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1. INTRODUCTION

Despite decades of international climate efforts, greenhouse gas (GHG) emis-
sions have continued to rise throughout the 21st century (Dhakal et al., 2022).
Since 2005, a cornerstone of the European Union’s climate policy has been the
Emission Trading System (ETS), a market-based mechanism that has proven
effective in reducing emissions. While the ETS covers the EU as well as Norway,
Iceland, and Liechtenstein through the European Economic Area agreement, its
scope remains geographically limited. This creates a risk of carbon leakage —
where emissions-intensive production is relocated to countries with laxer climate
regulations. To counter this, the EU introduced the Carbon Border Adjustment
Mechanism (CBAM), which seeks to equalize the carbon cost between imported
and domestically produced goods. Since 2023, the CBAM has been in a transi-
tional phase, requiring firms in selected sectors to report the embodied emissions
of their imports without financial obligations. Starting in 2026, importers will
be required to purchase CBAM certificates corresponding to the carbon content
of covered goods, which should reduce incentives to shift emissions abroad and
strengthen the environmental integrity of the EU’s climate strategy. Initially
targeting six carbon-intensive sectors, the mechanism is expected to expand to
all sectors currently covered by the ETS by 2030. In this paper, we refer to
the initial stage as the current CBAM, and to the scenario where the CBAM
is applied across all ETS sectors as the full CBAM. As a cross-border policy
instrument, the CBAM effectively introduces a wedge between the cost of for-
eign producers and the price faced by importers, with potential implications for
trade flows, input sourcing, and broader macroeconomic outcomes that remain

uncertain and difficult to assess ex-ante.

In this paper, we propose a quantitative trade model to evaluate the effects of
the CBAM on trade, emissions, and welfare. Our model is rich enough to account
for the complexity of the world supply network and heterogeneity in the climate
policy across countries. In particular, we incorporate input-output linkages at the
country-sector level and endogenously determine national carbon prices®, thereby
capturing all types of instruments that put a price on emissions. We calibrate
the model using publicly available data collected from standard sources. We
find that the CBAM leads to a decrease in the share of carbon-intensive (dirty)

'We endogenize the emission prices in countries that have a functioning emission market.



imported intermediate inputs by 1.06% and an increase in non-carbon-intensive
(clean) imported inputs and domestic inputs by 0.57% and 0.04%, respectively,
suggesting the reallocation in intermediate input flows due to CBAM-induced
trade barriers. The CBAM leads to a significant reduction in emissions embod-
ied in direct imports by almost 4.80%. However, this number falls to 3% once
we account for the emissions embodied in importers’ supply chains, due to sub-
stitution towards non-targeted carbon-intensive inputs along the supply chains.
Finally, we find a very small effect on the EU gross national expenditure (GNE),
with the introduction of the CBAM leading to an increase of 0.006% in the EU
GNE.

To evaluate the effects of the CBAM, we start by building a multi-country,
multi-sector general equilibrium model with input-output linkages, building on
Caliendo, Parro, and Tsyvinski (2022). In the model, a representative firm from
each sector in each country produces output using labor and outputs produced
by other sectors as inputs. The production technology exhibits constant returns
to scale and, importantly, generates emissions as a by-product. Markets are
perfectly competitive, and trade in intermediate inputs at the country-sector
level shapes the structure of international supply chains. We model the CBAM
as a price levied on the carbon content of selected carbon-intensive imported
inputs. Importantly, this price is endogenously determined in the model: it is
set to match the domestic price of the carbon content of the same sectoral goods,
net of the foreign national environmental taxation. To our knowledge, we are
the first to endogenize carbon prices and consequently the CBAM prices within

a quantitative trade model.

Intuitively, the introduction of CBAM increases the price of carbon-intensive
imports from countries with laxer regulations, prompting a reallocation of de-
mand toward cleaner foreign producers and EU-ETS producers. This shift in-
fluences the demand for ETS allowances, thereby affecting their market price
and, through the endogenous mechanism, the CBAM price itself. Thereby, in
the model, we are capturing not only the direct effects of the policy but also its

indirect feedback through emissions markets and allowance pricing.

We calibrate the model using publicly available and easily accessible data.
In particular, we source data on bilateral trade flows, gross output, and value
added from the OECD Inter-Country Input-Output tables, which collect data

from 44 sectors across 32 countries, complemented by a residual Rest of the



World. We obtain tariffs from the World Trade Organization (WTO) Integrated
Database and Consolidated Tariff Schedule. Finally, we obtain the emissions
data from the OECD, complementing it with the data from the European Union
Transaction Log (EUTL) database for some countries. In countries with an
operational national carbon pricing scheme by 2024, we set the total supply
of emissions to match the aggregate quantities we retrieve from the respective
databases mentioned above. For countries without a pricing scheme in place, we
impose an exogenous carbon price equal to the country-specific Effective Car-
bon Rate, sourced from the OECD, while the supply of emissions is determined

endogenously.

We begin by examining how the CBAM affects international trade patterns,
focusing on the following three outcomes: the average share of intermediate
inputs the EU imports from abroad, the share of intermediate inputs EU sources
domestically, and the size of EU sectors as measured by their average Domar
weights in the world economy. Next, we turn to our core findings on the emissions
embodied in EU imports and carbon leakage. We conclude by evaluating the
impact of the CBAM on gross national expenditure in both the EU and its non-
member countries. For each outcome, we compare the effects of the current and
full CBAM, and distinguish between two scenarios: (i) a benchmark case in which
the CBAM value adjusts with emission prices, referred to as the endogenous
CBAM; and (ii) a case where the CBAM value is set according to the current

mechanism but remains fixed, referred to as the exogenous CBAM.

We find that the current CBAM leads to roughly a 1.06% decline in the av-
erage share of imported carbon-intensive goods directly affected by the measure,
encouraging a shift in demand towards cleaner alternatives. Accordingly, im-
porters redirect demand toward non-carbon-intensive foreign input providers as
well as domestic inputs. Domestic purchases of both clean and polluting goods
grow by over 0.03%, reflecting partial substitution of foreign intermediate goods
with locally produced alternatives. The size of dirty EU sectors (measured with
Domar weight) decreases on average by 0.03% while the size of clean EU sectors
increases by 0.11%. The former reduction is driven by an increase in the price
of EU materials, thus, a higher marginal cost for EU producers. Notably, the
model captures the general equilibrium impact of the CBAM beyond the sec-
tors it directly regulates. The effects more than double under the full CBAM

scenario.



Our key insights relate to the changes in emissions embodied in imports.
The analysis distinguishes between direct emissions from imported goods and a
broader measure that also includes indirect emissions along the importers’ supply
chains. We find that the current CBAM reduces European direct import-related
emissions by 4.73% (8.84% under the full CBAM). When indirect imports are
considered, the reduction in embodied emissions falls to 2.96% (5.19% under the
full CBAM). The gap between the change in emissions embodied in direct and
total — direct and indirect — imports reflects the broader substitution effects on
the supply chain triggered by the policy. In the first instance, the CBAM directly
reduces imports of carbon-intensive goods explicitly targeted by the adjustment
mechanism. However, this decline induces substitution towards non-targeted
inputs, whose relative price falls and whose demand correspondingly rises. As
demand for these substitutes increases, so too does the demand for the inputs
required to produce them — including carbon-intensive ones. This reallocation
weakens the overall impact of the CBAM by increasing carbon emissions up-
stream. Although the latter is outside the scope of the present regulation, we
argue that it is relevant to understand how to reach policy targets after cap-
turing the full carbon footprints along global supply chains. On a higher level
of aggregation, we find that the current CBAM should lead to a reduction of
emissions leakage by 0.11%.

Interestingly, at the aggregate level, the current CBAM configuration in-
creases real GNE by 0.006%, reaching 0.04% under the full CBAM scenario. The
observed increase in EU welfare is primarily driven by terms-of-trade improve-
ments resulting from a reallocation of demand that favors domestic production.
These gains reflect higher export prices relative to imports, allowing the EU to
obtain more imports per unit of exports and thus benefit from improved trade
conditions. In contrast, extra-EU countries experience a minor decline in GNE;,
with reductions of 0.008% and 0.02% under the current and full CBAM scenarios

respectively.

Intuitively, the effects of CBAM strongly depend on two factors: the emissions
intensity of production technologies in source countries and the degree of the EU’s
integration into global supply chains. To explore these dimensions, we conduct
two types of counterfactual exercises. First, to isolate the role of technology, we
vary a measure of production cleanliness in source countries. Second, we vary the
degree of the EU’s integration into the global supply network. In both exercises,

our primary outcome of interest is import-embodied emissions.



Our results show that cleaner global production technologies reduce the im-
pact of CBAM in a more-than-proportional manner. In contrast, deeper supply
chain integration weakens the policy’s effectiveness by limiting the scope for
substitution toward domestic inputs. Importantly, these two channels are inter-
related: EU firms tend to source more heavily from countries that employ dirtier

production technologies.

Related literature This paper bridges two different fields of literature: the
literature on the trade effects of environmental policies, more specifically, the lit-

erature on carbon border adjustment, and the literature on production networks.

By extending the input-output model by Caliendo, Parro, and Tsyvinski
(2022) to incorporate emissions in production, we contribute to the literature
that studies the interactions between international trade, the environment, and
environmental regulations through general equilibrium trade models (Duan et al.
(2021), Larch and Wanner (2017), Larch and Wanner (2024), Korpar, Larch, and
Stollinger (2023), and Shi and Wang (2025)). Yet, differently from our frame-
work, previous models do not fully map the global production networks, either
because they assume that producers choose to buy inputs only from the lowest
cost supplier — as in the workhorse model by Caliendo and Parro (2015) — or

because they completely neglect the role of intermediate inputs in production.

There is a strand of the literature on carbon border adjustments largely re-
lying on traditional Computable General Equilibrium (CGE) models (Bohringer
et al., 2012; Ghosh et al., 2012; Bohringer et al., 2017; Morsdorf, 2022; Bel-
lora and Fontagné, 2023). Different from these papers, our quantitative trade
model allows us to keep track of the economic mechanisms that generate the

main results, avoiding the "black box” associated with CGEs.

The most related to our paper is the growing literature analyzing CBAM with
structural trade models (Sogalla (2023), Campolmi et al. (2024), Florez Mendoza,
Reiter, and Stehrer (2024), Coster, Mejean, and Giovanni (2024), and Farrokhi
and Lashkaripour (2025)). The papers closest to ours are: Florez Mendoza, Re-
iter, and Stehrer (2024) and Coster, Mejean, and Giovanni (2024). Florez Men-
doza, Reiter, and Stehrer (2024) analyze the effect of the European CBAM on
trade and emissions within a general equilibrium model. Their incorporation of
country-sectoral production linkages a la Caliendo and Parro (2015) allows them

to obtain disaggregated changes at the sectoral and country level. They find a



negative, despite small, change in global emissions driven by the reallocation of
production from carbon-intensive to less polluting countries. However, because
their framework follows Caliendo and Parro (2015) in assuming that each sector
imports a given input only from its lowest-cost supplier, it cuts many potential
sourcing links and therefore restricts the extent of reallocation across alternative
input sources. By contrast, by mapping the full global input-output network, we
are able to quantify the propagation of CBAM through multiple direct and indi-
rect channels. Our findings also complement those obtained by Coster, Mejean,
and Giovanni (2024). They combine a structural trade model with product-
level and balance sheet microdata, running quantitative simulations comparing
carbon leakage and welfare effects of ETS-only versus ETS+CBAM scenarios.
Their analysis focuses on French firms and captures firm-level sourcing decisions
at both the intensive and extensive margin within a framework of monopolistic
competition. They find that the CBAM reduces embedded emissions in French
imports by inducing a reallocation of purchases toward cleaner inputs. By con-
trast, our model abstracts from firm heterogeneity and adopts a higher level of
aggregation by focusing on sectors, rather than on firms. At the same time, we
extend their analysis in several dimensions. First, we adopt a global country-
sector perspective, which allows us to quantify the general equilibrium effects
of CBAM across multiple sectors and countries. Second, we move beyond the
Armington minimum-cost-supplier structure used in their framework and map
the full international input-output network. This allows us to trace the propa-
gation of the CBAM through the whole supply chain and to explicitly account
for both direct and indirect (supply-chain-mediated) emissions by capturing the
complete carbon footprint of global production. Finally, while all these papers
treat the CBAM as an exogenous policy shock, we take into consideration its en-
dogenous nature and its interaction with domestic climate policies by explicitly

endogenizing both carbon prices and the CBAM prices.

