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Abstract

This study explores the impacts of carbon pricing on the international competitiveness
of manufacturing sectors. We develop a simple theoretical framework to examine the
link between carbon pricing and changes in market shares that may lead to carbon
leakage. The framework distinguishes between direct and indirect impacts by consid-
ering shifts from domestic to foreign inputs in the production of final goods. Using
the European Union Emissions Trading System as an empirical setting, we estimate
the effects of carbon pricing on the home country’s market share in both targeted in-
put sectors and non-targeted output sectors. Our results show that unilateral carbon
pricing slightly weakens the competitiveness of the home country in the markets of the
targeted sectors, potentially increasing the risk of carbon leakage. In contrast, compet-
itiveness in non-targeted sectors is largely unaffected. Overall, the findings suggest that
unilateral carbon pricing primarily influences the targeted sectors, with no compelling

evidence of spillover effects on non-targeted sectors.
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1 Introduction

Various countries have introduced carbon pricing as a strategy to mitigate climate change.
As of 2024, over 40 countries have adopted Emissions Trading Systems (ETS) and/or carbon
taxes (World Bank, 2024). Alongside these policies, concerns have grown regarding their
potential impacts on international competitiveness and carbon leakage. These concerns have
motivated the EU to introduce the Carbon Border Adjustment Mechanism (CBAM), which
alms to impose a fair price on the carbon emissions embodied in carbon-intensive goods im-
ported into the EU. Although a growing body of research has examined the effects of carbon
pricing on competitiveness and/or carbon leakage in targeted sectors, the literature has not
yet reached a consensus on whether these impacts are sufficiently large to justify counter-
measures. The present study investigates this question by developing a simple theoretical
framework for international trade and empirically examining its direct and indirect effects.

Loss of competitiveness and carbon leakage are the two major concerns of the carbon
pricing. These are closely connected and a comprehensive assessment of carbon pricing is
difficult without simultaneously considering both issues. When carbon pricing is introduced
in a country, international competitiveness may weaken, leading to increased consumption
of goods from countries without such regulations; this shift in competitiveness can result
in carbon leakage. However, detailed sector-country emission data are often limited due to
measurement challenges.! To address such limitations, we develop a theoretical framework
enabling us to analyze the impact of carbon pricing on carbon leakage using available data
on international competitiveness. In other words, we assess the risk of carbon leakage by
examining how carbon pricing affects competitiveness.

This study extends the literature on competitiveness and carbon leakage by distinguishing
between sectors directly targeted by carbon pricing and those that are not. Most carbon
pricing schemes worldwide apply to sectors that primarily produce intermediate goods used
as inputs in other sectors. Accordingly, we define targeted sectors producing intermediate
goods as intermediate input (IM) sectors and non-targeted sectors producing final goods as
final goods (FN) sectors. Based on this distinction, we investigate not only the direct effects
of carbon pricing on IM sectors but also the indirect effects on FN sectors. These indirect
effects may arise through price changes in IM sectors, which can transmit to FN sectors via
production linkages. A comprehensive understanding of both direct and indirect effects is

crucial for policymakers to avoid unintended consequences and improve the effectiveness of

For example, Naegele and Zaklan (2019) and Aichele and Felbermayr (2015) explore carbon leakage
using country-by-sector data, but their datasets cover at the most 13 time points. Eskander and Fankhauser
(2023) compiles emission data spanning 23 years, but only at the country level. Misch and Wingender (2024)
examine carbon leakage using OECD country-by-sector data, covering both direct carbon emissions and

carbon embodied in goods and services. Yet, the detailed dataset spans only 11 years.



carbon pricing.

To answer our research question, we use the EU ETS as a case study of carbon pricing.
Since its launch in 2005, the EU ETS has aimed to reduce greenhouse gas (GHG) emissions by
requiring plants in carbon-intensive sectors to pay for emissions exceeding their allowances.
Three key features of this policy make it suitable for our research. First, the EU ETS
primarily targets sectors that produce intermediate inputs widely used in other sectors.?
This feature enables us to estimate the indirect effects on FN sectors, as carbon pricing in
one sector can influence other sectors through supply chains. Second, carbon price in EU
countries is generally higher than in most other countries,® alleviating concerns that carbon
pricing elsewhere may distort the estimated impact of the EU ETS. Third, the availability
of long-term data allows us to examine trends before and after implementing the EU ETS.
Trade data sources such as the OECD and UN Comtrade provide records dating back to the
mid-1990s. As the EU ETS was introduced in 2005, we can observe roughly 10 years before
and 15 years after its implementation, ensuring a robust time frame for analysis.

Our empirical strategy is guided by a simple theoretical framework in the context of inter-
national trade, which illustrates how carbon pricing can affect competitiveness and increase
carbon leakage risk. The framework assumes that only the home country implements carbon
pricing, while the foreign country does not. We focus on the markets of a sector in a home
country. For IM sectors, the model shows that the home country’s market share may de-
cline, suggesting a potential loss of competitiveness. This outcome arises because the cost of
carbon pricing is passed on to domestic prices, shifting demand from domestically produced
goods to imported alternatives. Next, the risk of carbon leakage in IM sectors is expected to
rise as a result of this demand shift, based on our assumption that only the home country
imposes carbon pricing, implying that goods produced domestically emit fewer GHGs than
those produced abroad. The magnitude of the impacts on competitiveness and carbon leak-
age increases in sectors with higher elasticity of substitution. For FN sectors, the effects on
competitiveness and carbon leakage are less straightforward and depend on sector-specific
conditions. Nonetheless, both the degree of elasticity and the increase in input costs in IM
sectors play a critical role in shaping the expected impacts.

This study employs two empirical methodologies to examine the impacts of carbon pric-

ing. We apply a difference-in-differences (DiD) design to identify the causal effects of carbon

2The sectors targeted by the EU ETS in Phase 1 include power stations and other combustion plants,
oil refineries, coke ovens, iron and steel plants, cement clinker, glass, lime, bricks, ceramics, pulp, and paper
and board. Phases 2 and 3 include sectors such as aviation, aluminum, and petrochemicals (Climate Action,
2015).

3 According to World Bank (2024), as of April 1, 2024, among the 33 countries with national carbon taxes
or ETS, only Finland, Liechtenstein, Norway, Sweden, and Switzerland had higher carbon taxes than the EU

ETS. Liechtenstein and Norway are not included in our dataset.



pricing on competitiveness and carbon leakage, and complement this analysis with the Pois-
son pseudo-maximum likelihood (PPML) estimator (Silva and Tenreyro, 2006). PPML is
particularly suitable for our analysis, which applies the gravity model to assess trade effects,
for two main reasons. It accommodates zero trade flows in a natural way,* and remains fully
consistent with the gravity framework that is widely used to evaluate trade impacts. To
implement both DiD and PPML, we follow Aichele and Felbermayr (2015) and construct a
dummy variable capturing differences in EU ETS participation between home and foreign
countries.

Our findings are summarized as follows. First, unilateral carbon pricing reduces the
competitiveness of IM sectors in the home country. Under the EU ETS, its introduction
is associated with a 0.2 percentage-points decline in the representative market share for the
regulated country. This loss of competitiveness stems from trade reallocation, whereby goods
previously sourced domestically are replaced with imports from countries without carbon
pricing. Second, unilateral carbon pricing does not significantly affect the competitiveness of
FN sectors. Third, the impacts on carbon leakage depends on sectoral demand shifts. Carbon
leakage is likely to arise in IM sectors, as carbon pricing diverts demand toward imports, but
not in FN sectors, where demand remains largely unchanged. Finally, elasticity plays only a
limited role in shaping competitiveness and leakage outcomes, whereas government protection
in certain sectors may help mitigate the adverse impacts of carbon pricing.

This study contributes to the literature in several ways. One contribution is that while
various studies on carbon pricing have examined its impacts on competitiveness and/or car-
bon leakage, most focus solely on the direct effects on targeted IM sectors (e.g., Aichele and
Felbermayr, 2015; Anger and Oberndorfer, 2008; Chan et al., 2013; Demailly and Quirion,
2008; He and Chen, 2023; Naegele and Zaklan, 2019; Petrick and Wagner, 2014; Qi et al.,
2021; Sadayuki and Arimura, 2021). By contrast, little attention has been paid to the indirect
effects on non-targeted FN sectors, although changes in IM sectors induced by carbon pricing
may spill over and influence FN sectors. Feenstra (1998) and Grossman and Rossi-Hansberg
(2008) suggest that policy-driven cost changes in IM sectors can alter production conditions
such as cost structures in FN sectors, potentially affecting their competitiveness. To our
knowledge, this study is the first to analyze both direct and indirect effects in a systematic
manner, explicitly accounting for the relationship between IM and FN sectors.

We further contribute to the literature by examining the long-term global dynamics of
carbon pricing, this study adds to the rapidly expanding work on its effects on competitiveness

and carbon leakage. Previous studies have predominantly relied on firm- or plant-level data

4While PPML allows us to retain zero-valued trade flows, it does not by itself resolve economic selection
at the extensive margin. Our interpretation therefore focuses on intensive-margin responses among existing

trade relationships.



within single countries or integrated regions such as the EU, providing valuable insights into
direct regulatory costs and firm-level responses (see Martin et al. (2016) and Verde (2020) for
a review). For example, firm-level comparisons within a given region are useful for isolating
direct regulatory costs faced by regulated versus non-regulated firms (Chan et al., 2013;
Colmer et al., 2025; Cui et al., 2021; Dechezleprétre et al., 2023). Nevertheless, such analyses
are confined to intra-region contexts and have not captured cross-border adjustments through
global value chains. Some studies have investigated cross-border implications, including
short-term competitiveness and leakage effects between regulated and unregulated regions
(Branger et al., 2016; Naegele and Zaklan, 2019). Global analyses have emerged recently
(Roy, 2025; Teusch et al., 2024), but they tend to focus on specific aspects, such as emissions
in a few sectors. To advance this line of research, our study adopts a long-term, cross-regional,
and broad cross-sectoral perspective, integrating both direct and indirect sectoral effects to
assess how carbon pricing reshapes international competitiveness and carbon leakage.

Finally, this study extends the literature on carbon leakage by advancing its measure-
ment. Identifying leakage and inferring the causal impacts of policy on emissions require
extensive data (Verde, 2020). Although several studies have attempted to empirically assess
carbon leakage (e.g., Aichele and Felbermayr, 2015; Dechezleprétre et al., 2022; Eskander
and Fankhauser, 2023; Misch and Wingender, 2024; Naegele and Zaklan, 2019), the lack
of sufficiently detailed emission data, particularly at the disaggregated sector-country level,
remains a major challenge (Martin et al., 2014). To address this limitation, we develop a
simple theoretical framework that links changes in prices and quantities. This approach offers
two key advantages: insights into the risk of carbon leakage even when emission data are
scarce, and capturing the indirect effects of changes in targeted IM markets on leakage in
non-targeted FN markets.

The remainder of this paper is structured as follows. Section 2 reviews carbon pricing
policies and defines the concepts of competitiveness and carbon leakage. Section 3 constructs
a theoretical framework to examine how carbon pricing influences competitiveness and the
risk of carbon leakage. Section 4 describes our empirical strategies and data. Section 5
presents the empirical results and robustness checks and Section 6 discusses the main findings

and concludes the paper.

