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Abstract: The implementation of the Carbon Border Adjustment Mechanism (CBAM) carries
profound implications for China’s export trade with the EU. However, a comprehensive analysis
of CBAM’s impact on provincial export trade, particularly one grounded in industrial linkages
and incorporating diverse policy scenarios, remains limited. To address this gap, this study
develops a mechanistic framework based on industrial linkage theory and dynamically inte-
grates key factors such as the scope of industries covered by CBAM, carbon emission accounting
boundaries, and carbon pricing into a multi-scenario quantitative model. Leveraging a refined
multi-region input-output (MRIO) model, we quantitatively assess the effects of CBAM on
China’s provincial exports to the EU under various scenarios. The findings show that CBAM
significantly raises export costs, leading to a pronounced decline in the competitiveness of five
highly vulnerable industries. As CBAM expands to include sectors covered by the EU Emissions
Trading System (EU ETS), the total levies on affected industries increase considerably, ranging
from USD 0.07 billion to USD 2.25 billion depending on the scenario. Conversely, seven provin-
cial industries, such as the chemical industry in Shanxi, experience only limited impacts due to
their low direct carbon intensity and minimal overall increases in carbon tariffs. Then, the study
underscores the pivotal role of China’s domestic carbon pricing mechanism in mitigating the
effects of CBAM. Higher domestic carbon prices enhance China’s capacity to respond effectively,
thereby reducing the overall impact of the mechanism. By adopting an inter-industry linkage
perspective, this study provides new insights into assessing the multidimensional impacts of
CBAM on China’s exports to the EU across provinces under different policy design scenarios,
providing lessons for different categories of provinces on how to cope with CBAM.

Keywords: Carbon Border Adjustment Mechanism; provincial-level vulnerabilities; China-EU
trade; quantitative assessment; multi-regional inputs and outputs model
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1. Introduction

In order to mitigate the risk of carbon leakage and safeguard the competitiveness of
domestic industries, the EU formally proposed and adopted the Carbon Border Adjustment
Mechanism (CBAM) bill [1]. The bill stipulates that CBAM will be implemented on a trial
basis from 2023 to 2025 and will become effective in 2026. It will be applicable to six major
industries: iron and steel, aluminum, fertilizers, cement, electricity, and hydrogen. The
carbon price differential between the two countries serves as the tax base.

However, the implementation of CBAM will have an impact on the exports of the
EU’s trading partners. Small developing countries, such as Mozambique, which have a
high share of high-carbon products in their exports, and major suppliers of industries
related to CBAM, such as China, are found to have a greater impact on their exports to
the EU. In addition, some developed countries that enjoy carbon price exemptions or
mainly import high-carbon products will benefit from CBAM [2-6]. China is the EU’s
second-largest trading partner and the largest source of implied carbon emissions from
imported goods [7]. Therefore, it is very important to quantify the impact of CBAM on
China’s exports to the EU under different policy designs.

The extant literature is largely in agreement that CBAM has a deleterious effect on
China’s export trade [8,9]. Zhai and Wu [10] posit that should the EU implement CBAM, it
would have a significant adverse impact on the exports of China’s carbon-intensive indus-
tries. Xu and Li [11] posit that should the EU implement a CBAM of USD 60/tonne, exports
to the EU from China’s CBAM-involved industries will incur an additional USD 0.65 billion
in export costs on an annual basis. Among them, CBAM has more influence on the price
advantage of steel and aluminum and their downstream products [12-15]. Considering the
increasing number of industries involved in CBAM in the future, some scholars believe
that once CBAM covers steel and aluminum extension industries, the export cost of related
products will increase significantly, which will weaken their competitiveness in the EU
market [16-19].

Furthermore, in order to accurately assess the economic impact of CBAM on countries
outside the region under different policy backgrounds and identify optimal coping strate-
gies, the extant literature employs a multi-scenario quantitative evaluation methodology for
research purposes. Zhong and Pei [20] examine the carbon pricing response of exporting
countries by taxing the implied carbon emissions of industries participating in the EU
Emissions Trading System (EU ETS) under varying CBAM prices. Morsdorf [21] does not
examine the impact of carbon pricing on exporting countries by assessing the taxation of
direct and indirect carbon emissions from industries participating in CBAM at varying
CBAM rates. Sun et al. [22] examine the carbon pricing response of an exporting country by
taxing direct and implied carbon emissions from industries involved in the EU ETS under
varying CBAM prices. Gu et al. [23] consider the carbon pricing response of exporting
countries by taxing direct emissions from industries covered by CBAM under different
CBAM prices. In contrast, Bellora and Fontagné [24] do not consider the carbon pricing
response of exporting countries by taxing direct emissions from industries covered by the
EU ETS under different CBAM prices.

Overall, while existing studies have examined CBAM from various perspectives and
enhanced our understanding of its economic impacts on non-EU countries, certain limi-
tations remain. First, the mechanisms through which CBAM affects the export trade of
industries in different provinces of China, particularly from the perspective of systemic
inter-industry linkages, have not been thoroughly explored. Second, there is a relative
scarcity of provincial-level research, and quantitative analyses addressing the heteroge-
neous impacts of CBAM on provincial exports through inter-industry connections are
lacking. Third, limited attention has been paid to the dynamic interplay of key factors such
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as carbon emission scopes, industry coverage, and CBAM pricing. This has hindered a
comprehensive identification of CBAM’s effects on export trade to the EU, and few studies
have considered the optimization of carbon pricing mechanisms as a strategic response
to CBAM.

To address these gaps, this study makes several contributions. It integrates input—
output theory and the trade deterioration effect to develop a new framework for analyzing
the impact mechanisms of CBAM on China’s export trade, emphasizing inter-provincial
industrial linkages. By employing an input-output model, the research investigates the
heterogeneity of CBAM'’s effects on export costs and competitiveness across provinces,
taking into account variations in inter-industry connections. This approach identifies the
provinces and industries most affected by declines in competitiveness and export profits
due to CBAM. Additionally, the study dynamically incorporates three critical factors—the
scope of industries covered by CBAM, carbon emission accounting boundaries, and carbon
pricing—into a multi-scenario simulation framework. This enables a more comprehensive
assessment of the potential impacts of the current CBAM policy on China—-Europe trade,
as well as its implications under possible future scenarios, such as increases in carbon
pricing, expansions in sectoral coverage, or changes to carbon accounting boundaries.
By doing so, the study provides a clearer distinction between short-term and long-term
impacts. Furthermore, it evaluates the effectiveness of adopting a more robust carbon
pricing mechanism as a response to CBAM and compares the increases in carbon tariff rates
and revenues under different scenarios. Through this comprehensive approach, the study
assesses the multidimensional impacts of CBAM on China’s provincial exports to the EU
across various policy scenarios.

The remainder of the paper is organized as follows. Section 2 describes the mechanism
of CBAM’s impact on Chinese provincial industries” exports to the EU. The third section
describes the data, model construction, and the design of the multi-scenario quantitative
assessment. The fourth section presents the empirical results. Section 5 presents the
discussion, and Section 6 presents the conclusions and policy recommendations.

2. CBAM Impact Mechanisms on China’s Provincial Industries” Exports
to the EU

In accordance with the input-output-related theory, the impact mechanism of this
paper is designed as follows (see Figure 1): It is assumed that industries A, B, and C
represent the upstream and downstream industries of the same industrial chain and serve
as the pillar industries in provinces 1, 2, and 3, respectively. It should be noted that Industry
A is the CBAM-involved industry and would be directly impacted by CBAM. Therefore,
firstly, the realization path of Industry A being directly affected by CBAM is constructed.
Secondly, considering the correlation between industries, the implementation of CBAM
will lead to industries in the same industry chain being indirectly affected (e.g., by affecting
Industry A and then Industry B). On this basis, the single-layer industry-linked indirect
impact path and the multi-layer industry-linked indirect impact path are constructed.

