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Abstract: The severity of global climate change is a pressing issue, and carbon emission reduction
requires collaboration between producers and consumers. Carbon emission responsibility accounting
is critical for distributing the tasks associated with carbon reduction. To examine the current research
status and future development trends of carbon emission responsibility accounting, we used the
scientific quantitative knowledge graph method and CiteSpace software. We analyzed the data
from 4089 studies retrieved from the Web of Science and China National Knowledge Infrastructure
databases, focusing on various aspects such as the number of published papers, subjects, research
focuses, research content, and future research directions. In 2022, the number of publications was
657. The largest number of published carbon emission responsibility accounting documents was
published by scholars from China: there were 708 published articles, 35% of the 2002 articles published
in the Web of Science. The reason may be that China, as a developing country, produces more
carbon emissions. In order to actively shoulder international responsibilities and slow down global
warming, China strengthened its research on carbon emission responsibility, the basic work on
carbon emission reduction. This was followed by the United States and England. England showed
high levels of research collaboration. “Environmental science” was one of the main subjects in
the Web of Science database, representing 43.96% of total publications. Research focuses included
input–output analyses and implied carbon export trade. This study summarizes the literature on
carbon emission responsibility accounting in terms of research perspectives, accounting principles,
and accounting methods. In the future, the accounting of carbon emission responsibility at the city
level considering the carbon emission responsibility sharing method including three or more shared
parties and accounting for the carbon emission responsibility between the upstream and downstream
from the perspective of the industrial chain can be studied. The findings of this study provide
guidance to researchers and policymakers for the progression and enhancement of carbon emission
responsibility accounting.

Keywords: carbon emission responsibility accounting; literature metrology; research content analysis;
CiteSpace; multi-region input–output method

1. Introduction

Global climate challenges have garnered significant attention with global economic
growth. Since 1992, numerous countries and regions worldwide have actively implemented
measures to mitigate stress on the ecosystem caused by climate change, such as melting of
glaciers and loss of biodiversity. In this context, the United Nations Framework Convention
on Climate Change proposed the principle of “common but differentiated responsibilities”
as a fundamental aspect of global climate governance in 1994. The escalation in global
climate change can be attributed to the emission of greenhouse gases, particularly carbon
dioxide [1]. The Paris Agreement, enacted in 2015, advocates for carbon neutrality and
mandates member countries to take aggressive measures for decreasing emissions. The
accord also aims to limit global warming to 1.5 ◦C and achieve the long-term objective of
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limiting global temperature increase to 2 ◦C. Moreover, it proposes that countries should
be collectively held accountable for global carbon emissions [2,3].

The assessment report of the United Nations Intergovernmental Panel on Climate
Change (IPCC) suggests that for achieving the long-term goal of limiting global average
temperature increase to below 2 ◦C, carbon emissions should be reduced by 40–70% by 2050
compared to those in 2010, reaching almost zero emissions by 2100, which can mitigate the
effects of global warming. Furthermore, to achieve this goal, carbon emissions should be
precisely calculated and corresponding obligations should be allocated. However, economic
globalization has led to a noticeable level of carbon emissions, accounting for division of
labor in industries and resulting in considerable greenhouse gas emissions from economic
trade between countries and local areas [4]. The transportation of products across regions
also contributes to the emission of CO2, which is generated throughout the process of
manufacturing until the arrival of product at the consumer end, creating a complex carbon
emission transfer [5]. This makes it challenging to precisely assign responsibilities for
carbon emissions, which in turn complicates the concept of “common but differentiated
responsibilities” [6,7]. Nevertheless, commerce and trade between regions are inevitable.
Hence, a reliable carbon emission accounting scheme should be established, requiring
immediate attention to achieve “common but differentiated responsibilities”.

The concept of carbon emission responsibility accounting has gained massive global
attention. The primary economic activity in Denmark is import/export trade, attributable
to its open economy. This results in considerable variances in carbon emission responsibility
accounting [4]. To resolve discrepancies between consumer and producer accounting meth-
ods, some Italian researchers have proposed a technique for evaluating carbon emissions
utilizing implicit energy analysis [8]. From 1996 to 2006, in the United Kingdom, imports
increased significantly by 128%, whereas exports exhibited only a moderate increase of 65%,
highlighting the status of the United Kingdom as a leading consumer nation [9]. Devel-
oping countries have opposed the proposal of the European Union (EU) to include global
aviation emissions in its carbon market scheme, stating that it contravenes the principle of
“common but differentiated responsibility”. To address this issue, consumer nations could
assume liability for emissions resulting from worldwide cargo transportation [10,11]. In
Norway, CO2 emissions stem mainly from its exports of harmful substances (accounting
for 69% of the nation’s total emissions) [12]. Thus, accounting for carbon emission responsi-
bility based on consumers’ principles can reduce implicit carbon emission responsibility
in Norway’s export process and aid in establishing a fair distribution of producer and
consumer responsibilities [13]. Globally, China is the largest contributor to atmospheric
CO2 emissions [14]. In 2022, the State Council of the People’s Republic of China released
the “Action Plan for Carbon Peak before 2030”, aiming to improve the capacity for the
statistical accounting of carbon emissions, upgrade the accounting methods, and establish
a fairer and more reasonable carbon emissions accounting system. The scientific and prac-
tical calculations of inter-provincial carbon emission obligations have become crucial for
advancing the system [15,16].

Few studies have employed bibliometric analyses to review the literature on carbon
emission accounting. Based on a review of articles from the Web of Science Core Collection,
Li et al. examined the current state of development, distribution of research strengths,
and focuses of research on carbon emission responsibility allocation [17]. Similarly, Zheng
et al. investigated the trends and characteristics of carbon accounting in the realm of social
sciences using the Web of Science database [18]. These two studies offer valuable recom-
mendations for more comprehensive research on carbon emission responsibility accounting.
However, these studies have certain limitations, as they have solely analyzed overseas
research, disregarding local and comparative research at both China and international
levels. Furthermore, Zheng et al.’s study did not focus on carbon emissions responsibility
accounting. Li et al.’s study focused on the allocation of responsibility for carbon emissions.

Generally, carbon emission responsibility accounting is crucial for clarifying the re-
sponsibilities of all parties and realizing “common but differentiated responsibilities”.
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However, contemporary research in this field has some deficiencies. To overcome them,
this study utilizes bibliometrics and CiteSpace software to analyze the status of the exist-
ing research and provide research directions for future developments in carbon emission
responsibility accounting. The dataset in this study comprises 2002 English-language pub-
lications from the Web of Science database and 2087 Chinese-language publications from
the China National Knowledge Infrastructure database (Figure 1). This study addresses the
following questions in the field of carbon emission liability accounting:

(1) How many articles have been published?
(2) Which topics have been covered?
(3) What are the specific research contents of existing literature?
(4) What are the future research directions in this field?