2 Background

2.1 Carbon Pricing Policy

Carbon pricing is a policy instrument that requires emitters to pay for the external costs of

GHG emissions. Explicit instruments include ETS and carbon taxes, while fuel taxes function



as implicit instruments.> Although these mechanisms differ in design, they generally increase
costs in the targeted sectors.® As Green (2021) notes, carbon taxes direclty set the price of
emissions, whereas ETS specifies the total allowable GHG emissions for regulated entities.
In this sense, carbon taxes inherently raise production costs, which may then be passed onto
consumers, while ETS does not necessarily have this effect. Nonetheless, several sectors
have been able to pass ETS-related costs to consumers, even when emission allowances were
sufficient (Branger et al., 2016). For example, pass-through rates have been estimated at
30-40% for ceramic bricks, over 100% for ceramic goods (Oberndorfer et al., 2010), and more
than 100% for iron and steel (de Bruyn et al., 2010). The ability to shift costs allows producers
to avoid bearing the full burden of carbon pricing (Arlinghaus, 2015), and in some cases, this
has resulted in windfall profits (Cludius et al., 2020; Joltreau and Sommerfeld, 2019). In
summary, although our empirical analysis focuses on the ETS, the findings can be broadly
generalized to carbon pricing. Both ETS and carbon taxes share the feature that firms may
pass carbon costs on to consumers, and this cost pass-through is the channel through which
production costs are transmitted into higher consumer prices. By focusing on price changes,

we capture these common impacts of carbon pricing within a unified theoretical framework.

2.2 International Competitiveness and Carbon Leakage

Competitiveness is defined as a company’s or sector’s ability to thrive and grow in terms
of market share, profits, or productivity (Dechezleprétre and Sato, 2017). This study uses
market share as a measure of international competitiveness and examines its relationship with
carbon leakage. This choice is motivated by several reasons. First, while we sought to analyze
global trade dynamics through changes in both prices and quantities, datasets providing
disaggregated information on each component are limited. Market share, however, can be
derived from trade-flow values, which are relatively accessible. Second, market share directly
captures the link between competitiveness and carbon leakage, as it reflects the relative
preference for domestic versus imported goods. In the context of carbon pricing, a shift in
market share may indicate that demand moves from goods produced in countries with stricter

emission regulations to those produced in countries with more lenient policies, resulting in

SExplicit carbon pricing directly sets a price on GHG emissions, whereas implicit carbon pricing does so
indirectly by imposing costs on emission-related factors.

SPorter and Linde (1995) discusses the possibility that stricter environmental regulations can reduce
production costs and enhance competitiveness through policy-induced technological innovation. However,
empirical studies testing the Porter hypothesis have found that the positive effect of innovation does not fully
offset the negative impact of regulatory costs (Dechezleprétre and Sato, 2017; Lanoie et al., 2011).



GHG emissions relocation and carbon leakage.” Accordingly, changes in competitiveness are
closely connected to risk of carbon leakage, as both reflect the shifts in demand between

domestic and foreign goods induced by carbon pricing policies.

3 Theoretical Framework

3.1 Model Setup

Focusing on changes in consumption value, measured by price (p) and quantity (q), we
develop a simple theoretical framework, using bilateral trade relationships among countries
N, to predict shifts in market share and carbon leakage induced by carbon pricing. We begin
by analyzing the direct effects on targeted sectors that supply intermediate inputs, moving on
to indirect effects on non-targeted output sectors whose goods are consumed as final goods,
through price changes in targeted sectors. The former sectors are IM sectors, denoted by
L, and the latter are FN sectors, denoted by K. Each sector in each country is assumed
to produce a single variety of goods, with goods from the same sector in different countries
treated as distinct. To examine the impacts of unilateral carbon pricing, we use the market
share of the IM or FN sector in the home country ¢. In this framework, carbon pricing is one-
sided, meaning only the home country implements it,* and we focus on the home country’s
markets. We also assume that all determinants of trade flows remain constant except for
carbon pricing, allowing certain import-related variables to be treated as time-invariant and

denoted with an overline (e.g., py).?

3.2 Markets for Intermediate Inputs: Targeted Sectors

Our analysis starts with IM markets in a country ¢ € N that introduces carbon pricing,
assuming within-sector substitution.’® In the IM markets, the market share of sector [ is
measured using the consumption value of domestic goods and that of foreign goods from
country j € N, both consumed as intermediate inputs in the home country. We use apos-
trophe to indicate foreign variables. For example, [; denotes sector [ in the home country 1,

while l;» (sector [ with an apostrophe) denotes the corresponding sector in foreign country j.

"Carbon leakage can occur through several channels, including changes in international fossil fuel markets,
production, and market share (see Beck et al. (2023) and Naegele and Zaklan (2019) for details). This study
focuses on the market-share channel.

8This assumption reflects real-world conditions, capturing relative differences in policy stringency.

9 Although this assumption may be restrictive, we address it in the empirical analysis by using time-variant

fixed effects to absorb general price trends.
10The within-sector substitution assumption is consistent with the Armington framework, where the elas-

ticity of substitution measures how interchangeable goods are across countries of origin within a sector.



Before the implementation of carbon pricing, the domestic and foreign consumption values
in country i are given by DY = pq, and I} = pyqy, respectively. For brevity, we omit the
country indices i and j from the equations. The total consumption value in a market, where
[ and I compete, is then expressed as T}) = DY + Ij).

After the introduction of carbon pricing, domestic goods price rises by 7, > 0. This term
captures the increase in cost attributable to carbon pricing, including the cost pass-through
rate, changes in margins, and carbon intensity of the sector [.!* Consequently, the domestic

and import consumption values, as well as total market value, are adjusted as follows:

Ty =D + 1y = (1+7)p Z (1= Yey1) Qe + D Z (1 Y 0 ) Qv
ki€ K ki€ K (1)

=1+ n)p(1 —v)q + pr(l+v)qr,

where k; € K denotes the FN sector in the home country ¢, and gy, ; represents the quantity
of inputs from domestic IM sector [ consumed by FN sector k;. The parameter v, ; € [0, 1]
indicates the rate of change in this consumption due to carbon pricing. We define the
aggregated change rate in domestic IM consumption as (1 — v)g = >4 cr(1 — Vo,1) ki,
so that v € [0, 1] reflects the overall adjustment for domestic goods from [. Analogous
definitions apply for I’. We expect that the demand for domestic goods from [ decreases
because carbon pricing makes them costlier, while demand for imports from [’ increases as
they substitute for domestic goods. The elasticity of substitution between domestic and

+ . . .
WT—ZW. Since domestic and foreign goods are not

foreign goods can then be approximated by
perfect substitutes, we assume that the increase in imports does not fully offset the reduction
in domestic demand (Vi 1qk; 1 > Ve Qe a0d Yiqr > yrqr). Based on this setup, the change

in market share can be expressed as:

1 0
D Dy
1 0
Ty Tw

Do
AMSy = = (wy — 1)T—(§, (2)
w

where wyy is the ratio of the post-policy market share to the pre-policy market share and
lies between 1 and %SV_"”) Thus, market share is expected to decline whenever w;, < 1.
The likelihood of such a loss in competitiveness rises with the elasticity of substitution,
underscoring its central role in determining the impact of carbon pricing.

We also discuss the linkage between changes in market shares and the risk of carbon
leakage. As shown in Appendix A, sectors with higher substitutability or higher emissions

intensity face a greater risk of carbon leakage under carbon pricing, as demand shifts toward

1 Even if the nominal carbon price is identical across sectors and countries, 7; may vary due to differences
in cost pass-through rates, production technologies, or sector-specific margins. 7, = 0 indicates that sector
[ has either reduced its carbon intensity through technological improvements or adjusted margins to fully
absorb the additional costs.



foreign goods. This highlights the role of both the elasticity of substitution and emissions
intensity in shaping changes in market shares and leakage risk.

To connect the theoretical predictions to the empirical analysis, we operationalize market

share. We define import share as I.S; = % =1- % = 1— MS)y, a monotonic trans-
formation of the theoretical market share, implying AIS; = —AMSy,. This specification

facilitates valid estimation under the PPML method (see Section 4), and the theoretical

predictions carry over once the results are mapped back to the theoretical market share.

3.3 Markets for Final Goods

Studies on global supply chains suggest that carbon pricing in IM markets may spill over
to FN markets. Feenstra (1998) and Grossman and Rossi-Hansberg (2008) indicate that
cost variations in IM sectors can influence FN sectors through input-output linkages, thereby
altering competitiveness in FN sector markets. Therefore, FN sectors in a country ¢ that are
subject to carbon pricing may face higher input costs.'? These changes in cost structure can
affect input portfolios, final-good pricing, and ultimately competitiveness. The average input

cost for FN sector k£ in the home country ¢ before carbon pricing is:

Cp = é lzpliq/@li +D Y e +

l;eL Jj#i Z;GL

: (3)

where ¢, denotes costs of intermediate inputs not included in L. After carbon pricing, the
cost becomes:

1 _ _
Cr = =~ [Z(l + 7)1 (1 — Yoot ) Gw s + Z sz;(l + Ve ) Qe + C| - (4)

(1+T%)@Qx lLel i#i Uel

where I'y, € (—1, 1] is the rate of change in output. We recall that v, gk > Vi, Q1 for all
l; and l;». The substitution possibilities across inputs determine whether input costs rise or
fall after carbon pricing. For a foreign FN sector k&’ in a country without carbon pricing, we
assume unchanged input costs and prices: Cp = C9 = C}, and pp = jirsCrr, where fips > 0
is the markup of &’. This assumption is justified by the very low share of imported input in
total input use (about 0.4-1.5%; see Table 4), which makes foreign costs essentially unaffected
by carbon pricing abroad. The total value of each FN market, before and after the policy, is
then:

Tow = D)+ I = wuCllak + Dreaw (5)
T = Dy + Iy = (14 p)pCr (1 = i) @i + D (1 + i ) (6)

12We do not consider inputs other than intermediate inputs, such as labor and capital, because all other
factors are assumed constant for simplicity.



where py € [—1, 1] is the markup adjustment following input cost changes. The elasticity of

Ve +Vg!
pr+(Cy/C-1)"
FN sector k is measured by the ratio of its domestic consumption value to the total market

substitution for £ can be approximated by The market share of the domestic

value. Using equations 5 and 6, the change in market share, or import share, comes to:

D} DY D?
AMSyy = —E — —F — s — 1) =5 = —AISu 7
kk Tklk’ Tl?k’ (Wkk )Tz?k/ kk/ ( )

17701
where wy takes a value between 1 and (Ltp k)(?i/w if)(l )

raises domestic prices and may induce substitution toward imports. Although FN market

. As in IM markets, carbon pricing

adjustments are more complex, input costs and exposure to IM sectors remain central for
price transmission.!®> An additional key insight from the equation is that the effects vary
with the elasticity of substitution, depending on the value of wy.'*

In light of the discussion on FN market shares and the mechanism of carbon leakage
(see Appendix A), two main implications emerge. First, while the effect of carbon pricing
on FN input costs via IM sectors is ambiguous, the combination of exposure to IM markets
and sectoral elasticities is central to competitiveness and carbon leakage. Second, carbon
leakage rises when FN sectors lose competitiveness and demand shifts toward foreign goods;
it remains unchanged when competitiveness is preserved. This applies to both high- and

low-elasticity sectors, through different channels.