The implementation of the CBAM has significant implications for Industry A, which
falls within the scope of CBAM-involved sectors. As a pillar industry in Province 1, the
introduction of CBAM increases the tax burden for Industry A on exports to the EU, thereby
altering its trade competitiveness in the EU market. If the trade competitiveness remains
relatively unchanged, Industry A’s export volume to the EU will either remain stable or
increase. However, as CBAM prices gradually rise, the competitive advantage of Industry
A in the EU market diminishes, prompting partial trade diversion as Industry A redirects
some of its market share to other countries. Consequently, its trade competitiveness
in the EU market declines, leading to a reduction in export volume [25,26]. If CBAM
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prices continue to escalate, the trade competitiveness of Industry A in the EU market will
eventually disappear, driving its export volume to the EU to zero.
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Figure 1. CBAM impact mechanisms on China’s provincial industries” exports to the EU.

Industry B, as the downstream sector of Industry A, is also affected by CBAM. Changes
in the trade competitiveness of Industry A in the EU market, driven by CBAM, have a
cascading effect on Industry B in Province 2 due to the interconnected nature of the indus-
tries. If Industry B’s trade competitiveness in the EU market remains largely unaffected, its
export volume to the EU will either remain stable or expand. However, as CBAM prices
increase, Industry B’s competitive advantage in the EU market narrows, leading to a partial
shift of its market share to other countries and resulting in trade diversion. This reduction
in competitiveness ultimately decreases Industry B’s export volume to the EU [27,28]. As
CBAM prices rise further, Industry B’s competitiveness in the EU market is completely
eroded, making exports to the EU unprofitable and leading to the cessation of its exports.

Industry C, as the downstream sector of Industry B, is similarly influenced by the
cascading effects of CBAM. The implementation of CBAM alters the trade competitiveness
of Industry A in Province 1 and Industry B in Province 2, which, in turn, affects the trade
competitiveness of Industry C in Province 3 within the EU market. If Industry C’s trade
competitiveness remains relatively stable, its export volume to the EU will either remain
unchanged or increase. However, as CBAM prices escalate, Industry C’s competitive
advantage in the EU market diminishes, prompting a partial shift of its market share to
other countries and leading to trade diversion. This decline in competitiveness reduces
Industry C’s export volume to the EU [29,30]. If CBAM prices continue to rise, Industry C’s
trade competitiveness in the EU market will disappear entirely, causing it to cease exports
to the EU.

3. Data and Models

3.1. Data Sources and Data Processing

In order to construct the Embedded Inter-Provincial Input-Output (EMIIO) table,
this paper uses the latest China Muti-Region Input-Output (CMRIO) table and World
Input-Output Table (WIOT). Among them, the 2017 CMRIO table comes from the China
Emission Accounts and Datasets (CEADs); in 2014, WIOT came from the World Input-
Output Database (WIOD); in 2017, the bilateral trade data at the provincial industry
level in China came from the Economy Prediction System (EPS); the carbon emission
data of China’s provinces and countries used for export carbon emission measurement
come from CEADs and environmental accounts published by Exiobase, respectively; and
EU import tariff data come from the Integrated Tariff of the European Union (TARIC)
database. Based on the purpose of the study, the data we selected represent the most
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recent and authoritative information currently available from publicly published sources,
covering multiple dimensions, with sufficient data volume and accurate data. Given the
relatively stable economic structures across provinces, the data and methods employed in
this research are sufficient to capture the impact of CBAM on the direction and structure of
export trade to the EU across various provincial industries.

The classification of industries is based on two principles: Firstly, it highlights the
industries that are directly affected by CBAM, i.e., the industries covered by CBAM (CBAM
covers three major industries: metal smelting and products, non-metallic mineral products,
and chemicals) and EU ETS (EU ETS covers nine major industries: extractive industries; the
textile and garment industry; the wood processing products industry; the paper, printing,
and stationery manufacturing industry; the food manufacturing and tobacco process-
ing industry; the petroleum processing industry; the coking and chemical industry; the
non-metallic mineral products industry; and the metal smelting and products industry).
Secondly, industries that may be indirectly affected by CBAM are categorized according
to their industrial linkages, which will be indirectly involved in international trade and
usually serve as upstream and downstream industries of related energy-intensive and
trade-exposed (EITE) industries (e.g., extractive industries and other service industries with
large carbon emissions transfer). Meanwhile, this paper summarizes the 42 industries into
18 industries based on the 2011 Standard Industrial Classification of the National Economy
(GB/T 4754-2011) and the International Standard Industrial Classification (ISIC Rev*4),
as well as referring to the industry classifications of the CMRIO table, WIOT, and other
databases (see Table 1). Restricted by the existing multi-region input—output table, indus-
try classification is relatively rough; this paper cannot highlight the six CBAM-involved
industries but can only categorize them into the broad categories to which they belong for
subsequent analysis.

Table 1. Industry match between the MRIO table and WIOT table.

MRIO-WIOT 18 GB/T MRIO-WIOT 18 GB/T
Sector 4754-2011 ISIC revd Sector 4754-2011 ISIC revd
Agriculture, forestry, .
1 animal husbandry,and  A01-A05 AO1-A03 10 Metalsmeltingand gy oy C24-C25
. - products industry
fisheries
Transportation
2 Extractive industry B06-B12 B05-B09 11 equipment C36-C37 C29-C30
manufacturing
3  Tedileanddothing 7 g C13-C15 12 High-tech C39-C40 26
industry manufacturing
4 Wood processing C20-C21 Cl6 13 Electricity and heat D44-D45 D35
products industry supply
Manufacture of paper, Water production,
5 printing, and C22-C24 C17-C18 14 collection, treatment, D46 E36
stationery and supply
Food manufacturing
6 and tobacco C13-C16 C10-C12 15 Building industry E47-E50 F41-F43
processing
Petroleum processin Iransportation,
7 PH & C25 C19 16 storage, and postal G53-G60 H49-H53
and coking .
services
8 Chemical industry C26-C29 C20-C22 17 Other manufacturing C34, etc. C27, etc.
9 Non-metallic mineral C30 C23 18 Other services F51, etc. E37, etc.

products industry
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Using country-level bilateral trade data from the UN Comtrade database, along with
industry-level data from the EPS database on China’s total exports to global economies,
we categorized the 43 countries in the WIOT table into 19 major regions. These regions
include the United Kingdom, Italy, the United States, France, Russia, Germany, the Nether-
lands, Australia, Poland, Japan, Spain, India, Belgium, Indonesia, South Korea, Mexico,
Canada, Brazil, and a collective group labeled as “the rest of the world”. This classification
encompasses the world’s leading economies, the top seven EU countries with which China
maintains the largest trade volumes (accounting for 80.2% of its total exports to the 27 EU
member states), as well as several developing nations, such as Russia, India, and Brazil,
which are expected to be more significantly impacted by CBAM.

