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Abstract
To address concerns over carbon leakage, the European Union (EU) has announced the
introduction of a Carbon Border Adjustment Mechanism (CBAM). This study applies a
structural gravity model to simulate the impact of CBAM on welfare, production, exports
and emissions with a focus on four sectors: chemicals, iron and steel, non-ferrous metal and
metal products. We also provide country-specific results for the Asian and the Pacific
regions. Our results show that, while CBAM would have little effect on welfare, the policy
would contribute to a reduction in exports, estimated between -0.29% (metal products) and
-1.49% (iron and steel). In particular, we find that middle income economies are most
affected by the policy, and that these countries tend to greatly reduce their exports to the
EU. We also observe a rebound in production (and associated emissions) among the EU
economies. Nevertheless, by including emissions from shipping activities, CBAM can

result in a large decrease in emissions, most of which is due to export reduction.
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1. Introduction

In recent years, in an attempt to slow down climate change, carbon pricing
policies have flourished. A pioneer in the introduction of carbon taxation
among its Member States, the European Union (EU) introduced the first
Emission Trading Scheme (ETS) in 2005. Being the first cross-border cap and
trade scheme of its kind, the EU ETS began its trial run by offering free
emission allowances to all installations between 2005 and 2007. Then, the EU
gradually introduced a system of auctions and started to reduce the number
of free allowances in phase 2 (2008-2012) and phase 3 (2013-2020). Entering
phase 4 in 2021, the EU now aims to phase out of free allowances after 2026.
Figure 1 shows the evolution of the price of allowances between 2008 and
2022. While the introduction of auctions in phase 2 and phase 3 did not result
in much changes in prices, the price of ETS allowances saw a sharp rise after
2021. Nevertheless, even at the end of 2022, allowance price was around 60
EUR/tCOg, three times as high as it was in 2008. Observers expect the price
of allowances to reach 100 EUR/tCOz in the next few years, as the number of
free allowances decreases.

Figure 1. Evolution of the price of allowances in the EU ETS (2008-2022)

120
100
80

60

€/ton

40

20

Source: authors’ compilation based on data from ICAP (2023).

The increasing price of the EU ETS allowances brings back concerns over
carbon leakage for the European industry. As the allowance price rises, so
does the costs faced by the industry. Hence, economists have long feared that
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European industry might lose its competitiveness and that prices of European
products might also rise. In this context, industrial relocation in countries
that are not facing carbon pricing may occur. In addition, the demand for
foreign product is expected to rise and, with it, emissions from foreign product.
Such effect is often referred to as ‘carbon leakage’, and many studies have
tried to assess whether the introduction of the EU ETS resulted in such
phenomenon. Ex-ante studies showed that carbon leakage might occur under
the EU ETS (Branger and Quirion, 2014; Carbone and Rivers, 2017), while
ex-post studies on the EU ETS found no such effect (Branger et al., 2016;
Dechezlepreétre et al., 2022; Healy et al., 2018; Naegele and Zaklan, 2019;
Venmans et al., 2020). Reviewing the literature on the EU ETS and carbon
leakage, Bohringer et al. (2022) concluded that there is no evidence that this
policy triggered carbon leakage. However, this result could come from the low
allowance prices in phase 2 and phase 3, as most studies used data from this
period. It may also be the result of short-term estimates, as industrial
relocation may take some time.

In this context, the EU announced its plan to introduce a Carbon Border
Adjustment Mechanism (CBAM) in July 2021, to address concerns of carbon
leakage. This mechanism takes the form of an additional carbon pricing at
the EU border, whose value is determined based on the difference between
the carbon price paid by EU producers and foreign producers, for a given
product. By doing so, the EU aims to ensure a level-playing field for its
industry. Though the idea of carbon tariff or carbon border adjustments can
be traced back to the Waxman-Markey bill proposed in the US in 2009, the
EU CBAM is the first proposal of its kind to be passed and planning to be
implemented. The bill was revised in June 2022, and approved by the EU
Parliament. In its early days, the tax will only concern products of iron and
steel, aluminum, chemicals (organic chemicals, polymers, hydrogen,
ammonia among others), cement and electricity. Firms aiming to import these
products into the EU will have to report the amount of embodied emissions
in their products, and will have to purchase CBAM certificates, reflecting the
carbon price paid by EU producers of similar product. To be precise, a trial
period will start from October 15t 2023 to December 315t 2025 where importers
will only have to report their embodied emissions without purchasing
certificates.

Criticized as a form of climate protectionism by many middle-income
economies, the EU CBAM is a controversial policy. Most importantly, even
after the amendments of June 2022, it i1s still unclear whether the policy
abides by the rules set in WTO treaties. Because the amount of the payment
depends on the amount of emissions embedded in the goods, foreign producers
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will be facing various amount of taxation, which is a violation of the most
favored nation (MFN) principle. As a tax on imports to the EU, it is likely that
the CBAM will have noticeable and long-lasting consequences on trade flows,
production structure and, possibly, on carbon pricing policies among EU trade
partners. Using a structural gravity model, we simulate the impact that
CBAM will have on trade, welfare and production. As the EU justified the
introduction of CBAM as a form of climate protection, we also calculate the
impact of the policy on emissions. In addition to global results, we also offer
specific, country-level analysis for economies of the Asia and the Pacific
(APAC) region. A region with high-energy intensity in production, heavily
reliant on trade and little carbon pricing policies implemented, Asia and the
Pacific is expected to be particularly vulnerable to CBAM.

This paper is structured as follows: section 2 discusses the potential effects of
CBAM by reviewing the relevant literature on the topic. Section 3 introduces
the methodology used in the paper, from the structural gravity model and the
CBAM border tax to the calculation of emissions. Section 4 presents the
results of our analysis and Section 5 concludes this study.

2. Literature review: expected impact of the carbon tariffs and EU

CBAM

2.1 Literature on carbon border adjustments and carbon tariff

Carbon leakage has been a topic of discussion for many years. While we
introduced studies that aimed at asserting whether it occurred or not, other
authors have been proposing and comparing schemes that could reduce such
leakage.

Using a Computable General Equilibrium (CGE), Babiker and Rutherford
(2005) compare border carbon adjustments in the form of import tariff,
output-based rebate, exemption for energy-intensive industries and
voluntary export restraint. The latter appears to be the worst policy option,
as it leads to the highest loss of welfare and does not work against carbon
leakage. While no clear winner emerges from the remaining three policy
options, Babiker and Rutherford (2005) also highlight that none of the options
are actually effectively tackling leakage.

In the following years, studies focused on the comparison between rebates
and border carbon adjustments using similar CGE methods (Béhringer et al.,
2010; Bohringer et al., 2012; Fischer and Fox, 2012; Monjon and Quirion,
2011). While neither of these options are a panacea, a common trend from
their findings is that border carbon adjustments appear to be slightly more
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efficient against carbon leakage. However, authors also highlight that this
policy option may result in export decrease (Bshringer et al., 2010; Monjon
and Quirion, 2011), exacerbate regional inequalities between exporters
(Bohringer et al., 2012) and could be difficult to implement in practice due to
legal issues arising from WTO treaties (Fischer and Fox, 2012). In this sense,
authors see rebates as a second best option, although not as efficient to tackle
carbon leakage.

In the wake of these findings, many studies have attempted to model what
border carbon adjustments would look like and what effects they could have
on the global economy. These studies have proposed many different policy
designs for border carbon adjustments (Balistreri et al., 2019; Bohringer et
al., 2021, Takeda et al., 2012, Sheng and Wang, 2021) or analyzed the effects
of carbon tariffs (Larch and Wanner, 2017).

2.2 Literature simulating the effects of EU CBAM

Despite the relatively recent announcement of the EU CBAM in July 2021
(and its amendments in June 2022), there are already a few ex-ante studies
that proposed to simulate the effects this scheme would have on trade,
economic indicators and emissions. A summary of some selected studies is
presented in Table 1. Among them, a great majority used a CGE or dynamic
General Equilibrium methodology to assess the effects of the policy on trade,
welfare and output (Bellora and Fontagne, 2022; Kuusi et al., 2021; Lim et
al., 2021; Morsdorf, 2022; Perdana and Vielle, 2022; Pyrka et al., 2020;
Takeda and Arimura, 2023; UNCTAD, 2021). Other quantitative studies used
input-output methodology (Magacho et al, 2023; Zhong and Pei, 2022) or
structural gravity (Korpar et al., 2023; Kuusi et al., 2021).