The novelty of this study lies in the following aspects: first, to acquire more thorough
results, this study supplements the current English-language literature with Chinese-
language literature. A thorough search on the Web of Science and China National Knowl-
edge Infrastructure databases was performed to investigate research trends in the carbon
emission responsibility accounting field. Second, this study focuses on carbon emission
responsibility accounting and selects most relevant Chinese and international literature
using several search strategies, making the literature data more comprehensive and accu-
rate. Finally, it combines quantitative and qualitative analyses to compensate for the lack of
subjectivity of qualitative analyses. Overall, this study offers an in-depth understanding of
the theoretical basis, methodology, and practical applications of carbon emission liability
accounting, providing strong support for further research. This study discusses the spe-
cific content of future research, providing significant guidance for improving the carbon
emission trading market and formulating policies related to carbon emission reduction.
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This article is structured as follows: Section 2 presents the materials and methods;
Section 3 presents the bibliometric review of studies on carbon emission responsibility
accounting; Section 4 presents the content analysis of studies on carbon emission responsi-
bility accounting; Section 5 discusses the future new research directions; finally, Section 6
summarizes the research conclusions.
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2. Materials and Methods
2.1. Research Method

This study employs CiteSpace (6.1.R6), a visualization analysis software, to evaluate
the present state, institutional allocation, key areas, and trends in policy investigation in
China. CiteSpace was developed within the context of scientific metrology and data visual-
ization, with an extensive theoretical grounding [19]. Furthermore, a co-occurrence analysis
and literature review were conducted to collect information of the publishing institutions,
authors, and keyword nodes in the field of carbon emissions responsibility accounting.
To analyze the emerging trends and prevalent issues in the research on carbon emission
responsibility accounting, a table was generated using the keyword emergence graph.

2.2. Research Data
2.2.1. English Literature Data

This study selected the “Web of Science Core Collection” as the search database,
limiting the “Citation Index” to the Social Sciences Citation Index and the Science Citation
Index Expanded. To ensure the precision of the results, advanced search options were
utilized, which offered additional criteria. Following several tests and professional advice,
this study used the following keywords for search: “((TS = (greenhouse gas OR carbon OR
CO2 OR carbon dioxide OR greenhouse gas emissions *)) AND TS = (responsible *)) AND
TS = (account * OR calculation * OR measurement OR allocation * OR distribution * OR
pattern OR principal OR sum * base * OR product * base * OR income base * OR sum * OR
income OR share * OR common)” in the “Retrieval Preview” box of the “Advanced Search”
page. The publication date was customized to be in the range from 1 January 2000 to
31 February 2022; the type of document was limited to “dissertation” and “review paper”;
and the language was set to “English”. Items from 2002 were obtained following a rigorous
screening process conducted by independent second parties, followed by verification by a
third party. No limitations were placed on the publisher or research focus. All data were
exported in the plain-text file format.

2.2.2. Chinese Literature Data

The “Advanced Search” function was used for topic search to ensure that the data were
comprehensive and accurate. The “Academic Journals” database was selected for search.
After careful consideration of advice from professionals and several trials, we limited
our search to specific topics, namely “(carbon emissions + carbon emission reduction +
CO2 + carbon footprint + carbon dioxide) * (responsibility + production responsibility
+ revenue responsibility + income responsibility + consumption responsibility + shared
responsibility)” OR “topics” to “implicit carbon emissions + carbon emission reduction
responsibility + carbon transfer + shared responsibility” literature. The study utilized
2306 pieces of data collected through the “All” source category and selected synonym
extension up until 2022. Literature data that lacked authorship and pertained to law,
materials, accounting, medical, and news distribution were excluded, resulting in a final
validated dataset of 2087 articles. This dataset was verified by a neutral third party. The files
were subsequently exported in RefWorks format. On 19 July 2023, all searches pertaining
to the study were completed.

To process the exported data from the China National Knowledge Infrastructure
database for analysis, this study utilized the data converter built into CiteSpace. The
converted data were then screened to ensure accuracy. Duplicate data from the Web of
Science were excluded based on the “All” de-duplication standard, and data from the
China National Knowledge Infrastructure database were filtered.

The detailed research process is illustrated in Figure 2.
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3. Bibliometric Review of Carbon Emission Responsibility Accounting Study
3.1. Analysis of Publications
3.1.1. Number of International Publications

Figure 3 displays the publications on carbon emission responsibility accounting. Be-
tween 2000 and 2022, the number of publications in this field exhibited an increasing trend,
implying a rising worldwide concern. To facilitate understanding, the annual output was di-
vided into the following four stages: the exploration stage (prior to 2004), the starting stage
(2005–2009), the preliminary development stage (2010–2017), and the rapid development
stage (2018–2022), as depicted in Figure 3a. From 2000 to 2004, this topic garnered limited
interest from non-China researchers, as evident from the number of annual publications
during the period, which was only 10. However, since then, the trend has changed. The
number of publications in 2005 was 10.33 times higher than that in 2004, and the number
increased consistently from 2008 to 2009. Most of the studies focused on initial evaluation.
Between 2010 and 2017, there was a restriction in research, yet researchers continued to
investigate and make progress, leading to an unstable condition of fluctuating publication
output. Nevertheless, the impact of this restriction on the overall upward trend was min-
imal. In 2010, the number of publications increased by 83% compared to 2009, marking
the year with the highest growth rate. Since 2018, there has been a consistent increase in
the number of publications annually, resulting in an immense increase in the total number
of publications. The year 2022 recorded 359 publications, the highest number to date,
indicating the growing trend of research on carbon emission responsibility accounting. The
number of publications is expected to continue increasing in the future.
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number of international publications, and (b) is the number of Chinese publications.

3.1.2. Number of China publications

Figure 3b illustrates the annual publication volume in China. Based on the yearly
output, the study period was divided into three stages: the discovery stage (prior to 2006),
the starting stage (between 2007 and 2009), and the development stage (between 2010
and 2022). Between 1985 and 2006, the topic received limited attention in China, as the
annual publishing volume was negligible in the 1990s, with only one publication in 1987
and one in 1993. The yearly publication rate was modest, with an average of <10 papers
between 1995 and 2006. However, this trend changed during the preliminary stages of
the investigation, as evidenced by 17 publications in 2007—a staggering 183.33% increase.
This phase displays a growing trend consistent with the continuous increase in the number
of publications on the Web of Science database. A plethora of articles were published
between 2010 and 2022, constituting 92.92% of the total during the entire research period.
Since 2010, significant research has been conducted by China scholars. The pioneering
study was conducted in China [20]. The number increased significantly in 2021, denoting
an 8.33% increase from the previous year, followed by a subsequent surge in publication
volume. In 2022, 298 articles were published, marking the largest volume of publications in
history, with a 12.92% increase compared to the previous year. This notable growth rate is
anticipated to continue, in alignment with China’s dual-carbon goals.