3.2. Modeling
3.2.1. Construction of EMIIO Forms

In this paper, we refer to Meng [31] to construct the EMIIO table, using WIOT data as
the control volume. Taking two countries, two regions, and two sectors as examples, the
EMIIO table intermediate flows, end uses, and value added are calculated as follows:

xd’?
£ rs — thCt e '
Z Z] Y Yordos X Zf Xd;; N
drs
folS — GCr y—lk 2
Yey = Z Zky DZsZszyd;li ( )
. XDr
XEj =Y X& =L ©
i Zz 1 Yo XD;
VD!
Al Ct ]
VEj =),V Y, Y VD] ¥
R YD?!
YE =Y Y& Tk ©
k Zk k Zr Zk YDI:

where R and S denote countries,  and s denote subregions of the target country C;, and
i and j denote sectoral proxies. xe and ye denote estimates of intermediate and final use,
respectively, and XE, YE, and VE denote estimates of total output, final use plus, and
value added. xd and yd are intermediate and final use in the CMRIO table, x and y are
intermediate use and end use in the WIOT table, x, y, and v are total output, end use plus,
and value added in the WIOT table, and xd, yd, and vd are total output, end use plus, and
value added in the CMRIO table.

The calculation method of the initial value of regional imports by country of origin of
the target countries in the EMIIO table is as follows:

mps L xd
fegsj - ( ’ lquC]t = m’ig ) ) £ ¥ ljé] (R # Ct,ig = good) (6)
erﬁs] = < ]x{z? Zszzgi:q;%%’ ) ) Zrzgd{iis] (R # Cy,is = service) (7)
Veigr = <Zk Vigh * ijig ) ;’Ek y;gk (R # Cy,ig = good) (8)
Yeisk = (Zk Visk - zszgg Z;Z) ZZZZ y’;ikm # Cy,is = service) ©)
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The initial value of regional exports of target countries for each destination country in
the EMIIO table is calculated as follows:

yelsS, = y<t M(S # Cy,is = service) (10)
is,k is,k Y, Zig eyg'; ’
eyrrs
~ 1S CtS 18 i
yels, =y (S # Ct,ig = good) (11)
igk igk Zr eyfgs

where ex and ey are data on exports of intermediate goods and exports of final goods from
the target country, and mx and my are data on imports of intermediate goods and imports
of final goods from the target country.

It should be noted that in the absence of regional statistics on imports of services by
country of origin versus regional statistics on exports of services by country of destination,
the structure of regional statistics on imports/exports of goods was used as a proxy to
estimate the initial value of services.

3.2.2. Accounting for Carbon Emissions from Exports

This paper presents two scenarios of EU taxation on direct and implied carbon emis-
sions and calculates the direct and implied carbon emissions of China’s provincial industries
exported to the EU. Based on these calculations, the paper determines the lower and upper
limits of the carbon tariff tax and tax rate for provincial industries and the scope of CBAM’s
influence on the export of provincial industries.

First, we determine the direct carbon emissions from China’s provincial industries
exporting to EU. In this paper, the direct carbon emissions at the level of China’s provincial
industries caused by EU unit consumption are taken as the object of accounting, and the
calculation expression is as follows:

ct=E.v, (12)

where ei = Ei/ Xi. Xi is the total output of the ith sector; E; is the total direct production of
CO; emitted by the ith sector; ¢; is the CO, emitted per unit of output produced in the ith
sector, also known as the direct carbon intensity coefficients; the matrix consisting of all the
1 X n e; is the matrix of the carbon intensity coefficients, which is set to be E;and Y,isa
vector of columns of the final foreign demand.

Second, the implied carbon emissions from China’s provincial industries’ exports to the
EU are accounted for. Since the implied carbon emissions from export trade include direct
and indirect emissions [32], this paper therefore calculates the implied carbon emissions of
China’s provincial industries” exports to the EU (the main seven countries) by applying the
MRIO model on the basis of the EMIIO table.

The basic input-output model structure is as follows:

AX+Y =X (13)

where A is the matrix of direct consumption coefficients, X is a vector of aggregate output
columns, and Y is a vector of aggregate demand columns. Further:

X=(1I-A)"ly (14)
where (I — A)7l is the Leontief inverse matrix. Therefore, the implied carbon emissions

are given by the following formula:

C'=E'(1-A)"1Y (15)
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where Y is a vector of aggregate demand columns divided into Chinese domestic demand
Y4 and foreign demand Y. Therefore, the final formula for calculating trade implied carbon
produced and exported in China is as follows:

Ct=EY(I-A)"'Y, (16)

3.2.3. Measuring the Carbon Intensity of Trade

Referring to the method of Fu [33] for calculating the carbon intensity of trade, this
paper measures both the direct production carbon intensity and the implied carbon in-
tensity of the industries in each province of China, and the calculation expressions are as
follows [33]:

E=E{(1-A)"! (17)

where E? is the direct carbon intensity coefficient matrix and E is the implied carbon
intensity coefficients matrix.

3.3. Policy Scenario Simulations

The current CBAM taxes six industries. However, the latest CBAM text indicates that
by 2030, CBAM will extend the scope of applicable industries to EU ETS-covered industries.
Therefore, this paper assumes two applicable industry scopes, CBAM and EU ETS. In
addition, the CBAM implementation program mentions that exemptions and reductions
will be applied to non-EU countries that already have carbon pricing in their countries.
Based on the above, this paper designs multiple scenarios for China—EU carbon pricing
in order to find the optimal response strategy for China’s carbon pricing under different
implementation scenarios of CBAM.

In light of the aforementioned considerations, this paper integrates the CBAM-
involved industries (2), the carbon emission accounting scopes (2), and carbon price design
in Sino-EU trade (1 + 12) to develop a multi-scenario policy scheme. This is with a view to
identifying the optimal carbon pricing strategy in China under different CBAM implemen-
tation scenarios (see Table 2).

Table 2. Sino-EU climate policy scenario simulation.

. EU Carbon China .. CBAM
. . Scenario . . Carbon Emission .
Scenario Grouping Number Price Carbon Price Accounting Ranges Prices
(USD/Tonne) (USD/Tonne) & 8 (USD/Tonne)
Group I
(Baseline scenario) 51 95/105/170 0 0
S2-1 95 0 Direct emission 95
Direct + indirect
Group II 52-2 95 0 emission 9
China has no S3-1 105 0 Direct emission 105
domestic climate Direct + indirect
policy 532 105 0 emission 105
S4-1 170 0 Direct emission 170
Direct + indirect
S4-2 170 0 emission 170
S5/6-1 95 10/18 Direct emission 85/77
Direct + indirect
Group 1II S5/62 %5 10/18 emission 85/77
China has a domestic S7/8-1 105 10/18 Direct emission 95/87
climate policy Direct + indirect
(incomplete response) S7/8-2 105 10/18 emission 95/87
S9/10-1 170 10/18 Direct emission 160/152
$9/10-2 170 10/18 Direct + indirect 160/152

emission
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Table 2. Cont.

. EU Carbon China - CBAM
. . Scenario . . Carbon Emission .

Scenario Grouping Number Price Carbon Price Accounting Ranges Prices

" (USD/Tonne) (USD/Tonne) & & (USD/Tonne)

Group IV S11 95 95 0
China has a domestic 512 105 105 0
climate policy S13 170 170 0
(complete response) 513 170 170 0

Note: The EU carbon price is based on the following. According to the CBAM proposal: EU Carbon Tariff
Rate = EU ETS Weekly Average Price — Carbon Price Paid by Country of Origin — EU Free Allowance. For the
EU carbon price: In 2022, the EU average carbon price is EUR 81/tonne; in 2023, the average carbon price is
expected to be EUR 97.66/tonne, and by 2030, it is expected to reach EUR 160/tonne. For China’s carbon price:
The median price of the national carbon emission allowance (CEA) in December 2023 is expected to be 64.10
CNY/tonne. According to the China Carbon Price Survey Report 2022 (2023), the national carbon market expects
the carbon price to rise to CNY 87 per tonne by 2025 and to reach CNY 130 per tonne by 2030.