4 Empirical Strategies and Data

4.1 Specification

We present econometric specifications to analyze the direct effects of the EU ETS on IM
markets and the indirect effects on FN markets. While the theoretical framework in Section
3 provides a basis for the mechanisms, it abstracts from core empirical trade structures, such
as multilateral resistance terms. To address this limitation, we incorporate a gravity model
into our econometric design, estimated using PPML (Silva and Tenreyro, 2006).

Our main variable of interest is the market share, defined as the ratio of domestic con-
sumption value to total consumption value (domestic and imports) within the home country
1. For empirical implementation under PPML, we restate the market share as one minus the

ratio of import value to total value. This formulation is preferable for the gravity model, as

BFirms in FN markets can partly buffer input-cost shocks through changes in markups or input sourcing.
14The heterogeneity of effects in FN markets reflects differences in substitution elasticities across sectors.

In high-elasticity sectors, greater substitutability limits cost pass-through and raises import shares, while in
low-elasticity sectors firms can pass costs onto prices with modest market-share changes. Additionally, price

rigidity may lead firms to maintain prices when input costs fall, dampening market-share responses.

10



import values are directly tied to cross-border trade dynamics. In the subsequent analysis,
we use the share of import value in place of market share.
Direct impacts on IM markets. To examine the direct impact of the EU ETS on IM

markets, we estimate the following model:
ISijlt = exrp 60 + ﬁl (EUETSWH X E[d) + ﬁlxi]‘t + FEs| x €ijlt, (8)

where the dependent variable is the import share of foreign country j in the market of the
IM sector [ in the home country 4 in year ¢.!° To assess which component drives changes in
import share, we also estimate specifications using import value (/;;;) and total value (T;i)
as dependent variables.

Following Aichele and Felbermayr (2015), the key explanatory variable is the interaction
term, FUET S;ji; x Ely. EUETS,j; equals one if the EU ETS is implemented in the home
country ¢ but not in the foreign country j in sector [ at time ¢, and zero if neither country
has implemented it.'® ETI; denotes the CO, emission intensity (tCOgeq/thousand USD) of
sector [ in country ¢ in 2004, just before the EU ETS implementation, to capture differen-
tial exposures across sectors. X;;; is a vector of control variables (JointFT A;j;, JointC Pj
and JointWTO,;;) with the corresponding coefficients 3. These dummy variables control
for trade-related policies: JointFT'A;j;; equals one if both countries have a free trade agree-
ment, JointC'P,;; equals one if both have carbon pricing policies (ETS or carbon taxes),
and JointWTO;j; equals one if both are WT'O members. The variable JointCF;j; simply
indicates whether both countries are subject to carbon pricing, allowing us to account for
situations in which carbon pricing is in place on both sides of a trade partnership, which
is increasingly relevant for policymakers and central to discussions of carbon border adjust-
ments. The specification includes home country-year, foreign country-year, IM sector-year,
and country pair-IM sector fixed effects, consistent with the gravity model structure. The
error term is denoted by €.

Indirect impacts on FN markets. We next examine the indirect effects of the EU

ETS on competitiveness in FN sectors using the following model:

15 Although PPML is usually not applied to shares because the dependent variable is bounded between
zero and one, the mean import share in our data is below 0.015, making predictions above one practically
irrelevant. Moreover, as the import share mechanically equals one for intra-national trade by construction,
under the definition we have adopted, including such observations will be rather problematic in a PPML

framework. We therefore exclude intra-country observations from the estimation sample.
16The EU ETS dummy is indexed by the home country %, foreign country j, IM sector s, and year t.

However, in our sample, its identifying variation arises solely at the home country-year level. This is because
all IM sectors are covered by the EU ETS and the EU ETS status of the foreign country is time-invariant.
Indexing by the foreign country and sector reflects the construction of the dummy variable rather than
additional sources of variation.

11



ISijk:t = E€xP |0 =+ Y1 (EUETS”t X Ezk) + 7,Xijt —+ FEs| x €ijkt- (9)

The dependent variable is defined analogously to the model of direct effects as the share of
import value of sector k£ from foreign country j in the total consumption value of country
i in year t. We also estimate versions using import value ([;;x;) and total value (T;.) as
dependent variables. The key distinction from equation 8 lies in the construction of the
explanatory variables, which reflect the indirect impacts of the EU ETS through the FN
sectors’ exposure to IM sectors. We define E;, = (ZZGL Qikl) X El;., where 0, denotes the
share of inputs sourced from IM sector [ and used by the FN sector k£ in home country
in 2004, relative to the total input use of FN sector k.!” Thus, the summation over [ € L
captures the FN sector k’s overall reliance on inputs from IM sectors. EI;; is defined as the
weighted average of emission intensity of EU IM sectors, with weights given by the input
shares in the FN sector k. This term scales exposure by the magnitude of the cost shock
induced by the EU ETS.

4.2 Identification

To identify EU ETS impacts clearly, the sample is restricted to pairs consisting of an EU
home country and a non-EU foreign country as the treatment group, and non-EU country
pairs as the control group. Accordingly, we exclude cases where the EU ETS is implemented
in the foreign country but not in the home country, as well as cases where both countries
participate in the EU ETS. Although the EU ETS imposes a common carbon price across
participating countries, differences in sectoral emission intensities create heterogeneous effec-
tive cost shocks, making it difficult to treat trade between EU member states as unaffected
by the policy. This sample restriction therefore aims to improve the clarity of EU ETS effect
identification.

Our specification nonetheless raises the potential concern that the control group (non-EU
country pairs) may also be affected by the EU ETS through changes in the relative competi-
tiveness of EU producers in third markets. For example, following the introduction of the EU
ETS, non-EU importers may substitute away from EU suppliers toward domestic producers
or alternative third-country exporters. Such spillover effects could, in principle, influence im-
port shares even among country pairs classified as controls in our baseline specification. The
direction of the resulting bias is ambiguous. If substitution away from EU suppliers primarily
benefits other foreign producers, import shares in the control group would increase, biasing

our estimates toward zero and implying that the estimated treatment effects represent a

"For computing E, 6;; is expressed in percentage units rather than in the 0-1 scale; this adjustment
facilitates interpretation.

12



lower bound. Conversely, if substitution occurs mainly toward domestic production, import
shares in the control group would decline, potentially leading to an overestimated treatment
effect. In practice, however, imports from EU countries account for only a very small share of
total imports in non-EU countries (approximately 0.4% on average). This limited exposure
suggests that any contamination of the control group arising from third-market effects of
the EU ETS is likely to be quantitatively small and unlikely to materially affect our main

conclusions.

4.3 Data

We construct a panel dataset covering 76 countries over the period from 1995 to 2020. The
main data source is the OECD Inter-Country Input-Output (ICIO) tables.!® From this
source, we obtain total and import values (trade flows) for all countries, excluding five coun-
tries that joined the EU ETS after 2006.'° Out of 17 manufacturing sectors, we retain three
IM sectors and eight FN sectors. The IM sectors covered by the EU ETS are identified by
manually mapping industries in the ICIO table, classified according to two-digit ISIC Rev.4
divisions, to the activities regulated under the EU ETS (Directive 2003/87/EC and Directive
2009/29/EC).2° A summary of sectoral mapping is presented in Table B1. In addition to C19,
C23 and (€24, the ICIO sector C20 is also regulated. However, we exclude C20 because it
does not fall within the the EU ETS regulatory scope during Phase 1.2! Moreover, although
C17_18 partially includes activities covered by the EU ETS, we do not treat it as a targeted
IM sector because its overall carbon intensity is relatively low (see Table B2).

As described in Section 3, this study distinguishes between IM sectors (directly affected by
carbon pricing) and FN sectors (indirectly affected). To capture these distinctions empirically,
we restrict the sample to country-sector pairs that meet a specific criterion. Following the
approach of Saito (2004), we include only IM sectors where the share of intermediate input
consumption exceeds two-thirds of total consumption in 2004, the year immediately preceding
the EU ETS. Similarly, we include only FN sectors where the share of final goods consumption

8https: //www.oecd.org/en/data/datasets/inter-country-input-output-tables.html
9These countries are Bulgaria, Romania, Norway, Iceland, and Croatia. The exclusion helps maintain

analytical simplicity. The EU ETS comprises three phases up to 2020: Phase 1 (2005-2007), Phase 2
(2008-2012), and Phase 3 (2013-2020). Including all countries that adopted the EU ETS at different times
would make the estimation models more appropriate for a staggered DiD approach but would complicate

interpretation, especially because we also employ PPML methods.
290ne regulated activity, “Combustion of fuels in installations with a total rated thermal input exceeding

b2

20 MW (except in installations for the incineration of hazardous or municipal waste),” is excluded because
it spans a wide range of sectors. However, all major carbon-intensive manufacturing sectors are included in

our data, alleviating concerns about omission.
218ee Footnote 19.
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exceeds two-thirds of total consumption in the same year. Table 1 lists the sectors included

in the analysis.

Table 1: Sectoral classification

Elasticity Sector Description
IM sector High C19 Coke and refined petroleum products
Low C23 Other non-metallic mineral products
C24 Basic metals
FN sector High C13T15 ¢ Textiles, textile products, leather and footwear
C28 Machinery and equipment, nec
C29 @ Motor vehicles, trailers and semi-trailers
C30 Other transport equipment
Low C10T12 Food products, beverages and tobacco
C21 Pharmaceuticals, medicinal chemical and botanical
products
C26 Computer, electronic and optical equipment
C31T33 Manufacturing nec; repair and installation of machin-

ery and equipment

Notes: The table displays the sectoral classification used in this study, based on ISIC Rev.4. We first
distinguish between IM and FN sectors and then further divide each group into two categories, sectors
with high elasticity of substitution and those with low elasticity.

¢ Sector with protection.

The ICIO table covers 71 countries—comprising 38 OECD and 33 non-OECD members.
Among the 38 OECD members, 22 are EU countries that constitute the treatment group.??
Considering this composition, substantial differences in economic size and trade volume may
exist between the home countries in the treatment and control groups, potentially influencing
the likelihood of treatment assignment. To mitigate selection bias, we employ propensity
score matching (PSM).?® PSM is applied to the processed dataset described earlier.

Following Austin (2011) and Rosenbaum and Rubin (1985), we perform one-to-one nearest

22In practice, the EU ETS has also been implemented outside the EU, such as in Norway, Iceland, and
Liechtenstein. In this study, these countries are excluded during data processing. Norway and Iceland are
omitted for simplicity (details are in Section 4.3), and Liechtenstein is not included in the original dataset.

Hence, cases of the EU ETS outside the EU are excluded here.
23PSM is conducted using the average data from the first year of the study period up to the year before

the publication of Directive 2003/87/EC (1995-2002). The choice of 2002 is motivated by the fact that the
Directive, published in 2003, determined the activities covered by the EU ETS. Therefore, we assume that

sector selection was based on factors such as carbon intensity during the years preceding 2003.
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neighbor matching with a caliper of 0.25 standard deviations, as defined by the propensity
score. We use the logarithm of GDP, manufacturing share, total import share (including all
sectors), and WTO membership dummy (JointWTO) as covariates for PSM.?* Data on these
covariates are obtained from the World Bank DataBank®® and World Trade Organization.?®

After applying the matching procedure, 19 home countries remain in each of the treat-
ment and control groups (Table 2). The results of the matching are presented in Table 3. The
absolute standardized mean difference (SMD) of each covariate is below 0.25, indicating that
the balance of most covariates has improved.?” The negative balance improvement for the
logarithm of GDP and manufacturing share suggests that the difference between the treat-
ment and control groups slightly increased after PSM. However, since their absolute SMDs
remain within the 0.25 threshold, these covariates are still considered well-balanced. Fig. 1
illustrates the distribution of propensity scores before and after PSM, showing that importing
countries in both groups have similar propensity scores, further confirming improvement in
balance.