Table 1- comparison of recent literature’s estimates on the effect of CBAM

Effect on... Welfare Exports GDP COz emissions
Metho-

Study EU World EU World EU World EU World
dology

Bellora and
Dyna- -6% to - -2.6to -

Fontagne, / / -1.3% -1.2% / /
mic GE 8.6% 6.3%

2022

-0.01%
Kuusi et al., -0.04%
/ / -0.39% / to - / /
2021 t0 0.01%

0.03%
CGE Perdana and

-4.2% -1.5% / / -3.5% -0.6% / /
Vielle, 2022
Pyrka et al,, -0.01 to -
/ / / 0.00% / / /
2020 2%



-0.09%
Takeda and

(OCH) to less than  less than
Arimura, 0.07% -0.01% / / /
5.81% -0.01% -0.01%
2023
(NMM)
Struc-
Korpar et al., 0.03 to lessthan  -0.05to- -0.15to- 0.03 to less than 0.32to -0.11 to -
tural
) 2023 0.05% -0.01% 0.08% 0.31% 0.04% -0.01% 0.81% 0.25%
Gravity
Input- Zhong and 0.19 to 0.10 to
) / / / / -0.01% /
Ouput Pei, 2022 0.38% 0.15%

Source: authors’ compilation.

Despite the differences in methodology, some patterns clearly emerge from
their results. Regardless of the indicator, the impact of CBAM are expected to
be fairly small, most of them will not exceed 1%. With the exception of the
GEMINI-E3 model of Perdana and Vielle (2022), studies predict that CBAM
will have a negligible effect on welfare, whether in the EU or the rest of the
world (Korpar et al., 2023; Takeda and Arimura, 2023). We also observe a
negative effect on exports: this is not unexpected given that the CBAM will
take the form of an import tax, thereby acting as a barrier to trade. In fact,
most of these models fail to endogenize political reactions to the
announcement of CBAM, which could include retaliations in the form of new
import duties on EU products, as highlighted by Lim et al. (2021). It is
therefore possible that the effects of CBAM on exports might be
underestimated. Interestingly, predictions for the change in GDP are split
between CGE (negative) and other methods (positive), though estimates are
very small. This could perhaps be attributed to certain assumptions on
production in the CGE model. Finally, studies are mostly predicting a small
decrease in emissions (Korpar et al., 2023; Perdana and Vielle, 2022; Pyrka
et al., 2020; Takeda and Arimura, 2023).

Just like Korpar et al. (2023), we also apply a structural gravity model to
evaluate the potential effects of CBAM. However, our studies differ in four
main aspects. First, we attempt to offer a more comprehensive calculation of
emission reduction from CBAM. Most studies on the topic only consider
emission from the production process, which leaves them with small emission
reduction overall, as they observe a rebound in production (and emissions) in
certain regions. By doing so, previous studies fail to account for emissions
from shipping activities as pointed by Shapiro (2016). In the case of CBAM,
which appears to be an export-reducing policy, this could lead to a severe
underestimation of the emission reduction. Second, we do not incorporate
technological change to the model, and limit ourselves to a basic model of
structural gravity. Third, we mostly focus on the APAC region and offer
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specific, country-level case studies in addition to global results.

3. Methodology
3.1 CBAM modeling and scenarios considered in this study

Since the objective of this study is to simulate the impact of the planned EU
CBAM, we first describe the feature of the planned policy below. As of June
20222, the CBAM proposal is characterized as follows:

(1) Only applies to imported goods in the EU. Exporters are required to
purchase CBAM certificates in advance.

(2) The value of the certificates reflects the price paid by a similar
producer under the weekly price of EU ETS. There is no upper limit on
number of allowances that can be purchased. However, allowances have an
expiry date and can be refunded if unused.3

(3) Number of certificates to be purchased is proportional to direct and
indirect emissions from production.

(4) Discounts are given for producers that can attest that they paid an
explicit carbon price (carbon tax or cap-and-trade allowance) in their own
countries. If the carbon price paid in the country is larger than the EU ETS,
exporter is entirely exempted from paying CBAM certificates4. Similarly, non-
EU economies which are participating in the EU ETS (Norway, Iceland,
Liechtenstein) are also exempted.

(5) CBAM only applies to certain selected products (iron and steel,
aluminum, chemicals and fertilizers, cement, electricity).

(6) Exporters have to report their embedded emissions, which have to be
certified by a third party administrator, approved by EU administrations.

(7) Exporters who fail to report their embedded emissions will
automatically be assigned the values of the worst 10% of performers from
their own country, thereby encouraging the calculation and reporting of
embedded emissions.

Based on the seven characteristics above, we model the ad-valorem price of a
CBAM certificate as follows:

2 https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX%3A52021PC0564
(original proposal of July 2021) and https://www.europarl.europa.eu/doceo/document/TA-
9-2022-0248 EN.html (amendments of June 2022)

3 Refund price is the same as purchase price instead of price at the time of sale so as to
discourage speculations on CBAM certificates.

4 As of April 2023, this condition only applies to one country: Switzerland.
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(1
where ETS, represents the price of the EU ETS, CP;is the carbon pricing in
the exporting country, e/ is the total amount of emissions generated by the
production of good kin the (exporting) country 7, Y is the total production of
good kin country 1. FUS31 are the 28 Member States of the EU as of 2014 and
the three countries participating in the EU ETS (Norway, Iceland and
Liechtenstein).

We can break down the formula as follows. The number of allowances is
proportional to the amount of emissions associated with production (condition
3), and only applies to countries exporting to the EU (condition 1). The price
of the certificate reflects that of the ETS, thus, we multiply the ETS price by
the total amount of emissions in production (condition 25), divided by the total
production to obtain an ad-valorem duty. To account for potential discounts,
we subtract the carbon pricing paid in the exporting country (condition 4). In
this study, we focus on four products (k): crude iron and steel, non-ferrous
metal, metal products and chemicals (condition 5). Due to the small number
of products targeted by CBAM (cement) or the small amount of trade
(electricity), we restrict our analysis to these four products only. To be precise,
we cannot account for condition 6 and 7 in our analysis because these occur
at the firm level and database on international trade are aggregated at
country-level. However, such omission should not greatly affect out results,
as we expect embedded emissions accounting costs to be negligible and that
most exporters will indeed calculate their own embedded emissions rather
than use default values. We plot the value of the CBAM certificate for each
country in Figure 2.

Figure 2. CBAM Certificate Price (ETS price: 87 USD/tCO2)

CBAM certificate value (iron and steel, ETS price at $87)
e -

5 To be precise, data on emissions from production does not take into account indirect
emissions.



CBAM certificate value (metal products, ETS price at $87)
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Source: authors’ compilation.

Based on equation (4), we consider three potential price scenarios, and we
adjust the value of the ETS; coefficient. While the price of ETS and CBAM
certificates is updated weekly, most trade data is provided with an annual
frequency. Therefore, we choose the yearly average of the ETS price of the
year 2022 as our first price scenario. To obtain a lower (upper) bound on the
effect of CBAM, we also use the minimum (maximum) price of ETS in the
year 2022, for scenario 2 and 3 respectively. Table 2 summarizes each scenario.

Table 2. Scenario summary

Scenario 1: CBAMS87 Scenario 2: CBAM64 Scenario 3: CBAM109

Summar ETS allowance price for ETS allowance price for  ETS allowance price for
y 2022: average 2022 minimum 2022 maximum
(USD87/tCO2) (USD64/tCO2) (USD109/tCO2)

Source: authors’ compilation

3.2 Structural Gravity Model

In this study, we apply a structural gravity model to assess the potential
effects of CBAM on the global economy and trade. Developed by Anderson
(1979) and Anderson and van Wincoop (2003), the structural gravity model
includes the intuition that trades is inversely proportional to distance, but is
based on microeconomic foundations. The model used in this study is taken
from Baier et al. (2019) and uses Anderson-Armington Constant Elasticity of
Substitution (CES) production function to model trade. A single input (labor)
1s used in production. In this specification, trade in goods of sector k& between
exporter (producer) 7 and importer (consumer) jis given by:

A 0h) @)
= - FE! (2)
i zAlk(Wlk)—H(z_;)—H J

Where Xjis the trade flow from 7to j. A& is the production technology used by
the exporter, wi# is the wage paid in production. Taken together, these two
terms represent the optimal production in the exporting country. z;%x are the
iceberg trade costs between the two countries in a given sector k. £ are the
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total expenditures of country j, the importer/consumer. 6 is the Armington
elasticity governing the substitution between domestic and foreign goods.¢

Equation (2) thus states that trade between two countries is a share of the
expenditure in the importing country. This share depends on the price of
goods from 7, relative to the price of all other potential exporting destinations
1. Note that this equation does not exclude the cases where 7and jare identical,
that is, consumption of goods produced domestically.

In addition to equation (2), the structural gravity model is also characterized
by a market clearing condition, given by:

vr=> X}, Vi 3)
j

Equation (3) ensures no waste, as all goods produced are accounted for,

whether through domestic consumption or foreign exports. Adding the

production structure to equation (3) as well as the definition of exports from

equation (2), we obtain:

AX (WY (5
vt =Y D D)
T AT @y (4)
]

Where D;is the trade balance of the importing country.
Dekle et al. (2007) showed that this system can be solved in changes using
exact hat algebra. We obtain new values of welfare and trade as follows:

i Bl _ Ef
i Pl-k (Z ﬂ'i];, (ﬁ}:;)ﬂg e/}x(BAMmX )—1/5 (5)
m
AkN—0 PBxCBAM
Xk = W) e ’ x F¥
i (ﬁ)k )—9 J
J

6

Where a variable with a hat represents the changes in a given variable in the

CF

counterfactual scenario. For instance, X, =——, where X is the value of

A

i
trade in a counterfactual scenario. In this paper, we use the algorithm

provided by Baier et al. (2019) using a fixed point iteration, with wages as the
variable of interest.