Our work is also related to the literature on production networks (Baqaee and
Farhi, 2020; Baqaee and Farhi, 2024; Carvalho et al., 2021). While our model is
fairly standard and aligned with this literature, we are the first to examine the

network effects of the carbon border adjustment policy.

Overall, we argue that our framework provides a comprehensive assessment
of the economic and environmental implications of CBAM, contributing to a

broader discussion on climate policy design in an interconnected global economy.



The remainder of the article is structured as follows. In Section 2 we provide
more details about the CBAM. In Section 3, we introduce the theoretical frame-
work, while Section 4 presents the results of the simulation of the policy. Finally,

Section 6 concludes and offers some final thoughts on the future of CBAM.

2. INSTITUTIONAL SETTING

Global greenhouse gas (GHG) emissions have increased steadily since the be-
ginning of the 21st century, despite international efforts to curb them (Dhakal
et al.; 2022). In response, the European Union has committed to reducing the
net domestic greenhouse gas emissions by at least 55% by 2030 relative to 1990
levels, and achieving climate neutrality by 2050 (Furopean Commission, 2021).
Central to this strategy is the EU Emission Trading Scheme (ETS),?, the first
major carbon pricing market. The ETS is a cap-and-trade mechanism designed
to reduce GHG emissions. It sets a limit (cap) on the total amount of emissions
that can be produced by facilities covered under the system. To help achieve the
EU’s climate goals, this cap decreases annually, ensuring a gradual and consistent
reduction in overall emissions. Within the emissions cap, allowances, measured
in tons of CO4 equivalent, are distributed through a combination of auctioning
and free allocation. The system covers around 40% of European GHG emissions
and, since its launch in 2005, it has helped drive down emissions from electric-
ity, heat generation and industrial production by 47% (European Commission,
2024)3.

One consequence of the ETS is that producers covered by the system may
face a competitive disadvantage compared to similar producers in countries with-
out a comparable carbon pricing scheme. This creates an incentive for EU firms
to relocate carbon-intensive stages of production to countries with less stringent
environmental regulations—a phenomenon commonly referred to as carbon leak-
age. As an illustration, Figure 1 shows the positive correlation between each
non-ETS country’s weighted average carbon intensity and their integration into
the European supply network. We compute the weighted average carbon inten-
sity by assigning to each sectoral pollution intensity a weight corresponding to

the sector’s share of total country’s sales. Integration into the European supply

2The ETS is also in place in Norway, Liechtenstein, Northern Ireland, and Iceland
3See Appendix Figure A.3 for more details.



network corresponds, instead, to the share of both direct and indirect exports to

the EU, relative to the country’s total sales. The positive correlation underlines
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Figure 1: Carbon Intensity and Trade Integration into the EU supply network of non-ETS
trading partners

an important feature of the EU’s trade pattern: it is highly integrated with coun-
tries that tend to have emission-intensive production structures. This pattern
creates a misalignment between EU’s climate goals and the carbon content of
its imports, undermining European’s internal efforts by ”offshoring” emissions

through the purchase of carbon-intensive goods from foreign countries.

To address these concerns, in 2021, the European Commission proposed the
introduction of the Carbon Border Adjustment Mechanism (CBAM), comple-
menting it with the gradual phase-out of the free allowances. The CBAM is
a policy tool designed to place a carbon price on the emissions embodied in
imports of specific goods from non-EU countries, ensuring that importers face
similar carbon costs as those borne by EU producers sourcing the same goods
domestically. This aims to prevent carbon leakage and maintain the competitive-
ness of EU industries under the ETS. Under the CBAM, European importers are
required to purchase and submit CBAM certificates corresponding to the embed-
ded emissions in their imported goods. The price of these certificates is based on
the weekly average closing price of EU ETS allowances on the auction platform.
This mechanism ensures that EU producers continue to face carbon costs under
the EU ETS, while foreign exporters of emissions-intensive goods are subject to
a comparable carbon price, thereby leveling the playing field and reducing the

risk of carbon leakage. By introducing a carbon price on the carbon content of



imports, CBAM serves as a hybrid instrument of trade and climate policy, safe-
guarding the EU’s climate targets from being undermined by emissions embodied

in imports.

Since 2023, the CBAM has been in a transitional phase, requiring firms in
selected sectors to report the embodied emissions of their imports without finan-
cial obligations. Starting in 2026, importers will be required to purchase CBAM
certificates corresponding to the carbon content of covered goods (iron and steel,
cement, aluminum, organic basic chemicals, hydrogen, fertilizers, and electric-
ity). The mechanism is expected to expand to all imported goods corresponding
to those falling under the ETS scheme by 2030.

In the following section, we develop a model to assess the impact of the CBAM
on trade and emissions embodied in trade flows, and quantify its effectiveness as

both a climate and competitiveness policy instrument.

3. THE MODEL

We develop a multi-country, multi-sector model with country-sectoral linkages
and trade in intermediate goods, building on Caliendo, Parro, and Tsyvinski
(2022). There is a set N' = {1,..., N} of countries, indexed by i and n, and a set
J ={1,..., J} of sectors for each country, indexed by j and k. We use subscripts

to denote countries, and superscripts to denote sectors.

Intermediate and final goods production.

Each sector j in country i is represented by a competitive producer that produces
a single good using labor lf and materials MZJ as inputs. Each sectoral good can
be either consumed as a final good by the household or used as an intermediate
input in the production of other goods. Since each sector produces one good,
we will use terms good/input and sector interchangeably when there is no fear

of ambiguity. Following Copeland and Taylor (2003), we assume that a fraction

al € (0,1) of input mix is used to abate pollution. We use ¢/ to denote the

output of sector j in country ¢, and assume that producers combine inputs in
a Cobb-Douglas fashion. The production function exhibits constant returns to

scale and has the following form:
¢l = TIAIL = a]) (@) (M) 7, (1)
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where A7 is a Hicks-neutral parameter, I/ denotes the labor input, and 5/ > 0
is its share in production. Tg is a normalizing constant, that we specify later.
Moreover, we define materials Mf as a CES aggregate of intermediate goods used

in the production, namely:

M = (Z Zuﬁi%ﬁz’ﬁ) - 2)

neN keJg

i
where 2.7

ni

is the amount of intermediate good produced by sector k located in
country n used in the production of good j in country ¢. Parameter 6 governs the
substitutability between intermediate inputs. The coefficient ¢/ > 0 measures
the relevance that good of sector k produced in country n has in the production
of good of sector j in country ¢, with >, c v Yres Lﬁ{ = 1. In particular, if Lﬁ{ =0,
the specific good produced by sector k in country n is not used in the production

of good 7 in country <.

We assume that each sector generates emissions ez as a by-product. The
amount of emissions negatively depends on the abatement, with p{ being the

emissions elasticity:

L L ) .
el = (L—al)? [Al)" ()] (3)
Expressing (1 —a}) from (3) and plugging it into the production function (1),
total output ¢/ can be rewritten as a function of both polluting emissions and
inputs:

1fp§

g =] [AlE) ()] (e, (4)

where, for convenience, we use the following normalization:

l—pg

T = [(B) (1= 1)) (1= pl) 0 (p) (5)

Given the functional form of the emissions’ function, under the assumption
that af € (0, 1), there is a one-to-one mapping between the emissions ef and the
abatement a. In the following, we treat e/ as the producers’ choice variable and
use equation (4) as our production function. The same approach is taken, for
instance, in Shapiro and Walker (2018).

11



Emissions.

Following Bellora and Fontagné (2023), we distinguish between countries that
have a national carbon market (belonging to the set N.) and countries that have
not adopted any pricing mechanism on emissions (N,,.). For the first group, we
consider a national inelastic supply of emissions, and the unit price of emissions ¢;
is determined endogenously to equate the aggregate demand for emissions with
the available supply. This price can be interpreted as the shadow price of all
regulations applying a price on emissions. Specifically, in cap-and-trade systems,
total national emissions are limited by the total number of allowances, each of
which permits the emission of one unit e{ of polluting emissions. Accordingly,
t; represents the market price of these emission permits, which may either be
purchased or allocated for free. We let €/ € (0,1) denote the share of emission
permits that are freely distributed to a sector j in country ¢, relative to the
total number of permits, and adjust national supply by discounting for the free
allowances. In contrast, for countries in NV,,., we impose an exogenous carbon
price. In this case, the supply of emissions permits is endogenously determined

to match the demand at the given price.

International trade and CBAM.

We assume that trade across countries and sectors is costly and subject to fric-
tions modeled as a combination of iceberg trade costs dﬁf > 1, with dﬁj =
1 Vi,n,k,j, and ad-valorem tariffs nﬁ{:“. Importantly, we directly incorporate
the Carbon Border Adjustment Mechanism (CBAM) that targets the emissions
embodied in trade, as an additional trade friction. Recall that the CBAM aims
to ensure that imported goods face a comparable carbon cost to domestically

produced goods, to mitigate carbon leakage and level the playing field.

We model CBAM as a price wedge that equalizes the carbon cost of imported
goods with the domestic carbon price, net of any carbon price already paid in
the exporting country. When the exporting country imposes a higher, or equal,
carbon price (¢, > t;), we assume that no CBAM adjustment is applied. The

total price wedge for good k originating in country n, when imported by sector

4We retain the destination sector index j to capture potential heterogeneity in tariffs across
importing sectors and to maintain flexibility for more realistic modeling,.
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7 in country ¢ is therefore given by:

_~kj
:Tni

™ = d¥ (1+ Kl + CBAM)Y), (6)

where:

CBAMY ={pkliift; > ¢, >0,ie NCNn¢ NCN,keTCg. (7)

tn

0 otherwise

To simplify notation, we define %:ZJ =1 +I€f£ +C BAMT]fij . Our modeling approach
is coherent with the predominant approach in literature that models carbon

border adjustments as an additional tariff®.

We examine two distinct approaches to determining the value of CBAM,
which we label exogenous and endogenous CBAM. When the value of CBAM is
set based on the prevailing vector of emission prices t, we refer to this as the
exogenous case. However, because the introduction of CBAM generally alters
the relative carbon prices across countries, we define the endogenous CBAM as
the value that emerges when emission prices t adjust in response to the imple-
mentation of CBAM. This is a distinguishing feature of our approach and is not

incorporated in related work.

Therefore, under perfect competition, the price of one unit of good k shipped

from country n to sector j in country i is given by:

ki k ki 1 Bh ( pky1-BL 1=pp, £ ek Prkj
Ppy = MC,Tyi = (Ak)lfpﬁ [wn ( n) } [n( _En):| Tni
n
where w, is the wage in country n, ¢, is the price of carbon emissions, € is the

- 1
share of free allowances and P* = (Zie N 2Djeg L (pﬁ%)l_e) "% is the price index.

ni

®Recent examples modeling the European CBAM as an additional tariff include Bellora
and Fontagné (2023), Campolmi et al. (2024), Larch and Wanner (2024), Flérez Mendoza,
Reiter, and Stehrer (2024), and Coster, Mejean, and Giovanni (2024).

13



Households.

In each country i, there is a representative household supplying L, units of labor
inelastically. Moreover, in the subset of countries A, C N having a national
carbon market, they also provide emissions permits, where F; denotes the total
supply of emissions in country i. Preferences over sectoral final goods included
in the bundle ¢; = (c},...,¢/) in each country i € A are represented by the

19

following CES utility function:

u(er) = (Zuz)i(cz)”?) - ®)

JjeT

where XZ > 0 denotes the weight that the consumption of good j has in total
consumption, with >=.c 7 X{ = 1 and o is the elasticity of substitution between

final goods.