Table 2: Home countries remaining after PSM

Group Home countries

Treatment Austria, Cyprus, Czech, Denmark, Estonia, Finland, France, Germany, Greece, Hun-
gary, Italy, Lithuania, Latvia, Poland, Portugal, Slovakia, Slovenia, Sweden, United
Kingdom

Control Australia, Brazil, Brunei, Canada, Switzerland, Chile, Costa Rica, Israel, Jordan,
Korea, Malaysia, New Zealand, Pakistan, Philippines, Russian, Thailand, Tunisia,
Ukraine, United States

Notes: The United Kingdom is included in the treatment group, as the analysis period ends in 2020,
prior to its withdrawal from the EU.

24These covariates are chosen to align the economic and trade scales between importing countries (Eskander
and Fankhauser, 2023). Although it is common to use all control variables as covariates, we exclude joint F'T A
and jointC P because both take the value of zero for all importing countries in the data from 1995 to 2002.

Zhttps://databank.worldbank.org/source/world-development-indicators

26https:/ /www.wto.org/english /thewto_e/whatis_e/tif_e/org6_e.htm

27Various SMD cutoffs have been proposed, such as 0.1 and 0.25 (e.g., Austin, 2009; Normand et al., 2001;
Stuart, 2010). We adopt the more lenient threshold of 0.25, as small sample sizes make it challenging to
achieve a well-balanced outcome through PSM, even when the model is properly specified (Austin, 2009).
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Table 3: Balancing test results

Status Mean SMD  Balance improvement (%)

Treatment Control

Ln GDP U 25.40 25.32  0.043 -160.5
M 25.48 25.65  -0.112

Manufacturing share U 0.170 0.171  -0.086 -18.70
M 0.170 0.173  -0.102

Total import share U 0.472 0.375 0.452 66.87
M 0.407 0.375  0.150

WTO membership U 0.880 0.805  0.231 100.00
M 0.842 0.842  0.000

Notes: The table shows the results of nearest-neighbor PSM with a caliper of 0.25 standard devia-
tions. Status “U” and “M” refer to unmatched and matched samples, respectively. SMD denotes the

standardized mean difference.

Table 4 reports the descriptive statistics of the main outcome variables after applying the
PSM procedure. Although notable differences exist between the treatment and control groups
in both the IM and FN sectors in terms of the absolute levels of import value, total value,
and import share, these differences are unlikely to pose serious concerns for the regression
analysis. Because the estimation employs PPML, which uses a log-link specification and
accounts for the multiplicative nature of trade flows, it is less sensitive to differences in
absolute scale across groups. Therefore, while the descriptive statistics reveal heterogeneity
in trade volumes, such variations are not expected to bias the causal estimates. Note that, for
EU ETS-regulated countries, the aggregated import share from non-EU countries averages
approximately 28% for the IM sector and about 63% for the FN sector. This suggest that,
although intra-EU trade remains dominant in the IM sector, both sectors source a substantial
portion of imports from outside the EU. Given that the post-PSM sample includes trade flows
between EU countries and only 19 non-EU countries, the actual exposure to imports from
non-EU countries in the broader dataset is likely to be even higher.

Data on carbon pricing and FTA are obtained from the World Bank?® and the Japan
External Trade Organization (JETRO),? respectively. CO, emission intensity is calculated
using World Input-Output Database (WIOD) Environmental Accounts® and ICIO table (see
Appendix B.2 for more details).

28https://carbonpricingdashboard.worldbank.org/about#download-data
https:/ /www.jetro.go.jp/theme/wto-fta/ftalist.html
30The data can be obtained from the Joint Research Centre of the European Commission.
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Fig. 1. Distribution of propensity scores by treatment and control groups

Notes: The figure illustrates the distribution of propensity scores for the control (pink) and
treatment (blue) groups. The panels on the left and right display the distribution before and

after the PSM procedure, respectively.
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Table 4: Descriptive statistics

Statistic Observations Mean SD Min Max
IM sector

Treatment Group:

Import value 30,416 30,715 178,692 0 6,249,556
Total value 30,416 8,163,844 13,772,914 56 101,490,721
Market share 30,416 0.990 0.062 0 1
Bilateral import share 30,416 0.010 0.062 0 1
Aggregated import share (non-EU) 30,416 0.284 0.210 0.038 0.975
Emission intensity 30,416 3.979 2.819 0.017 11.531
Control Group:

Import value 68,930 62,231 521,845 0 29,138,760
Total value 68,930 13,907,212 30,121,403 359 274,073,542
Market share 68,930 0.993 0.038 0.002 1
Bilateral import share 68,930 0.007 0.038 0 0.998
Aggregated import share (non-EU) 68,930 0.451 0.272 0.019 0.995
FN sector

Treatment Group:

Import value 21,866 17,694 140,415 0 3,922,324
Total value 21,866 7,508,333 20,071,062 7,093 145,611,443
Market share 21,866 0.996 0.021 0.355 1
Bilateral import share 21,866 0.004 0.021 0 0.645
Aggregated import share (non-EU) 21,866 0.626 0.249 0.016 0.987
Exposure 21,866 2.423 4.936 0.002 23.392
Control Group:

Import value 21,268 53,834 1,116,273 0 60,494,441
Total value 21,268 28,225,850 87,056,643 0 610,888,046
Market share 21,268 0.984 0.105 0 1
Bilateral import share 21,268 0.015 0.100 0 1
Aggregated import share (non-EU) 21,268 0.647 0.285 0.004 1

Notes: This table presents the descriptive statistics of the main variables after PSM. The units of import

and total values are in thousands of USD, and emission intensity is based on 2004 data.

4.4 Elasticity of Substitution

In the theoretical framework, we suggest that the effects of carbon pricing may vary depending
on the elasticity of substitution in international trade. We classify goods in the three IM
sectors and eight FN sectors according to whether they exhibit high elasticity, based on
estimates reported in previous studies (Imbs and Mejean, 2017; Saito, 2004; Welsch, 2008).
Consequently, within the IM sectors, C19 is classified as high elasticity, while within the
FN sectors, C13T15 and C28 through C30 are classified as high elasticity (Table 1). The
detailed procedure for defining high elasticity is provided in Appendix B.3.
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5 Results

5.1 Markets for Intermediate Inputs

The results indicate that the introduction of the EU ETS led to a reallocation of demand to-
ward imports in regulated IM sectors. Specifically, following the introduction of the EU ETS,
sectors with a one-unit higher emission intensity (tCOgeq per thousand USD) experienced,
on average, a 5.2% larger increase in import share relative to the less emission-intensive sec-
tors.*! For example, IM sector C2/ in EU countries has an emission intensity of 3.8 (see
Table B2 for the median emission intensity of the three targeted sectors). Using a representa-
tive emission intensity of non-targeted manufacturing sectors (around 0.06),3* the estimated
semi-elasticity suggests that the EU ETS introduction is associated with an approximately
20% larger increase in import share for C'2/. Given that the average bilateral import share
in treated IM sectors is about 1% (Table 4), this relative effect corresponds to an absolute
increase of roughly 0.2 percentage points in the post-EU ETS change in import share.

For reference, column (1) reports the results of an OLS estimation using the import share
as the dependent variable. The findings are consistent, indicating that the EU ETS increases
import share. Columns (3) and (4) present results using import value and total value as
dependent variables, respectively. These results show that import value rises more than total
value,* in line with the earlier finding of an increase in the import share. Overall, the IM
markets results reveal that carbon pricing slightly weakens the international competitiveness
of carbon-priced sectors and heightens the risk of carbon leakage, as demand shifts from EU

to non-EU countries.

31The change is calculated as (e — 1) x 100, where 3; =~ 0.051, as shown in Table 5.
32Because the distribution of emission intensity is right-skewed, we interpret effects relative to the median
intensity (0.06), which better reflects a representative non-targeted manufacturing sector. Similarly, for the

FN sectors, exposure is also right-skewed, and therefore we report effects using median exposure.
33Increases in total value can arise when the price of domestic goods rises sufficiently to outweigh the

associated decline in quantities.
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Table 5: Impacts on the competitiveness of IM markets

OLS PPML
(1) (2) (3) (4)
Dependent Variables: Ln(Import share) Import share Import value Total value
Variables
EUETS x EI 0.122%** 0.051%** 0.065"** 0.008**
(0.029) (0.018) (0.014) (0.004)
JointFTA -0.097 -0.010 0.023 -0.001
(0.093) (0.060) (0.062) (0.007)
JointCP -0.103 -0.023 0.002 0.001
(0.157) (0.091) (0.100) (0.010)
JointWTO 1.631%** -0.634** -0.597** -0.017
(0.313) (0.258) (0.277) (0.027)
Fit statistics
Observations 99,346 99,346 99,346 99,346
Adjusted R? /Pseudo R2 0.80459 0.97670 0.97572 0.99492

Notes: The coefficients reported in this table are estimated using equation 8. The specification
includes home country-year, foreign country-year, IM sector-year, and country pair-IM sector

FEs. Standard errors, shown in parentheses, are clustered at the country pair-IM sector level.

*ak ok and * indicate statistical significance at 1%, 5%, and 10%, respectively.

To provide graphical evidence of the results, we estimate equation 8 including 10 leads
and 15 lags. Fig. 2(a) illustrates the evolution of the import share in IM markets. First,
we confirm the validity of the parallel trends assumption, as no statistically significant pre-
trend is observed, indicating no difference between treated and control groups before the
introduction of the EU ETS. Second, the figure shows that the import share augments after
the EU ETS is introduced in 2005 (time of treatment = 0), but the increase gradually
dissipates over time, returning to approximately its pretreatment level. This pattern suggests
that the impact of the EU ETS on import shares was economically meaningful for several
years but not persistent in the long run. Third, Fig. 2(a) shows that IM sectors experience
a statistically significant increase in import shares starting in 2008, three years after the
introduction of the EU ETS. While this timing coincides with a sharp increase in the futures
price of European Union Allowances (EUA) at the start of Phase 2 (Huang et al., 2022),
allowance prices declined in subsequent years. However, the estimated import share effects
remain statistically significant for several periods. This delayed emergence suggests that
firms’ responses to carbon pricing may have been gradual, reflecting adjustment frictions such

as the renegotiation of long-term supply contracts, learning about the effective stringency
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of the ETS, or irreversible investment decisions, rather than a contemporaneous response to
allowance price movements.

Overall, our analysis of the IM sectors highlights that unilateral carbon pricing can affect
market shares and modestly weaken the international competitiveness of the implementing

country, increasing carbon leakage risk.

(a) IM markets (b) FN markets
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Fig. 2. Transition of the import share in IM and FN markets

Notes: The figure plots the evolution of import and total values in IM sectors from 1995 to 2020, estimated using
equation 8 for panel (a) and equation 9 for panel (b), with 10 leads and 15 lags. The time distance to treatment
= 0 represents the year the EU ETS was introduced (2005).