4. Empirical Results

This paper measures the degree of trade competitiveness damage by changes in carbon
tariff rates, quantifies the increase in export costs by changes in the amount of carbon tariffs,
and conducts an empirical analysis based on a multi-scenario design with two CBAM-
involved industries, two types of carbon emission accounting scopes, and nine types of
CBAM prices. The results are as follows:

4.1. Trade Carbon Intensity of China’s Provincial Industries Under Different Carbon Emission
Accounting Ranges

From the direct carbon intensity (see Table 3), the average production carbon intensity
in China was 0.66 kg/USD in 2017, with Inner Mongolia, Xinjiang, and Ningxia having the
largest carbon intensity coefficients, with industry averages of 1.83 kg/USD, 1.36 kg/USD,
and 1.21 kg/USD, respectively. At the industry level, the carbon intensity of products from
the CBAM-involved industries of China ranked high, with average values of 6.51 kg/USD,
2.06 kg/USD, and 0.80 kg/USD, respectively (since China does not export electricity to the
EU and hydrogen exports to the EU are negligible, electricity and hydrogen are not analyzed
in this paper). The industries involved in CBAM are viewed in terms of different provinces.
First, in the non-metallic mineral products industry, Inner Mongolia, Yunnan, and Guizhou
have the highest carbon intensity, reaching 13.32 kg/USD, 5.62 kg/USD, and 5.59 kg/USD,
respectively, which is much higher than the average level of the same industry and other
industries; second, in the metal smelting and products industry, Liaoning, Shanxi, and
Heilongjiang have the largest carbon intensity, which is 2-3 times the national average level.

In terms of implied carbon intensity, China’s average implied carbon intensity is
1.43 kg/USD, much higher than the direct carbon intensity of 0.66 kg/USD and the EU
average of 0.55 kg/USD. At the provincial level, the provinces with the highest implied
carbon intensities are Inner Mongolia, Shanxi, and Hebei; as with direct carbon intensities,
Inner Mongolia, Shanxi, and Guizhou still have the highest implied carbon intensities in
the cement and steel and aluminum sectors.

For CBAM-covered industries and high-carbon industries such as extractive industries,
the discrepancy between direct and implied carbon intensity is typically 2—4 times. At the
provincial level, in some provinces such as Inner Mongolia, Shanxi, Hebei, and others, the
discrepancy between direct and implied carbon intensity is predominantly 1-3 times, and
the gap multiple is not substantial, yet the absolute value is considerably disparate.
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Table 3. Average carbon intensity of production by province with different industry coverage
(kg/USD).

CBAM-Covered Industries

EU ETS-Covered Industries

Province Direct Carbon =~ Embodied Carbon Province Direct Carbon ~ Embodied Carbon
Intensity Intensity Intensity Intensity
Inner Inner
1 Mongolia 4.76 8.23 (1.73) 1 Mongolia 1.77 3.68 (2.08)
2 Yunnan 2.54 2.80 (1.10) 2 Yunnan 1.15 1.27 (1.10)
3 Guizhou 2.00 2.25 (1.13) 3 Ningxia 0.91 1.00 (1.10)
4 Ningxia 1.79 1.97 (1.10) 4 Guizhou 091 1.03 (1.13)
5 Qinghai 1.79 1.92 (1.07) 5 Shanxi 0.85 2.45 (2.88)
6 Shanxi 1.61 4.14 (2.57) 6 Tibet 0.84 0.89 (1.06)
7 Tibet 1.60 1.69 (1.06) 7 Xinjiang 0.84 0.97 (1.15)
8 Xinjiang 1.60 1.87 (1.17) 8 Qinghai 0.75 0.81 (1.08)
9 Liaoning 1.19 3.11 (2.61) 9 Heilongjiang 0.60 1.72 (2.87)
10 Gansu 1.18 1.34 (1.14) 10 Sichuan 0.51 0.77 (1.51)
11 Guangxi 1.16 1.48 (1.28) 11 Gansu 0.50 0.56 (1.12)
12 Heilongjiang 1.15 2.77 (2.41) 12 Liaoning 0.49 1.71 (3.49)
13 Hainan 1.08 1.16 (1.07) 13 Guangxi 0.46 0.76 (1.65)
14 Hebei 0.87 2.75 (3.16) 14 Hainan 0.45 0.49 (1.09)
15 Sichuan 0.87 1.33 (1.53) 15 Chonggqing 0.44 0.55 (1.25)
16 Chongging 0.69 0.92 (1.33) 16 Hebei 0.42 1.91 (4.55)
17 Jilin 0.68 2.02 (2.97) 17 Shaanxi 0.33 0.46 (1.39)
18 Hubei 0.64 1.75 (2.73) 18 Jilin 0.32 1.42 (4.44)
19 Shaanxi 0.61 0.81 (1.33) 19 Hunan 0.31 1.22 (3.94)
20 Jiangxi 0.51 2.18 (4.27) 20 Jiangxi 0.30 1.71 (5.70)
21 Hunan 0.51 1.71 (3.35) 21 Jiangsu 0.26 1.32 (5.08)
22 Jiangsu 0.49 2.03 (4.14) 22 Hubei 0.25 1.05 (4.20)
23 Anhui 0.47 2.25 (4.79) 23 Anhui 0.24 1.57 (6.54)
24 Zhejiang 0.42 1.59 (3.79) 24 Zhejiang 0.18 1.10 (6.11)
25 Fujian 0.38 1.14 (3.00) 25 Henan 0.18 1.29 (7.17)
26 Tianjin 0.33 1.41 (4.27) 26 Fujian 0.18 0.70 (3.89)
27  Guangdong 0.33 1.61 (4.88) 27 Shanghai 0.17 0.82 (4.82)
28 Shandong 0.30 1.59 (5.30) 28 Shandong 0.16 1.15 (7.19)
29 Shanghai 0.30 1.05 (3.50) 29 Tianjin 0.15 0.94 (6.27)
30 Henan 0.28 1.80 (6.43) 30 Guangdong 0.14 0.97 (6.93)
31 Beijing 0.03 0.93 (31.00) 31 Beijing 0.06 0.73 (12.17)

4.2. Export Carbon Emissions from China’s Provincial Industries Under Different Carbon

Emission Accounting Ranges

In terms of direct carbon emissions, the direct carbon emissions from China’s exports
to the seven major EU countries amounted to 7.47 MT. Among them, the carbon emissions
from the industries belonging to four types of products, namely iron and steel, aluminum,
fertilizer, and cement, amounted to 3.81 MT, accounting for 51.1% of the total amount
exported to the seven EU countries; meanwhile, those of the industries covered by the
EU ETS amounted to 4.77 MT, accounting for 63.9% of the total amount of exported
carbon emissions.