In practice, we first estimate equation (2) through the following regression:

6 Note that this substitution elasticity is different for each sector k. For simplicity, we
omit the subscript from the equation.
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where 7; and y; are an exporter and importer fixed effect, respectively; G;; is a vector
containing bilateral gravity variables such as the distance (in logarithmic form), dummy
variables for contiguity, common official language, common colonizer, colonial
relationship after 1945 and regional trade agreement (RTA); MFN;/is the MFN maximum
duty for goods in a given sector k; INT}; is a dummy taking the value 1 for international
trade flows; ¢ is an error term.

Following the contribution of Santos Silva and Tenreyro (2006), we estimate
equation (7) using a Poisson Pseudo-Maximum Likelihood (PPML) estimator
for each sector separately. Given that we are using cross-sectional data, we
can use a importer and exporter fixed effects to capture most of the elements
of equation (2), such as the level of technology and wages for the exporter and
the level of expenditure of the importer. Iceberg trade costs, z;%, are absorbed
by the vector of gravity variables as well as MFN;*. Choice of variables in Gy
is based on Larch and Wanner (2017) as well as Korpar et al. (2023).
Identification of the effect of MFN tariff is realized due to the inclusion of
intra-national trade flows (domestic consumption), as per recommended by
Heid et al. (2021).

To simulate the introduction of CBAM, we use the estimated coefficients in
equation (7) to derive a partial equilibrium value of counterfactual trade,

k,PE .
X;", as follows:

X" =exp(#,+ 7, +7G, + Bx MFN| x INT, + Bx CBAM } ) x &, ®

Where a hat coefficient indicates that we use coefficients estimated in
equation (7). CBAM; is the value of a CBAM certificate in a given scenario,
whose calculation method is described in the previous section. Finally,
applying the market clearance condition to our partial equilibrium values of
trade under CBAM and allowing wages to adjust, we obtain final, general

equilibrium values of trade, X if’GE, under CBAM.

This model has a fair share of assumptions, and suffers from several
limitations. Similar to CGE models, we assume a CES production function.
In addition to assuming that said elasticity of substitution is a constant
(Armington-type), we also ignore capital or technological change in the model,
and simply focus on one production input, labor. For the model to be solved,
Anderson (1979) assumed that the world GDP would remain fixed, as a
numéraire. Since we are using a basic form of structural gravity, we decide to
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leave out potential changes in carbon pricing in EU partners that could be
induced by the introduction of CBAM?7. Although sectoral structural gravity
1s often used in the literature and can be modeled using the same equations
as the aggregate one (Anderson and Yotov, 2010; Yotov et al., 2016), its use
requires us to assume the perfect separability of sectors, hence, we ignore the
relationship between sectors and the value chain. This may lead us to
underestimate the effect of CBAM on trade.

3.3 Calculating resulting emissions

One of the main contribution of this study is the quantification of emissions
resulting from the introduction of CBAM. It is usually common in the gravity
literature to focus on the change in emissions resulting from production.
Using emission intensity coefficient, we can calculate the emissions from
production as follows:

k

e.
Emik,pmd — Y;k’GE % zk

J

9

where Y&GE g the counterfactual value of production; ef is the total amount
of emissions generated by the production of good k& in the (exporting) country
I, Yk 1s the total production of good k& in country 1.

As highlighted by Shapiro (2016), emissions from international trade also
include emissions from shipping, as exported goods have to cover long
distance until they reach their destination. Thus, we also account for
emissions from shipping. To the best of our knowledge, this study is among
the first to incorporate emissions from shipping activities into its simulation,
though Shapiro (2016) and Mundaca et al. (2021) have highlighted the
importance of such emissions in accounting for the total emissions from
international trade.

To do so, one needs to calculate shipping distance, which we retrieve from
Bertoli et al. (2016)8. The database provides a complete matrix of sea distance,

7 In its June 2022 version, the CBAM proposal offers a discount in certificate price for
exporters that can prove that a form of explicit carbon pricing (carbon tax or cap and
trade allowances) was paid on emissions during production. Therefore, it is possible that
CBAM might encourage EU trade partners to introduce a form of carbon pricing, or
increase the rate of existing taxes. We leave this potential issue out of our simulation.

8 Due to missing values for road distance di*°2d | we make the following adjustments to
their database: Dominican Republic (0, Santo Domingo is both capital city and largest
port); Hong-Kong SAR (0, Hong-Kong is both capital city and largest port); Lithuania
(308km between Klaipeda and Vilnius); Malta (0, Valletta is both capital city and largest
port); Trinidad and Tobago (0, Port of Spain is both capital city and largest port); Ukraine
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djsea, for all country pairs, calculating the distance between the largest port
of each country, or the largest nearby port if a country is landlocked. In
addition, the database also contains the road distance, diroad and djroad | from
the port to the capital city. To be precise, if trading countries are both
landlocked, they might be more likely to ship their goods only by land if the
road distance between the two capitals, djroad, is shorter than the sea shipping
route. The total distance traveled by a good produced in country 7 and
consumed in country jis:

{d;w’d ,1f dl;"“d <d" + d; "+ d;oad and i,j are landlocked
ij =

o . (10)
dr +d;* +d™, otherwise

Using this new measure for shipping distance, we calculate the emissions
from shipping using equation (11) below:

weight*
X g T

road road
) ec”™ x(d;")
Jtrans __
Em; =

x X Af d" <d* +d* +d’"*"and i,j landlocked
value ! ! ’ ’

weight"

[ec"’"d x(d" + d;.”“d )+ec™ x(d;* )]x x X ;‘ 9 otherwise

value

(11)
Where eco2d and ecse2 are emission coefficients (tCO2/km/kg) from road or sea
shipping, respectively; weightk is the weight of shipment of good & valuekis
the value of shipment of good k; X;*GZ is the counterfactual value of trade in
kbetween 7and J.

There are a few drawbacks and approximations from this method. First, we
only consider the largest port in the country or nearby, thereby ignoring
countries with several large harbors such as China, the United States or
Russia¥® Thus, there is a possibly of overestimation of the sea distance. By
assuming all trade i1s shipped by sea, we also probably overestimate
emissions: while overseas shipments of heavy goods such as iron and steel or
aluminum rarely occur by plane, some might be shipped by train. Since the
emission intensity of train shipments is far lower than that of maritime
shipping, we are probably offering upper bound values for emission from
transportation. Nonetheless, Mundaca et al. (2021) emphasizes that good
shipping represents 90% of the revenues of international sea transport, and
that the majority of shipped goods transit via maritime transport. Finally,
since we only consider that goods are shipped to capital cities, we ignore
emissions resulting from shipments for domestic consumption.

(480km between Odessa and Kyiv).

9 To be precise, Bertoli et al. (2016) identify two ports for Canada, the United States and
Russia to account for their Western and Eastern coastal area. Even so, they are probably
ignoring other large harbor areas.
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3.4 Data and baseline estimates

In this section, we describe the data that was used in this study. We use cross-
sectional data for the year 2014, covering 138 countries or regions, under the
GTAP10 classification. A complete list of the regional classification and
country coverage is given in Appendices A and B, respectively.
Details on variables construction are available in Appendix C.

Trade data is retrieved from the BACI database, offered by the Centre
d’études prospectives et d’informations internationales (CEPII), which offers
mirrored trade data as the 6-digit product level for each year until 2021
(Gaullier et al., 2010). We also retrieve so-called ‘gravity’ variables, contained
in Gy, from the CEPII’s gravity database (Conte et al., 2022). Following Larch
and Wanner (2017), we choose to include in this vector the distance between the
countries’ capital cities (in logarithmic form), dummy variables for contiguity, common
official language, common colonizer, colonial relationship after 1945 (Conte et al., 2022).
In addition to these variables, we also include a dummy that identifies whether the two
countries have signed a regional trade agreement. Data for this variable is retrieved from
Mario Larch's Regional Trade Agreements Database from Egger and Larch (2008). To
construct the tariff data, we use the World Trade Organization (WTQO)’s tariff database,
and select the MFN maximum tariff line!® (WTO, 2023).

To estimate a structural gravity model, one needs to obtain a so-called full matrix of trade,
which includes trade when 7 and j are identical, that is, domestic consumption. To estimate
the general equilibrium model, one also needs the Armington elasticity of substitution
between domestic and imported goods, 8. We retrieve both domestic consumption and
elasticity from the GTAP10 database (Aguiar et al., 2019). Hence, our data is aggregated
at the GTAP sectoral level for chemicals (CMI)!!, crude iron and steel (I_S), non-ferrous
metal (NFM) and metal products (FMP). We use the latest year available in GTAP10,
2014, to construct a cross-sectional dataset.