Households receive lump-sum transfers, derived from the collection of tariffs
and CBAM, and transfers from the rest of the world in the form of exogenous

trade deficits D;. The budget constraint is therefore given by:

Z pﬁCZ <I;=wL; +t;E; + Z Z Z (/@'Z + CBAM:Z)Z)Q?ZQ{ LD
i JET neN keJ

where 3¢ 7 plcl is country i’s Gross National Expenditure (GNE). Given locally
non-satiated preferences, the constraint is satisfied with equality, and the solution
to the consumer’s problem yields the following optimal consumption of final good

Cj~ .

7

d = l
L Skea OXE XD () o (p])e

VieN,jeJ

Equilibrium.

We begin by defining the equilibrium in the case where the CBAM value is
fixed based on the initial vector of emission prices t and does not respond to
subsequent price changes triggered by the introduction of CBAM, as discussed
earlier in this Section. We then extend this definition to allow the CBAM value
to adjust endogenously in response to the price shifts induced by the trade barrier

it introduces.

14



DEFINITION 3.1 (Equilibrium). — Given productivities A?, wedges ™, k¥ the
fized values of C’BAMSZJ and a vector of trade deficits D; such that 3 ;cn D = 0,
the equilibrium is the set of wages w}, carbon prices t; and prices of goods pg*,
kj* : : J* it
i, factor input choices lj e,

intermediate inputs choices z ; outputs qf* and

final demands CZ* such that:

e in each country, final demand maximizes the consumer’s utility subject to

the budget constraint;

e in each sector and country, producers maximize their profits, taking prices

as given;

o markets for produced goods, labor, and emissions clear.

In definition 3.1, the CBAM is determined according to equation (7) with
prices t equal to the equilibrium prices in the absence of CBAM — that is,
the equilibrium prices prior to the introduction of the CBAM. We refer to the
resulting outcome as the equilibrium with exogenous CBAM. The equilibrium
will be said to be the equilibrium with endogenous CBAM when the prices t
in (7) are equal to the equilibrium prices for that level of CBAM. In the next

section, we discuss how we solve for both types of equilibria.

Input-Output Definitions.

Our model conceptualizes the world economy as a network, where each node
represents a sector in a country, and the links denote the flows of intermediate
inputs between these sector-country pairs. One of the goals of our analysis is to
evaluate the role of the structure of this network in mediating the effects of the

CBAM. To ease the analysis of the model, we introduce additional notation.

To facilitate calibration, we define the steady state of the economy as the
situation in which wedges d*/ and £ are equal to zero for all combinations of
i, n, k, j. Furthermore, we normalize the hicks productivity parameter A{ such
that (1 — )74~ — 16

SNote that this is equivalent to appropriately rewriting the normalization constant Tf in

(5).
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o The cost share of intermediate input £ produced in country n in the total
intermediate inputs used in sector j in country ¢ is denoted by JJE{ and, in

equilibrium, it corresponds to:

kj kj ki 1Y kj (o ki\1-6
(.ij _ Dnicng _ ij <pnz> . lpj (pm)
nt — j j ni -
By M; >

- J ki kjyi—
Pi neN ZkzeJ by (pm)l o

We denote the set of N x M real matrices by M(N x M) and let Q €
M(NJ x NJ) be the matrix with elements @7, which records the direct

inter-country and inter-sector flows of intermediate goods. In the steady
state this matrix coincides with IT € M(N.J x N.J), with entries 17,

o The expenditure share of intermediate input k£ produced in country n in the
total sales of sector j in country i, is denoted by wﬁf and, in equilibrium,

it corresponds to the following revenue share:

y 1 plizki . ok
Wyl = —— =20 = (1= ))(1 — pl)—%
"l pld ' i

Similarly, let € M(NJ x N.J) be the matrix with entries w? and define
the Leontief inverse ¥ € M(N.J x N.J) with entries )"/ as:

T=I-Q '=1+Q+Q>+ ..

The matrix W accounts for all direct and indirect linkages of the production
network and, in the steady state, it corresponds to ¥ = (I—~IT')~!, where
v = diag(y}, ..., 7%) € M(NJ x NJ) and o] = (1= B])(1 = p}).

e The share of good j purchased by the representative household in country
1 is denoted by af and, in equilibrium, it corresponds to the following

consumption share:

o _dd_ Gl
" Yespic I; "Sierxi(ph)ie

In the steady state, it coincides with X{ :

» Total sales as a share of nominal world GNE are equal to the Domar weights

(in the world economy) and they are defined as:
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4. QUANTIFYING THE EFFECT OF THE CBAM

In this section, we apply the model from the previous section to evaluate the
effects of the introduction of the CBAM on trade across sectors and countries,
emissions embodied in imports, carbon leakage, gross national expenditure, and

real wages.

We solve the model in changes using hat algebra approach (Dekle, Faton,
and Kortum, 2008), enabling us to evaluate different counterfactual scenarios.
A desirable feature of this approach is that it captures the full non-linear ad-
justments to a finite — though not necessarily marginal — policy shock, while
keeping computational efficiency. To complement this analysis and to illustrate
the mechanisms at play, we provide comparative statics analysis of the effects of

a marginal adjustment in CBAM in the Appendix A.2.

In our analysis, we consider both the adjustment to the equilibrium with
exogenous CBAM and endogenous CBAM, as explained in the previous section.
Unlike standard trade tariffs, which are fixed, the CBAM adjusts in response to
domestic and foreign carbon prices — both of which may be influenced by the
implementation of CBAM itself. By considering both cases, we can assess the
significance of this additional adjustment mechanism. Furthermore, we distin-
guish between the current CBAM and a full CBAM. As noted in the introduc-
tion, the current CBAM applies only to a subset of goods, which in our analysis
correspond to six sectors: Mining and Quarrying; Chemicals and Chemical Prod-
ucts; Non-Metallic Mineral Products; Basic Metals; Fabricated Metal Products;
and Electricity, Gas, Steam, and Air Conditioning Supply. In contrast, the full
CBAM extends coverage to all sectors of the EU economy currently covered by
the ETS.

Solving the model in changes.

We use exact hat-algebra as developed by Dekle, Faton, and Kortum (2008)
to characterize a counterfactual equilibrium in terms of proportional changes

relative to the steady state. Specifically, the equilibrium in relative changes is
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computed by solving the following system of non-linear equations that jointly de-
termine changes in wages, intermediate input prices, carbon prices and emissions,

cost and consumption shares, expenditures, and accounts for the endogenous na-
ture of the CBAM.

DEFINITION 4.1. — For any variable, let x denote the value before the introduc-
tion of the CBAM and x' denote the counterfactual value. Define & = % as the
relative change of the variable. The equilibrium conditions in relative changes

satisfy:

o Cost of the input bundle:

. i 1—pd 1—p] R i
el = (@ (B)7) (R0 - &))" (9)
o Tariffs:
R R R
= 5 (10)

1—|—/€fﬂi

where v;,, is the ratio between the observed carbon prices of country ¢ and

n'.

e Price index:

1-6
DI kj/ ~ kakj\1—
P =35 vi(mciz,)’ (11)
neN keJ
e (Cost shares:
L~k Akj 1-6
2kj mce, Ty;
& = (pij ) (12)

o Consumption shares:

"In our model, quantities are normalized using specific country-sector parameters. This
implies that the equilibrium carbon prices may correspond to different physical amounts of
emissions. In order to compare them in a meaningful way, we need to map the equilibrium
carbon prices back to the observed carbon prices, which we do through the constant v; ;.
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al = —— (13)

where P = mc .
o Total sales of in each country i and sector j:

z" z" = ij I/ + Z Z wf,’f pi/qg (14)
neN keg

where I} = wiLi + B} + e 0] 6 Snen Sies (Pl — Dl + D
o labor market clearing:
. 1 : o
== Bll-ppid (15)
1 K3 jEJ

o Emission market clearing:

li= = earivld VieN

(16)
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The endogenous nature of CBAM is visible from equation (10), where the part
of the total tariffs which is due to CBAM (p,’i%’) depends on the counterfactual
values of prices. In the case of exogenous CBAM, this term changes to (pﬁf—;),

where t; and t,, are the price levels in the equilibrium prior to the introduction
of CBAM.

We solve the system using a fixed point iteration algorithm, similar to the
one used in Caliendo and Parro (2015) and Mayer, Vicard, and Zignago (2019),
following the steps below:

1. Guess the initial vectors of changes for w and t;

2. Use equation (10) to derive the change in tariffs, after the introduction of

the CBAM in the counterfactual scenario;

3. Use Equations (11)-(13) to solve for the change in prices, cost shares and

consumption shares;
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4. Given the change in trade shares and income, retrieve the counterfactual

level of expenditure for each country-sector pair through equation (14) ;

5. Aggregating over sectors, labor market clearing in (15) and market clearing
for emissions in (16) imply an update of the initial conditions, dampened
by a factor of 0.1.

6. Iterate until convergence, i.e., until the norm of the difference between

successive iterations falls below a given threshold.

Calibration and the baseline.

Solving the model in relative changes has the advantage of reducing the data
needed for the calibration. We rely on a minimal yet sufficient set of macroe-
conomic and environmental data, which enhances the transparency, tractabil-
ity, and ease of replication of our exercise. Specifically, we calibrate the model
on data for the last available year 2018%. In particular, we work on bilateral
trade flows in intermediate inputs and final goods, gross output and value added
sourced from the OECD Inter-Country Input-Output tables (Cimper, Ziircher,
and Han, 2021), which collects data from 44 sectors across 32 countries, comple-
mented by a residual Rest of the World. With these data, we can retrieve the
empirical counterparts for the steady state values of the cost shares Lfgﬁ, the labor
input shares Bf , the consumption shares Xf and the exogenous deficits D;. Then,
we source tariffs from the WTO Integrated Database and Consolidated Tariff
Schedule?, while we retrieve Scope 1 emissions from production from the OECD
Environmental Statistics database. In order to build the emissions elasticity p{ ,
emissions quantities are multiplied by the corresponding country’s Effective Car-
bon Rate (OECD, 2023), converted into USD using the OECD exchange rate.
For the European Union, Iceland and Norway, we employ a different approach.
We collect emissions data from the European Union Transaction Log (EUTL)

database. We aggregate these data at the selected sectoral level and adjust the

8See A.1 for a detailed exposition of the mapping of the model to the data. Following
Bellora and Fontagné (2023), we construct the baseline year (2024) by incorporating envi-
ronmental policies implemented between 2018 and 2024. The effects of the CBAM are then
assessed relative to this baseline. Further details are provided later in this section.

9We follow Baqace and Farhi (2024), and calibrate the model using observed trade value
data that we adjust for existing tariffs. This practically means that in our quantitative exercise,
we set k7 = 0 at the baseline.
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reported emissions by deducting those covered by free allowances granted to the
installations operating in Energy Intensive Trade Exposed (EITE) industries.
Note that this choice implies that we will evaluate lower bounds for both the
level and the variation of emissions in these countries, as the data source ex-
cludes emissions from entities not covered by the ETS. For this reason, we refer
to EU emissions and ETS emissions interchangeably, unless the distinction is

necessary to avoid ambiguity.

In countries with an operational national carbon pricing scheme by 2024, we
set the total supply of emissions to match the aggregate quantities we retrieve
from the respective databases, described above. For countries without a pricing
scheme in place by 2024'°, we impose an exogenous carbon price equal to the
country-specific Effective Carbon Rate, while the supply of emissions is deter-
mined endogenously. Finally, consistent with Caliendo, Parro, and Tsyvinski
(2022), we assume an elasticity of substitution between intermediate goods and

final consumption goods equal to 4, constant across countries and sectors.