3.2. Analysis of Subjects

The field of carbon emission responsibility accounting encompasses various aspects.
Figure 4 displays the top 10 areas of research focus at the international level. Of the total
articles published in 2002, 880 were in the field of environmental science, 548 in ecological
research, and 434 in green sustainable technology, representing 43.96%, 27.37%, and 21.68%
respectively, of the total number of publications. Other crucial disciplines in this research
field included engineering environment, economics, and energy fuels.
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3.3. Analysis of Research Focuses
3.3.1. International Research Focuses

The modularity value (Q) of the clustering module > 0.3 indicated a clustered structure,
and the Silhouette value (S) was used as a measure of the reliability of the clustering [21].
Q > 0.5 indicated that the module could be trusted; S > 0.7 suggested strong clustering [19].
When Q and S values were 0.5217 and 0.8061, respectively, it was inferred that the members
within each cluster were sufficiently consistent in the Web of Science. The reliability of
the keyword clustering graph was high, and the classes were strongly interconnected.
The lower the cluster number, the higher the availability of the academic literature on the
subject. The top 10 areas of research interest based on publications in the Web of Science
databases are presented in Table 1.

Table 1. Keyword clustering of research on carbon emission responsibility accounting in the Web
of Science.

Cluster-ID Size Silhouette Mean (Year) Cluster Header Main Cluster Representative
Literature

#0 101 0.81 2011 Input–output
analysis

International Trade; Structural
decomposition analysis; China;

Structural path analysis
[22–26]

#1 86 0.787 2016 Corporate social
responsibility

Environmental performance;
Corporate governance; Carbon

disclosure; Financial performance
[27,28]

#2 70 0.804 2009 Climate change Climate policy; Burden sharing; Policy;
Carbon accounting [29–31]

#3 64 0.725 2016 Circular economy
Life-cycle assessment; Waste

management; Recycling; Supply chain
management

[28,32]

#4 49 0.769 2014 Industrial sectors Target; Model; Marginal abatement
cost; International trade [33,34]

#5 48 0.788 2013 Air pollution Ecosystem services; Livelihoods;
Inequity; Multinational enterprises [35–38]

#6 43 0.831 2014 Willingness to pay Renewable energy; Energy transition;
Electric vehicles; Governmentality [39,40]

#7 41 0.729 2013 Climate justice Migration; Climate finance; Bottom-up
approach; Household [41]
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Table 1. Cont.

Cluster-ID Size Silhouette Mean (Year) Cluster Header Main Cluster Representative
Literature

#8 27 0.879 2016 Carbon leakage
Border carbon adjustment; Emission

accounting; China carbon adjustment;
Border carbon adjustment

[13,42–44]

#9 18 0.944 2011 Net global carbon
flows

Environmental Kuznets curve; Trade
and environment; Fertilization; Peak

coal consumption
[45]

This study examined the trend in two research focuses. Cluster #0 was titled “Input–
Output Analysis”; it utilized the standard technique for estimating carbon emissions
resulting from trade. Input–output data were used to represent economic linkages within
and between various departments or countries. Research on carbon emission accounting
based on consumer principles gained momentum due to potential issues with carbon leak-
age based on producers’ principles. Cluster #1 was titled “Corporate Social Responsibility”,
wherein environmental performance analysis was used to evaluate the overall interaction
between the economy and the environment. Scholars have placed significant emphasis
on the implicit carbon emissions arising from economic growth and energy usage. The
implicit carbon emissions were calculated using the input–output analysis, directional
distance function, data envelopment analysis, and other methodologies. Among these,
the input–output analysis can be used to accurately define the responsibility for carbon
emissions at the industrial level.

3.3.2. Focuses of China Research

When the mean Q and S values were 0.6063 and 0.8731, respectively, the components
of each cluster were deemed to be adequately consistent. The keyword cluster graph was
reliable, and Table 2 presents the clustering outcomes. By examining and summarizing
keywords from each cluster, this study categorized 28 main topics. Table 2 presents the
top 5 research focuses in the China National Knowledge Infrastructure database. “Implied
carbon export trade” is the theme word for Cluster #0. The direct computation of carbon
emissions leads to an overestimation of actual carbon emissions while overlooking implicit
carbon emissions. The primary culprits of carbon emissions in China are the manufacturing
and building sectors, and scholars are concentrating on carbon emission responsibility
accounting in the construction industry.

Table 2. Keyword clustering of research on carbon emission responsibility accounting in the China
National Knowledge Infrastructure.

Cluster-ID Size Silhouette Mean (Year) Cluster Header Main Cluster Representative
Literature

#0 61 0.863 2013 Implied carbon export
trade

Export trade; Input–output; Foreign
trade; Input–output method [46,47]

#1 56 0.908 2012 Low-carbon economy
Social responsibility; Information

disclosure; Carbon accounting;
Low carbon

[48]

#2 47 0.787 2013 Carbon reduction Carbon trading; Global warming; Low
carbonization; Game Theory [49,50]

#3 46 0.88 2012 Climate change
Carbon emission rights; Greenhouse

gases; The principle of fairness;
Climate justice

[1,20,51]

#4 43 0.803 2010 Responsibility for
emission reduction

Low-carbon development; Carbon
emissions; Cost of emission reduction;

Implied carbon
[52,53]
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Table 2. Cont.

Cluster-ID Size Silhouette Mean (Year) Cluster Header Main Cluster Representative
Literature

#5 38 0.834 2014 Carbon emissions
Carbon footprint; Carbon tax; Energy
conservation and emission reduction;

Environmental effect
[54]

#6 33 0.904 2012 International trade in
the industrial chain

International trade; Low-carbon
emission reduction; Value chain;

Industrial upgrading
[55]

#7 20 0.961 2018 Carbon neutrality
Carbon peaking; Climate governance;

The Belt and Road Initiative
China’s response

[56]

#8 19 0.901 2011 Carbon transfer
Carbon peaking; Climate governance;
The Belt and Road Initiative China’s

response
[57,58]

#9 18 0.942 2015 Shared responsibility
Dual carbon targets; Developed
countries; Training mode; Public

responsibility
[59]

#10 18 0.914 2011 Carbon tariffs Low-carbon products; Empirical
analysis; WTO; Legitimacy [60]

#11 16 0.928 2017 Low-carbon
transformation

Green finance; Emission reduction
path; Principal responsibility;

Business strategy
[61]

4. Content Analysis of Studies on Carbon Emission Responsibility Accounting
4.1. Research Perspectives

After a thorough examination of the literature, this article provides an analysis of
three key elements: research perspective, accounting principles, and research methods, as
illustrated in Figure 5.