To model the CBAM certificate price, we retrieved data on the carbon pricing for the year
2022 from the World Bank Carbon Pricing Dashboard (World Bank, 2023), and use it to
model the discount factor CP;. We use data from ICAP (2023) for the minimum, average
and maximum allowance price of the EU ETS. We obtain data on emissions and

10 Qur choice of the maximum MFN tariff line for this analysis is motivated by the fact
that we are using data on aggregated sectors. Not all products inside the sector would
be targeted by CBAM. Some products inside the broadly defined sector would be targeted
by CBAM, hence would see a tariff spike. We liken this effect to a tariff spike (maximum
value) of MFN tariff for the broadly defined sector, and use the same coefficient, 8, to
model the effect of CBAM in the calibration.

11 This sector is the result of the aggregation of chemical products (CHM), basic
pharmaceutical products (BPH) and rubber and plastic products (RPP).
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production from the GTAP10 database. Finally, for the calculation of emissions from
shipping, we use the CERDI sea distance database (Bertoli et al., 2016), as well as
emission intensity of road and sea shipping from the EU Environmental Protection
Agency (EU EPA, 2023) and IMO (IMO, 2020), respectively. Summary statistics as well
as baseline results are provided in Appendix C.

4. Empirical Results
4.1 Global effect of the CBAM

We first present the results for the global effect of the CBAM policy. To do so,
we aggregate the country-level results per region. We offer estimates for
changes in welfare, production, exports, emissions from production and
emissions from shipping activities in Table 3. For the sake of brevity, we only
discuss results from our first scenario, where we consider the average ETS
price for the year 2022. Similar results for scenario 2 and 3 are available in
Appendix D and E, respectively.

A first conclusion that we can draw from the results is that we expect the
policy to have a small impact on welfare, both globally and regionally.
Regardless of the region, our simulation shows that changes in welfare are
expected to be smaller than 1%. This result is in line with Korpar et al. (2023),
as well as Takeda and Arimura (2023), despite the difference in methodology.
We also note that, while most regions do not experience much change,
production is expected to increase for countries implementing CBAM, from
1.31% (NFM) to 5.24% (I_S). This particular result implies that this policy
effectively tackles carbon leakage, in the sense that it leads to relocation of
industrial production inside the EU. As a result of this rebound in production,
we also observe an increase in emissions from the EU, with a magnitude
ranging from 1.10% (NFM) to 5.17% (I_S). This result, while in line with
Korpar et al. (2023), is a departure from studies using CGE, which all predicts
a small, but negative impact of the policy on EU GDP (Bellora and Fontagne,
2022; Perdana and Vielle, 2022; Takeda and Arimura, 2023). We also observe
a rebound in production (and associated emissions) from Central Asia and the
Rest of Europe for CMI (1.93% and 1.02%, respectively), and Africa for NFM
(12.30%).

As carbon leakage theorists predicted (Bohringer et al., 2010; Monjon and
Quirion, 2011), our simulation shows that the CBAM policy would result in a
relatively large decrease in exports, between -0.29% (FMP) and -1.49% (IS).
Specifically, we can see that South Asia and Central Asia will see the largest
fall in exports, estimated between -1.15% (NFM) to -10.52% (I_S) for South
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Asia and between -1.73% (FMP) to -7.03% (CMI) for Central Asia. Most
regions are expected to witness a fall in exports of chemicals and crude iron
and steel, as the emission intensity of production (and thus CBAM certificate
price) is especially high for these sectors. While previous studies have shown
that CBAM would result in an export reduction, our results are higher than
the average, and are closer to those of Bellora and Fontagne (2022). These
results seem to imply that critics of CBAM are essentially correct, and that
the policy could be seen as a protectionist one.

Finally, we turn to our calculations of emissions resulting from CBAM. While
the rate of change of production and emission from production are fairly
similar, results differ regarding emissions from shipping. Overall, we can see
that for most regions and sectors, the change in emissions from shipping is
negative. This is a very different result from emission from production, where
many regions see a rebound in emissions, thus making the overall change in
emission close to zero, as in Korpar et al. (2023). Instead, when including
emissions from shipping, we see some high decrease in emissions, which
seems to imply that CBAM would encourage exporting closer to home. In
particular, the EU see the largest fall in emissions from shipping, ranging
between -0.94% (FMP) to -6.93% (IS).

Table 3. Global effects of CBAM (ETS price: 87 USD/tCO2)

Unit: APAC SEA SAS CAS ME EU31 | ROE | NAM | SAM | AFR | WLD
percentage

CMI | -0.01 | 0.01 0.09 0.01 | -0.23 | -0.21 | -0.11 | -0.05 | 0.00 | 0.00 | -0.07

g IS -0.02 | 0.16 0.23 0.07 | 0.07 | -0.55 | -1.8 | -0.06 | 0.04 | 0.06 | -0.17

g NFM | -0.15 | -0.06 | -0.02 | -0.18 | -0.02 | -0.08 | -0.09 | 0.25 | -0.13 | -0.18 | -0.07

FMP | -0.01 | 0.02 0.01 0.01 | 0.00 | -0.03 | -0.02 | 0.00 | 0.00 | 0.01 | 0.00

CMI -0.17 | -0.10 | -0.09 193 | 048 | 1.57 | 1.02 | 0.14 | 0.04 | 0.81 | 0.36

g IS -0.59 | -053 | -0.79 | -1.32 | -0.12 | 524 | -1.18 | 0.11 | -0.17 | -0.56 | 0.26

Z; NFM | -0.01 | 0.05 0.17 | -0.20 | 034 | 1.31 | 0.21 | 0.02 | 0.18 | 12.30 | 0.66

FMpP | -0.07 | -0.06 | -0.17 | 0.07 | 0.02 | 0.33 | 0.16 | -0.03 | 0.00 | 0.05 | 0.05

CMI -1.15 | -0.79 | -2.12 | -7.03 | -2.03 | -0.76 | -1.92 | -1.00 | -1.22 | -4.99 | -1.10

g IS -0.67 | -1.73 | -10.52 | -4.01 | -2.22 | -1.21 | -2.01 | -1.06 | -2.24 | -3.21 | -1.49

L% NFM | -0.28 | -0.24 | -1.15 -04 | -0.72 | -0.82 | -0.16 | -0.18 | -0.57 | -0.51 | -0.46

FMP | -0.18 | -0.19 | -1.59 | -1.73 | -0.28 | -0.34 | -0.4 | -0.17 | -0.19 | -1.09 | -0.29

| oM -0.19 | -0.1 -0.11 | 477 | 0.41 1.68 | 1.91 | 0.15 | 0.11 | 2.25 | 0.24

é g IS -0.61 | -0.57 | -0.79 | -1.02 | -0.35 | 5.17 | -1.63 | 0.09 | -0.14 | -1.03 | -0.39

é :; NFM | -0.02 | 0.06 0.27 | -035 | 0.72 1.1 1.4 0.01 | 041 | 2.19 | 0.26

FMP | -0.07 | -0.05 | -0.18 | 0.01 | -0.03 | 0.33 | 0.15 | -0.03 | 0.01 | 0.09 | -0.03

m g CMI | -1.28 |-0.75 |-1.03 |-5.63 | -1.23 | -3.42 | -1.67 | -0.79 | -1.38 | -4.13 | -1.58
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IS -0.84 | -2.31 | -6.80 | -1.79 | -2.36 | -6.93 | 2.69 | -0.85 |-1.49 | -1.68 | -1.92
NFM | -0.52 | -0.69 | -1.29 | .18 | -0.65 | -1.91 | -0.66 | -0.12 | -0.25 | -0.25 | -0.59
FMP | -0.12 | -0.13 | -0.99 | -1.32 | -0.29 | -0.94 | -0.51 | -0.13 | -0.26 | -1.20 | -0.34

Source: authors’ compilation. Results are rounded to two decimal points. “APAC” stands
for Asia and the Pacific; “SEA” for Southeast Asia; “SAS” for South Asia; “CAS” for
Central Asia; “ME” for Middle East; “EU31” for the 31 countries implementing CBAM
(EU and remaining EFTA); “ROE” for Rest for Europe; “NAM” for North America; “SAM”
for South America; “AFR” for Africa; “WLD” for World. For details on the composition of

each region, we refer the reader to Appendix A.

4.2 Analysis of the impact of CBAM on APAC economies

This study also aims at providing a country-level analysis of the effect of
CBAM on the APAC region. To this end, we present estimates of welfare,
production, exports, domestic consumption and emissions at the country-level
in Table 4. Overall, we notice the same trend as the global analysis, that is, a
small impact on welfare, a decrease in exports and in emissions from shipping.
When looking at countries individually, however, we can separate APAC
economies into two categories: high income economies such as Australia, New
Zealand, Japan and South Korea, Hong-Kong SAR and China, to an extent,
and middle-income economies such as Mongolia, India and Russia.