In terms of different provinces (see Table 4), coastal provinces such as Guangdong,
Jiangsu, and Zhejiang have the largest direct carbon emissions from exports to the EU,
but inland high-carbon provinces such as Inner Mongolia, Xinjiang, and Yunnan ranked
lower. For the metal and non-metallic mineral products industry, the provinces with
higher carbon emissions from exports are coastal provinces such as Jiangsu, Shanghai, and
Zhejiang and inland provinces with higher carbon intensity such as Shanxi. Provinces such
as Qinghai and Yunnan, due to their lower trade intensity, have relatively small carbon
emissions from their exports, despite their higher carbon intensity and larger increases in
carbon tariff rates. In addition, the chemical industry covered by CBAM has lower export
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carbon emissions overall, with inland high-carbon provinces such as Ningxia and Shanxi
having the highest export carbon emissions, followed by coastal provinces such as Jiangsu,
Shanghai, and Zhejiang.

Table 4. Carbon emissions from selected high-carbon sectors’ exports to the EU under different
carbon emission ranges (MT).

Metal Smelting and ~ Non-Metallic Mineral Chemical Industry  Extractive Industry Petroleum Processing
Province Products Industry Products Industry and Coking

S-1 S-2 S-1 S-2 S-1 S-2 S-1 S-2 S-1 S-2
1 Beijing 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.09
2 Tianjin 0.10 1.66 0.00 0.03 0.00 0.02 0.00 0.03 0.00 0.10
3 Anhui 0.43 9.76 0.05 0.31 0.00 0.13 0.02 1.19 0.00 0.12
4 Shanxi 0.28 2.96 0.03 0.19 0.00 0.09 0.01 0.41 0.07 1.15
5 Inner 0.00 0.79 0.02 0.32 0.00 0.07 0.00 0.27 0.00 0.20

Mongolia

6 Liaoning 0.30 5.03 0.06 0.27 0.00 0.05 0.07 0.33 0.00 0.28
7 Jilin 0.01 0.37 0.01 0.11 0.00 0.09 0.00 0.06 0.00 0.01
8 Heilongjiang 0.01 0.13 0.00 0.02 0.00 0.03 0.00 0.22 0.00 0.19
9 Shanghai 0.23 1.65 0.01 0.03 0.00 0.07 0.00 0.00 0.06 0.35
10 Jiangsu 0.50 9.01 0.09 1.27 0.01 0.40 0.01 0.24 0.00 0.15
11 Zhejiang 0.18 1.15 0.11 0.76 0.00 0.12 0.00 0.01 0.00 0.16
12 Anhui 0.01 1.03 0.01 0.49 0.00 0.00 0.00 0.40 0.00 0.02
13 Fujian 0.05 1.32 0.08 0.60 0.00 0.04 0.00 0.02 0.00 0.15
14 Jiangxi 0.02 1.09 0.03 0.34 0.00 0.06 0.00 0.07 0.00 0.11
15  Shandong 0.14 3.72 0.05 0.78 0.00 0.17 0.05 1.09 0.00 0.27
16 Henan 0.02 1.97 0.01 0.44 0.00 0.03 0.02 0.74 0.00 0.07
17 Hubei 0.04 0.68 0.01 0.17 0.00 0.18 0.00 0.03 0.00 0.02
18 Hunan 0.01 0.36 0.03 0.26 0.00 0.06 0.00 0.21 0.00 0.02
19 Guangdong 0.29 3.29 0.30 1.99 0.00 0.04 0.00 0.07 0.00 0.13
20  Guangxi 0.02 1.02 0.05 0.31 0.00 0.03 0.00 0.01 0.00 0.02
21 Hainan 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.04
22 Chongging 0.01 0.22 0.01 0.17 0.00 0.09 0.00 0.16 0.00 0.00
23 Sichuan 0.03 0.44 0.01 0.15 0.00 0.24 0.00 0.08 0.00 0.17
24 Guizhou 0.00 0.18 0.00 0.06 0.00 0.02 0.01 0.13 0.00 0.00
25 Yunnan 0.01 0.52 0.00 0.03 0.01 0.21 0.00 0.15 0.00 0.01
26 Tibet 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
27 Shaanxi 0.02 0.37 0.01 0.08 0.00 0.05 0.00 0.49 0.00 0.13
28 Gansu 0.00 0.38 0.00 0.03 0.00 0.01 0.00 0.00 0.00 0.04
29  Qinghai 0.00 0.04 0.00 0.00 0.00 0.01 0.00 0.10 0.00 0.00
30 Ningxia 0.02 0.25 0.01 0.06 0.00 0.12 0.00 0.17 0.00 0.02
31  Xinjiang 0.00 0.52 0.00 0.03 0.01 0.23 0.00 0.17 0.00 0.07

Note: 5-1 and S-2 represent two different scenarios of taxing direct production carbon emissions and implied
carbon emissions, respectively. In addition, the five emission-intensive and trade-exposed (EITE) industries
defined in this paper are shown in the table.

In terms of implied carbon emissions, China exported 204.4 MT of implied carbon
emissions to the seven major EU countries, of which the industries involved in CBAM
accounted for 61.89 MT, or 30.3% of the total, while the industries involved in EU ETS
accounted for 75.15 MT, or 36.8% of the total. In terms of different provinces, coastal
provinces such as Jiangsu and Guangdong led the carbon exports, followed by high-carbon
provinces such as Shanxi and Inner Mongolia. The implied carbon emissions of metal and
non-metal mineral products industries are similar to those of direct carbon emissions.

4.3. Changes in CBAM Tax Rates of China’s Provincial Industries Under Different CBAM Prices
and Carbon Emission Accounting Ranges

As can be seen from the results of the calculations (see Table 5), the average carbon
tariff rates for the industries covered by CBAM rise by 7.99-34.89% under the different
simulation scenarios, which is significantly higher than that of the industries covered by
the EU ETS, which ranges from 3.76 to 20.28%. Within the scope of these two applicable
industries, the S4-2 scenario has the largest increase in tariff rates, followed by the 59-2
scenario. This result suggests that the tariff rate increase is greater for implied carbon
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emissions compared to direct emissions. In addition, under both applicable industries,
changes in tariff rates are more prominent in Inner Mongolia, Shanxi, and Liaoning, with
the cement, iron and steel, and aluminum sectors experiencing the largest changes in carbon
tariff rates.

Table 5. Changes in average carbon tariff rates across provinces under different scenarios (%).