Few studies have examined the global impacts of the EU ETS. For instance, Naegele
and Zaklan (2019) analyze the effects of carbon pricing on bilateral trade using net imports
and find only a modest and statistically insignificant increase in import values. Our findings
partially align with theirs because we also observe a potential increase in imports. However,
the effect in our analysis becomes more pronounced for sectors with higher emission intensity,
implying that carbon leakage tends to occur when intensity is elevated. Several factors
may explain the differences between our results and those of the previous study. First, the
study periods differ. We use consecutive annual data from 1995 to 2020, whereas Naegele
and Zaklan (2019) analyze data from only three points in time (2004, 2007, and 2011). As
Piermartini and Yotov (2016) note, estimations based on pooled annual data can yield results
that are not identical to those using interval data. In Section 5.5, we assess the impacts of

the EU ETS on competitiveness using interval data and find that a longer interval between
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observations leads to slightly smaller estimated effects on import values (see column (2) in
Table C1). Therefore, their conclusion of no carbon leakage does not necessarily contradict
our framework. Consistent with our theoretical framework, the magnitude of the effect of
carbon pricing determines the level of carbon leakage risk. Another explanation for the
differences in magnitude lies in research design and objectives. Naegele and Zaklan (2019)
analyze country pairs in which at least one trading partners has implemented the EU ETS,
thereby examining its effects on both imports and exports from ETS countries.** By contrast,

our study focuses specifically on imports to clearly isolate the effects of carbon pricing.

5.2 Markets for Final Goods

We analyze the indirect impacts of the EU ETS on FN sectors through changes in input
costs by estimating equation 9. The results are reported in Table 6. The PPML estimate in
column (2) shows that the estimate of interaction between the EU ETS and exposure to IM
sectors is negative and statistically significant when import share is used as the dependent
variable. This suggests that demand reallocation toward imports appears to be minimal in
production networks with greater exposure to IM sectors following the introduction of the EU
ETS. Columns (3) and (4) also confirm this limited reallocation, as the decreases in import
shares appear to be driven by increases in total value. To illustrate the magnitude of this
effect, consider a production network with a median IM exposure level, 0.3. Compared to a
FN sector with no exposure (E = 0), this typical level implies a reduction in import share of
approximately 2.7% post-ETS. Given that the average bilateral import share is about 0.4%,
this implies an absolute decrease of roughly 0.011 percentage points. The modest magnitude
of this effect indicates that FN sectors have largely preserved their competitiveness even after
the EU ETS, and that the risk of carbon leakage has not increased. However, this average
effect may obscure a significant variation within the FN sector, where industries differ in
substitution elasticities and protection status, potentially masking the true impact of the
EU ETS when sectors are pooled. The following subsection therefore explores heterogeneity
across sectors in more detail.

From Fig. 2(b), we observe almost no significant pre-trends, indicating that in the absence
of treatment, the import share of the treated and control groups would have followed parallel
paths over time. Furthermore, when FN sectors are considered in aggregate, there is no
evidence that the EU ETS adversely affect import shares, implying that FN sectors in EU
countries might not experience a loss of competitiveness. These results are in line with those

shown in Table 6.

34While the empirical approach proposed by Naegele and Zaklan (2019) is valuable, we did not implement
a robustness check based on their method because our PSM procedure targets only home countries. Using
their approach could lead to selection bias related to foreign countries unaddressed.
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Table 6: The impacts on competitiveness of FN markets

OLS PPML
(1) (2) (3) (4)
Dependent Variables: Ln(Import share) Import share Import value Total value
Variables
EUETS x E -0.006 -0.088*** -0.044 0.119***
(0.032) (0.025) (0.028) (0.006)
JointFTA -0.053 -0.131 -0.107 0.001
(0.135) (0.082) (0.085) (0.005)
JointCP -0.056 -0.101 -0.220 -0.013
(0.200) (0.167) (0.163) (0.009)
JointWTO 0.577** 0.271 0.346 0.021
(0.247) (0.223) (0.233) (0.017)
Fit statistics
Observations 43,134 43,134 43,134 43,134
Adjusted R? /Pseudo R2 0.84338 0.99469 0.99457 0.99933

Notes: The coefficients in this table are estimated using equation 9. The specification includes
home country-year, foreign country-year, FN sector-year, and country pair-FN sector fixed
effects. Standard errors, shown in parentheses, are clustered at the country pair-FN sector
level. *** ** and * indicate statistical significance at 1%, 5%, and 10%, respectively.

5.3 Sectoral Heterogeneity

Sector-specific differences in elasticity of substitution and protection may contribute to het-
erogeneous impacts of carbon pricing. To examine this, we build on the sectoral classification
in Section 4.3 (Table 1) and additionally label two sectors as “protected”. CI13T15 (textiles)
and C29 (vehicles), which face higher tariff rates at the borders of EU member states. To
capture the combined characteristics of high elasticity and protection, we define a categorical
dummy variable with three levels (“Low elasticity”, “High elasticity”, “Protection”), where
“Low elasticity” group serving as the reference category. This variable is incorporated into
equations 8 and 9 as an interaction term with the explanatory variables. Both C13T15
and C29 are FN protected sectors, meaning that no IM sectors are classified as protected.
As such, in the IM markets, the dummy variable only distinguishes between low and high

elasticities.?®

Table 7 reports the results for IM markets. Based on the coefficients of EUETS x EI in

35This also implies that the “Protection” category comprises solely sectors that are both protected and

highly elastic, with no protected sectors in “Low elasticity”.
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the first row, we observe that the EU ETS negatively affects competitiveness and increases
carbon leakage risk as indicated by the rise in import share and the associated shift in
demand. In column (2), the coefficient on the interaction term with the high-elasticity
dummy is insignificant.?® This suggests that, in IM markets, higher elasticity does not lead
to substantial differences in response. Given that C19 is conditionally classified as part of
the high-elasticity group, this result appears plausible (see Section B.3). Furthermore, the
results from the main PPML specifications in columns (2) to (4) indicate that IM sectors with
high elasticity of substitution do not face greater carbon leakage risk compared to sectors

with low elasticity.

Table 7: Impacts on the competitiveness of IM markets: high elasticity

OLS PPML
(1) (2) (3) (4)
Dependent Variables: Ln(Import share) Import share Import value Total value
Variables
EUETS x EI 0.108*** 0.061%** 0.050"** -0.007**
(0.030) (0.019) (0.018) (0.003)
EUETS x EI x High elasticity 0.067 -0.028 0.041 0.066***
(0.043) (0.034) (0.033) (0.002)
JointFTA -0.092 -0.010 0.024 0.000
(0.092) (0.060) (0.063) (0.007)
JointCP -0.103 -0.023 0.002 0.001
(0.157) (0.091) (0.101) (0.010)
JointWTO 1.631%** -0.634** -0.597** -0.016
(0.313) (0.257) (0.278) (0.028)
Fit statistics
Observations 99,346 99,346 99,346 99,346
Adjusted R?/Pseudo R? 0.80462 0.97670 0.97573 0.99504

Notes: The coefficients in this table are obtained from regressions using equation 8, including the
interaction term of FUETS x EI with the high-elasticity dummy. The specification incorporates
home country-year, foreign country-year, IM sector-year, and country pair-IM sector fixed effects.
Standard errors (in parentheses) are clustered at the country pair-IM sector level. *** ** and *
denote statistical significance at 1%, 5%, and 10%, respectively.

36The contrasting signs of the OLS and PPML estimates can be attributed to differences in how the
two methods handle the data. PPML accounts for the multiplicative nature of trade flows, accommodates
zero-valued observations, and implicitly assigns greater weight to larger trade flows, making it more suitable
for skewed trade data. By contrast, OLS assumes an additive linear relationship and may be biased under
heteroskedasticity or skewed distributions. As the present study is concerned with trade variables, we place

greater confidence in the PPML results.
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The results of sectoral heterogeneity in FN markets are presented in Table 8. In column
(2), none of the three explanatory variables exhibits a statistically significant effect on FN
competitiveness in terms of import shares. This generally coincides with the results presented
in Section 5.2, which also do not support the view that the EU ETS leads to a loss of
competitiveness or carbon leakage through downstream production channels, even though the
significance levels differ. While no main interaction terms show statistically significant effects
on import shares, the patterns observed in import and total values reported in columns (3)
and (4) provide tentative insights that market responses may differ across sectors according
to their specific characteristics.

In the low-elasticity and non-protected benchmark group, the coefficient on import value
exceeds that on total value and is positive and statistically significant, offering limited yet
meaningful indication that the EU ETS may have reduced competitiveness in this group.
Nonetheless, these effects are substantially attenuated for high-elasticity or protected sectors.
The implied increase in import values is smaller for high-elasticity sectors than for low-
elasticity ones, although the overall effect remains positive. By contrast, for protected sectors,
the initially positive import value response observed for low-elasticity sectors is largely offset,
yielding a negative coefficient. This pattern suggests that government-protected sectors are
less likely to experience competitiveness losses following the EU ETS introduction than non-
protected sectors.

In summary, the results do not provide statistically significant evidence that the EU ETS
affects competitiveness or the risk of carbon leakage in FN sectors, as measured by import
shares. While this precludes a definitive conclusion, the findings from changes in import and
total values provide an indicative evidence that the impact of the EU ETS may vary across
FN sectors depending on sectoral characteristics. Unlike IM sectors, FN sectors can adjust by
shifting the sources of their intermediate inputs or modifying their markups, as discussed in
Section 3. Accordingly, their responses to the EU ETS may tend to be more heterogeneous.
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Table 8: The impacts on competitiveness of FN markets: high elasticity & protection

OLS PPML
(1) (2) (3) (4)
Dependent Variables: Ln(Import share) Import share Import value Total value
Variables
EUETS x E 0.061 0.452 1.010** 0.462%**
(0.471) (0.502) (0.475) (0.025)
EUETS x E x High elasticity -0.010 -0.676 -0.895* -0.188***
(0.466) (0.486) (0.461) (0.028)
EUETS x E x Protection -0.066 -0.524 -1.023** -0.336%**
(0.455) (0.484) (0.456) (0.023)
JointFTA -0.053 -0.130 -0.105 0.001
(0.135) (0.082) (0.085) (0.005)
JointCP -0.056 -0.101 -0.220 -0.013
(0.200) (0.168) (0.163) (0.009)
JointWTO 0.578** 0.271 0.346 0.021
(0.247) (0.223) (0.233) (0.017)
Fit statistics
Observations 43,134 43,134 43,134 43,134
Adjusted R?/Pseudo R? 0.84337 0.99469 0.99459 0.99934

Notes: The coefficients in this table are obtained from regressions using equation 9, including the
interaction terms of EUET'S x E and the three-category indicator variable: “Low elasticity,” “High

2

elasticity,” and “Protection.” The specification incorporates home country-year, foreign country-

year, FN sector-year, and country pair-FN sector fixed effects. Standard errors (in parentheses)
are clustered at the country pair-FN sector level. *** ** and * denote statistical significance at
1%, 5%, and 10%, respectively.

5.4 Carbon Leakage Risk

We now compare emission intensity across sectors between EU and non-EU countries to
evaluate the magnitude of carbon leakage risk. Figure 3 illustrates the average emission
intensity from 2005 to 2016,% separately for EU and non-EU countries. The EU sample
includes all post-PSM home countries in the treatment group, while the non-EU sample
comprises Australia, Brazil, Canada, Korea, Russia, the United States, and Switzerland,
based on available data.