The construction of the baseline. Before introducing the CBAM, we run a simu-
lation in which, following Bellora and Fontagné (2023), selected countries imple-
ment their emissions reduction pledges under the Paris Agreement. Then we use
the resulting equilibrium as our baseline. Rather than comparing the scenario
where the CBAM is introduced with the original 2018 steady state, we adopt
this policy-adjusted baseline for two main reasons. First, the implementation
of the Paris Agreement commitments is binding for many countries, making it
more representative of the environment where the CBAM operates. Second, it
allows us to isolate the specific contribution of the CBAM, net of the ongoing

climate policy changes.

We build the policy-adjusted baseline in the following way. We select the
countries with a carbon pricing scheme and consider the unconditional targets
declared in their 2020 Nationally Determined Contributions (NDCs) under the

10We collect details about direct carbon pricing initiatives around the world on the World
Bank Carbon Pricing Dashboard (https://carbonpricingdashboard.worldbank.org/). The
full list includes: Bangladesh, Brazil, Céte d’Ivoire, Costa Rica, Egypt, India, Israel, Morocco,
Malaysia, Nigeria, Peru, Philippines, Russia, Turkey, and the United States. Moreover, we
include China in this list, since we believe its current environmental regulation is not stringent
enough to incentivize decarbonisation efforts.
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I We convert all the considered commitments into a fixed

Paris Agreement
target level for the year 2030 and derive a yearly percentage reduction rate from
the declared base year, consistent with each country’s target. We then apply an
exponential decay from 2018 to 2024, in order to model emission trajectories.
Two notable exceptions apply. First, as for ETS countries, we also consider
a 40% reduction in the freely allocated allowances relative to 2018 levels, as
supported by empirical data (see Figure Al). Second, as for China, we follow
Bellora and Fontagné (2023) in assuming the absence of a fully operational carbon
market. We believe that its current carbon price is too low to reach the targets
declared in the country’s NDC' and, accordingly, we treat China’s carbon price

as exogenous.

We impute the computed change in emissions between 2018 and 2024 and sim-
ulate the counterfactual equilibrium. The resulting cost-shares and consumption
shares, together with the new pollution intensity parameters, are then used to

recalibrate the model and build our new baseline.

Policy scenarios. We assume that standard trade tariffs remain constant and
introduce the CBAM as a price wedge applied to the embodied emissions in
imports of targeted goods entering the EU, as defined in equation (6). Given
the gradual phase-in of the policy specified in Regulation (EU) 2023/956, we

consider two counterfactual scenarios:

o Current CBAM: under the Regulation, the border adjustment initially ap-
plies only to specific goods — iron and steel, cement, aluminum, organic
basic chemicals, hydrogen, fertilizers, and electricity. In our exercise, they
correspond to six broader sectors: Mining and Quarrying, Chemicals and
Chemical Products, Non-Metallic Mineral Products, Basic Metals, Fabri-
cated Metal Products, and Electricity, Gas, Steam, and Air Conditioning

Supply;

o Full CBAM: in this scenario, the adjustment is extended to all imported
goods corresponding to the categories falling under the EU-ETS coverage.

1We consider the most recent unconditional pledges submitted to the NDCs Registry as of
2024. Conditional targets are excluded from this exercise.

12 According to the OECD (2023), in the last year recorded, coinciding with 2023, the
Effective Carbon Rate was EUR 7.27 per tonne of COqe.
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5. RESULTS

In this section, we present our main findings. We begin by analyzing how the
CBAM affects international trade patterns, focusing on the following three out-
comes: the average share of intermediate inputs the EU imports from abroad, the
share of intermediate inputs EU sources domestically, and the size of EU sectors
as measured by their average Domar weight in the world economy. We report
these results in Table 1. Next, we turn to our core findings on carbon leakage
and emissions embodied in EU imports, summarized in Table 2. We conclude by
evaluating the impact of the CBAM on gross national expenditure in both the
EU and non-EU countries, and report the results in Table 3. For each outcome,
we compare the implications of the current versus full CBAM and distinguish
between scenarios in which the value of the CBAM is set endogenously and ex-
ogenously, as discussed in Section 3. Our preferred specification is the one with

current and endogenous CBAM, reported in the first column of Tables 1-3.

When discussing our results in the following paragraphs, we will use the
terms dirty/carbon-intensive goods to refer to the sectoral goods falling under
the ETS scheme'®, while classifying the residual sectoral goods as clean/non-

carbon-intensive.

We start by examining how the patterns of international trade are affected
by the CBAM. By design, the CBAM increases the price of imported carbon-
intensive goods at the EU border, creating a price wedge that alters the relative
competitiveness of domestic and foreign producers. Therefore, we first ask a
question about whether and to what extent the introduction of the CBAM causes

the European firms to substitute away from dirty imported inputs.

As reported in Panel (a) in Table 1, this mechanism leads, under the current
CBAM, to a decline in the average share of foreign purchases — corresponding
to the average share of European imports from all other countries in total in-
termediate input purchases — of 0.60%. This number more than doubles in the
full CBAM scenario. The reported effects are similar across endogenous and ex-
ogenous CBAM scenarios. The additional adjustment of the value of CBAM in
the endogenous scenario leads to an increase of the effect by 5% (from 0.57% to
0.60%) under the current CBAM, and 3% under full CBAM. At a more granular

13Gee Table A1 for the classification of sectors falling under the ETS.
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level, while the CBAM leads to a contraction in the shares of foreign purchases
of carbon-intensive sectoral goods directly targeted by the policy (with a 1.06%
decrease under the current CBAM, reaching 2.14% under the full CBAM), there
is a reallocation of the input demand towards cleaner alternatives driven by
substitution effects, with an increase in the average share of foreign purchases
of non-carbon-intensive goods of 0.57% under the current CBAM scenario, ex-
panding to 1.91% under the full CBAM."

Panel (b) offers a complementary perspective to Panel (a) and presents the
effect on the share of intermediate inputs sourced within the EU. The additional
cost introduced by the CBAM leads to a partial substitution away from more
expensive foreign intermediate inputs in favour of domestically produced goods,
inducing a reallocation of purchases of intermediate goods towards the EU, more
so for clean than for dirty inputs. Under the current CBAM, domestic purchases
of clean goods rise by 0.08%, while those of polluting goods increase by 0.03%.
These effects are widened under the full CBAM, with domestic purchases of clean
goods rising to 0.10% and those of polluting goods to 0.07%.

Finally, Panel (c¢) in Table 1 shows the average change in Domar weights
(defined in Section 3). Despite the small albeit positive overall change, disaggre-
gated results reveal a difference between clean and dirty goods. The clean sectors
become bigger, since other sectors substitute dirty foreign inputs with domestic
clean inputs. The average Domar weight of clean sectors exhibits an increase
of 0.11% under the current CBAM (0.29% under the full CBAM), whereas the
corresponding share of dirty goods declines marginally in both scenarios. This
asymmetric effect stems from the different reliance of clean and dirty producers
on carbon-intensive inputs: while the CBAM raises unit production costs for
all producers by increasing the price index, clean producers are less exposed to
this shock due to their lower input carbon intensity. As a result, their relative
competitiveness increases, while European carbon-intensive sectors suffer a loss
of sales shares due to a shift in the geographical sourcing of such goods. In fact,
importers in other countries are more likely to reallocate their demand away from

the European Union and towards third-country producers.

The comparison of the cases with endogenous vs. exogenous CBAM shows

14The magnitude of these substitution effects clearly depends on the elasticity of substitution
across intermediate inputs, captured with 6. As shown in Table A3, a higher elasticity amplifies
the reallocation from dirty to cleaner inputs, magnifying the effects of the policy.

24



that the substitution effects in intermediate inputs are magnified by the endoge-
nous adjustment, as a result of the feedback loop between the CBAM and the
equilibrium carbon prices. As the CBAM increases the relative price of foreign
carbon-intensive goods, demand shifts towards cleaner and domestic substitutes.
This reallocation reduces production abroad and raises it at home, leading to
a decrease in foreign carbon prices — due to lower carbon input demand — and
an increase in the domestic carbon prices. Since the CBAM responds negatively
to foreign carbon prices and positively to domestic ones, the differential widens,
increasing the value of the CBAM. These general equilibrium feedbacks magnify
the substitution away from foreign inputs. Hence, the magnification in Panel (a)

when moving from exogenous towards endogenous CBAM.

The effect of CBAM is heterogeneous across trade partners. The magnitude
of the border adjustment varies across countries and sectors due to three key
factors: (i) the pollution intensity of the production process; (ii) the relative
stringency of carbon pricing; (iii) the sectoral composition of exports to the
EU. These heterogeneous effects are illustrated by Figure 2, which depicts the
change in the share of carbon-intensive foreign purchases for the ten largest
exporting countries of polluting inputs to the EU (Panel 2a). Interestingly, the
introduction of the CBAM leads to an increase in shares of purchases from some
of these countries. The increase in the share from Switzerland and Norway is
straightforward to interpret: since the CBAM does not apply to imports from
countries that are either part of the EU-ETS or have a domestic ETS fully
linked with it (as in the case of Switzerland), their exports are not subject to the
additional carbon price wedge. As a result, these countries gain a relative cost
advantage compared to exporters from countries whose goods are targeted by
the CBAM, which translates into increased export shares to the EU. The cases
of Japan and South Korea are different. Both countries are major exporters
of carbon-intensive goods to the EU, yet they display distinctive patterns in
response to the CBAM with respect to the other trading partners. This is because
Japan has relatively low carbon intensity in the production of carbon-intensive
goods (see Table A2), while South Korea has a relatively high carbon price (see
Figure A4). Both factors lead to low CBAM relative to these countries. When
we consider the reduction in the shares of foreign purchases from the top 10 most
affected countries (Panel 2b) our results are aligned with the Relative CBAM
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Current CBAM Full CBAM
Variable

Endog. FEzog. Endog. Ezog.

Panel (a) Average A% in EU Share of Foreign Purchases

-0.60  -0.57 -1.27 -1.23

Total (1.30)  (1.25)  (2.80) (2.73)
: : 0.57 0.55 1.91 1.86

... of clean intermediate goods (0.34)  (0.33) (1.70) (1.66)
-1.06  -1.02 -2.14 -2.07

... of dirty intermediate goods (2.37)  (2.28) (3.59) (3.49)

Panel (b) Average A% in EU Share of Domestic Purchases

Total 0.04 0.04 0.10 0.10
... of clean intermediate goods 0.08 0.08 0.18 0.18
... of dirty intermediate goods  0.03 0.03 0.07 0.07

Panel (c) Average A% in EU Domar Weights

0.03  0.03 0.14 0.14

Total (0.19)  (0.19) (0.40) (0.39)

. . 0.11 0.10 0.29 0.28

... of clean intermediate goods (0.09)  (0.09) (0.29) (0.28)
o : -0.03  -0.02 0 0

... of dirty intermediate goods (0.22)  (0.22) (0.44) (0.43)

Table 1: Policy-induced changes in EU-ETS shares (% of baseline). Panel (a) presents the
mean percentage change across countries of the share EU purchases of intermediate inputs
sourced from non-EU countries in EU total intermediate input purchases, with standard devi-
ations (in parentheses) capturing the dispersion of country-specific changes around the mean.
Panel (b) shows the mean percentage change of the share of intermediate inputs sourced do-
mestically. Finally, Panel (c) reports the mean percentage change in EU sectoral sales, with the
standard deviations (in parentheses) indicating the dispersion of sectoral changes around this
average. Fach value is considered under two scenarios: one in which the CBAM is determined
endogenously (columns labeled Endog.) and one in which it is exogenous (columns labeled
Ezog.). Our main analysis focuses on the endogenous scenario (columns Endog.).
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Exposure Index'”, with Ukraine being the most affected country, followed by
South Africa, India, Russia, and China. All countries that are identified as
highly exposed to the CBAM in the index experience a decline in their export

share towards the FEuropean Union.