CBAM-Covered Industries EU ETS-Covered Industries
Province Province

$2-1 S51  S6-1  S4-2 S92 S10-2 $2-1  S51 S61 S4-2 S92  S10-2

1 Inner 4517 4043 3663 13985 13161 12503 1 Inner 1684 1508 13.65 6252 5883  55.89
Mongolia Mongolia

2 Yunnan 2415 2163 1958 47.62 4482 4258 2 Yunnan 1090 975 883 2151 2024 19.24
3 Guizhou 19.02 1703 1543 3831 3604 3424 3 Ningxia 867 775 703 1702 1602 1522
4 Ningxia 1701 1523 1378 3351 3155 2997 4  Guizhou 865 773 701 1745 1643 1561
5  Qinghai 1698 1518 1376 3256 3064 2912 5 Shanxi 812 728 657 4165 3920 3724
6 Shanxi 1532 1370 1242 7036 6621 6291 6 Tibet 803 718 649 1517 1427 1355
7 Tibet 1520 1360 1232 2873 2703 2569 7  Xinjlang = 803 718 649 1651 1552 1477
8  Xinjiang 1520 13.60 1232 3173 29.86 2838 8 Qinghai 715 640 580 1371 1291 1227
9  Liaoning 1128 1010 914 5291 4979 4732 9 Heilongjiang 572 513 465 2918 2746 2610
10 Gansu 1119 1003 906 2278 2145 2037 10  Sichuan 482 430 390 1309 1230 1170
11 Guangxi 1104 988 893 2514 2365 2247 11 Gansu 473 423 38 958 902 858
12 Heilongjiang 1093 978 886 4711 4435 4213 12  Liaoning 470 420 380 2913 2742 26.04
13 Hainan 1026 918 832 1972 1855 17.63 13  Guangxi 442 395 357 1298 1222  11.60
14 Anhui 827 740 670 4677 4402 4182 14  Hainan 428 383 347 827 778  7.38
15  Sichuan 827 740 670 2255 2121 2015 15 Chongqing 416 373 339 937 882 838
16 Chongging 658 590 534 1566 1475 1401 16 Anhui 399 358 323 3247 3057 29.03
17 Jilin 651 583 526 3430 3228 3066 17  Shaanxi 314 280 254 784 737 699
18 Hubei 603 540 490 2981 2806 2667 18 Jilin 309 275 249 2416 2275 21.61
19  Shaanxi 577 518 470 1383 13.04 1238 19 Hunan 297 268 241 2074 1952 1854
20 Jiangxi 487 435 395 3712 3494 3320 20 Jiangxi 283 253 228 2903 2733 2595
21  Hunan 485 435 393 2916 2744 2606 21  Jiangsu 242 218 198 2238 2106 20.00
22 Jiangsu 466 418 377 3453 3250 3088 22 Hubei 242 218 195 1777 1674 1589
23 Anhui 444 398 362 3827 3602 3422 23 Anhui 230 205 187 2663 2506 23.80
24 Zhejiang 399 358 323 2695 2536 2410 24  Zhejiang 171 153 139 1864 1754 1665
25  Fujian 359 320 290 1938 1823 17.33 25 Henan 169 150 136 2193 2065 19.61
26 Tianjin 314 280 254 2401 2259 2148 26 Fujian 166 150 136 11.88 11.18  10.62
27 Guangdong 3.09 278 252 2737 2577 2447 27  Shanghai 162 145 131 1390 13.08 1244
28 Shandong 290 260 234 2709 2549 2421 28 Shandong 157 140 126 1949 1834 1741
29  Shanghai 280 253 228 1789 1684 1600 29 Tianjin 140 125 113 1592 1498 1422
30  Henan 266 238 216 3062 2882 2738 30 Guangdong 133 120 108 1647 1550 14.72
31 Beijing 026 025 021 1581 1488 1414 31 Beijing 059 055 049 1243 1170 11.12

Source: Based on the authors’ own calculations.

For both direct and implied emissions, for the fertilizer, iron and steel, and aluminum
industries, the tax rate increases were the largest in Inner Mongolia, Shanxi, and Hebei
provinces, especially for the non-metal industry in Inner Mongolia, followed by the metal
industry in Shanxi. However, the overall carbon tax rate increase for the chemical industry
is not prominent, but there are large differences in the tax rate changes under different
carbon emission accounting scopes in various provinces, especially in Shanxi, Hebei,
and Liaoning.

In addition, the provincial and industry heterogeneity of tax rate changes under
different carbon emission accounting scopes is analyzed, and the results are consistent with
carbon intensity. Assuming a carbon price of USD 170/tonne, the largest changes in tax
rates are still in the metal, non-metal, and chemical industries, with average tax rate changes
of 20.44%, 19.06%, and 12.24%, respectively. Distinguishing between different provinces,
the biggest changes in tax rates are in the provinces with the highest carbon intensity, such
as Inner Mongolia, Shanxi, and Hebei, where taxing implied carbon emissions will result
in tax rate increases of 32.39%, 27.12%, and 25.35%. Therefore, regardless of the carbon
emission accounting methodology adopted by CBAM, the provinces and industries with
the highest carbon intensity will bear the brunt of the direct or indirect impact of CBAM.
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4.4. Changes in CBAM Tax Amounts of China’s Provincial Industries Under Different CBAM
Prices and Carbon Emission Accounting Ranges

First, from a national perspective, the carbon price of USD 77-170/tonne results in a
carbon tariff of USD 0.29-10.52 billion for the industries involved in CBAM, accounting for
0.42-18.22% of the industry’s exports. Included among these, the damage under the 54-2
scenario (USD 170/tonne, implied carbon emissions) is the most serious. Should CBAM be
extended to encompass all products within the EU ETS, the resulting carbon tariffs imposed
on this industry would total USD 0.37-12.78 billion. Meanwhile, the carbon tariffs of the
industries involved in CBAM account for 79.90-82.36% of the industries involved in EU
ETS. Therefore, irrespective of whether CBAM expands its application industries in the
future, the steel, aluminum, cement, and fertilizer industries will be most seriously affected
by trade.

Therefore, this paper examines the industries involved in CBAM in different provinces
(see Table 6). From the perspective of different industries, due to high carbon emissions, the
iron and steel and aluminum industries are subject to the largest carbon tariffs, accounting
for 72.43-80.62% of the total tariffs of the CBAM industries under different carbon emis-
sion accounting ranges, followed by the non-metallic mineral products industry and the
chemical industry. In the metal industry, the three major provinces of Jiangsu, Hebei, and
Liaoning led the way, with taxes amounting to USD 0.10-0.44 billion. For the non-metallic
mineral products industry, coastal provinces such as Jiangsu are more directly affected
by CBAM, while developed coastal provinces such as Guangdong and Zhejiang are more
seriously affected by CBAM indirectly due to inter-industry correlation, resulting in higher
carbon tariffs for these two types of provinces. It can be seen that under different scenarios
(especially the S4-2 scenario), coastal provinces led by Jiangsu, Hebei, and Liaoning and
inland high-carbon provinces led by Shanxi will bear the brunt of the direct or indirect
impact of CBAM. Developed coastal provinces such as Guangdong and Zhejiang’s CBAM-
involved industries and their upstream and downstream industries will also be affected by
higher carbon tariffs due to their higher trade intensity.

Analyzing the different carbon price response scenarios for China, a higher Chinese
carbon price response would mitigate the increase in carbon tariffs to a greater extent (e.g.,
higher carbon tariff collection in 59-2 than in 510-2), whereas the same Chinese carbon
price response to a higher level of the EU carbon price would result in a greater tariff
reduction, making the response more effective (e.g., higher carbon tariff collection in S10-1
than in 56-1). In addition, by industry, with a carbon price of USD 170/tonne, the direct and
implied carbon taxes for metal smelting and manufacturing average USD 0.02 billion and
USD 0.27 billion, respectively, a difference of USD 0.26 billion, followed by the non-metallic
mineral products industry with a difference of USD 0.05 billion. Distinguishing between
different provinces, provinces with higher implied carbon emissions from exports have
larger tax changes under different carbon emission accounting ranges, and these provinces
will be directly or indirectly affected by CBAM based on inter-industry linkages. Also,
based on a carbon price of USD 170/tonne, Jiangsu and Hebei have the largest industry
average tax differentials of USD 0.57 billion and USD 0.55 billion, respectively, followed by
Liaoning and Guangdong with tax differentials of USD 0.28 billion and USD 0.27 billion,
respectively.
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Table 6. Amount of carbon tariffs imposed on China’s provinces under different scenarios (million USD).

