances (ODS). The major
component of this agreement is the commitment by member countries to reduce the use of
the regulated materials in stages from 1995, based on the consumption level in 1966, with
a goal of eliminating the use of these materials by 2000. Furthermore, since 1992, import
regulations on related products from non-member countries have been initiated. Therefore,
the Montreal Protocol directly affected international trade flows compared to the Kyoto
Protocol. UNEP [51] stated that the Montreal Protocol was a catalyst that significantly
improved the energy efficiency of appliances.

Table 6. PPML HDFE Estimation Results: Kyoto and Montreal Countries.

(6) (7) (8)

World Kyoto Montreal

lnDistij −0.475 *** −0.400 *** −0.651 ***
(0.079) (0.076) (0.130)

Colonyij 0.302 0.087 0.035
(0.244) (0.262) (0.223)

Comlangij −0.201 −0.031 −0.392 *
(0.183) (0.195) (0.230)

Conitgijt 1.187 *** 1.194 *** 1.832 ***
(0.202) (0.178) (0.177)

RTAijt 0.777 *** 0.666 *** 0.685 ***
(0.131) (0.156) (0.180)

Instituteijt 0.035 0.146 ** 0.075
(0.057) (0.065) (0.072)

Stringijt −0.621 *** −0.726 *** −0.586 ***
(0.062) (0.073) (0.074)

Constant 3.209 *** 2.871 *** 4.057 ***
(0.673) (0.637) (1.108)

Observations 401,428 167,686 229,011
Pseudo-R2 0.476 0.483 0.438

Exporter time fixed effects YES YES YES
Importer time fixed effects YES YES YES

RESET test (p-value) 0.15 0.63 0.09
Note: (1) Robust standard errors are in parentheses. (2) *** significant at 1%, ** significant at 5%, * significant
at 10%.

As shown in Table 5, the climate exports of the countries increased or decreased
according to the conventions signed by the country. Therefore, we analyzed the impact of
environmental stringency on the climate trade of Kyoto and Montreal countries, as shown
in Table 6. Similar to the data presented in Table 5, the coefficients of trade cost (lnDistij)
were negative and significant, whereas the coefficients of border adjacency (Conitgijt) and
sharing RTA (RTAijt) were positive and significant. Interestingly, the impact of institutional
quality on the climate export of Kyoto countries in Model (7) was positive at the significance
level of 0.05. Furthermore, the coefficient of environmental stringency (Stringijt) was
significantly negative in every model, in contrast to the Porter hypothesis [11,16,17,49].
This implies that although both agreements were international conventions, their impact
on climate trade varies by goals and targets. Thus, each country should rationally decide
the ratification, accession, acceptance, or succession of international agreements. The
estimation results for the non-member countries are not presented in the table but are
consistent with the presented results. In addition, the results by dividing dataset based
on only one of the two trading countries is a member of the deal an agreement shows
the negative effect of environmental stringency (Stringijt) in every model except for non-
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member to member according to Kyoto protocol, in contrast to the Porter hypothesis (The
results are available on request). Moreover, when the estimation was conducted by using
the export of the non-climate change industry as the dependent variable, the direction and
significance level of the coefficients of the explanatory variables were estimated similarly
to the climate industry except for the model fit test. Limitations are explained in Section 6).

6. Discussion

From the time of the Montreal Protocol, which entered into force in 1989, to the
Kyoto Protocol and the Paris Climate Agreement, countries have established a national
commitment to comply with these conventions based on international consensus. In recent
years, faced with the need to transition economies to carbon net-zero, various policy efforts
have been made to link climate change response strategies to economic growth. Moreover,
the new legal architecture of the Paris Climate Agreement entered into force on January
2021, gradually enhancing the degree of international regulation of GHG emissions. As
China, which emits the most carbon in the world, has declared carbon neutrality along
with the EU and United States, climate change discussions on establishing a direction
for GHG reduction are attracting worldwide attention. Following the carbon neutrality
declaration, new national growth strategies have been introduced, including the Green
New Deal. Moreover, there is a continuous movement to foster eco-friendly technologies
not only in the energy sector but also in the industries and transportation sectors. In
accordance with the growing demand for sustainability, environmental protection, and
implementation of policies to achieve NDCs, policies regarding climate change mitigation
are being reinforced.

In this context, we investigated the effect of climate change-related multilateral agree-
ments on climate industry trade by utilizing a gravity model of bilateral climate change
exports among 30,251 country pairs from 1991 to 2019. To analyze the empirical frame-
work, we defined the climate industry according to the concordance of OECD ENV-TECH
classification, ISIC rev.2 and HS92, then investigated the trends of bilateral trade specified
to the climate industry and exploited the gravity model with fixed effects by setting climate
bilateral trade as the dependent variable. Two climate change-related agreement dummy
variables were utilized as explanatory variables. The main finding is that the impact of
standard factors on bilateral trade is consistent with the results in the existing literature,
and the multilateral agreements affect the bilateral exports of the climate industry among
the convention countries. Whereas the Kyoto Protocol has increased international ex-
ports in the climate industry, especially between OECD member countries, the Montreal
Protocol has shown the opposite outcome. However, the results should be interpreted
carefully, as both dummy variables are multilateral agreements, thus their impacts on
environmental stringency and spillover effects on trade vary depending on the goal of
environmental protection and the target of application. In other words, this result indicates
that governments should rationally reform the existing environmental tax system and
review the introduction of an environmental tax, such as carbon border tax, that aims to
reduce carbon emissions in order to first promote eco-friendly industry; second, strengthen
industrial and trade competitiveness in the multilateral agreement system that accompa-
nies trade regulatory measures, and finally, construct effective mid- to long-term energy
tax reformation strategies.

As inferred from the empirical results in this study, industry competitiveness and
trade appear to be directly or indirectly affected by multilateral agreements and environ-
mental policy stringency. Developed countries are implementing policies and programs,
such as investment in renewable energy and review of carbon border taxes, to maintain
and enhance manufacturing competitiveness in carbon-emitting industries and to secure a
supply chain for related products. On the other hand, developing countries do not have
sufficient resources or technologies applicable to climate change mitigation; thus, there is
concern about the deterioration in the competitiveness of these countries due to the transi-
tion to a carbon-neutral system. Therefore, each country should achieve decarbonization in
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steps according to the country’s status, prepare an institutional basis to supply eco-friendly
energy and infrastructure and implement energy transition policies that link industry
sectors. To achieve and lead this climate change regime, it is necessary for governments
to create a consistent industrial ecosystem through investment in decarbonization and
low-carbon technology R&D, the establishment of renewable energy infrastructure, and
financial incentives to induce private sector engagement.

The study’s main limitation is the classification, which employed the OECD ENV-
TECH classification that contains some unacceptable non-climate commodities. Although
this study classified industries according to the definition of climate technology based
on several correspondence tables, it should be emphasized that the research did not
consider an important aspect related to the more detailed and complex industrial side.
Due to the limitation of industry classification, we are unable to analyze the effect of
environmental agreements on climate and non-climate industry exports in detail. Therefore,
further research should include the impact of the environmental agreements on each
industry’s exports in connection with industrial-level data through climate and non-climate
industries classified at the lower level. This would enable examining the differential effect
of environmental agreements on each industry.
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