For high-income economies, we see very little change in any indicator. To an
extent, we see a slight decrease in exports of chemical products for Australia,
New Zealand and China and Hong-Kong SAR, estimated around -1.92%, -
1.65%, -1.54% and -1.53% respectively. We see a a similar decrease of exports
for iron and steel for Australia, China and Hong-Kong SAR, around -1.09%, -
1.40% and -2.23%, respectively. With the reduction in exports, we also notice
a decrease in emissions from shipping for Australia (-2.03%, chemicals), New
Zealand (-1.93%, chemicals), China (-1.97%, iron and steel) and Hong-Kong
SAR (-1.82% for chemicals, -3.22% iron and steel). Although we do observe
some changes above 1%, these remain rather small, especially when we
compare to similar changes for middle-income economies.

On the other hand, we observe some rather high changes for middle-income
economies. Interestingly, we observe a rebound in production for nearly all
CBAM sectors in Mongolia (from 1.25% for chemicals to 61.39% for non-
ferrous metal), and for Russian chemicals (1.99%). This is accompanied by a
rebound in emission from production, of a similar scale. We also observe a
slight decrease in production of iron and steel for both countries (-3.48% for
Mongolia, -1.39% for Russia). All three countries show an especially sharp
drop in exports however: for all Indian sectors (-1.02% to -10.80%), for all
Russian ( -1.14% to -7.70%) and Mongolian (-5.84% to -27.91%) sectors, with
the exception of non-ferrous metals. Such decrease in exports results in a fall
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in emissions from shipping, as high as -31.86% (Mongolia, chemicals).

Table 4. Effects of CBAM on the APAC region (ETS price: 87 USD/tCO2)

Unit: percentage | AUS NZL CHN JPN KOR | HKG | MNG |IND RUS
CMI -0.02 -0.03 -0.02 -0.05 -0.04 0.04 0.07 -0.05 -0.31
g IS 0.01 -0.01 -0.04 -0.05 -0.01 0.06 0.37 -0.21 -0.55
§ NFM -0.33 -0.02 0.00 0.01 0.00 0.01 -0.13 0.00 0.10
FMP 0.01 0.00 -0.01 0.00 -0.01 0.01 0.03 -0.02 -0.01
= CMI 0.25 0.23 -0.23 0.00 -0.08 0.23 1.25 -0.07 1.99
'*;9, IS -0.20 -0.12 -0.63 -0.51 -0.42 0.93 -3.48 -0.79 -1.39
é NFM -0.01 -0.03 -0.08 -0.06 -0.03 0.06 61.39 | -0.18 0.14
. FMP -0.04 -0.09 -0.03 -0.16 -0.02 -0.03 2.68 0.20 -0.05
CMI -1.92 -1.65 -1.54 -0.98 -0.12 -1.53 | -2791 | -2.09 -7.70
‘g IS -1.09 -0.96 -1.4 0.02 -0.12 -2.23 -5.84 -10.8 -1.76
E NFM -0.24 -0.03 -0.84 0.21 -0.12 -0.08 -0.01 -1.02 0.33
FMP 0.02 -0.09 -0.19 -0.11 -0.12 -0.9 -17.67 | -1.65 -1.14
. CMI 0.17 0.19 -0.23 0.00 -0.09 0.07 0.12 -0.07 1.75
‘5 é« IS -0.18 -0.11 -0.66 -0.57 -0.44 0.30 -0.70 -0.80 -1.79
Qg g NFM -0.04 -0.02 -0.09 -0.06 -0.03 0.04 0.17 -0.18 0.10
© | FMP -0.04 -0.14 -0.03 -0.16 -0.02 -0.01 -0.50 0.09 -0.08
" CMI -2.03 -1.93 -1.60 -1.01 -0.26 -1.82 -31.86 | -0.95 -1.94
.é @ IS -0.55 -0.43 -1.97 0.53 0.38 -3.22 -8.06 -6.92 3.08
é é NFM | -0.57 0.39 -1.19 0.34 -0.02 -0.06 -0.01 -1.13 -0.66
a FMP | 0.08 -0.07 -0.14 -0.02 -0.01 -1.15 -21.54 | -1.02 -0.59

Source: authors’ compilation. Results are rounded to two decimal points. “AUS” stands
for Australia; “NZL” for New Zealand; “CHN” for the People’s Republic of China; “JPN”
for Japan; “KOR” for South Korea; “HKG” for Hong-Kong SAR; “MNG” for Mongolia;
“IND” for India; “RUS” for the Russian Federation. We do not include results for North
Korea, the Republic of China or Macao SAR as these regions are aggregated together in
GTAP as “Rest of East Asia”.

4.3 Change in export destination for selected major Asian economies

We saw in previous sections that CBAM is expected to reduce exports for the
majority of Asian economies, but our aggregate measures do not provide
details on the change in composition of exports. While it is natural to expect
that exports towards the EU might fall, it is also possible that exports towards
other destinations might rebound. In this section, we provide a detailed
analysis on the export composition for four selected Asian economies: China,
India, Japan and South Korea. Figure 3 plots the change in exports on the
world map, for each of the sector in the analysis. A striking feature of these
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maps 1is that, regardless of the sector, we observe a clear difference in the
magnitude of the change in exports between developed (Japan, South Korea)
and developing economies (China, India), where the latter ones see larger
changes in the composition of their exports.

Regardless of the sector, China and India are expected to reduce their exports
to the EU31, with the largest change coming from the iron and steel and
chemical sectors, respectively. India, in particular, is most affected, and this
could stem from the relatively larger certificate price faced by the country, as
illustrated by Figure 2. We observe a rebound in exports towards the
Americas and Africa for iron and steel and chemical products. New trading
routes for non-ferrous metal and metal products are not as clear, though the
magnitude of change is smaller as well. On the other hand, we observe a
rebound in Japanese and Korean exports towards the EU for iron and steel,
a fact we attribute to lower certificate price thanks to the low intensity of
production in these countries. In this sense, CBAM 1is giving developed
economies a new form of comparative advantage, and might widen the
North/South gap. We do not observe much change in exports for the remaining
three sectors. In general, the effect of CBAM is expected to be minimal for
metal products, reflecting the low level of certificate price. This particular
finding could imply that downstream products would not be as affected by
CBAM, given their low emission intensity of production. However, this result
must be interpreted carefully, as our model assumes perfect separability of
each sector, and does not consider changes in the value chain.

Figure 3. Change in export destination for China, India, Japan and South

Korea (ETS price: 87 USD/tCO2)
3A. Chemical products
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4.4 Calculation of emissions resulting from CBAM

Finally, we discuss the results of our simulation regarding the total amount
of emission reduction attributed to CBAM. While we showed the percentage
change in emissions from our simulation, we present the total emissions
attributed to CBAM in levels in Table 5. For clarity, we add both emission
from production and emission from trade (shipping activities) together in the
table. Globally, CBAM is expected to reduce emission, though the majority of
this reduction would come from shipping activities. We estimate this
reduction to be around 770MtCO2, had the policy been introduced in 2014.
73% of which would be coming from a decrease in emission from shipping
activities and trade (reduction of exports, or exporting towards closer
destination). While we do observe some rebound in emission from the
production (chemicals, non-ferrous metal), they are generally offset by
emission from trade, except in the case of the EU, Africa, the Middle East and
Central Asia. The largest emission reduction is from the iron and steel sector
(-693.18MtCOg), then from the chemical sector (-131.92MtCO2). The largest
reduction comes from the Asia and the Pacific region (-767.90MtCOs), which
1s not surprising considering that the region includes some of the world’s
largest economies (China, India, Japan, South Korea, Australia, among
others). Overall, the EU31 sees the largest rebound in emission from
production (+585.61MtCOs), owing to the iron and steel sector, followed by
the chemical sector. The Middle East (+62MtCOs), Africa (+57MtCO2) and
North America (+33MtCOs) also experience a rebound in emission from
production, though the magnitude of this rebound is far smaller than that of
the EU31, and mostly coming from the chemicals or the non-ferrous metal
sectors. In fact, the EU31 (and North America, to an extent) are the only
regions to experience a rebound in emission from iron and steel production.