CBAM-Covered Industries EU ETS-Covered Industries
Province Province

S2-1 S5-1 S6-1 S4-2 S9-2 S$10-2 S2-1 S5-1 S6-1 S4-2 S9-2 S$10-2
1 Beijing 0.14 0.27 0.13 142 1.34 1.28 1 Beijing 2.80 2.50 2.26 17.74 16.71 15.87
2 Tianjin 9.93 19.32 8.03 292.19 275.03 261.22 2 Tianjin 10.47 9.38 8.50 316.84 298.16 283.37
3 Anhui 46.00 8956 3727 173336 1631.35 1549.75 3 Anhui 4893 4378 39.66 1969.24 1853.19 1760.59
4 Shanxi 29.55 57.51 23.95 551.01 51849 492.70 4 Shanxi 36.81 32.95 29.85 816.64 768.43 730.03
5 fnner, 245 479 198 20013 18835 17893 5 fnner, 287 258 234 28135 26486 251.67

Mongolia Mongolia

6 Liaoning 3411 6644 2764 90950 856.00 81320 6 Liaoning 4289 3838 3475 1018.73 958.70 910.91
7 Jilin 1.69 3.26 1.36 97.71 91.96 87.36 7 Jilin 2.23 2.00 1.80 127.52 120.02 114.02
8 Heilongjiang 0.71 1.41 0.59 30.32 28.54 27.12 8 Heilongjiang 1.69 1.50 1.36 108.25 101.88 96.78
9 Shanghai 22.30 43.42 18.07 296.86 279.57 265.57 9 Shanghai 37.00 33.13 30.00 38293 360.22 342.22
10 Jiangsu 56.74 11046 45.99 1816.45 1709.62 1624.01 10 Jiangsu 66.05 59.08 53.52  1942.25 1827.89 1736.49
11 Zhejiang 27.95 54.47 22.66 34531 32497 308.78 11 Zhejiang 42.85 38.33 34.73  433.71 40822 387.82
12 Anhui 1.83 3.54 149 257.76 24259 230.39 12 Anhui 2.04 1.83 1.64 33256 313.08 297.27
13 Fujian 12.14 23.67 9.83 33426 31459 299.01 13 Fujian 15.13 13.53 12.27  385.69 363.03 344.82
14 Jiangxi 4.96 9.63 4.00 251.60 236.76 22496 14 Jiangxi 5.46 4.90 4.44 288.79 271.78 258.18
15 Shandong 18.83 36.67 15.27 792.84 74638 70897 15 Shandong 27.79 24.88 2254  1084.81 1020.76 969.98
16 Henan 3.16 6.15 2.57 414.80 39049 370.88 16 Henan 5.25 4.70 4.26 556.11 523.46 497.26
17 Hubei 4.87 9.47 3.95 17453 164.26 156.06 17 Hubei 5.20 4.68 4.24 188.47 177.38 168.50
18 Hunan 432 8.43 3.52 115.64 108.84 103.40 18 Hunan 4.99 448 4.06 158.78 14945 141.97
19 Guangdong 56.12 109.31 4548 904.19 851.03 80842 19 Guangdong 64.98 58.13 52.67 99195 933.62 886.81
20  Guangxi 7.36 14.36 5.98 23226 21859 207.65 20 Guangxi 7.81 6.98 6.34 24480 23049 218.88
21 Hainan 0.02 0.00 0.00 1.42 1.34 1.28 21 Hainan 0.40 0.38 0.33 10.92 10.27 9.77
22 Chongging 2.30 4.46 1.87 83.07 78.18 74.26 22 Chongging 2.66 2.38 2.16 113.69 107.01 101.64
23 Sichuan 3.54 6.86 2.85 141.23 13291 126.27 23 Sichuan 4.16 3.73 3.36 202.85 190.92 181.38
24 Guizhou 0.45 0.93 0.39 44.52 41.90 39.80 24 Guizhou 1.47 1.30 1.18 67.98 63.98 60.78
25 Yunnan 2.07 4.03 1.67 12824 120.71 114.67 25 Yunnan 221 1.98 1.80 157.06 147.83 140.43
26 Tibet 0.00 0.00 0.00 0.36 0.35 0.33 26 Tibet 0.00 0.00 0.00 0.81 0.76 0.72
27 Shaanxi 2.76 5.39 2.23 84.02 79.07 75.11 27 Shaanxi 2.95 2.63 2.39 190.63 179.42 170.46
28 Gansu 0.33 0.65 0.28 71.21 67.03 63.67 28 Gansu 0.40 0.35 0.33 78.73 74.10 70.40
29 Qinghai 0.07 0.16 0.05 10.29 9.69 9.21 29 Qinghai 0.12 0.10 0.10 27.20 25.60 24.32
30 Ningxia 3.82 7.40 3.08 72.42 68.17 64.75 30 Ningxia 3.90 3.48 3.16 103.89 97.77 92.89
31 Xinjiang 1.85 3.59 1.51 13241 12463 11841 31 Xinjiang 2.09 1.88 1.69 174.08 163.85 155.65

Note: The sectoral definitions of CBAM-covered industries in relation to the EU ETS and the scenarios for S2-1,
S5-1, S6-1, S4-2, S9-2, and S10-2 are the same as above. The taxed amounts in scenarios S6-1 and S4-2 are the
ranges that could be affected by CBAM as a result of this simulation.

4.5. Comparative Analysis of Changes in CBAM Tax Rates and Tax Amounts in China’s Provincial
Industries Under Different Scenarios

The analysis revealed that the change range of the carbon tariff rate and tax amount
exhibited significant inter-provincial heterogeneity, regardless of whether CBAM adopted
direct or implicit emission. This implies that the carbon tariff tax levied by provinces with
substantial tax rate alterations is not inherently high. This is because the export carbon
emissions and carbon tariff tax levied are not solely contingent on carbon intensity but also
contingent on trade intensity.

Based on the considerations outlined above, and to ensure the broad coverage of the
selected indicators within the classification framework, this study proposes a multidimen-
sional classification framework encompassing “pillar industry relevance to CBAM-covered
sectors—carbon intensity—trade intensity”. Using this framework, the 31 provinces are
classified into four categories (see Table 7). We believe that these indicators, to some extent,
encompass other relevant factors such as economic development levels, industrial struc-
ture, and technological capabilities, thereby providing a more comprehensive reflection of
inter-provincial heterogeneity. The first category is the provinces with industries involved
in CBAM as the pillar industries, which have high carbon intensity and trade intensity, so
they are most directly influenced by CBAM. The second category is the provinces with
relatively high carbon intensity and trade intensity, which are based on the upstream and
downstream industries involved in CBAM. These provinces are indirectly influenced by
CBAM. The third category is the provinces whose pillar industries have nothing to do
with CBAM and whose trade intensity is high but their carbon intensity is low. The fourth
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category is the provinces with high carbon intensity but low trade intensity, although
CBAM-related industries are the pillar industries.

Table 7. Criteria for the delineation and determination of the scope of the 31 provinces.

Delineation Criteria Scope Determination
Provinces that are directly affected by CBAM Jiangsu, Hebei, Liaoning, Guangxi, and
have high carbon and trade intensities Henan

Provinces that are indirectly affected by CBAM Shanxi, Shaanxi, Anhui, Jiangxi, Hunan,

have high carbon and trade intensities Sichuan, and Shandong
Pillar industries that are not Guangdong, Zhejiang, Shanghai, Fujian,

CBAM-related industries Jiangxi, Tianjin, Beijing, Hubei, Chongging,
have high trade intensity but low carbon intensity and Hainan

Yunnan, Xinjiang, Ningxia, Heilongjiang,
Qinghai, Inner Mongolia, Gansu, Jilin,
Tibet, and Guizhou

Pillar industries that are CBAM-related industries
have high trade intensity but low carbon intensity

Moreover, this paper categorizes five vulnerable industries with high trade carbon
intensity and export carbon emissions under various scenarios, including the non-metallic
mineral products industry, the metal products smelting and products industry, the min-
ing industry, the petroleum processing industry, and the coking and chemical industry.
These industries are particularly susceptible to a significant increase in export costs and a
consequent decline in competitiveness.