As Figure 3 shows, most sectors in EU countries tend to be less emission-intensive than

their counterparts in non-EU countries. Although the relative difference between EU and

372016 is the final year available in the WIOD dataset.
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non-EU countries is smaller in IM sectors (about 30%) than in FN sectors (about 42%),%®
the much higher absolute emission intensity in IM sectors—on average 30 times that of FN
sectors—implies that the potential impact of carbon leakage is substantially greater in IM
sectors. Therefore, IM sectors warrant greater policy attention.?”

Deviating from the prevailing trend, sectors C19 and C21 exhibit higher emission inten-
sities in the EU sample. For these sectors, EU emission intensities are roughly three times
those of non-EU countries, indicating that potential demand shifts toward foreign goods
would not increase leakage risk. Instead, if such shifts were to occur, they could even lead to
reverse carbon leakage. Nevertheless, the baseline analysis already supports the conclusion
that carbon leakage risks are not heightened: both the high-elasticity IM sector (C19) and
the low-elasticity FN sector (including C21) show statistically insignificant changes in market

shares, suggesting limited demand shifts between domestic and foreign goods.

IM sector FN sector
44
34
2
2
5 Group
c
c . EU countries
S )
g 24 . Non-EU countries
£
i
1- I
oA -. -- —_— i e e e
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& & &
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Fig. 3. Emission intensity across sectors

Notes: The figure illustrates the average emission intensity from 2005 to 2016 for EU home countries in the
treatment group (red) and non-EU home countries in the control group (blue). The left and right panels
show the emission intensities of the IM and FN sectors, respectively. The unit of intensity is tCOseq per
thousand USD of value added.

38These values are calculated after excluding sectors C19 and C21—where emission intensity is higher in

the EU—from the IM and FN sectors, respectively.
39 As discussed earlier, FN sectors are not expected to experience elevated carbon leakage risk.
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5.5 Robustness Checks

To confirm the robustness of our main results, we conduct a series of supplementary analyses,
presented in Appendix C. First, we estimate the effects of the EU ETS using panel data over
multi-year intervals. Piermartini and Yotov (2016) highlights the importance of examining
results with data pooled across consecutive years, particularly because in fixed-effects esti-
mation, the dependent and independent variables may not fully capture annual variations.
Policy impacts can also lead to lags, resulting in imprecise yearly estimates. To address this,
we employ 3- and 5-year intervals to analyze both the direct and indirect effects, with the
results largely consistent with baseline findings, as shown in columns (2) and (6) in each
panel in Table C1. The EU ETS appears to reduce the competitiveness of IM sectors in
EU countries, thereby increasing carbon leakage risk, while FN markets are not adversely
affected. Additionally, columns (2) and (6) in Panels A and B of Table C2 report that sectors
with high substitution elasticities and protected sectors are less likely to experience further
impacts of carbon pricing.

Second, we conduct a leave-one-out test to check whether the overall results are driven
by any single influential country pair or sector. Equations 8 and 9 with interaction terms
are re-estimated multiple times, each time excluding one sector or one country pair. Fig. C1
presents the results by sector, showing almost no deviation from the main findings. Notably,
the coefficient of EUETS x EI remains significantly positive only when C23 is dropped,
whereas excluding other sectors leads to insignificant estimates. This implies that C23 may
downward-mask the impacts of the EU ETS, which is understandable given its relatively low
elasticity (Table B3). Across more than 900 leave-one-out iterations by country pair, the
coefficients remain largely stable in both magnitude and direction.*® Finally, as shown in
the rightmost panel of Fig. C1(b), excluding C29 from the two protected sectors (C13T15
and C29) results in a negative but statistically significant coefficient, indicating that C29
provides a weaker protective effect than C13T15.

Third, Table C3 presents the results of applying a stricter criterion for high elasticity.
We consider two alternative definitions. In the first, the sector with the lowest percentile
rank among those initially classified as “high elasticity” (C137T15) is reclassified as “low
elasticity”. In the second, the two lowest-ranked sectors (C137T15 and C28) are reclassified
as “low elasticity”.*! Under the stricter criterion, C137T15 is categorized as “low elasticity”,
necessitating a distinction between low and high elasticity within the protection category.
As a result, the classification expands from three to four groups: “Low elasticity (baseline)”,

“High elasticity”, “High elasticity and Protection”, “Low elasticity and Protection”. Columns

40The full results are available upon request.
41Gince there is only a single high-elasticity sector in IM markets, the analysis is not conducted for IM
sectors.
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(2) and (6) in Table C3 show that the protection policy exhibits a strongly negative coefficient
regardless of elasticity level. The effect is particularly pronounced and statistically significant
for the low-elasticity sector (C13T15), consistent with the leave-one-out test. All other results
align with the main findings.

Fourth, robustness is confirmed through a placebo test. We randomly select 10 coun-
tries from the set of non-ET'S countries (48 countries) to form placebo treatment and control
groups.*? For each random assignment, we estimate our baseline specification and repeat this
procedure 200 times. This exercise assesses whether our results could arise from arbitrary
country assignments rather than from exposure to the EU ETS. Collectively, the placebo
estimates shown in Fig. C2 suggest that our findings are unlikely to be driven by random
assignment, indicating that the results remain reasonably robust despite potential imbalances
between the placebo treatment and control groups.** Only the variable EUETS x EI (left
panel of Figure C2(a)) shows that the baseline coefficient (red line) lies outside the 95% con-
fidence interval (CI) of the coefficient distribution obtained from the 200 placebo simulations.
This indicates that the estimated EU ETS effect in IM sectors is not likely to be driven by
spurious factors and can reasonably be attributed to the EU ETS. By contrast, for all other
variables, the baseline coefficients lie within the corresponding 95% ClIs, consistent with the
lack of statistically meaningful EU ETS effects on market shares when using these variables.
Moreover, all the placebo Cls for these variables all include zero, showing that they do not
exhibit statistically significant effects under random assignment.

To further assess robustness, we conduct three additional separate checks. The first re-
places the 2004 emission intensity with the average over 2000-2004, while the second excludes
the United States, one of the most influential countries in international trade, from the set of
home countries to ensure that the results are not disproportionately influenced by its pres-
ence. Finally, we perform an analysis that expands the set of IM sectors to include C17 18,
a sector with relatively low emission intensity but nevertheless targeted by the EU ETS. The

overall conclusions, as shown in Tables C4 to C6, remain unchanged.

6 Conclusions

This study examines the effects of unilateral carbon pricing on international competitiveness

and carbon leakage in both targeted IM sectors and non-targeted FN sectors. While previous

42 Among the 48 non-ETS countries in the dataset, only 14 can plausibly be assigned to the placebo

treatment group for IM markets due to limited emission intensity data.
43The constraints on emission intensity data complicate inference, as the 14 plausible placebo treatment

countries for IM markets are disproportionately concentrated among large or influential economies (e.g.,
Canada, China, India, and Japan). This raises concerns that the placebo treatment and control groups may

not be well-balanced in terms of observable characteristics.
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research has largely focused on direct effects in targeted sectors, our study extends the
analysis to non-targeted sectors, providing a more comprehensive understanding of the effects.
The key findings are as follows. First, unilateral carbon pricing in the home country
slightly lowers its competitiveness in IM sectors, increasing the potential for carbon leakage.
Second, the policy has no significant effect on FN sectors’ competitiveness, highlighting that
carbon leakage is unlikely in these sectors. Third, protected sectors in the home country may
be more effective at reducing carbon leakage risks compared with unprotected sectors.
These findings have important implications for climate policy design in global supply net-
works. Policymakers should carefully consider potential competitiveness losses and carbon
leakage risks in applying carbon pricing to highly import-dependent sectors. Concerns about
indirect effects on non-targeted sectors may be overstated, which allows for a focus on tar-
geted sectors. Carbon pricing should ideally be complemented by other measures. Although
its overall impact on competitiveness is modest, emissions may still shift to other regions.
Industry protection could help mitigate this risk, but may be in conflict with free trade ob-
jectives. Expanding CBAM globally in a non-protectionist manner could alleviate carbon

leakage while preserving trade openness.
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Appendix

A Supplementary Material for the Theoretical Framework

In this subsection, we show the expectation regarding carbon leakage risk. Following the
definition of Misch and Wingender (2024), carbon leakage—that is, the displacement of

emissions to other countries caused by shifts in demand— in IM markets can be expressed

as:
L — Acarbon emissionsy (1 +yp)qrery — quey
"7 " Acarbon emissions, (1 —v)q(1 — ar)er — quey (10)
8 quer

- (’YzOéz — oy — ’Yz) qi€i '

where e;, e > 0 denote the emission intensities of the domestic sector [ and the foreign sector
I', respectively. In this framework, the domestic sector is subject to carbon pricing, whereas
the foreign sector is not. This implies that the embodied carbon emissions in domestic
goods (e;) are likely to be lower than those of the foreign sector (ey); hence, we assume
e; < ép.** The parameter o € [0,1] represents the rate of emission reduction induced by

carbon pricing, capturing factors such as technological improvements and changes in emission
i

(mor—au—m)’

of carbon leakage, implying that sectors with higher substitution elasticity are more exposed

intensity. According to equation 10, the higher the value of — the greater the risk

to carbon leakage.*®

Regarding carbon leakage in FN markets, we similarly define:

Clin — Acarbon emissionsy (1 + v )qreér — qrér
M 7 Acarbon emissions, (1 — ) qe(1 — ag)er — qrex (11)
Vi Qi €k

('Vkak — Qf — %) qKCk ’

9l
(vwou—ou—vk)’
the greater carbon leakage risk. Thus, the domestic sectors k that are more sensitive to

where we assume e;, < €. Equation 11 shows that the larger the magnitude of —

substitution face a higher risk under carbon pricing.

44 Although generally higher in countries with no carbon pricing, emissions may occasionally be lower in
certain sectors. This issue is discussed in detail in Section 5.4.
45Since v, o € [0, 1], it follows that y,0q < oy + i, and then v, — oy — v < 0.
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B Supplementary Explanation on Data

B.1 Concordance Table

Table B1: Sectoral concordance of targeted sectors

Division (ICIO table)

Activity (EC Directive)

C17.18 Production of pulp from timber or other fibrous materials
Production of paper or cardboard with a production capacity exceeding 20 tonnes per day

C19 Refining of mineral oil
Production of coke

C20 Production of carbon black involving the carbonization of organic substances such as oils, tars, and cracker
and distillation residues, where combustion units with a total rated thermal input exceeding 20 MW are
operated
Production of nitric acid
Production of adipic acid
Production of glyoxal and glyoxylic acid
Production of ammonia
Production of bulk organic chemicals by cracking, reforming, partial or full oxidation or by similar processes,
with a production capacity exceeding 100 tonnes per day
Production of hydrogen (H2) and synthesis gas by reforming or partial oxidation with a production capacity
exceeding 25 tonnes per day
Production of soda ash (Na2CO3) and sodium bicarbonate (NaHCO3)

C23 Production of cement clinker in rotary kilns with a production capacity exceeding 500 tonnes per day or in
other furnaces with a production capacity exceeding 50 tonnes per day
Production of lime or calcination of dolomite or magnesite in rotary kilns or in other furnaces with a
production capacity exceeding 50 tonnes per day
Manufacture of glass including glass fibre with a melting capacity exceeding 20 tonnes per day
Manufacture of ceramic products by firing, in particular roofing tiles, bricks, refractory bricks, tiles, stoneware
or porcelain, with a production capacity exceeding 75 tonnes per day
Manufacture of mineral wool insulation material using glass, rock or slag with a melting capacity exceeding
20 tonnes per day
Drying or calcination of gypsum or production of plaster boards and other gypsum products, where com-
bustion units with a total rated thermal input exceeding 20 MW are operated