Table 5. Emissions attributed to CBAM (ETS price: 87 USD/tCO2)

CBAM 87 CMI IS NFM FMP Total

Unit: Mt CO, Prod. Trade Prod. Trade Prod. Trade Prod. Trade Prod. Trade

Asiaand the  -128.14 -90.00 -533.76 -10.00 -2.12 -0.30 -3.58 0.00 -667.60  -100.30

Pacific -218.14 -543.76 242 -3.58 -767.90

Southeast -6.60 -10.00 -12.18 -1.90 0.62 -0.06 -0.37 0.00 -18.52 -11.96

Asia -16.60 -14.08 0.57 -0.37 -30.48

South Asia -7.26 -9.00 -216.21 -11.00 3.08 -0.06 2,72 -0.02 -223.10 -20.08
-16.26 -227.21 3.03 -2.74 -243.18

North 25.70 -70.00 7.40 -8.00 0.22 0.10 -0.60 -0.10 32.71 -78.20

America -44.30 -0.60 0.12 -0.70 -45.49
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South 6.63 -7.00 -7.32 -3.00 7.03 -0.10 0.04 0.00 6.38 -10.10
America -0.37 -10.32 6.93 0.04 -3.72
EU31 191.77 -220.00 374.93 -63.00 15.78 -0.90 3.13 -0.20 585.61 -284.10
-28.23 311.93 14.88 293 301.51
Rest of 84.15 -30.00 -144.37 16.00 3.34 -0.30 0.39 -0.01 -56.49 -14.31
Europe 54.15 -128.37 3.04 0.38 -70.80
Central Asia 43.62 -6.00 -24.71 -1.70 -2.01 0.06 0.02 0.00 16.85 -7.64
37.62 -26.47 -1.95 0.01 9.21
Middle East 69.68 -20.00 -17.97 -4.00 10.72 -0.10 -0.21 -0.01 62.22 -24.11
49.68 -21.97 10.62 -0.21 38.12
Africa 62.53 -12.00 -30.75 -1.60 24.19 -0.10 0.56 -0.01 56.54 -13.71
50.53 -32.35 24.09 0.56 42.83
Total 342.1 -474.0 -605.0 -88.2 60.9 -2.0 -33 -0.3 -205.4 -564.5
(World) -131.92 -693.18 58.90 -3.70 -769.90

Source: authors’ compilation. Emissions attributed to CBAM are calculated by
subtracting baseline emissions from counterfactual emissions. “Prod.” stands for
“production”.

We have several reasons to believe that emissions calculated in this section
may be overestimated. The International Maritime Organization (IMO)
estimates global emissions from shipping to be around 964 MtCOz for the year
2014 (IMO, 2020). Our estimate implies that the introduction of CBAM would
result in a 58.55% decrease in emission from transportation. Although we
cannot entirely compare the IMO figure with our estimate!2, the emissions
reduction we calculated is still relatively large. Mundaca et al. (2021) show
that the introduction of a USD40 carbon tax on emission shipping would
result in a decrease of 7.65% of global emissions, relative to BAU. In contrast,
our estimate represents roughly 1.67% of global emissions a figure closer to
Korpar et al. (2023) who estimated global emission decrease around 0.25% at
most.13

As we discussed in section 3.3, the fact that we only consider maritime
transport, coupled with a limited number of maritime ports, means that we
are probably not optimizing the shipping routes. Another potential source of
overestimation comes from the assumption of perfect separability of each
sector during the estimation of structural gravity. Given that we are
considering basic material products such as iron, steel, aluminum and

12 TMO only estimates emissions from maritime transport while we also account for
emission that occur during road transportation, as well as trade between landlocked
countries.

13 World Bank estimates total greenhouse gas emission in 2014 to be 46,235 Mt of
COge.
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plastics, it is likely that their demand is intertwined and that, a change in
trade for a given sector might affect another. In this sense, simply adding the
change 1n emissions from each sector separately might lead to an
overestimation of emission change overall.

5. Conclusion

Loss of industrial competitiveness is a growing concern among economies that
are considering the implementation of carbon pricing. While many countries
have introduced some form of carbon taxation or cap-and-trade, the
discrepancy in tax rate could still promote industrial relocation to countries
with relatively low carbon pricing. Carbon leakage fears are thus coming back
in the public debate, especially among developed countries. Chief among them,
the EU proposed a CBAM to tackle carbon leakage at its border in July 2021,
and the policy is set to be implemented in October 2023. Criticized as a form
of climate protectionism by middle-income economies, the policy is highly
controversial and could lead to trade war.

In this paper, we simulated the introduction of the EU CBAM through an ex-
ante policy evaluation. Using trade and emission data from 2014, we apply a
structural gravity model to determine the policy’s potential impact on trade,
welfare, production and emissions. Our findings show that CBAM 1is expected
to have a small impact on welfare, regardless of the region. On the other hand,
we find that the policy is expected to reduce exports, with a global decrease
between -0.29% (metal products) and -1.49% (iron and steel). South Asia and
Central Asia showing the largest loss in exports, estimated around -10.52%
for South Asian crude iron and steel and around -7.03%for Central Asian
chemicals. This particular result seems to confirm that CBAM would be a
protectionist policy. We observe a rebound in production among EU countries,
estimated between 1.31% (non-ferrous metal) to 5.24% (iron and steel), with
a rebound in emissions from production of similar magnitude. Our results
show large differences in vulnerability to this policy depending on the level of
development, and this is exemplified by our case studies of the Asia and the
Pacific regions. Middle-income economies would be especially affected by
CBAM, with larger decrease in exports, production and emissions. Thus, our
study suggests that this policy may contribute to the creation of a ‘carbon club’
and might widen global inequalities between countries. One of our main
findings, however, highlights that this rebound in production emission is
offset by the large decrease in emission from shipping, mostly due to the fall
in exports. Overall, we estimate that, if CBAM been introduced in 2014,
770MtCOz2 could have been avoided, and that 73% of which are emission from
shipping activities. Though we probably overestimate such emission
reduction to approximations in calculating sea distances, we can still conclude
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that CBAM is an effective policy to reduce CO2 emissions globally, although
such reduction is mostly due to the decrease in exports.

Our study suffers from several limitations. First, one must interpret these
results cautiously: we probably overestimate changes in emission from
shipping, as we might overestimate sea distance, and we ignore several
transportation modes (train or plane), for simplicity. Thus, our estimate of
emission reduction from CBAM can be seen as an upper bound. A second
shortcoming from this study comes from the assumption of perfect
separability of each sector: it is likely that changes in the demand for crude
iron and steel might also affect the demand for aluminum or metal products,
or even plastics (chemicals). Hence, we might be underestimating the changes
in export and production in this study. Finally, given that CBAM results in a
reduction of exports, it is possible that other countries may want to implement
similar import tax for EU products, as a form of retaliation. We leave the
modeling of potential trade wars to future studies.
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8. Appendix

A. Regional classification

East South- South North South EU31 Rest of  Central Middle Africa
Asia east Asia Ame- Amer- Europe Asia East
and Asia rica ica
Oceania
AUS BRN BGD CAN ARG AUT LVA CHE KAZ BHR EGY ETH
NZL KHM IND USA BOL BEL LTU ALB KGZ IRN MAR KEN
XOC IDN NPL MEX BRA BGR LUX BLR TIK ISR TUN MDG
CHN LAO PAK XNA CHL HRV MLT RUS XSU JOR XNF MWI
HKG MYS LKA CRI COL CYP NLD UKR ARM KWT BEN MUS
JPN PHL XSA GTM ECU CZE POL XEE AZE OMN BFA MOZ
KOR SGP HND PRY DNK PRT XER GEO QAT CMR RWA
MNG THA NIC PER EST ROU SAU CIV TZA
XEA VNM PAN URY FIN SVK TUR GHA UGA
XSE SLV VEN FRA SVN ARE GIN ZMB
XCA XSM DEU ESP XWS NGA ZWE
DOM GRC SWE SEN XEC
JAM HUN GBR TGO BWA
TTO IRL NOR XWF NAM
XCB ITA XEF XCF ZAF
XAC XSC
B. List of countries and territories
ALB CMR HRV MDG QAT VNM
ARE COL HUN MEX ROU XAC
ARG CRI IDN MLT RUS XCA
ARM CYP IND MNG RWA XCB
AUS CZE IRL MOZ SAU XCF
AUT DEU IRN MUS SEN XEA
AZE DNK ISR MWI SGP XEC
BEL DOM ITA MYS SLV XEE
BEN ECU JAM NAM SVK XEF
BFA EGY JOR NGA SVN XER
BGD ESP JPN NIC SWE XNA
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BOL
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BWA
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CHL
CHN
CIv

EST KAZ NLD TGO XNF
ETH KEN NOR THA XOC
FIN KGz NPL TIK XSA
FRA KHM NZL TTO XSC

GBR KOR OMN TUN XSE

GEO KWT PAK TUR XSM
GHA LAO PAN TZA XSU
GIN LKA PER UGA XWF
GRC LTU PHL UKR XWS
GTM LUX POL URY ZAF

HKG LVA PRT USA ZMB
HND MAR PRY VEN ZWE

Regional classification is based on GTAP 10. We exclude XTW (Rest of the World) from the

analysis. XTW includes Antarctica, Bouvet Island, British Indian Ocean Territories, French

Southern Territories.

C. Dataset construction

Since we are combining data from several different database, this section
provides details on the construction of our dataset. We construct a database
comprising 138 countries or regions for each of the four sectors of interest,
based on the classification of GTAP10 database. Summary statistics for our
dataset are presented in Table C1.