4.1.1. International Perspective

Research on carbon emission responsibility accounting has been conducted primar-
ily from two perspectives—global and China. Scholars have analyzed indirect carbon
emissions resulting from international commerce through a global lens [62–66]. Callahan
et al. argued that countries with high income and high emissions benefit at the expense
of low-income and low-emission countries that experience the inherent injustice in the
causes and effects of historical warming [67]. Both developed and developing countries
must share the responsibility of reducing carbon emissions [68,69]. Developing countries
can achieve more effective carbon reduction measures by implementing stronger Chinese
modifications rather than international ones [70].

Economic trade between countries is the main source of implied carbon emissions,
and carbon emission responsibility accounting of special countries, such as importing and
exporting countries, has received extensive attention from scholars [71,72]. For exports,
greater congruity between international and Chinese carbon adjustments implies a greater
likelihood of reducing carbon emissions’ energy usage intensity. For China’s exports, the
implied carbon from net exports is as high as 298 million tons [1], and the patterns of import
and export trade and the structure of export trade [65] are the key factors affecting implied
carbon emissions. For China’s imports, scholars believe that the scope of reducing carbon
emissions from imports is high, which means that c carbon emissions from exports can also
be reduced [72].

As global agents, multinational corporations play a pivotal role in the environmental
impacts of waste through their corporate governance structure [73], foreign investment [74],
and so on. Accurate accounting of multinational corporations’ carbon liability can enable a
precise estimation of carbon footprints of each country (the controlling country of multi-
national corporations), which holds great significance for accounting of national carbon
liabilities, their allocation, and differentiated foreign investment strategies [75,76]. An
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influencing factor for the implicit carbon emissions of international trade is the tariffs that
lead to an increase in CO2 emissions from worldwide fuel burning, especially in some
developing countries [77].

Extensive research has been conducted on carbon emission responsibilities at both
macro and micro levels, covering different countries and multinational corporations, re-
spectively, laying a foundation for further research from an international perspective.
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4.1.2. China Perspective

The production activities of commodities contribute primarily to carbon emissions.
Consequently, scholars have focused on carbon emission responsibilities of agriculture and
electrical industries, and further research in this domain for different industry sectors and
departments is ongoing [78,79]. In the industrial sector, He et al. conducted a theoretical
investigation into the willingness of Chinese electric vehicle battery suppliers and manufac-
turers to engage in green cooperation, which offers insights for the low-carbon and green
development of the battery industry chain [80]. Specifically, Li et al. investigated green-
house gas emissions from the distribution networks of iron-containing commodities [78],
as well as the from nickel [79], cobalt [81], retail [82], iron and steel [83], and waste product
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recycling industries [84]. Presumably, oil, coking, gas, and precision product processing
industries jointly contribute to 25.89% of construction emissions [85]. Researchers in the
agriculture field have evaluated carbon emissions and associated reduction costs pertaining
to the planting industry. They proposed a mechanism for distributing responsibility to
reduce carbon emissions [86]. Wood, a crucial component in the process of carbon reduc-
tion, has a large consumer base in industrialized nations which have a high demand for
carbon stocks in this material, whereas developing nations serve as the primary producers
of wood [65]. The estimation method of implied carbon emissions in the power sector
primarily relies on the computation of IPCC coefficients [87–89]. Energy consumption is
the main source of carbon emissions, and improving energy use intensity is an effective
means to reduce carbon emissions [90].

Research at the industrial level is insufficient to meet the needs of further development
of carbon emission responsibility accounting. To obtain more comprehensive insights,
scholars have conducted research at the regional level [57,91–94] as well as at the provincial
level [86,95–98]. Qian et al. indicated that carbon emissions will increasingly be the
responsibility of developed provinces in northern China [99]. The findings of these studies
vary significantly because of the chosen criteria, with the “consumer responsibility for
incentive compensation” criteria being scientifically valid [97]. Recent research has focused
on the urban sphere [100,101].

China research in this field has shifted its focus from the industry level to the provincial
level, deepening further to the city level, thereby forming a relatively perfect research sys-
tem which helps comprehensively understand carbon emission responsibility accounting
at the China level; however, some gaps still remain to be addressed.

4.2. Accounting Principles

The concept of carbon emission responsibility accounting is based on various princi-
ples including those based on objective accounting, producers, consumers, income earners,
and shared responsibility among producers and consumers. However, regardless of the
accounting approaches, sectoral aggregation schemes significantly impact the accuracy
of carbon emission responsibility accounting. Sectors aggregated on the basis of energy,
emissions, and trade intensity can substantially reduce errors [102].

4.2.1. Producers’ Principles

Production activities involving the use of high-carbon emission materials or energy
serve as the primary source of carbon emissions [103]. Scholars have mainly used the IPCC
method to achieve carbon emission responsibility accounting based on producers’ princi-
ples; this method considers the product of energy or material usage and its carbon emission
coefficient. The accounting method is simple and practical and has been widely used in
academia and practice. By acknowledging the role of producers in contributing to carbon
emissions, it serves as an initial approach to attributing responsibility for carbon emissions
and thus is a crucial starting point for carbon emission accountability. This method only
considers the carbon emissions generated during production activities while ignoring the
final destination of the produced goods. It assigns all carbon emission responsibilities
to producers and does not consider the responsibilities of other “contributors” such as
consumers, inadvertently placing undue carbon emission responsibilities on producers
and leading to inaccurate allocation of carbon emission accounting. Therefore, the current
method of allocating carbon emission responsibilities is not fair and requires modifications.

4.2.2. Consumers’ Principles

The consumers’ principle has been widely adopted by scholars. According to economic
theory, demand drives supply, and vice versa, highlighting the significance of consumer
demand in trade. The principle of “who consumes, who bears” underlies the accounting of
carbon emission responsibility, rendering it a frequently employed approach [63,70,104–110].
Japan as a consumer and China as a producer should undertake carbon reduction obligations
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through measures such as technical support [111]. Implementing consumers’ principle in
accounting for carbon emissions can lead to better efficiency and is more justifiable [112].