C24 Metal ore (including sulphide ore) roasting or sintering, including pelletization

Production of pig iron or steel (primary or secondary fusion) including continuous casting, with a capacity
exceeding 2,5 tonnes per hour

Production or processing of ferrous metals (including ferro-alloys) where combustion units with a total rated
thermal input exceeding 20 MW are operated. Processing includes, inter alia, rolling mills, re-heaters,
annealing furnaces, smitheries, foundries, coating and pickling

Production of primary aluminum

Production of secondary aluminum where combustion units with a total rated thermal input exceeding 20
MW are operated

Production or processing of non-ferrous metals, including production of alloys, refining, foundry casting, etc.,
where combustion units with a total rated thermal input (including fuels used as reducing agents) exceeding
20 MW are operated

Notes: This table presents the concordance between the sectoral classifications in the ICIO table (ISIC Rev.4) and activities regulated
under the EU ETS, as defined by Directive 2003/87/EC and Directive 2009/29/EC.
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B.2 CO,; Emission Intensity

To assess whether the carbon-priced IM sectors classified by ISIC Rev.4 (Table Bl) are
indeed carbon-intensive, we calculate their average CO, emission intensity for the period
2000-2004. For each year, emission intensity is computed by dividing the CO, emissions
of EU countries (sourced from the WIOD Environmental Accounts?®) by the corresponding
value added obtained from the ICIO table. As presented in Table B2, among these sectors
covered by the EU ETS, only C'17_18 ranks low in emission intensity, while the others rank
from first to fourth. Notably, the emission intensity of these top four sectors is more than
tree times higher than that of the sectors ranked fifth and below.

Table B2: CO; emission intensity by sector

Rank Sector ElI Rank Sector EI Rank Sector EI

1 C19 6.77 (4.41) 7 C16 0.25 (0.19) 13 C30 0.08 (0.06)
2 C24 491 (3.84) 8 C17.18 0.22 (0.18) 14 €28 0.08 (0.06)
3 C23 3.24 (2.68) 9 C22 0.18 (0.13) 15 C21 0.06 (0.05)
4 C20 1.29 (1.05) 10 C25 0.11 (0.08) 16 C26 0.05 (0.03)
5 C10T12 0.33 (0.25) 11 C29 0.10 (0.07) 17 C31T33 0.05 (0.04)
6 C13T15 0.26 (0.21) 12 C27 0.08 (0.06)

Notes: This table presents the ranking of sectors in descending order of their average COs emission intensity
(EI) over the period 2000-2004. The values in parentheses indicate the EI in 2004. The unit of EI is tCOqeq
per thousand USD of value added. Sectors covered by the EU ETS are shown in bold.

We also employ emission intensity when estimating equation 8 to assess the direct effects.
Specifically, we use each country’s emission intensity in 2004, the year immediately preceding
the implementation of the EU ETS, following Yamazaki (2017).17

B.3 Elasticity of Substitution

Table B3 presents the sectoral elasticities reported in earlier studies. We reference three
previous works—Imbs and Mejean (2017), Saito (2004), Welsch (2008)—because, unlike many
studies that focus primarily on the United States, these analyses estimate elasticities using
data from multiple EU countries. Specifically, Imbs and Mejean (2017) includes 13 EU ETS
countries among 31, Saito (2004) covers 9 out of 14, and Welsch (2008) includes data from

46For details, see Corsatea et al. (2019).
47Yamazaki (2017) employs fixed GHG emissions based on the year prior to the policy shock.
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four EU countries. Since direct comparison of elasticity estimates across the three studies is
difficult, we adopt the following approach. For each study, we calculate the percentile rank
of sectoral elasticities within that study’s elasticity distribution. We then compute, for each
sector in our dataset, the average of these percentile ranks across the three studies. Sectors
whose average percentile ranks falls within the top 25% (0.75 or higher) are classified as
having high elasticity. Based on this criterion, in the FN market, C'137T15 and C28 through
(30 are classified as high elasticity, whereas, in the IM market, no sector meets this threshold
(Table B3). However, there is a distinct gap between the elasticity of C19 and the other IM
sectors. Although C'19 does not meet the quantitative cutoff for highly elasticity, its elasticity
is relatively higher than those of C23 and C2/. To account for potential heterogeneity, we

therefore treat C19 as “High elasticity” in our analysis.

Table B3: Elasticity of substitution in international trade

Elasticity of substitution Percentile rank ~ Magnitude

Tmbs and Mejean (2017)*  Saito (2004)  Welsch (2008)

IM sector

C19 7.90 1.16 - 0.72 High®
C23 4.00 0.56 - 0.07 Low
C24 6.20 0.71 0.53 0.30 Low
FN sector

C10T12 5.70 0.92 0.46 0.35 Low
C13T15 11.03 1.39 0.85 0.79 High
C21 5.9 1.16 0.97 0.52 Low
C26 8.4 - 1.04 0.68 Low
C28 9.00 1.33 1.63 0.86 High
C29, C30 11.40 - 1.70 0.96 High
C31T33 6.40 - - 0.44 Low

Notes: Elasticities are presented in absolute values. Because the sectoral classification in the previous studies
differ from ISIC Rev.4, we match the most closely related sectors across the datasets. The second column from
the left reports the average of percentile ranks across the three studies.

@ The average elasticity of related sectors, used in Imbs and Mejean (2017), for each corresponding sector.

b This indicates that C19 exhibits higher elasticity relative to the other IM sectors but, under our original
definition, is not formally classified as highly elastic.
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C.2 Leave-one-out test

(a) IM markets
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(b) FN markets
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Fig. C1. Leave-one-out test

Notes: The figure presents the results of the leave-one-out test, where the equations 8 and 9 with interaction
terms are re-estimated multiple times, each time excluding one sector from the sample. Panels (a) and (b) show
the results for the IM and FN markets, respectively, with 95% confidence intervals. Results for C19 are omitted
in the right part of panel (a) because C19 is the only sector classified as having high elasticity.

42



"A[oA1100dSs01 ‘94T PUR ‘4G ‘94T TR 90URIYIUSIS [RII)SIIRIS 9J0USD , PUR ‘. ‘L o ‘[9AJ] 101008 JN[-1red A1JUNOD 9} J@ PAIS)SN[D dIe ‘sasoyfjuared Ul UMOYS ‘SIOLID
pIepur)g 's109po poxy I0300s-1red A1Unod pur ‘1eok-10309s ‘1RIL-A1JUN0D UFDI0] ‘I1eoA-A1IUNO0D dWOY SOPN[OUT UOIYeoyIoads oY, "SISATeur oulse( o) Ul urvy) AJDIISRD

S I0J UOLI9IIID I990LIYS SIOW YIM F X G LA ()F UMM SULID) UOIDRIIUL 91} Surpnioul ‘g uoryenbs Juisn pajewrr}se are a[qes) siy) ul poliodal SJUSIDIIA0D YT, 520N

7£666°0 65766°0 0L¥66°0 TrEPS0 7£666°0 65766°0 0L¥66°0 6£ETS0 24 opnesd/ ;Y pessulpy
298497 29897 VET'EY 29847 TET'EY 298497 29847 29847 SUOIYRAIOS( ()
SOUSUDIS ]
>
= (L10°0) (g£2°0) (€22°0) (L¥T°0) (L10°0) (££2°0) (€22°0) (L¥20)
L2 120°0 8FE0 v.2°0 BLG0 12070 SFE0 v.2°0 1850 OLMuIor
2
% (600°0) (€91°0) (891°0) (00z°0) (600°0) (€91°0) (891°0) (00z°0)
— €100~ 6120~ 6600~ 2g0°0- £10°0- 6120~ 6600~ g0°0- dputor
K (500°0) (g80°0) (280°0) (ge1°0) (500°0) (680°0) (280°0) (¢e1°0)
Louo 100°0 z0T°0- 9210~ 6700~ 100°0 2010~ 9210~ 160°0- VI dyuor
..H.. (9€0°0) (0£5°0) (L89°0) (0s1°0) (L£0°0) (L19°0) (09¢°0) (zL¥°0) uor30R301g pue L3prserd ySiy x
wex9TE 0" 0180~ 8VT0- zq0°0 sl OF0- 9680~ £€E°0- 900°0 d X SLANA
m (090°0) (106°0) (568°0) (896°0) (¥50°0) (€16°0) (606°0) (€26°0) U01300301J Pue L}ONSL[d MO X
o wxGLT°0" «GI8'T- WLTLT- ¥10°1- s EFT0- «C98°T- «T9LT- e1T 1~ i X S1ANH
q (¢£0°0) (L850) (655°0) (652°0) (L£0°0) (20g°0) (e¥¢0) (627°0)
g sl OT0- 6£9°0- 78£°0- 1920 s OPT 0" 2610~ aTg0- 10°0 Aypusepp Y8 X d X STANH
‘= (L£0°0) (285°0) (085°0) (gs1°0) (8€0°0) (8€5°0) (£8¢°0) (687°0)
O w10SF 0 16L°0 89T°0 65070~ s V€S0 088°0 9520 ¥10°0- i x S1ANd
o] §9)QDUIDA
Q
‘.nlw onfea Tejo], onyea yrodwy oreys jrodw  (oreys jrodwy)u] enyea [ej0], onyea yrodwy oreys jrodwy  (areys yrodwy)uy so[qeLre) juapuade(
.m (8) () (9) (¢) ¥) (€) () (1)
9) TNdd S10 TNdd S10
- 980 PU® G¢LLETD CILEID 103088 poYISse[DaY
«
C mawv?dE Z,m wo wm®E®>EEQQEOo wﬂu uo wuoﬁQEH NMO QMQN.H\

43



C.4 Placebo Test

(a) IM markets
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Fig. C2. Placebo test

Notes: The figure presents the results of the placebo test, where the equations 8 and 9 with interaction terms
are re-estimated multiple times, each time resampling 10 countries for each treatment and control group. Panels
(a) and (b) show the results for the IM and FN markets, respectively. The shaded area represents the 95%
confidence intervals of the coefficients from the placebo estimations, while the red line and grey dotted lines

indicate the baseline coefficients and zero, respectively.
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C.5 Other results

“A[oa1100dsor ‘()T pue ‘¢ ‘9T 18 90UROYIUSIS
[BOT)STIR)S DYRIIPUI , PUR ‘u. ‘4. [OAS] 109008 NJ-1Ted ATIUNOD BT} J€ PoISYSN[D dIe ‘seser[juered UI UMOTS ‘SIOIT® PIRpUR]S "S}o0e PXY I0joes-1red A1Umod
pue ‘I1eak-10309s ‘IeaA-A17UNod uSelo] ‘Ieaf-AIIUNO0D SWOY Sopnoul uolyesynads oy ], "A[oA1300dsal ‘sage)g pojiu) o1) Surpnioxe oidures oY) pue y00g-000¢ I0J
£)ISULIUT UOISSTID o8vIoA® SUISN sojewso o) Juesold  pue y s[pued '¢ pue § uorjenbo Juisn pojewlnise oIe d[(e) SIY) Ul paliodol SIUSIDE0D dYJ, 590N