Figure 3 illustrates the heterogeneous impact of the CBAM on the Domar
weights of European sectors, highlighting the 15 most affected industries across
both carbon-intensive and non-carbon-intensive categories. The most substan-
tial declines occur in carbon-intensive sectors — such as basic metals, chemical
products, and fabricated metal products. In contrast, non-carbon-intensive sec-
tors, which are not directly targeted by the current CBAM, experience marginal
or modest gains. These gains arise from the complex substitution patterns along
the supply chain and are captured by our model. As an illustration, consider
Coke and refined petroleum products sector. When only a subset of sectors is
targeted under the current CBAM, Coke and refined petroleum products, that is
not subject to the wedge, act as a substitute for regulated inputs, experiencing
an increase in its size. However, when the CBAM is extended to cover all sectors
under the EU-ETS, including Coke and refined petroleum products, the effect is
reversed and the competitive advantage of the sector vanishes. These indirect
effects become increasingly significant as the elasticity of substitution increases,

as shown in sensitivity checks in Appendix Figure A6.

We now turn to the impact of CBAM on emissions, beginning with the emis-

sions embodied in imports.

Emissions embodied in trade are calculated using the vector of production-
based emissions and input-output multipliers. We borrow the definition from the
OECD (Yamano and Guilhoto, 2020) and we adapt it to align with the structure
of our model. The emissions embodied in European imports are given by the
following vector EEI(EU) € RN’ with entries corresponding to the emissions
generated from the production of each good j € J in every country ¢ € N
embodied in European imports. In particular, the first equivalence in equation

(17) corresponds to the OECD definition, while the subsequent equality restates

15https ://www.worldbank.org/en/data/interactive/2023/06/15/relative-cbam-exposure-index
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Figure 2: Policy-induced changes in European shares of foreign purchases of dirty goods for
selected countries (% of baseline level).

it in terms of our notation and modeling framework!®:
EEI(EU) = p(1 - Q) ' Xppl = p(I1— Q) "YQpydiag(A)IGNE (17)

where p = diag(pi,...,p%) € M(NJ x NJ) is a diagonal matrix with entries

ﬁ{ =el/ p{ qf Vi € N,j € J corresponding to the tons of emissions per dollar

of output in a given sector-country pair, Qgy € M(NJ x N.J) is the matrix

of input-output coefficients, with non-zero entries only for European destination

16 A more detailed derivation is left to the corresponding section in the Appendix A.2.
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Figure 3: Policy-induced changes in European Domar weights of selected sectors (% of base-
line level).

sectors, excluding intra-EU trade, A € RY7 is the vector of Domar weights and
GNE is the world Gross National Expenditure. The term 7Qgydiag(A)1GNE
corresponds to the total value of European imports, expressed compactly as
Xgul, where Xpy € M(NJ x NJ) is the matrix of trade flows between all
country-sector pairs, with non-zero entries only for European destination sectors,
again excluding intra-EU trade. The expression captures the total emissions
embodied in European imports, including both emissions generated from the
production of goods exported directly to the EU (emissions embodied in direct
imports) and emissions generated throughout the supply chain (emissions from
indirect imports), accounted for by the Leontief inverse (I —Q)~!. If we abstract
from the upstream linkages by setting 2 = 0, only emissions embodied in direct
imports remain, reflecting emissions from goods produced abroad and directly
exported to the EU.

Table 2 presents the changes in emissions associated with European imports.
Our results reported in Panel (a) show that CBAM leads to a 4.73% reduction
in emissions embodied in direct imports, reaching almost 7% when only dirty in-
termediate goods are considered. When the indirect emissions are incorporated
(Panel (b)), the magnitude of emissions reductions is attenuated but remains
substantial: total emissions reduction under the current CBAM is 2.96%, com-
pared to 5.19% under the full CBAM. This attenuation is expected. While the

CBAM directly reduces imports of carbon-intensive goods explicitly covered by
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the adjustment mechanism — captured by the reduction in emissions embodied
in direct imports — it simultaneously induces substitution towards non-targeted
inputs. This effect propagates upstream through the supply network, increasing
the demand for inputs along the supply chain, some of which are dirty, thereby
raising indirect emissions. These upstream emissions fall outside the scope of
the CBAM. As a consequence, the observed reduction in the carbon content of
imports is smaller when these indirect channels are taken into account, which
is a novel insight provided by our paper. Therefore, failing to account for these

higher-order network effects leads to a significant overestimation of the effects of
the CBAM.

Finally, Panel (c) reports changes in emissions leakage. In our framework,
the leakage coincides with the change in emissions of countries that have not
adopted a carbon market yet. Emissions leakage declines by 0.07% under the
current CBAM and by 0.19% under the full CBAM. This confirms that car-
bon border adjustments contribute to containing emissions in countries with less
stringent environmental regulations. Overall, our findings suggest that the policy

contributes to the reduction of emissions leakage.

We are also able to decompose the total change in emissions embodied in
European imports into two key components: a technology effect, i.e., capturing
changes in emissions from production, and a reallocation effect, i.e., capturing
changes in sourcing patterns across countries and sectors. A detailed deriva-
tion of this decomposition, expressed in terms of changes in cost shares and
production-based emissions is provided in A.2. For our current purposes, it is
sufficient to note that the technology effect corresponds to the changes in the
vector p of emissions per dollar of output in equation (17), holding the struc-
ture of global production linkages constant. Unlike p! = t;¢! /plq] that is a fixed
parameter of our model, ﬁ{ = e{ / p{ qf varies in response to changes in the input
mix. Intuitively, this captures the reduction in the tons of emissions generated
from production resulting from a shift toward cleaner inputs within existing pro-
duction chains. By contrast, the reallocation effect stems from changes in the
production network, captured by the Leontief inverse (I — €)~!, and in the Eu-

ropean imports, represented by X gy, holding production-based emissions fixed.

The corresponding Figure 4 illustrates this decomposition clearly. In all cases
— whether total, clean, or dirty imports, and under both the current and full

CBAM scenarios — the reallocation effect accounts for more than 50% of the
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Current CBAM Full CBAM
Variable

Endog. FEzog. Endog. FEzog.

Panel (a) A% tons emissions embodied in direct imports
Total -4.73 -4.70 -8.84 -8.76
... of clean intermediate goods 0.87 0.85 2.54 2.48
... of dirty intermediate goods -6.84 -6.69 -13.12  -12.84

Panel (b) A% tons emissions embodied in direct and indirect imports

Total -2.96 -2.90 -5.19 -5.08
... of clean intermediate goods 0.91 0.89 2.62 2.56
... of dirty intermediate goods -3.94 -3.86 -7.18 -7.02

Panel (c) A% Emissions Leakage
Total -0.07 -0.07 -0.19 -0.18

Table 2: Policy-induced changes in Emissions Embodied in EU Imports and Emissions Leak-
age (% of baseline level). Each value is considered under two scenarios: one in which the
CBAM is determined endogenously (columns labeled Endog.) and one in which it is exoge-
nous (columuns labeled Fzog.). Our main analysis focuses on the endogenous scenario
(columns Endog.).
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total change in emissions. This evidence underscores the dominant role of trade
reallocation mechanisms and highlights the importance of tracking changes that
occur across the production network in order to understand the environmental
impact of border carbon adjustments. In conclusion, our results underscore the
importance of adopting a supply-chain-wide perspective in both the evaluation
and design of border carbon adjustments, thus emphasising the added value of
an endogenous CBAM mechanism to ensure that its full emissions footprint is

captured.
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##1 Reallocation Effect

Technology & Reallocation Effects 7
2% /
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\
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A% Emissions Embodied in EU Imports
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Figure 4: Decomposition of the change in Emissions Embodied in European Imports.

We close this section by examining the effects of the CBAM on real GNE. Ta-
ble 3 reports the percentage changes in EU (Panel (a)) and extra-EU (Panel (b))
real gross national expenditures following the introduction of the CBAM. Under
the current CBAM configuration, EU GNE slightly rises by 0.006%, while under
the full CBAM scenario, the increase reaches 0.04%. This modest improvement
in the EU GNE is driven by the reallocation of demand away from foreign carbon-
intensive goods and towards domestic production. Given that trade deficits are
fixed in the model, this translates into an increase in the price of domestic goods
relative to foreign ones. This effect improves the EU’s trade balance and raises
GNE. Results are consistent with Florez Mendoza, Reiter, and Stehrer (2024),
who report a welfare gain of 0.016%. Despite the increase in GNE, real wages
decline by 0.02% and 0.05% under the current and full CBAM scenarios, respec-
tively. Panel (b) considers the effects on GNE in extra-EU countries. In these
economies, the impact on GNE is modestly negative, with decreases of 0.008%
under the current CBAM and 0.02% under the full CBAM scenario. Notably, the
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endogenous adjustment of the CBAM does not substantially alter the magnitude
of the changes in real GNE and wages, which remain close to the scenario where
the CBAM is exogenous.

Current CBAM Full CBAM
Variable

Endog. FErog. Endog. Exog.

Panel (a) A% EU Gross National Expenditure
Total 0.006 0.006 0.04 0.04
... Real Wages -0.02 -0.02 -0.05 -0.05

Panel (b) A% extra-EU Gross National Expenditure
Total -0.008 -0.008 -0.02 -0.02
... Real Wages -0.009  -0.008 -0.02 -0.02

Table 3: Policy-induced changes in Gross National Expenditure (% of baseline level). Each
value is considered under two scenarios: one in which the CBAM is determined endogenously
(columns labeled Endog.) and one in which it is exogenous (columns labeled Ezog.). Our
main analysis focuses on the endogenous scenario (columns Endog.).

The role of integration and technology.

Intuitively, the effect of the CBAM strongly depends both on the technology
used in importing source countries as well as the integration of the EU in the
global supply network. We now conduct two kinds of counterfactual exercises to
shed some light on how these two dimensions influence the effects of the CBAM.
In the first, to capture the effect of technology, we vary the output elasticity with
respect to emissions, while in the second, we vary the integration of the EU in
the global supply chain. In both types of exercises, we focus on the key outcome

of our analysis — embodied emissions in EU imports.

First, to examine the effect of technology, we construct a counterfactual in
which carbon intensities, captured with pj , are halved relative to those observed
at the baseline. The resulting scenario enables us to assess how the effects of
CBAM respond to a counterfactual circumstance where the world’s technology

becomes cleaner.

Figure 5 shows the reduction in emissions embodied in EU imports—both

direct and total-—under two scenarios: the one with observed carbon intensities
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Figure 5: Policy-induced changes in Emissions Embodied in EU Imports under Current and
Low-Carbon Intensity Scenarios (Percentages are computed with reference to the value of the
corresponding embodied emissions (direct or total) under the scenario with current carbon
intensities and no CBAM applied).

and a counterfactual in which the carbon intensity of production is halved across
all country-sector pairs. Results are presented as percentage changes relative
to the baseline. As expected, the impact of the CBAM on reducing embodied
emissions weakens in a world where global production is less carbon-intensive,
since the associated CBAM charges are lower. However, the reduction in effec-
tiveness is more than proportional, highlighting the disproportionate influence

of production technologies on the policy’s impact.

Second, to assess the role of global supply chain integration, we conduct a
counterfactual exercise that systematically alters the reliance on imported inputs.
Specifically, for each EU importing sector, we vary the ratio of imported to
domestic inputs, where a higher ratio reflects deeper integration of EU production
into global supply chains. We then plot the impact of the CBAM on embodied
emissions as a function of this ratio. This exercise is, therefore, informative
about how the CBAM works under different levels of integration, while holding

constant the relative sourcing pattern across foreign trade partners and sectors.