Consumer demand, being the primary driver of the production of goods and carbon
emissions, is not the sole factor, and considering only the consumers to be accountable for
carbon emissions is unjustifiable. The consumers’ principle assigns the entire responsibility
for carbon emissions to the consumer while overlooking producers’ responsibility [113].
Zhang et al. and Pan et al. compared and evaluated the principles based on producers’
and consumers’ end [114,115]. Given that this principle poses challenges for producers, the
producers’ principle seems more pragmatic and straightforward.

4.2.3. Income Earners’ Principles

The income earners’ principle constitutes another pivotal principle of allocating re-
sponsibility of carbon emissions, and it was introduced after the principles based on
producers and consumers. In the trade of merchandise, production factors such as capital,
plant, labor, and land must share the responsibility for carbon emissions. This is plausible
because the different factors of production, provided by suppliers, facilitate the production
of goods. Research based on the income earners’ principle is limited [43,116,117] and has
received insufficient attention from scholars. An accounting model based on the consumers’
principle is the Leontief matrix, whereas that based on income earners’ principles is the
Ghosh model [44]. Consumers’ and income earners’ principles have higher data require-
ments than the producers’ principle, requiring more complex calculation processes and
their results being accompanied by more uncertainties.

4.2.4. Principle of Shared Responsibility among Producers and Consumers

The responsibility for carbon emissions should not be apportioned exclusively to
producers, consumers, or income earners, but it should be shared between producers and
consumers. Currently, there is a consensus on the shared responsibility concept between
producers and consumers among scholars [54,68,118–120]. Further, Zhang et al. asserted
that exports account for a large proportion of implied carbon, and the means of foreign
trade development should be transformed to a green trade system [52]. Zhang et al.
proposed a benchmark technique for community-based carbon emission reduction that
promotes multi-party engagement, thus providing a fresh perspective on carbon emission
responsibility accounting [119].

Scholars have analyzed various sharing approaches. In academic discourse, two main
methods exist, namely the value-added approach and the 0.5 coefficient method (Table 3).
Initially, the 0.5 coefficient method was the most widely used approach in research on
shared responsibility. Several scholars contend that responsibility should be equally shared
between producers and consumers [51,58,89,121]. Later, with the gradual deepening of
their understanding of shared responsibility among producers and consumers, scholars
considered it more reasonable to determine the sharing coefficient based on the proportion
of added value in trade between both parties; however, they used different methods for
determining the ratio [53,55,71,122–124]. Peters believed that the sharing coefficient should
be determined based on the ratio of the value added to the net output [13]. Recently,
Wang proposed that the sharing coefficient can be determined by the ratio of the total
amount of added-value outflow to the bilateral added-value outflow [125]. Overall, the
number of methods for determining the sharing coefficient is constantly increasing, and
the methods are being refined to be more scientific and practical, laying a solid foundation
for accurate carbon emission responsibility accounting; however, there remains room for
further development.

For evaluating the available methods, scholars have compared the techniques based
on producers’ principles, consumers’ principles, and the principle of shared responsibility
between producers and consumers [65,78,89,126]. She et al. contended that the implicit car-
bon emissions calculated based on the principle of shared responsibility between producers
and consumers fall between those calculated using the two other methods [47], providing



Sustainability 2024, 16, 3721 13 of 23

a more equitable accounting standard. Moreover, they pointed out significant variations
in the carbon emission patterns across industries, attributable to the differences in the
principles employed. The evaluation of environmental impacts should encompass three
key parameters: productivity, land utilization, and energy consumption [11]. Consumers’
principles, income earners’ principles, and the principle based on shared responsibility be-
tween producers and consumers, especially those based on consumers and income earners,
can all be accounted for using the input–output method. Overall, the consumers’ principle
is more practical and developed than the principle based on shared responsibility between
producers and consumers, which is still in the nascent stages and has triggered debates on
sharing methodologies.

4.3. Accounting Methods
4.3.1. Input–Output Method

Energy consumption, input–output, and trade data have been used by researchers
to examine a country’s import trade-related carbon, export trade-related carbon, and
carbon balance [11,23,38,90,102]. In the late 1970s, Leontief integrated environmental
considerations into the input–output model to evaluate the ecological impacts of economic
activities [127]. Subsequently, the input–output model has advanced considerably. The
model’s assumptions have been relaxed, relevant data have been gathered, and it has
progressed from a single-region to a multi-region phase. Consequently, the accuracy of the
measurement results has improved.

Early scholars used a single-region input–output model to examine the implicit carbon
liability, which assumed an equivalent consumption coefficient both in China and overseas
and made no distinction between Chinese and imported products. With the expansion of
global trade, China’s position as the world’s leading industrial center is becoming increas-
ingly prominent. Imports also account for a greater proportion of the overall production of
China goods. Therefore, it is essential to develop a new model that distinguishes between
imported and exported goods and recalculates carbon emission accountability. The multi-
region input–output model accounts for the differences in carbon emission responsibility
for import and export product trades for each trading entity, resulting in more precise
accounting compared with that computed using the single-region input–output model.

Multi-region input–output methods and models have been frequently employed
in the studies on carbon emission responsibility accounting [69,72,128]. Scholars have
also integrated the input–output approach with other methods, including the zero-sum
gains—the data envelopment analysis [129], and the input–output theory—the row ar-
range series method [85]. The input–output method has also undergone various modifica-
tions [59,130,131]. Numerous academics have also employed Peters et al.’s approach [132],
utilizing the input–output analysis to determine carbon emission responsibility and con-
ducting decomposition analyses using the structural decomposition analysis tool [90,110].

After more than 50 years of development, the input–output method has evolved from
being limited to a single region to being a multi-region method, and a combination of
multi-region, input–output model and other models has been developed. With further
development and refinement of the method, the accuracy of the accounting results of
carbon emission responsibility has improved [125,131].

4.3.2. Other Methods

To assess the environmental effects of a complete process, the life-cycle assessment
methodology is commonly employed in academia, which comprises the following four
stages: defining objectives and scope, analyzing the inventory of the life cycle, interpreting
the impacts of the life cycle, and reporting, which precisely reflects the environmental
impact value of every stage, energy source or substance. Scholars have highlighted the
importance of using the life-cycle assessment technique for a comprehensive renewable
energy analysis [79,81,130,133]. Meftah et al. provided technological support to accurately
account for carbon emission responsibilities [134]. Murthy et al. improved the distribution
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of tasks involved in handling non-hazardous electronic waste [135]. Baker et al. and
Zhang et al. studied the spatial transport of carbon emissions. Scholars have also focused
on the emission of other greenhouse gases [136,137], such as SO2 [107,137]. Wood et al.
calculated greenhouse gas emissions based on the producers’ principle [107], focusing on
accountability and on gases other than carbon dioxide. They underscored the relevance of
their findings for reducing overall emissions.