5. Discussion

Compared with Gao’s [34] study, this paper examines the impact of carbon pricing
policies on the export costs and trade competitiveness of industries in each province [34]. To
this end, the analysis employs a comparative approach, investigating the carbon intensity
of trade and carbon emissions in each province under different policy designs of CBAM.
This paper employs an inter-provincial industrial linkage perspective to construct a multi-
dimensional classification framework, comprising four categories of provinces and five
categories of vulnerable industries. It posits that CBAM will directly impact China’s first
two categories of provinces and the five most vulnerable industries, including extractive
and oil-processing industries, resulting in a notable rise in export costs and a significant
decline in competitiveness. It further proposes targeted recommendations for different
provinces. Compared with the studies of George and Cecilia [21,24], this paper examines
the varying impacts of CBAM on the export trade of industries in different provinces in
response to different carbon pricing mechanisms in China. It is demonstrated that the
carbon pricing mechanism of exporting countries can effectively respond to CBAM and
that its response efficiency increases in accordance with the rise in carbon price in exporting
countries. In conclusion, based on the perspective of inter-industry linkages, this paper
presents a novel perspective for assessing the impact of CBAM on China’s exports to the EU
under different policy design scenarios and offers insights for different types of provinces
in China to effectively respond to CBAM.

This study acknowledges several limitations. First, the timeliness of the data used in
this study presents certain limitations. Although the selected data represent the most recent
and authoritative information currently available, and the study focuses on analyzing the
impact of CBAM on the direction and structure of export trade to the EU across various
provincial industries—where interprovincial economic structures have remained relatively
stable—data timeliness remains a key constraint. Moving forward, we will closely monitor
updates to relevant databases and strive to optimize and expand data sources. This
will enable us to improve the timeliness and accuracy of our findings in future research.
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Second, the study primarily focuses on Sino-EU carbon price differentials and emission
accounting scope, while other critical factors—such as technological advancements and
market demand dynamics—remain underexplored. Although carbon intensity serves as an
indirect proxy for technological progress, more direct and granular assessments are needed.
Similarly, the interaction between carbon tariff amounts and market demand warrants
further investigation to provide a more comprehensive understanding of the economic
impact of CBAM.

Third, the provincial-level analysis, which relies on indicators such as carbon inten-
sity, trade intensity, and pillar industry relevance to CBAM-covered industries, may not
fully capture the complexity of provincial-level heterogeneity. Factors such as economic
development, industrial structure, and technological capacity are only partially reflected
in the selected indicators. A more comprehensive framework that integrates these dimen-
sions is necessary to better assess how different provinces may adapt to CBAM and its
associated challenges. Future research should address this gap to provide a more nuanced
understanding of regional disparities.

Furthermore, this study examines CBAM'’s static impacts but does not account for
dynamic processes such as carbon price fluctuations, technological progress, and policy ad-
justments. For instance, China’s rising carbon prices and the role of provincial participation
in carbon trading pilots are not fully analyzed. Likewise, the implications of carbon quota
allocations and potential domestic carbon taxes remain unexplored. A dynamic framework
would be valuable for capturing these evolving factors and their implications for China’s
export trade and industrial adjustment over time.

Additionally, this study clearly distinguishes between the short- and long-term impacts
of CBAM as insufficient, especially in addressing possible industrial restructuring and
changes in international trade relations in the long term. Although we have dynamically
incorporated key elements (e.g., industry coverage, carbon accounting boundaries, and
pricing mechanisms) into the multi-scenario assessment framework to account for both
short- and long-term impacts, the limited scope of the article and the existing technical
constraints do not allow us to provide an in-depth analysis of the structural changes that
may be induced by CBAM. In our future research, we will improve our technology and
focus on exploring long-term impacts through specialized studies, thus filling this gap.

Finally, this study does not sufficiently address the influence of geopolitical dynamics,
domestic political shifts, and other unpredictable factors on carbon pricing mechanisms in
China and the EU. While these aspects were partially considered, analytical and method-
ological constraints limited their depth. Future research should refine analytical tools to
better examine these dimensions.

6. Conclusions and Policy Recommendations
6.1. Conclusions

The impact of varying carbon emission accounting frameworks on trade competi-
tiveness and export costs differs across provinces. Accordingly, this paper proposes a
multidimensional categorization framework based on three key factors: “CBAM impact
mode and magnitude”, “carbon intensity”, and “trade intensity”. Using this framework,
provinces are classified into four distinct types. The first category includes provinces that
are directly affected by the CBAM, characterized by both high carbon intensity and high
trade intensity. The second category consists of provinces that are indirectly impacted
by CBAM and still exhibit considerable carbon and trade intensities. The third category
encompasses provinces whose key industries are not subject to CBAM,; these provinces

display high trade volumes but relatively low carbon intensities. Finally, the fourth cate-
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gory includes provinces with relatively low trade intensities, even though their leading
industries fall within the scope of CBAM.

Additionally, the five industries most vulnerable to CBAM—non-metallic mineral
products, metal smelting and products, extractive industries, petroleum processing and
coking, and chemicals—are particularly prone to significant increases in export costs and a
sharp decline in trade competitiveness due to their high carbon intensity in both trade and
emissions. In contrast, seven provincial industries, such as the chemical sectors in Inner
Mongolia and Shanxi, were initially affected by CBAM only to a limited degree. These
regions have relatively low direct carbon intensity, and the overall carbon tariff increase for
their industries was not significant enough to drastically affect competitiveness. However,
as the price of the CBAM rises, these industries may face higher export costs, further
eroding their competitiveness.

The trade competitiveness of provinces in the first two categories, along with the most
vulnerable industries, is expected to decline under various scenarios. As the carbon price
gap between China and the EU widens and the carbon emission accounting scope expands,
the negative impact on these provinces and industries will be aggravated.

Lastly, China’s carbon pricing mechanism shows promise in responding effectively
to CBAM. As China’s carbon price increases, the effectiveness of this response improves,
helping to mitigate some of the challenges posed by CBAM.

6.2. Policy Recommendations

It is essential to differentiate between the various categories of provinces and im-
plement more precise CBAM response programs. In the case of the fourth category of
provinces, it is recommended that investment in low-carbon technologies be increased and
that the carbon intensity of vulnerable industries be adjusted. With regard to Category 3
provinces, it is advised that the trade structure of high-carbon industry exports to the EU
be adjusted and that upstream inputs continue to be optimized. In the case of provinces in
the first two categories, it is recommended that export restructuring and green low-carbon
transformation of high-carbon industries be carried out concurrently.

Focus should be directed to the provincial industries that are easily overlooked, with
a view to making appropriate impact assessments and production adjustments. While
the short-term impact of CBAM is limited, such indicators should provide an effective
means of assessing the impact of the CBAM policy, as well as adjusting the product mix of
upstream inputs included in the scope of accounting in order to reduce the implied carbon
intensity of products.

The carbon pricing mechanism in China should also be improved, both at the national
level and in each of the country’s provinces. Furthermore, the process of introducing a
carbon tax in China should be accelerated. Given the significant discrepancies in industrial
carbon intensity and carbon tax rates across different provinces, implementing differential
carbon pricing among provincial industries will prove more effective in addressing the
challenges posed by the CBAM.
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