Table C1. Summary statistics

Data source Variable Mean Standard Deviation Minimum Maximum
CEPII’s BACI  Xjj (chemicals) 131.4 1,017.17 0 38,646
database ; Xj; (iron and steel) 28.82 230.22 0 10,253
GTAP10 Xj; (non-ferrous metal) 48.54 570.78 0 47,621
(domestic
. Xjj (metal producs) 21.83 210.42 0 16,139
consumption)
Distance 7,552 4,303 59.62 19,812
Contiguity 0.02 0.14 0 1

Common official

CEPII’s gravity 0.11 0.32 0 1
language
database .
Common colonizer 0.08 0.27 0 1
Colonial relationship
0.01 0.09 0 1
after 1945
Mario Larch's )
. Regional Trade
Regional Trade 0.28 0.45 0 1
Agreements
Agreements
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Database

Maximum MFN duty
. 2.2 8.05 0 60
(chemicals)
Maximum MFN duty
. . 1.78 6.19 0 30
WTO tariff (iron and steel)
database Maximum MFN duty
1.81 6.3 0 30
(non-ferrous metals)
Maximum MFN duty
2.2 8.03 0 60

(metal products)

Source: authors’ compilation.

First, we identify the corresponding GTAP sector for each of the data provided
at the HS6-digit level (trade, MFN tariff) using concordance tables provided
by GTAP.1* We then aggregate the data accordingly. Specifically, we take the
maximum value for the tariff line instead of summing up all values as we do
for trade.

Second, we repeat this operation for regions for which GTAP does not offer
data at the country level. Once again, we use the regional definition offered
by GTAP15. Specifically, we exclude the “Rest of the World” from the analysis.
This region includes Antarctica, Bouvet Island, British Indian Ocean
Territory and French Southern Territories. When aggregating regions or
territories containing more than one country together, we sum their trade
values. We take the regional average for the gravity variables (distance, sea
distance and trade facilitating dummy variables) and carbon pricing. In the
case of dummy variables, we round up the average to 0 or 1, using the same
method as Larch and Wanner (2017).

Finally, we present the baseline results of the gravity model in Table C2.

Table C2 - Baseline results

Chemicals Iron and Steel Non-ferrous Metal products
metal
Distance between capitals -0.74%** -0.83%** -0.22%* -0.74%**
(log) (0.04) (0.04) (0.11) (0.05)
0.40%** 0.42%** 0.74%** 0.62%**
Contiguity
(0.09) (0.12) (0.25) (0.12)
Common official 0.33%** 0.35%** 0.89%** 0.40%**
language (0.09) (0.11) (0.17) (0.10)
0.87*** 1.00*** 0.92%** 1.24%%*
Common colonizer
(0.10) (0.12) (0.15) (0.10)

14 https!//www.gtap.agecon.purdue.edu/resources/res display.asp?RecordID=5111
15 https!//www.gtap.agecon.purdue.edu/databases/regions.aspx?version=10.131

32


https://www.gtap.agecon.purdue.edu/resources/res_display.asp?RecordID=5111
https://www.gtap.agecon.purdue.edu/databases/regions.aspx?version=10.131

Colonial relationship after 1.29%** 1.47*** [ I1%** 1.64%%*
1945 (0.11) (0.13) (0.17) (0.10)
Regional Trade 0.49%** 0.89*** 0.79*** 0.60%**
Agreement (0.08) (0.08) (0.16) (0.09)
Maximum MFN duty -0.14%** -0.16%** -0.17%** -0.15%**
(international trade flows) (0.01) (0.01) (0.02) (0.01)

13.72%** 13.15%%* 8.3 7 x* 11.76%***
Constant

(0.35) (0.40) (1.02) (0.43)

Number of observations 19,044 19,044 19,044 19,044
Pseudo R-squared 0.98 0.99 0.95 0.99

Source: authors’ compilation. Estimates of PPML, rounded to two decimals. Standard

errors are clustered at the country pairs.

Uge?) deske?  Cofosdede?
’

ki

indicates significance at 10%.

5% and 1% level, respectively. Square matrix employed (missing trade flows are replaced

as zero). Intra-national (domestic consumption) flows are included.

D. Sensitivity analysis: results of scenario CBAM64

D1. Global Results

Unit APAC SEA SAS CAS ME EU31 ROE | NAM | SAM AFR WLD
percentage
CMI -0.01 | 0.00 | 0.07 | 0.01 | -0.18 | -0.16 | -0.09 | -0.04 | 0.00 | 0.00 | -0.06
§ % IS -0.01 | 0.12 | 0.19 | 0.07 | 0.06 | -0.44 | -1.44 | -0.05 | 0.03 | 0.05 | -0.14
E 2 NFM -0.10 | -0.04 | -0.01 | -0.14 | -0.02 | -0.06 | -0.06 | 0.19 | -0.10 | -0.13 | -0.05
- FMP 0.00 | 0.01 | 0.01 [ 0.00 | 0.00 | -0.02 | -0.02 | 0.00 | 0.00 | 0.01 | 0.00
- CMI -0.13 | -0.07 | -0.07 | 1.67 | 0.37 | 1.18 | 0.77 | 0.11 | 0.04 | 0.62 | 0.27
% IS -0.44 | -0.39 | -0.67 | -0.98 | -0.09 | 4.06 | -0.92 | 0.10 | -0.11 | -0.41 | 0.21
é NFM 0.00 | 0.05 | 0.13 | -0.15 | 0.26 | 098 | 0.16 | 0.02 | 0.16 | 12.26 | 0.61
= FMP -0.05 | -0.04 | -0.13 | 0.06 | 0.01 | 0.25 | 0.12 | -0.02 | 0.00 | 0.04 | 0.03
CMI -0.86 | -0.58 | -1.59 | -5.98 | -1.58 | -0.58 | -1.47 | -0.74 | -0.91 | -3.83 | -0.84
§ IS -0.52 | -1.35 | -9.28 | -3.47 | -1.71 | -1.01 | -1.53 | -0.81 | -1.69 | -2.54 | -1.21
E NFM -0.21 | -0.18 | -0.87 | -0.31 | -0.55 | -0.62 | -0.12 | -0.13 | -0.44 | -0.38 | -0.34
FMP -0.14 | -0.14 | -1.19 | -1.32 | -0.21 | -0.25 | -0.29 | -0.13 | -0.14 | -0.83 | -0.21
L= | CMI -0.14 | -0.08 | -0.08 | 443 | 033 | 1.26 | 1.46 | 0.12 | 0.08 | 1.76 | 0.19
§ '% IS -0.46 | -0.42 | -0.67 | -0.72 | -0.28 | 4.01 | -1.27 | 0.08 | -0.08 | -0.76 | -0.30
E E NFM -0.01 | 0.05 | 0.20 | -0.27 | 0.57 | 0.83 | 1.05 | 0.01 | 0.33 | 2.13 | 0.22
~| FMP -0.05 | -0.04 | -0.13 | 0.01 | -0.02 | 0.24 | 0.11 | -0.02 | 0.01 | 0.08 | -0.02
. CMI -0.95 | -0.55 | -0.76 | -4.82 | -0.95 | -2.11 | -1.27 | -0.59 | -1.04 | -3.17 | -1.19
§ Z|IS -0.63 | -1.79 | -6.03 | -1.32 | -1.84 | -5.50 | 1.96 | -0.65 | -1.16 | -1.37 | -1.54
'E é NFM -0.39 | -0.52 | -0.98 | 0.89 | -0.49 | -1.44 | -0.50 | -0.09 | -0.19 | -0.19 | -0.45
FMP -0.09 | -0.09 | -0.74 | -1.01 | -0.22 | -0.69 | -0.38 | -0.09 | -0.20 | -0.91 | -0.26

Source: authors’ compilation. Results are rounded to two decimal points. “APAC” stands
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for Asia and the Pacific; “SEA” for Southeast Asia; “SAS” for South Asia; “CAS” for
Central Asia; “ME” for Middle East; “€U31” for the 31 countries implementing CBAM
(EU and remaining EFTA); “ROE” for Rest for Europe; “NAM” for North America; “SAM”
for South America; “AFR” for Africa, “WLD” for World.