Table 3. Summary of shared principles and methods.

Sharing Method Literature Specific Sharing Methods Research Perspective

Value-added
method

[13] Value Added/Net Output International

[48] Added Value Of This Department/(Total Investment;
Self-Sufficient Investment) China

[71] The Proportion Of Non-Factor Intermediate Investment From Other
Industries To External Investment In a Certain Industry International

[122] Value Added/(Gross Output Intra Industry Transactions) China
[55] Value Added/(Total Output Intradepartmental Transactions) Provincial level

[123] Value-Added exports/(Value-Added exports + Value-Added Imports) International
[124] Provincial Value Added/Total Product Outflow Provincial level

[53] Total Value-Added Outflow/Bilateral Value-Added Outflow at
Provincial Level Provincial level

[125] Value Added In Commodity Outflows/Total Value Added In Bilateral
Commodity Outflows Provincial level

0.5

[58] 0.5 Provincial level
[89] 0.5 Provincial level
[51] 0.5 Provincial level

[121] 0.5 International

Others

[111]
Consumers In The Importing Nation Are Responsible For The Import

Of Finished Goods, Whereas Importers’ Producers Value
Intermediate Inputs

International

[16] Consumer Surplus Ratio Provincial level
[138] Provincial Gross China Product Provincial level
[117] Technical Difference Allocation Method International
[139] Carbon Tariff Rate China

[8] Carbon Emission Increase/Total Carbon Emissions International
[140] 60% China

The field of
electricity

[87] 1-(Equivalent Value Of Electricity/Equal Value Of Electricity) Provincial level

[47] Value Added Of Various Industries/(Total Output–Intra-Industry
Transaction Volume) International

[88] 1-Electricity Equivalent Value/Electricity Equivalent Value China

Emissions embodied in the bilateral trade approach, as outlined in [132], is an effective
method for computing carbon emission accountability. This approach explicitly assigns
carbon emissions from the transit processing re-export component to the re-exporting
countries. In contrast, the multi-region, input–output method allocates such emissions to
the end-consumer countries, thereby providing more precise calculations.

Overall, the multi-region input–output method is the predominant approach for com-
puting carbon liability accounting. Integrating the input–output theory with other theories,
such as game theory, can improve the accuracy of carbon liability accounting outcomes.

5. Discussion

By extracting emerging terms, we determined the current and future research trends.
We sorted all burst keywords by the beginning year of burst [141]. As shown in Figure 6,
the academic community’s interest in “environmental disclosure”, “quality”, and “gender
differences” has increased dramatically in recent years, highlighting that these aspects may
be the focus of future research. With increased public awareness about environmental
protection, environmental information disclosure has become a social obligation of busi-
nesses, similar to the monitoring of carbon emission reductions. As shown in Figure 7,
future studies should focus on the carbon market, green financing, and carbon trading. In
contrast to the focus of international research, Chinese research has examined both carbon
emissions rights and green financing in light of circumstances in real time, in addition to
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accounting for the implicit carbon emission responsibility among traders. The allocation of
carbon emission obligations is based on the distribution of carbon emission rights. China
uses both the market and the government to regulate carbon emissions. Since 2020, green
finance has gained prominence, offering financial support for reducing carbon emissions,
and it remains a significant domain in Chinese research.
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Based on the previous literature quantity analysis, subject distribution analysis, specific
research content analysis, and new research direction analysis of the literature data in the
field of carbon emission liability accounting, we discussed in detail the possible future
research content.

From the research perspective, it is imperative to further focus on urban-level carbon
emissions accountability. In cities, a cluster is formed by the populations, industries, and
resources, making them a primary source of carbon emissions [142]. Thus, precisely de-
lineating carbon emission responsibilities among cities can facilitate carbon reduction at
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the urban level. Accounting for carbon emission responsibilities in special cities is also a
representative endeavor. Further, accounting for the responsibility of carbon emissions
within a city cluster can provide useful insights for clarifying carbon emission responsi-
bility and reducing carbon emissions in city clusters [143]. Investigating carbon emission
responsibilities within all cities, special city clusters, and cities within these clusters can be
a crucial avenue for future research.

In terms of shared carbon emission responsibility accounting, it is important to con-
sider multiple sharing methods, rather than relying solely on the coefficient method. Using
0.5 as the coefficient for allocating carbon emission responsibility shared between produc-
ers and consumers [51,58,121] is a simple and one-sided method. Specifically, Zhu et al.
discussed the carbon emission liability sharing coefficient of 0.5 [51]. Song et al., that the re-
sponsibility of producers and consumers is symmetrical, that is, producers and consumers
should each bear half responsible for carbon emissions [58]. From the perspective of the
benefit principle and ecological deficit, Ferng et al. calculated the carbon emission responsi-
bility on the basis of producers and consumers [121]. It is crucial to consider alternatives to
the coefficient method, which is only one of many sharing techniques available. In addition,
investigating multiple sharing methods, such as diversifying burden-sharing actors and
adopting scientific approaches to burden-sharing, is essential for shared responsibility
accounting and represents an important direction for research. Accordingly, determining
the sharing coefficient among the three is one of the key aspects of further research.

Enhancing carbon emission accountability based on the earners’ principle is imperative.
Studies have demonstrated that the present carbon emission responsibility guidelines
emphasize only on production and consumption while overlooking the accounting of carbon
emissions on the “benefit side”, derived from the principle of benefit accounting [43,116,117].
However, due to the increasing specialization and differentiation of industrial labor, the
production factor providers, producers, and consumers within the supply chain typically
reside in different regions. To establish an all-encompassing carbon emission responsibility
accounting system, a system based on income earners’ principle must be implemented,
and the factor supply sector should also be considered accountable for carbon emissions.
Research on carbon emission transfer using the principle of returns provides insights into
the import and export of emissions and their impact on revenue across different regions.

Implementing a carbon emission responsibility accounting system from the perspec-
tive of the supply chain poses yet another challenge. Because the supply chains are related
to diverse trading entities, which is crucial for them to realize their economic value, carbon
emission responsibility accounting cannot be handled in isolation [28,32]. Therefore, de-
veloping an approach from the supply chain’s perspective is essential. Starting from the
structure of the whole supply chain network and aiming at maximizing their respective
values, the accounting principles based on suppliers, manufacturers, distributors, retailers,
and even end users are proposed to enrich the carbon emission responsibility accounting
principles and realize carbon emission responsibility accounting.