Figure 6 shows how emissions embodied in imports change following the in-
troduction of the CBAM, relative to the baseline, as the degree of integration
into global supply chains varies. The CBAM induces two types of substitution:

towards domestic inputs and towards cleaner and untargeted foreign inputs. We
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find that when the EU economy is less integrated — that is, when sectors rely
more on domestic rather than imported inputs — the CBAM leads to a stronger
shift toward domestic sourcing. This reallocation results in a larger reduction in
emissions embodied in imports, simply because a greater share of inputs orig-
inates within the EU and thus lies outside the CBAM’s scope. As integration
rises, the dependence on foreign inputs increases, diminishing the potential for
substituting toward domestic inputs, and consequently weakening the emissions-
reducing effect of the policy. Nevertheless, the CBAM continues to influence
sourcing decisions, prompting a shift toward cleaner or exempt foreign goods,
which partly offsets the reduced scope for domestic substitution. Although emis-
sions embodied in imports still fall relative to the baseline, the overall reduction
is smaller, highlighting the dominant role of domestic substitution in driving the
CBAM’s impact. Notably, the effect of integration on CBAM effectiveness is less

than proportional.
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(a) Emissions embodied in direct imports (b) Emissions embodied in direct and
indirect imports

Figure 6: Policy-induced changes in Emissions Embodied in EU Imports under varying levels
of trade integration (Percentages are computed with reference to the value of the correspond-
ing embodied emissions (direct or total) under the scenario with the current level of trade
integration (0% change) and no CBAM applied).

Our counterfactual exercises therefore show that cleaner global production
reduces the CBAM’s impact in a more-than-proportional way, underscoring the
importance of the technology dimension. A higher supply chain integration weak-
ens the policy’s effectiveness, as the scope for substituting toward domestic in-
puts shrinks. Still, the integration in the global supply chain affects the effects
of CBAM, albeit to a lesser extent than the technology dimension. We, however,

note that these two effects are interrelated, as the EU producers in general tend
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to source more from destinations using more carbon-intensive technologies.

6. CONCLUSION

This paper offers a comprehensive assessment of the economic and environmen-
tal implications of the EU’s CBAM with a multi-country, multi-sector general
equilibrium model with global input-output linkages. By endogenizing both the
CBAM and ETS allowances’ prices, our model captures the feedback mecha-
nisms that arise between national climate policies and international trade pat-
terns. Results show that CBAM induces a reallocation of purchases towards
domestic and foreign clean inputs and significantly reduces emissions embodied
in imports. Crucially, our findings highlight the importance of accounting for
supply chain reallocation effects: while the CBAM substantially reduces direct
emissions embodied in imports, a non-negligible share of emissions comes from
upstream inputs and remains outside the policy scope. Overall, the paper con-
tributes to the growing literature on the problem of international coordination by
open economies in the presence of climate change. In particular, our framework
offers a valuable tool for policymakers to design across-the-border policies that

account for the complex interdependencies of global supply chains.
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A. APPENDIX

A.1 Data

The following section describes the data used in the quantitative analysis. The
list of considered countries includes: Argentina, Australia, Bangladesh, Brazil,
Canada, Chile, China, Colombia, Costa Rica, Cote d’Ivoire, Egypt, European
Union, Iceland, India, Indonesia, Israel, Japan, Malaysia, Morocco, Mexico, New
Zealand, Nigeria, Norway, Peru, Philippines, Russia, South Africa, South Ko-
rea, Switzerland, Turkey, Ukraine, United States and an aggregate Rest of the
World!”. The list of sectors is reported in Table A1, where we aggregate the two
sectors of "Other service activities” and ”Activities of households as employers;
undifferentiated goods- and services-producing activities of households for own
use” under the 44th sector in order to eliminate zero domestic production shares

from the Input-Output table.

e Input-Output Tables To calibrate the model on the year 2018, we use
the 2021 release of the OECD Inter-Country Input-Output tables (Cimper,
Zurcher, and Han, 2021), collecting data on expenditures in intermediate

gross output GO’ and value-added V A7,

Concerning final consumption, we ignore Gross Fixed Capital Formation

inputs XSZ and final goods FY.,
and Changes in Inventories and Valuables. Values are reported in millions
of U.S. dollars at current prices and the flows of goods and services within
and across countries are directly mapped to the cost shares in intermediate
goods @ = Xk | Yonen Ljeg X" and the shares of final consumption
o = Y oneN FJ. [ Yonen jer F’.. Finally, the shares of value added are
computed as 5/ = VA? /GO!. We have a unique country-sector pair (Chile
- Motor vehicles, trailers and semi-trailers) with a gross output equal to
0, which can be either due to missing observations or zero production in
that sector and country. Since these cases generate computational issues,

we input a value of 1 to this observation.

» Tariffs Bilateral tariffs for the year 2018 are collected from the United Na-

17 Due to the unavailability of data on emissions and emissions pricing, we move the following
countries to the "Rest of the World” category in our analysis: Brunei, Cameroon, Hong Kong,
Jordan, Kazakhstan, Cambodia, Laos, Myanmar, Pakistan, Saudi Arabia, Senegal, Singapore,
Thailand, Tunisia, Taiwan, and Vietnam.
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tions Statistical Division-Trade Analysis and Information System (UNCTAD-
TRAINS). We consider effective applied rates at 6-digit of the Harmonised
System and build the weighted average tariff corresponding to our sectoral
classification, using the associated import values. For the cases in which a
single HS6 code corresponds to more than one ISIC 2-digit code, we impute
the same share of import values to all the ISIC categories. Finally, when
tariff data for the year 2018 were not available, we substitute this value

with the closest one available, searching for the three previous years.

Emissions and carbon prices Emissions from production are taken from
the OECD Environmental Statistics database. We consider Scope 1 Emis-
sions for each country-sector pair Ef , including all direct GHG emissions
measured in million tonnes of COy equivalent. For the European Union,
Iceland and Norway we employ a distinct approach. Emissions data are
taken from the European Union Transaction Log (EUTL), recording all
transactions carried out under the EU-ETS, with information on each en-
tity covered by the system. The EUTL provides granula, entity-level infor-
mation on verified emissions and the volume of freely allocated allowances
on an annual basis. We aggregate these data at the selected sectoral level
and adjust the reported emissions by deducting those covered by freely
allocated allowances. In order to build the emissions elasticity p{ , these
values are multiplied by the corresponding country’s Effective Carbon Rate
(ECR), converted into USD using the OECD exchange rate for the year
2018. Effective Carbon Rates represent the total price t; of one ton of COs
emissions as the sum of carbon taxes, specific taxes on energy use and the
price of tradable emission permits. Emission elasticities are then computed
as p) = t; B! /|GO!.
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Industry Description OECD Code ISIC Rev.4 ETS CBAM

Agriculture, hunting, forestry A01.02 01, 02 0 0
Fishing and aquaculture A03 03 0 0
Mining and quarrying, energy producing products B05.06 05, 06 1 0
Mining and quarrying, non-energy producing products  B07_08 07, 08 1 1
Mining support service activities B09 09 1 0
Food products, beverages and tobacco C10.12 10 to 12 1 0
Textiles, textile products, leather and footwear C13_15 13 to 15 0 0
Wood and products of wood and cork C16 16 1 0
Paper products and printing C17.18 17, 18 1 0
Coke and refined petroleum products C19 19 1 0
Chemical and chemical products C20 20 1 1
Pharmaceuticals, medicinal chemical and botanical (21 21 1 0
products

Rubber and plastics products C22 22 1 0
Other non-metallic mineral products C23 23 1 1
Basic metals C24 24 1 1
Fabricated metal products C25 25 1 1
Computer, electronic and optical equipment C26 26 1 0
Electrical equipment C27 27 1 0
Machinery and equipment, nec C28 28 0 0
Motor vehicles, trailers and semi-trailers C29 29 1 0
Other transport equipment C30 30 1 0
Manufacturing nec; repair and installation of machinery = C31_33 31 to 33 1 0
and equipment

Electricity, gas, steam and air conditioning supply D 35 1 1
Water supply; sewerage, waste management and reme- E 36 to 39 0 0
diation activities

Construction F 41 to 43 1 0
Wholesale and retail trade; repair of motor vehicles G 45 to 47 1 0
Land transport and transport via pipelines H49 49 0 0
Water transport H50 50 0 0
Air transport H51 51 0 0
Warehousing and support activities for transportation = H52 52 1 0
Postal and courier activities H53 53 0 0
Accommodation and food service activities I 55, 56 0 0
Publishing, audiovisual and broadcasting activities J58.60 58 to 60 0 0
Telecommunications J61 61

IT and other information services J62_63 62, 63 0 0
Financial and insurance activities 64 to 66 1 0

Real estate activities L 68 1 0
Professional, scientific and technical activities M 69 to 75 1 0
Administrative and support services N 77 to 82 1 0
Public administration and defence; compulsory social O 84 0 0
security

Education P 85

Human health and social work activities Q 86 to 88 0 0
Arts, entertainment and recreation R 90 to 93 0 0
Other service activities + Activities of householdsasem- S, T 94 to 98 0 0

ployers; undifferentiated goods- and services-producing
activities of households for own use

Table A1l: The table lists the sectoral classification in our analysis, distinguishing whether a
sector is covered by the ETS (ETS=1), CBAM(CBAM=1) or both.
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A.2 The model

Marginal cost

LEMMA A.1. — The marginal cost of a firm is given by:
. 1 J . Vi lfpz . j
mel = ——— luf (P 7 a1 -
(A1)~

Proof. Each producer solves the following cost minimisation problem:
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and the FONCs, which are also sufficient given the assumed Cobb-Douglas

production function, are:
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By taking the ratio of any two intermediate inputs and using the CES ag-

gregate for materials M7, the optimal amount of each intermediate input z,’if is
given by:

AN
= (W) (19
l

with P/ = (Zne N ke (k1= 6) being the price index of the interme-
diate goods.

Using (16) and the FOC for the intermediate inputs:

M} =X1-8)(1 - phg (P

and using the expression for A from the FOC for the labour zgf :

j_ L= Pl wiy

AN

Moreover, from the FOCs for labor and emissions we get:

j
i_ P Wi i
J = .

Bl =p)ti(l—e) "

Plugging the above equations for M7 and I/ into the production function and

solving for l] M: 7 and e], the conditional input demand functions are given by:

g1 d (ﬁf R?’)” (ﬁ](l—p]) <1—e>>”5
b A \1 = B -

J ; ; j j .
- N B mph)=1 [ oy =B A=) .y
= A=t Wt () -] o)

~  pgy =8 N
P B0 - ) (1 - )
iy L AW

44



J i i j j
q; Bl (1—p! N\ (1=87)(1—p;)—1
- - ) [i D (ph)

(AJ)I o [ti(1 — ei)]pil (21)

€

: iy 18D 0=eD) N
i__ @ _( ! ﬂ) p(mu—mwﬂ—d»p

Ti(AD) 7 \1 = B wi ol w;

J (1 3)(1— o7 .

i Bl (1—p)) ( i\ (A=Bi)A=p7) N
=d@yyﬁjka " (F) ma—«mmll (22)

Taking the derivative of the total cost function with respect to qf , computed
at the optimal input combination, provides the marginal cost of the input bundle,

given by:

OTC!  O(will + P! M} + t;e])
Oq! g

(2 3

: jhfﬁm1”}ﬂﬁM1—dW1

me,

_ [53‘(1 —ph)+ (1= p))(1—pl) +pﬂ

(4l)

Steady state and normalisation We define the steady state as the combination
of equilibrium prices and quantities in an undistorted economy with no wedges,
where (1 — e¥)h(AF)=(=/) =1 Vin € N j,k € J. From Lemma A.2. and

the pricing rule we have:

Pl =mdl = (Ag)—(l—pf)wff(lfﬂg)(p,j)(l—ﬂf)(l—pf)[ti(l _ Eg)]pf]

2

Taking its logs and evaluating it at the steady-state:

1

logpl = B1(1— pl)logw; + (1 B])(1— pl) 10g(Z S k) ) gt

neN keJ
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And the system of equations is solved for pg =w;, =t;=1 Vi,j.