91866°0 0L786°0 68786°0 612H8°0 L0266°0 £0896°0 91696°0 €IE08°0 2d opnesd/ g pasnlpy
4N 4N g YTy 9€T°L6 9€T°L6 9€T°L6 9€T°L6 SUOTJRAIOS( ()
$OUSUDIS ]
(¥00°0) (820°0) (L20°0) (2€0°0)

+x€10°0 +++880°0" s G0T°0- G00°0- d X S1LHNA

(¥00°0) (¥10°0) (020°0) (620°0)
20070 +xx020°0 +4xGG0°0 #6810 Id X SLANHT
§3)QDIDA

anfea [ej07,

onfea jrodwy  areys jroduy

(axeys qrodwy)ury

anyea 1ejox,

onea yrodwy  oreys jrodwy

axeys jrodwy)u
gl 1)u]

so[qreLIRA Juapuado(y

(8) () (9) () ) () (c) (1)
TNdd ST0 TNdd ST0
sposrewt N g sjes{rewr N
(A1yuno) swIOF]) sejelg pajrup) oY) moyim sejdureg :g
€€666°0 8G¥66°0 69766°0 8€E¥S°0 T6766°0 126260 0L9.6°0 G9708°0 M opnasd/ ;A passnlpy
veT'er PeT'ER ver'er veT'er 9766 9766 97€'66 97€'66 SUOIYRATDS( ()
SOUSUDIS 1]
(600°0) (L10°0) (610°0) (610°0)
98070 2€0°0- 1xx090°0- €00°0- d % STANT
(200°0) (010°0) (110°0) (610°0)
100°0 «xx6€0°0 sl €00 wxs780°0 I X SIANA
§9]QD1IDA

anfeA [e407,

(8)

onea jroduwy  oreys jrodwy

(L) (9)

(axeys gr0dwy)ury

()

anfea [e10],

(2]

anrea yrodwy  oreys jrodwy

(€) (@)

axeys jrodwy)u
q W]

(1)

TINdd

S10

TINdd

ST0

sjosIRW N,

syoyIRUL T

:se[qerrep juepuada(T

(¥002-000%) £3susju] uoISSIUY SSLIOAY 1V

syoyIew N pue NI jo ssouaarijodurod o) uo syoedwy

7D SIqEL

45



“K1paT300dsor ‘04T puR ‘%C ‘04T 1@ 90URIYTUSIS [ROI)SIYR)S DJRITPUIL , PUR ‘yy ‘0. TOAD] 109098 JNT-Ired

A1)Unod 9} 18 PaIv)sN[d oIk ‘sosarjusIed Ul UMOYS ‘SIOLID PIRPURIS 'S100J0 Poxy I0j09s-1red A1unoo pue ‘1eaf-10100s ‘1eoA-A£1jUnod uSweIo] ‘1ead-£19unod swory

sopnpul noryeoymads ot ], "A[oAr)oadsal ‘saje)g pajru() oY) Surpnoxe afdures ay) pur F)0g-000g 10 A}SUGIUT UOTSSTUID dFeIdA®R SUISN SopetI)se ) Juasald ¢ pue y

spueJ " X §LH N PUC [H X §.LH A YIM SULD) UOTORIAUIL oY) SUIpnour ‘G pue g uoryenbo Sursn pojewriso ore a[qey S} Ul PagIodol SJUSIDLJO0D YT, :S9I0N

088660 9L¥86°0 16¥86°0 61TH80 825660 £0896°0 LT696°0 G1£08°0 24 0Psd/ 4 passnlpy
Y YTy Ty 9€T°L6 9ET'L6 9ET'L6 9€1°L6 SUOTYRAIOS)
SOUSUDIS ]
(£10°0) (19%°0) (887°0) (¥sr°0)
e G6E0- w1601~ ¥25°0- 680°0- wo1N0Ig X { X STHNA
(820°0) (20¢°0) (625°0) (#9¥°0)
G Al +618°0- 0L5°0- 1€0°0- fyoyse YSIH xd X SLANH
(810°0) (L21°0) (¥05°0) (027°0)
el TP wGE0'T PEV0 980°0 | X STANA
(200°0) (7£0°0) :€0°0) (£v0°0)
wexl90°0 £€0°0 G£0°0- L90°0 Ayonse USIH X [ X STHNA
(£00°0) (90°0) (9€0°0) (60°0)
8000~ ek lG0°0 x890°0 w60T°0 A X SLANA
§3]qDLIDA
anea rejo], onea yrodwy oreys jroduwy  (ereys jrodwy)u]  onfea [ey0], onpea jrodwy areys jrodurp ?Ezw tanC:A so[qerrep Juapuada(]
(8) (2) (9) (g) ¥) (€) (2) (1)
TINdd ST10 TN S10
sjoy IR NI sjosreur N
(A1uno) owWOY) sayelg pejrun) 9y} Inoym sojdures :¢q
££666°0 65766°0 697660 LEEVS0 205660 1L8L6°0 0L926°0 997080 24 opnesd/ 4 parsulpy
PET'e ver'er PET'Er FET'Eh 9766 9PE‘66 97€'66 9VE‘66 SUOTYRAIOS()
§911SUDIS 0]
(680°0) (06¥°0) (05°0) (8¥€°0)
o GTE0" w2071 686°0- 7L0°0" uo1I0Id X { X SLHANH
(080°0) (521°0) (167°0) (55€°0)
60270 1G86°0" 90L°0- 770°0- Ayonse YSIH X f X STANH
(080°0) (F0°0) (L150) (6¢€°0)
w00 wl90T ars0 2L00 | X SLANA
(200°0) (120°0) (120°0) (£20°0)
e 0F00 620°0 710°0- 920°0 Ayouse U8H X 14 X STANT
(300°0) (010°0) (110°0) (610°0)
€000~ k9800 6800 wx8L0°0 I X STANA
§2]QDLIDA
anfea [ejo], onyea yrodwy oreys jrodwy  (ereys jrodwp)ur] onyea rejo, onfea prodwy oreys yrodwry  (ereys jrodury)uy :so[qeLep juapuado(]

(8) (2) (9) (9) ) (€) (2)

(1)

TINdd ST10 TINdd

ST0

spasIRUI N ] syos{rew JNT

(7002-0002) Aysusju] uolssiuy 98eIoAY 1V

uorjoajoxd 29 Ayorse[d YSiy syexIRwW N pue NJ Jo sseusanjoduiod o) uo spoedw) gD 9[qe],

46



“A[oA1300dS0I ‘90T PUB ‘YG ‘%] Je 00URIYIUIIS [RITISIIR)S
9JOUBD , PUR ‘yy ‘yuy [0AS] 10900s-1red AI1UNOD ) Je PoIoIsn[d ale ‘sosorjuoled Ul UMOYS ‘SIOLIO PIRpUR)S "S}OOJ0 Poxy 10309s-1red A1junod pue ‘1RoA-103008 ‘1RIA-A1)UN0D
USRI0J ‘1R0A-AI1JUN0D WO SOPNOUL UOIROYads oy ], 109008 JN] UR S8 §] /) 103008 OPN[OUl 0} POPUAIXd SI Joseep O, i X §. LA M PUe [ X SLHAH UM SuLo)
uorjortjul urjerodiodur suoryenbs sures o1f) SUISN PIIRIINISS IR ¢ [dURJ Ul 3SOY) S[IYM ‘G pur § suoljenbs Suisn pajeutnss aie y [purd Ul pajlodal SJUSIOJE0d S, 5920\

£€666°0 8GF66°0 69%66°0 REEFR0 10966°0 8£946°0 YILL6°0 GLTZS0 24 0pPnesd/ o pajsulpy
VET'EY VET'EY vET'EV VeI 8LE°LGT 8LE'LGT 8LE°LGT 8LE°LGT SUOIIRATIS()
SOUSUDIS Y]
(120°0) (¢12°0) (€02°0) (€22°0)
£€0°0- 870" LE1°0 111°0 uo1390301d X { X SLANH
(#20°0) (£62°0) (L8%°0) (9v2°0)
wsF60°0 a81°0- oIe0- LFT°0 Ayouse YSIH xH X SLANH
(220°0) (6£2°0) (832°0) (8¢2°0)
P CT°0 7520 G800 9510~ o x SLANd
(€00°0) (£0°0) (¢£0°0) (€70°0)
wxGLO"0 620°0 6£0°0- €70°0 Ayoysep Y8 X I X SLANH
(200°0) (020°0) (210°0) (650°0)
x610°0- #x060°0 w0170 wxGET0 I X SLAaNd
%ME@.?\B\W
wﬁ:ﬁ\/ ﬂmuorﬁ wﬂﬂﬁ\w uMOQEH meQw uMOQEH AwHNQw GMOQEHVQ\H @ﬂ:,@w ?BOE 9:@/ pHOQEH whﬁﬁm pHOQEH Am_ﬁwﬂm ﬁOm:::E‘H “wwﬁn—ﬁiﬁ\/ uﬁ@UQQQGQ
(8) (2) (9) (¢) ¥) (€) (c) (m
TNdd ST0 TINdd ST0
ww@&hME ZHH wuwv?ﬁe H/:
Ayeuslornjoy g
£€666°0 8GF66°0 69%66°0 8EEFR0 26566°0 1£926°0 €1LL6°0 PLIGR0 24 opnesd/ o parsnlpy
VET'EY veT'ER veT'er veT'eY SUOIeAIdsq() 8LE AGT 8LELST 8LE‘LST 8LE‘LST SUOTIRAIOS(O)
SOUSUDIS Y]
(900°0) (620°0) (£20°0) (2€0°0)
81170 L¥0°0- xG60°0- 20070~ o X SLANd
(300°0) (210°0) (210°0) (120°0)
x800°0- #6600 w9600 e IPT°0 Id X SLANd
mmzdfé\—
onfea [ejo], onrea jrodwy  oreys jrodwy  (dreys jrodwy)u anpea ejo0J, onfea yiodwy oreys yiodwy  (oreys jrodwy)uy :so[qetrep juepuada(y
(8) (2) (9) (¢) ¥) (€) (2) (m
TINdd ST0 TNdd ST0
sjox IR N sjospIRT JNT
aurpeseq 'y
SI7LTH Suipnpur :sjoxrewt N pue JNT Jo sseuaanjoduods a1y uo syoeduw] :90 S[qe],

47



	1 Introduction
	2 Background
	2.1 Carbon Pricing Policy
	2.2 International Competitiveness and Carbon Leakage

	3 Theoretical Framework
	3.1 Model Setup
	3.2 Markets for Intermediate Inputs: Targeted Sectors
	3.3 Markets for Final Goods

	4 Empirical Strategies and Data
	4.1 Specification
	4.2 Identification
	4.3 Data
	4.4 Elasticity of Substitution

	5 Results
	5.1 Markets for Intermediate Inputs
	5.2 Markets for Final Goods
	5.3 Sectoral Heterogeneity
	5.4 Carbon Leakage Risk
	5.5 Robustness Checks

	6 Conclusions
	A Supplementary Material for the Theoretical Framework
	B Supplementary Explanation on Data
	B.1 Concordance Table
	B.2 CO2 Emission Intensity
	B.3 Elasticity of Substitution

	C Robustness Check Results
	C.1 Analyses with time intervals
	C.2 Leave-one-out test
	C.3 Restricted Criteria on High Elasticity
	C.4 Placebo Test
	C.5 Other results