From the results of this study, it can be deduced that carbon emission responsibility
accounting has a direct correlation with follow-up actions, including the fact that carbon
emissions permit distribution and participation in the carbon market [144]. Carbon emis-
sion responsibility accounting has laid the basis for the reduction in carbon emissions, and
its accuracy and flexibility have been pivotal to the allocation of carbon allowances [145].
With the maturation of the carbon emission trading market, it has become essential to
accurately estimate carbon emission reduction responsibilities after accounting for carbon
quotas, allocation methods, and principles, as well as to determine whether allocation
results promote carbon neutrality goals. In addition, a fair carbon allocation method and
reasonable carbon emission quotas should be established. Designating carbon compensa-
tion bases for industries implementing carbon quotas is also essential.
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6. Conclusions

Carbon emission responsibility is a vital undertaking for achieving carbon reduction,
as accepted in academic circles globally. Using a bibliometric analysis, this study examined
the present status, development trajectory, and projected trends of 2002 English-language
research samples in the Web of Science and 2087 Chinese-language research samples in the
China National Knowledge Infrastructure databases.

The trajectory of current research is reflected in the following key findings. First,
the number of relevant studies in the Web of Science has increased steeply after 2005.
In 2010, China National Knowledge Infrastructure published the pilot study on carbon
emission responsibility accounting. However, at the national level, fewer articles were
published during the same period compared with Web of Science. Chinese scholars have
published 32.29% of the total papers on the Web of Science platform. Second, accounting
for carbon emissions entails a cross-disciplinary study. Environmental science, research on
environmental matters, and green, sustainable technology constitute the primary research
areas for publication in the Web of Science. Most articles in China National Knowledge
Infrastructure are related to the fields of environmental science and resource utilization,
trade economy, economic theory, and the history of economic thought. Research focuses
in the Web of Science and China National Knowledge Infrastructure are interconnected
but different. Web of Science’s primary research themes include “input–output analysis”,
“corporate social responsibility”, “climate change”, “circular economy”, and “industrial
sectors”. The literature on carbon emission responsibility accounting can be summarized
into three areas, namely research perspectives, accounting principles, and accounting
methods, with main research focuses being input–output analysis and implied carbon
export trade. China National Knowledge Infrastructure’s frontier themes encompass
“carbon market”, “carbon trading”, and “green finance”. “Environmental disclosure”,
“quality”, “gender diversity”, “carbon market”, “green financing”, and “carbon trading”
are the new research directions for publication in the Web of Science database.

Carbon emission liability accounting has been intensively studied, especially in China.
Given the dual-carbon target of China, the number of articles by Chinese scholars is ex-
pected to increase gradually, and these articles may be related to economics and trade
and environmental science. The input–output data of multiple databases, such as CEADs,
EXIOBASE, and WTOD, can also be used for the comparative study of carbon emission
liability accounting. Regarding the principles of carbon emission responsibility accounting,
this study suggests that the principle of shared responsibility should be widely used be-
cause it fully embodies the fairness aspect. Fair and reasonable accounting of the carbon
emission responsibilities of all parties is indispensable for tackling global climate change. It
can not only promote the fairness of global climate governance and green and low-carbon
development, but also enhance the international community’s awareness and action on
climate change. However, researchers have not yet reached a consensus on how to de-
sign a fair and reasonable shared responsibility coefficient. Responsibility must be shared
across countries, among provinces within countries, and among various departments in
the industrial chain. With the development of the green supply chain, clarifying the car-
bon emission responsibilities of all parties involved is of utmost importance. The state
has issued some policies on carbon emission liability accounting. For example, in 2021,
the Chinese government issued the Comprehensive Work Plan for Energy Conservation
and Emission Reduction during the 14th Five-Year Plan period. It aimed to improve the
accounting methods for total emission reduction and formulate technical guidelines for
accounting [146]. In 2022, the Implementation Plan on Accelerating the Establishment of a
Unified and Standardized Carbon Emission Statistical Accounting System was issued [147]
with the aim of establishing a unified and standardized carbon emission accounting system
by 2025, thereby comprehensively improving the data quality and presenting higher re-
quirements for the statistical accounting capacity of carbon emissions. Based on the study
results, the following recommendations are made. First, the supervision of carbon emission
accounting of enterprises in the industry should be strengthened. Second, the authenticity
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and accuracy of the accounting data must be ensured. Finally, the illegal acts of falsifying
carbon accounting data and interfering with the normal operations of carbon emission
statistical accounting work must be monitored and strictly penalized.

Author Contributions: Conceptualization, Y.D. and H.L.; methodology, Y.D.; software, Y.D.; valida-
tion, Y.D. and H.L.; formal analysis, H.H.; investigation, Y.D.; resources, H.L.; data curation, H.H.;
writing—original draft preparation, Y.D.; writing—review and editing, Y.D.; visualization, H.L.;
supervision, H.H.; project administration, H.L.; funding acquisition, H.L. All authors have read and
agreed to the published version of the manuscript.

Funding: This study was supported by the Central University Basic Research Business Fee Special
Fund Postgraduate Research Innovation Capacity Improvement Project [grant number 2022YJSGL11]
and the Beijing Natural Fund Project [grant number 9212015].

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Yan, Y.; Zhao, Z. CO2 emissions embodied in China’s international trade: A perspective of allocating international responsibilities.

Int. Trade Issues 2012, 131–142. [CrossRef]
2. Matthews, H.D.; Gillett, N.P.; Stott, P.A.; Zickfeld, K. The proportionality of global warming to cumulative carbon emissions.

Nature 2009, 459, 829–832. [CrossRef] [PubMed]
3. Allen, M.R.; Frame, D.J.; Huntingford, C.; Jones, C.D.; Lowe, J.A.; Meinshausen, M.; Meinshausen, N. Warming caused by

cumulative carbon emissions towards the trillionth tonne. Nature 2009, 458, 1163–1166. [CrossRef] [PubMed]
4. Munksgaard, J.; Pedersen, K.A. CO2 accounts for open economies: Producer or consumer responsibility? Energy Policy 2001, 29,

327–334. [CrossRef]
5. Chen, Q.; Shen, M.; Xiang, Y. Accounting and comparison of carbon dioxide emissions in China—Based on the perspective of

industry energy consumption carbon and responsibility carbon. J. Technol. Econ. 2017, 36, 119–126.
6. Peters, G.P.; Minx, J.C.; Weber, C.L.; Edenhofer, O. Growth in emission transfers via international trade from 1990 to 2008. Proc.