Comparative Statics We provide comparative statics that offer a first-order ap-
proximation of the effect of the CBAM on trade across sectors, welfare, and
emissions. To account for the CBAM endogeneity, we proceed as follows. We
define the steady state of the economy as one with no trade wedges. We write
the tariff component of the price wedge on sectoral trade as ﬂ’ff = (1+ /{fj + hfg),
where hﬁz denotes the CBAM imposed by country ¢ on imports from sector k in

country n. In the steady state, both HfL]Z and hﬁ{ are equal to zero. To capture
the marginal impact of introducing the CBAM, we take the derivative of the rel-
evant outcome variable with respect to hfj evaluated at the steady state. When
constructing the first-order approximation of the CBAM’s effect, we incorporate
the feedback that the additional tariff has on emission prices — and consequently

on the actual CBAM level — using the definition of the CBAM tariff in (7).

We start by establishing two important lemmas that underpin the analysis.
These results provide the analytical structure necessary to understand how the
introduction of the additional carbon tariff propagates and affects intermediate
input prices and how the CBAM tariff adjusts endogenously to shifts in carbon

prices.

LEMMA A.2. — (Prices) For a shock to the trade costs, the change in the

price of intermediate inputs in the steady state is:

dlogp

e Jlogw Jdlogt
o = (L= |BI— p) =5 :
ls

o P onT

+ ~diag™" (H/82(171)+qe,2(371)+r)
(23)

Proof. Consider first the price of intermediate inputs and the pricing rule. In

equilibrium:

PE = mck = (AF) =Py Bali=rn) (PR =B (-pR g (1 — F)Ph)

Taking its logarithm:
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log pf = —(1—pk) log AL+ 55 (1—pk) log w,,+(1—B5) (1—pk) log Pr+pf log[t,, (1—¢k)]

Given our modelling assumptions, the CBAM enters as an additional tariff,
as shown in (6). Thus, we now consider a marginal increase in trade wedges,
represented by an arbitrarily small positive h{., and derive the percentage change
in intermediate input prices in response to the shock. Differentiating with respect

to hi. and evaluating it at the steady-state:

dlog w, dlog Pk pO0logt,

dlog pk
ls ls ls

Ohi,
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where from the definition of the price index P¥ = (Zm@\/ Sheg L (pffn)l_e) =

we have:
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which in steady-state becomes:
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Defining IT € M(NJ, N.J) the matrix with entries ¢/ and with p € RV the

vector of prices p}, in matrix notation we have:

dlog Pk dlogp o
TonT = 6/2(n71)+kH/Wg + €9n_1)4rdiag (H/e2(l71)+qe/2(571)+r) (26)
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and the derivative of the vector of log prices can be rewritten as:

dlogp 0logw 8logt+7H,810gp
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where p = diag(py, pi, ... py)' € M(NJ,NJ), B = diag(By, 57, ... Bx)" €
M(NJNJ), v=(I-B)I—p)e M(NJNJ), w=(wi,..,uy) ®1; € RN
and t = (ty,...,ty) ® 1;'%. Thus:

Odlogp 1 0logw Ologt L

And in the special case where Bz-j =0, p,f =p Vi, 7:
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LEMMA A.3. — (CBAM) For a shock to the trade cost, the first-order ap-
proximation around the steady-state of the change in the CBAM wedge applied

on imports from sector q, country | and directed towards sector r in country s is:

(27)

logt, logt
dcBAME = () (i - O0t)

Ohj; Ohj;

Proof. Consider the change in the CBAM wedge, focusing on the more general
case in which CBAM;Y" = pj%. To a first-order:

Ly 0(pi%) /ot t
dCBAM = d< “) ST < 7le d( Q)> =
ls Pi t 8h21;” Pi t + P t

8% denotes the Kronecker product.
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which, for small shocks, is well approximated by:

ts
2]

d(pl%) ¢
dCBAM} = " plt
ls ah;];’ Pi t

q
l

_, < q (O1s/ O )t — (3tz/9h?§)ts>

Evaluating it at the steady-state:

Odlogt dlogt,

dCBAMY = (p?)? 5
ls (pl) ahlq;“ 8h?§

With these components in place, we can now characterise the adjustment

in cost shares, welfare and emissions embodied in imports resulting from the

introduction of the CBAM.

PROPOSITION A.1. — (Cost Shares) The first-order approzimation around
the steady state of the change in the cost shares following the introduction of the
CBAM is given by:

dlog @k = (1-0)

lEN seEN qeT red

_|_

=200 > > Ul (pf + ACBAM)

leN seN qeT red

, ,_ Jlogw Odlogt
+(1 — 9) Z Z Z Z [e 2(n71)+k(1 - ")/H) ! (ﬁ(l - P) ahgqr +p ahqgr > -
IEN seEN qeT reJ ls ls
Odlogw Jdlogt

onT P onT

eI (500 ) )| 61+ acmavg) e

where dCBAM is given by (27).
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Proof. Consider the cost shares (Df{f . In equilibrium, from (19) and the pricing

rule we have:

o = )0 (Pl

Taking its logarithm:

log JJS{ = log Lﬁz +(1-10) [logpﬁ + log T,]ff — long}

and then differentiating with respect to hf; and evaluating it at the steady-

state:

dlogal! (1-0) dlog pk N dlog T+ B dlog P/
onf; Ohf, Ohy onf, |

0logw, pO0logt,
AT

- (1 - 9) [hsni : 1qr:kj + BS(l - PZ) +

Jdlogp
Ohj.

+(1= 85— pk) €' 9(n—1)+k <H/ + diag ™" (H/e2(11)+qe/2(sl)+r>> +

dlogp
Ohj!

—€'5(i1)4; (H/ + diag™ (H/eQ(l—1)+qe/2(s—1)+r)>]

where dﬁ‘égh% is given by (23). Thus:

0logw Odlogt

dlog @
ont P onT

Ohi

=(1-0) {hszm Agr—i; + € 20-1)1k [ﬁ(l - p) +

Jdlogw N Jdlogt
onT P onT

I (I —AIT) ™ (:B(I - p) + ’Ydmg_l(H/92(1—1)+qe/2(s—1)+r)>

+ydiag (T eg—1)14€ 2(s—1)4r) | +
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B dlogw Ologt .
_e/Q(i—l)—f—j [H/(I — ~IT') ! (ﬂ(l - p) T +p ahi + ydiag 1(H/GQ(Z—1)+qe/2(s—1)+7‘)>
ls ls

+diag1(HIGQ(Z—1)+qe/2(s—1)+T)‘| }

And using the fact that T+ ~II'(I — ~IT')~! = (I — ~IT) L

, e Ologw Ologt
= (1_9) 1ls:ni : 1qr:kj +e 2(n—1)+k (I - 7H ) ! /6(1 - p) gqr +p qgr
oh/. oh/;

. , e 0logw Jdlogt
—elai 1)1 [H (I—~IT) 1<ﬁ<1—p> o+ P )]

+€'on—1)+£(I — ~IT') ' ydiag™ (Il e2(-1)44€ 2(5—1)+r)

—€/5(i-1)4; [I +II'(I - ’YHI)_l’Y] diag_l(H'ez(z1)+qe'2(s1)+7«)} =

Ologw Blogtﬂ

B —1
= (1—8) {]—lsni ) 1Q’r‘:/€j + e/2(n_1)+k |}I - 7H,) (IB(I a p) ah%’ e ah?‘:

, _ 0logw Ologt
esinye [0 =11 (B0 ) T8 1 TR )

(1= B)(1 = PRl = Lismni - Lgrmig - fs — D D0 (1= B2)(1 = p)nlitomroifls }
meN heJ
(29)
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where with o,bf,lf we denote the entries of the cost-based Leontief inverse (I —
. ~kj
~IT')~' € M(N.J,N.J). Moreover, since w' = (1 — £7)(1 pj)wk] , we have:

dlogwh _ Olog &M Dlog T _ Olog @

OrI  —  OhT  OnI  OhI

- 1ni:ls : 1kj:q7" (30)

In the case in which ﬁf =0, p{ =p Vi, j:

dlog @k _
ﬁ = (1_0) {1lsni : ]-qr:k:j + e,2(n71)+k [(I - ’YH,) ! (ﬁ(l — p)
ls

Odlogw Odlogt n
onT P onT

, o o1 Dlog t
—€2(i—1)+; [H (I—HIr)™ (5(1_0) e o )1

onT P TonT

+(1 = B)(1 = p)ukndr — il }

Now, the percentage change of cost shares following the introduction of the
marginal increase in trade wedges can be approximated by the following first-

order Taylor approximation around the steady-state:

810g wm 108 &t 1yar _

dlog @ = I IS

leN seN qeT red

-> Ty s 810“’ ! 4 dCBAM)
lEN s€E

N qeT red

where algfqrm is given by (28) and dCBAM,;" by (27). However, for our pur-
poses, we con81der the simplified version in which a unique country ¢ introduces
the CBAM on a special good k produced in country n and factor shares are

uniform across countries and sectors. We can rewrite the above expression as:

dlog @}l = (1-0) | (p+ dCBAM) + (1= B)(1 = p) 3 (U5 — ¢ ) 1k (p + ACBAMY)

ni i
reJ
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(1—0) [QQn 1)+k(1_’}/H) (5(1_p>810gw+ 8logt>+

oh " on

0logw Ologt
on " on

€531y (1 — V)~ (5(1 —p) N (p+dCBAM)

where h = (RE} pk2 . RFN) € RV and CBAM = (CBAME!, CBAM, ..., CBAMIY) €
RN/ with dCBAMY given by (27). All derivatives are evaluated at the steady
state, where h = 0.

PROPOSITION A.2. — (Gross National Expenditure) The first-order ap-
prozimation of the change in real GNE of country i following the introduction of
the CBAM, around the steady-state is given by:

w;L; Ologw;  t;E; dlogt; dlog E; .
dlog W; = Z Z Z Z .  OnT + T <1Nc(i)ahq7“ + anc(i)ahm"> (p?+dCBAMl(Is )
leEN seN qeT reJ v ls L ls Is
, Ologp ar
leEN seN qeJ red ls
+(1 =B (1= p) )N YD @y (pf + dCBAM}) (31)

leN qeT
where e; € RN s th i-th standard basis vector, x = diag—*(xi,...,x%) €
M(NJ x NJ) is the diagonal matriz of consumption shares Xf, that in equi-
librium are equal to v) 852%3’ is given by (23) and dCBAM" is given by (27).

Proof. We recall the definition of each country’s nominal Gross National
Expenditure (GNE) given by GNE; = Zjejpgcg and define v/ = plc! /GNE;.
Thus, taking derivatives with respect to hji, the percentage change in nominal

Gross National Expenditure of country ¢ is equal to:

dlog GNE, dlogc!  dlogP,  dlogW;

Z 8logpl Z Vij

: = : . 32
ok B o T el ~ ol Ta
price effect real effect
where a;)h%?l is equal to the (2(: —1)+j)th element of the vector 852%? in (23).