D2. Results for APAC countries

Unit: percentage | AUS NZL CHN JPN KOR | HKG | MNG |IND RUS
CMI -0.01 -0.02 -0.01 -0.03 -0.03 0.03 0.05 -0.02 -0.24
g IS 0.01 -0.01 -0.03 -0.04 -0.01 0.04 0.28 -0.19 -0.41
§ NFM -0.25 -0.02 0.00 0.01 0.00 0.00 -0.02 0.00 0.07
FMP 0.00 0.00 -0.01 0.00 0.00 0.01 0.02 -0.02 -0.01
= CMI 0.19 0.17 -0.17 0.00 -0.06 0.18 1.13 -0.06 1.52
'*;9, IS -0.15 -0.08 -0.48 -0.39 -0.32 0.83 -2.61 -0.67 -1.06
é NFM -0.03 -0.02 -0.06 -0.04 -0.02 0.05 2.66 -0.13 0.10
. FMP -0.01 -0.07 -0.02 -0.12 -0.02 -0.02 61.39 0.15 -0.04
CMI -1.43 -1.21 -1.15 -0.72 -0.37 -1.15 | -23.25 | -1.56 -5.89
‘g IS -0.87 -0.75 -1.08 0.02 -0.19 -1.79 -4.98 -9.54 -1.26
E NFM -0.19 -0.02 -0.62 0.16 -0.12 -0.06 0.00 -0.77 0.25
FMP 0.01 -0.06 -0.14 -0.08 -0.09 -0.67 | -16.45 | -1.23 -0.84
. CMI 0.13 0.14 -0.17 0.00 -0.06 0.05 0.11 -0.05 1.34
% é« IS -0.13 -0.07 -0.50 -0.44 -0.33 0.26 -0.52 -0.67 -1.38
Qg g NFM -0.03 -0.02 -0.07 -0.05 -0.02 0.03 0.17 -0.14 0.07
© | FMP -0.03 -0.10 -0.02 -0.12 -0.01 -0.01 -0.32 0.07 -0.07
" CMI -1.51 -1.42 -1.19 -0.74 -0.20 -1.36 | -26.57 | -0.70 -1.48
.§ @ IS -0.45 -0.35 -1.50 0.40 0.31 -2.64 -6.86 -6.14 2.24
é é NFM -0.44 0.29 -0.88 0.27 -0.01 -0.04 0.00 -0.85 -0.49
a FMP 0.06 -0.05 -0.11 -0.01 -0.01 -0.85 | -20.08 | -0.76 -0.44

Source: authors’ compilation. Results are rounded to two decimal points. “AUS” stands
for Australia; “NZL” for New Zealand; “CHN” for the People’s Republic of China; “JPN”
for Japan; “KOR” for South Korea; “HKG” for Hong-Kong SAR; “MNG” for Mongolia;
“IND” for India; “RUS” for the Russian Federation. We do not include results for North
Korea, the Republic of China or Macao SAR as these regions are aggregated together in
GTAP as “Rest of East Asia”.

E. Sensitivity analysis: results of scenario CBAM109

E1l. Global Results

Unit:

APAC SEA SAS CAS ME EU31 ROE NAM | SAM AFR WLD
percentage
. § CMI | -0.01 | 0.01 0.10 | 0.02 | -0.27 | -0.26 | -0.14 | -0.06 | 0.00 | 0.00 | -0.09
=& IS -0.02 | 0.20 | 0.26 | 0.07 | 0.09 | -0.65 | -2.09 | -0.05 | 0.05 | 0.06 | -0.20
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NFM | -0.20 | -0.07 | -0.02 | -0.22 | -0.02 | -0.10 | -0.10 | 0.31 | -0.17 | -0.22 | -0.09
FMP | -0.01 | 0.02 | 0.02 | 0.01 | 0.00 | -0.03 | -0.03 | 0.00 | 0.00 | 0.01 | 0.00
- CMI | -0.21 | -0.12 | -0.11 | 2.13 | 0.57 | 1.93 | 1.24 | 0.18 | 0.05 | 0.97 | 0.44
% IS -0.72 | -0.65 | -0.88 | -1.63 | -0.13 | 6.27 | -1.40 | 0.12 | -0.24 | -0.68 | 0.30
é NFM | -0.02 | 0.05 | 0.20 | -0.24 | 042 | 1.61 | 0.26 | 0.01 | 0.19 | 12.33 | 0.71
= FMP | -0.09 | -0.07 | -0.22 | 0.09 | 0.02 | 0.41 | 0.20 | -0.04 | 0.00 | 0.06 | 0.06
CMI | -143 | -098 | -2.61 | -7.87 | -2.41 | -0.92 | -2.32 | -1.25 | -1.49 | -6.00 | -1.35
% IS -0.81 | -2.06 | -11.27 | -4.38 | -2.69 | -1.36 | -2.43 | -1.30 | -2.75 | -3.78 | -1.72
E NFM | -0.35 | -0.29 | -1.40 | -0.48 | -0.87 | -1.00 | -0.19 | -0.23 | -0.68 | -0.62 | -0.56
FMP | -0.23 | -0.24 | -1.97 | -2.10 | -0.35 | -0.42 | -049 | -0.22 | -0.23 | -1.32 | -0.36
L= | CMI -0.23 | -0.12 | -0.13 | 496 | 0.48 | 2.06 | 231 | 0.18 | 0.13 | 2.65 | 0.29
§ '«% IS -0.75 | -0.71 | -0.88 | -1.30 | -0.41 | 6.18 | -1.92 | 0.09 | -0.21 | -1.26 | -0.46
g E NFM | -0.02 | 0.06 | 033 | -042 | 0.83 | 135 | 1.73 | 0.01 | 0.48 | 2.25 | 0.29
~ | FMP | -0.09 | -0.07 | -0.22 | 0.01 | -0.04 | 0.41 | 0.19 | -0.04 | 0.01 | 0.10 | -0.04
. CMI | -1.58 | -0.94 | -1.27 | -6.27 | -1.47 | -2.80 | -2.03 | -0.98 | -1.69 | -4.96 | -1.93
.§ Z |IS -1.03 | -2.77 | -7.27 | 222 | -2.82 | -8.12 | 3.36 | -1.02 | -1.76 | -1.94 | -2.22
E é NFM | -0.65 | -0.84 | -1.57 | 1.42 | -0.79 | -2.34 | -0.82 | -0.14 | -0.31 | -0.31 | -0.73
FMP | -0.16 | -0.16 | -1.22 | -1.60 | -0.35 | -1.17 | -0.64 | -0.16 | -0.32 | -1.47 | -0.43

Source: authors’ compilation. Results are rounded to two decimal points. “APAC” stands
for Asia and the Pacific; “SEA” for Southeast Asia; “SAS” for South Asia; “CAS” for
Central Asia; “ME” for Middle East; “EU31” for the 31 countries implementing CBAM
(EU and remaining EFTA); “ROE” for Rest for Europe; “NAM” for North America; “SAM”
for South America; “AFR” for Africa, “WLD” for World.

E2. Results for APAC countries

Unit: percentage | AUS NZL CHN JPN KOR HKG MNG | IND RUS

CMI -0.02 -0.04 -0.02 -0.06 -0.05 0.05 0.08 -0.06 -0.38

§ IS 0.02 -0.01 -0.05 -0.06 -0.01 0.08 0.45 -0.23 -0.68
§ NFM -0.40 -0.03 0.00 0.01 0.00 0.01 -0.29 0.00 0.12
FMP 0.01 0.00 -0.02 0.00 -0.01 0.01 0.04 -0.03 -0.02

- CMI 0.30 0.29 -0.28 0.00 -0.10 0.28 1.26 -0.08 2.40
'% IS -0.25 -0.16 -0.78 -0.62 -0.52 0.97 -4.28 -0.88 -1.67
'g NFM -0.05 -0.03 -0.10 -0.08 -0.03 0.07 2.59 -0.22 0.17
= FMP -0.02 -0.12 -0.04 -0.19 -0.03 -0.04 61.39 0.25 -0.06
CMI -2.38 -2.05 -1.90 -1.21 -0.59 -1.89 | -31.25 | -2.58 -9.31

% IS -1.27 -1.16 -1.68 0.02 -0.29 -2.59 -6.43 | -11.56 | -2.24
E NFM -0.30 -0.03 -1.04 0.25 -0.19 -0.10 -0.02 -1.24 0.40
FMP 0.02 -0.11 -0.24 -0.14 -0.15 -1.12 | -18.25 | -2.03 -1.41

§ & CMI 0.20 0.24 -0.28 0.00 -0.11 0.09 0.12 -0.08 2.12
g 2 IS -0.23 -0.14 -0.81 -0.69 -0.54 0.31 -0.86 -0.89 -2.15
8 3 NFM -0.04 -0.03 -0.11 -0.08 -0.04 0.05 0.17 -0.23 0.13
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FMP -0.05 -0.17 -0.04 -0.19 -0.02 -0.02 -0.70 0.12 -0.10
" CMI -2.52 -2.41 -1.98 -1.27 -0.32 -2.25 | -35.64 | -1.19 -2.34
.§ @ IS -0.64 -0.50 -2.39 0.64 0.43 -3.66 -8.88 -7.38 3.86
é é NFM -0.70 0.47 -1.49 0.41 -0.03 -0.07 -0.02 -1.39 -0.81
a FMP 0.10 -0.09 -0.18 -0.03 -0.01 -1.43 | -22.22 | -1.25 -0.73

Source: authors’ compilation. Results are rounded to two decimal points. “AUS” stands
for Australia; “NZL” for New Zealand; “CHN” for the People’s Republic of China; “JPN”
for Japan; “KOR” for South Korea; “HKG” for Hong-Kong SAR; “MNG” for Mongolia;
“IND” for India; “RUS” for the Russian Federation. We do not include results for North
Korea, the Republic of China or Macao SAR as these regions are aggregated together in
GTAP as “Rest of East Asia”.
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