53



Given the assumption of locally non-satiated preferences, total expenditure

on final goods of country 7 is equal to the national income I;, coinciding with:

I = w,Li+ B+ Y (L= 8) (1= pl)plal 3° 37 (7ol = 1) @l + D

jeT neN keJ

Differentiating and using the fact that dlogx = dx/x, we have:

dlogl;  w;L; dlogw; N t.E; 1 dlogt; 1 Olog E; 1 0R;
o~ I, OnT I, \ "N Tgpam T et TRt I, 0K

where Ri = Yes(1 — B)(1 — p)NGNE Loen Shey (74l — 1) @k and in
steady-state:

OR; ; L 0log 7ki ki
= E 1 — B))(1 = 2 \NV E E P = L

jeT neN keJ

JjeJ

Since, in equilibrium, GNE; = I; the percentage change in nominal Gross

National Expenditure of county ¢ is given by:

OlogGNE;  [w;L; 0logw; N t.E; dlogt; Olog F;
on | L, onf T n \"No om0 gt
jeT

And the corresponding change in real GNE, reflecting changes in welfare, is

given by:

OlogW;  OlogGNE; 0OlogP;
Ol Ohf Ohly

54



w;L; Ologw;  t;E; dlogt; 0log E;
1y, . —+1 —
oo T (N“” AT

+ 1ls:nz' ' 1qr:kj ' Z(l - 6T>(1 - ps)AZ ;ZST
reJ

dlogp

—(e; ® 1J)'X78hg (34)

where e; € RY is th i-th standard basis vector, x = diag='(x1, ..., x%)" €
M(NJ x NJ) is the diagonal matrix of consumption shares XZ , that in equilib-

rium are equal to v and 852%? is given by (23).
ls

Finally, the first-order approximations of the percentage change in real Gross

National Expenditure following the marginal increase in trade wedges is given
by:

dlogWi =3 3 3 3 Qs e alogW
leEN seN qeT red
Sy 2y PN i doBAMY)

lEN seN qeT red

where dCBAM" is given by (27) and 2 gfq‘fv by (34). In order to gain a better
insight into the mechanisms driving the change, we consider the special case in
which a unique country ¢ introduces the CBAM on a specific good k produced
in country n and we set factor shares equal across countries and sectors. The

above expression can be rewritten as:

0l
dlog Wi = dlog GNE; — (e; ® 1,)'x gﬁ P(p+dCBAM)
which, in turn, becomes:
- wlfl 0 IOg Wy tiEi 0 IOg tl' 0 IOg EZ
leg WZ = Il oh IZ ( (i) 8T + _/\/’ncm 8h> (p + dCBAM)+
, Ologp
—(ei®1y)'x oh (p+dCBAM)+
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+(1 - p) SN Sk (p+ dCBAME) (35)
jegJ  red

where, given our model assumptions, in equilibrium I/j = Xf and x =
diag(x1, .., x%) € M(NJx NJ). mogp is given by (23), h = (REL nh2 . hEN) €
R/ and CBAM = (CBAMH*!, C’BAM,’;Q, ..., CBAM™Y) € RN/ with dCBAM"

given by (27). All derivatives are evaluated at the steady state, where h = 0.

ProproSITION A.3. — Effect on shocks on emissions embodied in im-
ports The first-order approzimation around the steady-state of the change in

emissions embodied in direct and indirect Furopean imports following the intro-
duction of the CBAM is given by:

Olog EEI(EU)
ohj;

dlog EEI(EU) =3 > > >

IEN seN qeT reT

(p! + dCBAM) =

Olog diag(e) , o0
=> > > + I — )y p
ZGNSENqEJreJ{[ Ohis ony!
+p(I—~AIT) 'y ;:lqr dzag(A)EEI(EU)ll vl’} (p! +dCBAM;")

where dCBAM is given by (6) and Olos oy by, (29).

hqr

Proof. Emissions embodied in trade are calculated using the vector of production-
based emissions and input-output multipliers. We borrow the definition from the
OECD (Yamano and Guilhoto, 2020) and we adapt it to align with the structure
of our model. The emissions embodied in imports are given by the following
vector EEI € R™Y with entries corresponding to the emissions generated from
the production of each good 7 € J in every country : € N embodied in imports
from all trade partners. In particular, the first equivalence in equation (17) cor-
responds to the OECD definition, while the subsequent equalities restates it in

terms of our notation and modeling framework:
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EEI = (1 - Q)7'X1 = |3(I - Q)"'1Qdiag(A)1| GNE

where p = diag(pi, ..., p%) € M(NJ x NJ) is a diagonal matrix with en-

tries g} = el /plgl Vi e N,j € J, X € M(NJ x N.J) is the matrix of trade
flows and we use the fact that each element p'z"

ki ~ kj
prik — AIGRINGNE. Given our interest in the emissions embodied in all inter-

€ X can be rewritten as

mediate goods imported by European producers, we first consider the change in
production-related emissions of each country-sector pair embedded in the goods
exported to the EU-ETS and then aggregate them across all exporting countries.
First, denote by Qg the matrix of input-output coefficients, with non-zero en-

tries only for European destination sectors, excluding intra-EU trade. Then:

EEI(EU) = [5(I - Q)"'yQpudiag(A)1| GNE

And, taking derivatives and evaluating them at the steady-state, we have that

the change in embodied emissions in goods imported by the European producers

is given by:
OEEI(EU) op - _ .
~ 01— ,
1 =) 2 g )Ty diag (A 1+

Ohj;

ddiag(A)
Ohjl;

+p(I — A1)~ ~diag(A)1 + (I — A1) 'y Qpy 1

Qru
T onT
where we use the fact that world GN E is normalised to 1. Readjusting terms:

J0log EEI(EU)  0Jlogp N log diag(A)
oy ~ Ohf; ohfy

o0
5(1 — H/ —1 ~—1
+p(I—~II') "y P +
~ / aQ —1
+p(I — AT ) 'y T Y diag(A)EEI(EU)
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Recalling that 5/ = ¢! /(plq]) = €l /(M GNE), we have log p = loge] —log ]

and thus, for each country-sector pair we have:

dlog EET}(EU)  0dloge! " 1, Ologah
TZ = T : + ;55 ¢1]n =5 Wnm Tnm +
o R I D Y LT

1 y . 810gd}7’jh
5 > U Wi My (36)

+ - -
EE]z'j (EU) neN\{EU} keJ heJ ah?s

Finally, define v as the vector with the first J entries equal to 0, while the rest
being equal to the corresponding country-sectoral embodied emissions K E[ ZJ (EU)
as a share of total emissions embodied in European imports. Aggregating across
exporting countries, the change in emissions embodied in goods imported by

European producers following the marginal increase in trade wedges hf. is given
by:

dlog EEI(EU)
IG5y

iEN\{EU} jeJ

EEI}(EU)dlog EET}(EU)  0log EEI(EU)

= 1’
EEI(EU) o’ onr

And to a first-order approximation, the change in emissions embodied in

direct and indirect European imports is given by:

dlog EEI(EU)
Ohf;

dlog EEIEU) =33 3 %

lEN seN qeT red

(pf + dCBAMT) =

P+

_ 00

s

Ohfy

0Qry
Onjr

+p(I—~II) 1y diag(A)EEI(EU)_ll vll} (p] +dCBAM)

h

where dC BAM} is given by (6) and algghgm by (29).

In the special case in which a unique country ¢ introduces the CBAM on a

specific good k produced in country n and factor shares are equal across countries
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and sectors, the above expression simplifies in:

0log diag(e) o

dlog EEI(EU) = o + p(I — WH’)_lva—hﬁ_l +

Q
+p(I— 'yH’)_lfya aEU diag(A)EEI(EU) ! | v(p + dCBAM)

where we can distinguish the effect driven by the change in the emissions used
in production (technology effect) and by the change in sourcing patterns (reallo-

cation effect). Specifically:

dlogdiag(e)

dlog EEI(EU) = 5h

v(p +dCBAM) +

technology effect

3 o, . sy
+ [p(I— 7H')_1’y@—hp_1 + (I —~IT) 1y a}ElU diag(A)EEI(EU) ! | v(p + dCBAM)

reallocation effect
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A.3 Additional Figures
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Figure A1l: Emissions and Free allowances in the EU ETS (2005-2023)
Source: European Union Transaction Log
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Figure A2: Emissions Allowances Prices (2013-2024)
Source: European Energy Exchange
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Country Mean Median Std Min Max
FEuropean Union 0.0082 0.0006 0.0137 0.0001 0.0511

Argentina 0.002  0.0005  0.0056 1.98e-05 0.0275
Australia 0.0042  0.0005  0.0101 5.06e-05 0.0506
Bangladesh 4.50e-08 5.89e-09 1.60e-07 3.29e-10 8.23e-07
Brazil 0.0001 3.21e-05  0.0003 9.29e-07  0.0011
Canada 0.0084  0.0021 0.0127  0.0002 0.0616
Switzerland 0.0048  0.0013  0.0120  0.0002 0.0616
Chile 0.0074  0.0017  0.0151 0.0001 0.0660
China 0.0024  0.0004  0.0065 4.00e-05 0.0331
Cote d’lvoire 0.0047  0.0011 0.0113 4.96e-05 0.0460
Colombia 0.0018  0.0004  0.0029 9.80e-06  0.0120
Costa Rica 0.0050  0.0031 0.0068 9.23e-05 0.031
Egypt 0.0010  0.0002  0.0025 1.60e-06  0.0120
Indonesia 0.0006  0.0001 0.0014 5.52e-06  0.0066
India 0.0063  0.0009  0.0175  0.0001 0.0882
Iceland 0.0086  0.0017  0.0180 6.63e-05 0.0791
Israel 0.0171 0.0011 0.0657  7.74e-05 0.3353
Japan 0.0078  0.0006  0.0183 2.19e-05 0.0839
South Korea 0.0163  0.0012  0.0395  0.0003  0.1505
Morocco 0.0384 0.0022 0.1445 3.27e-05 0.7351
Mexico 0.0068  0.0010  0.0214 6.96e-05 0.1096
Malaysia 4.40e-08 7.34e-09 1.37e-07 4.08e-10 7.00e-07
Nigeria 4.04e-08 2.73e-09 8.00e-08 4.85e-11 3.47e-07
Norway 0.0062  0.0007  0.0117 3.06e-07  0.0400
New Zealand 0.0030  0.0004  0.0052 3.37e-06  0.0162
Peru 0.0022  0.0005  0.0049  2.90-05 0.0192
Philippines 0.0023  0.0002  0.0062 1.55e-05 0.0316
Russia 0.0022  0.0004  0.0047 3.20e-05 0.0222
Turkey 0.0081 0.0010  0.0210 3.61e-05 0.0910
Ukraine 0.0002 2.22e-05  0.0003 3.67e-06  0.0013
United States 0.0036  0.0009  0.0097 4.65e-05 0.050
South Africa 0.0171 0.0015  0.0457  0.0001 0.2310

Rest of the World 0.0042 0.0014  0.0090  0.0001 0.0436

Table A2: Descriptive statistics by country of carbon intensities (pf ) in carbon-intensive
sectors.
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Current CBAM Full CBAM
Variable

Panel (a) Average A% in EU Share of Foreign Purchases

-0.20 -1.25 -0.37  -2.88

Total (0.48)  (2.48) (0.85)  (5.99)
: : 0.23 1.06 0.82  3.67

... of clean intermediate goods (0.14) (0.61) (081) (0.61)
-0.37 -2.17 -0.70  -4.66

... of dirty intermediate goods (0.89) (4.48) (1.19) (7.44)

Panel (b) Average A% in EU Share of Domestic Purchases

Total 0.01 0.09 0.02 0.24
... of clean intermediate goods 0.03 0.15 0.07  0.38
... of dirty intermediate goods 0 0.07 0.01  0.20

Panel (c) Average A% in EU Domar Weights

0.09 -0.05 0.34  -0.06

Total 0.11)  (0.34)  (0.22) (0.71)
: : 0.14 0.08 0.45  0.15

... of clean intermediate goods (0.06) (014) (018)  (0.47)
0.06 -0.12 0.27 -0.18

... of dirty intermediate goods (0.12) (0.39) (022)  (0.80)

Table A3: Policy-induced changes in EU-ETS shares (% of baseline) for § = 2 and 6 = 8.
Values are country means; standard deviations in parentheses where applicable.
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Current CBAM Full CBAM
Variable

Panel (a) A% tons emissions embodied in direct imports

Total -1.49 -9.03 -2.41 -18.66
... of clean intermediate goods 0.53 1.38 1.47 4.42
... of dirty intermediate goods -2.26 -12.92 -3.89 -27.26

Panel (b) A% tons emissions embodied in direct and indirect imports

Total -0.84 -5.89 -1.14 -11.54
... of clean intermediate goods 0.54 1.46 1.51 4.58
... of dirty intermediate goods -1.20 -7.75 -1.82 -15.61

Panel (c) A% Emissions Leakage
Total -0.04 -0.16 -0.13 -0.29

Table A4: Policy-induced changes in Emissions Embodied in Imports (% of baseline level)
for & = 2 and 8 = 8. Values are country means; standard deviations in parentheses where
applicable.
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