Natl. Acad. Sci. USA 2011, 108, 8903–8908. [CrossRef] [PubMed]
7. Andrew, S. EU corporate action as a driver for global emissions abatement: A structural analysis of EU international supply chain

carbon dioxide emissions. Glob. Environ. Chang. 2013, 23, 1795–1806.
8. Bastianoni, S.; Pulselli, F.M.; Tiezzi, E. The problem of assigning responsibility for greenhouse gas emissions. Ecol. Econ. 2004, 49,

253–257. [CrossRef]
9. Weber, C.L.; Matthews, H.S. Embodied environmental emissions in US international trade 1997–2004. Environ. Sci. Technol. 2007,

41, 4875–4881. [CrossRef] [PubMed]
10. Afionis, S.; Sakai, M.; Scott, K.; Barrett, J.; Gouldson, A. Consumption-based carbon accounting: Does it have a future? Wiley

Interdiscip. Rev. Clim. Chang. 2017, 8, e438. [CrossRef]
11. Wiedmann, T. A review of recent multi-region input-output models used for consumption-based emission and resource account-

ing. Ecol. Econ. 2009, 69, 211–222. [CrossRef]
12. Peters, G.P.; Hertwich, E.G. Structural analysis of international trade: Environmental impacts of Norway. Econ. Syst. Res. 2006, 18,

155–181. [CrossRef]
13. Peters, G.P. From production-based to consumption-based national emission inventories. Ecol. Econ. 2008, 65, 13–23. [CrossRef]
14. Li, H.; Qin, Q. Challenges for China’s carbon emissions peaking in 2030: A decomposition and decoupling analysis. J. Clean. Prod.

2019, 207, 857–865. [CrossRef]
15. Shan, Y.; Liu, J.; Liu, Z.; Xu, X.; Shao, S.; Wang, P.; Guan, D. New provincial CO2 emission inventories in China based on apparent

energy consumption data and updated emission factors. Appl. Energy 2016, 184, 742–750. [CrossRef]
16. Yang, J.; Yang, Z.; Cong, J.; Zhang, Y. Optimization of China’s provincial carbon emission responsibility sharing scheme based on

the principle of responsibility and benefit matching. Resour. Sci. 2022, 44, 1745–1758. [CrossRef]
17. Li, K.; Wang, Q. Analysis of the development trend of carbon emission responsibility allocation research based on bibliometric

method. J. Environ. Sci. 2019, 39, 2410–2433. [CrossRef]
18. Zheng, Y.; Yu, H.; Zhang, Y. A bibliometric review on carbon accounting in social science during 1997–2020. Environ. Sci. Pollut.

Res. 2022, 29, 9393–9407. [CrossRef] [PubMed]
19. Chen, C. Science Mapping: A Systematic Review of the Literature. J. Data Inf. Sci. 2017, 2, 1–40. [CrossRef]
20. Fan, G.; Su, M.; Cao, J. An economic analysisof consumption and carbon emission responsibility. Econ. Res. 2010, 45, 4–14+64.

https://doi.org/10.13510/j.cnki.jit.2012.01.003
https://doi.org/10.1038/nature08047
https://www.ncbi.nlm.nih.gov/pubmed/19516338
https://doi.org/10.1038/nature08019
https://www.ncbi.nlm.nih.gov/pubmed/19407800
https://doi.org/10.1016/S0301-4215(00)00120-8
https://doi.org/10.1073/pnas.1006388108
https://www.ncbi.nlm.nih.gov/pubmed/21518879
https://doi.org/10.1016/j.ecolecon.2004.01.018
https://doi.org/10.1021/es0629110
https://www.ncbi.nlm.nih.gov/pubmed/17711196
https://doi.org/10.1002/wcc.438
https://doi.org/10.1016/j.ecolecon.2009.08.026
https://doi.org/10.1080/09535310600653008
https://doi.org/10.1016/j.ecolecon.2007.10.014
https://doi.org/10.1016/j.jclepro.2018.10.043
https://doi.org/10.1016/j.apenergy.2016.03.073
https://doi.org/10.18402/resci.2022.09.01
https://doi.org/10.13671/j.hjkxxb.2019.0056
https://doi.org/10.1007/s11356-021-17600-5
https://www.ncbi.nlm.nih.gov/pubmed/34853997
https://doi.org/10.1515/jdis-2017-0006


Sustainability 2024, 16, 3721 19 of 23

21. Li RY, M.; Li, B.; Zhu, X.; Zhao, J.; Pu, R.; Song, L. Modularity clustering of economic development and ESG attributes in
prefabricated building research. Front. Environ. Sci. 2022, 10, 977887.

22. Sánchez, D.R.; Hoadley, A.F.; Khalilpour, K.R. A multi-objective extended input-output model for a regional economy. Sustain.
Prod. Consum. 2019, 20, 15–28. [CrossRef]

23. Du, J.; Zhang, X.; Huang, T.; Li, M.; Ga, Z.; Ge, H.; Wang, Z.; Gao, H.; Ma, J. Trade-driven black carbon climate forcing and
environmental equality under China’s west-east energy transmission. J. Clean. Prod. 2021, 313, 127896. [CrossRef]

24. Xu, L.; Chen, G.; Wiedmann, T.; Wang, Y.; Geschke, A.; Shi, L. Supply-side carbon accounting and mitigation analysis for
Beijing-Tianjin-Hebei urban agglomeration in China. J. Environ. Manag. 2019, 248, 109243. [CrossRef] [PubMed]

25. Jiang, M.; An, H.; Gao, X. Adjusting the global industrial structure for minimizing global carbon emissions: A network-based
multi-objective optimization approach. Sci. Total Environ. 2022, 829, 154653. [CrossRef] [PubMed]

26. Chen, W.; Lei, Y.; Feng, K.; Wu, S.; Li, L. Provincial emission accounting for CO2 mitigation in China: Insights from production,
consumption and income perspectives. Appl. Energy 2019, 255, 113754. [CrossRef]

27. Boakye, D.J.; TIngbani, I.; Ahinful, G.; Damoah, I.; Tauringana, V. Sustainable environmental practices and financial performance:
Evidence from listed small and medium-sized enterprise in the United Kingdom. Bus. Strategy Environ. 2020, 29, 2583–2602.
[CrossRef]

28. Nishitani, K.; Kokubu, K.; Wu, Q.; Kitada, H.; Guenther, E.; Guenther, T. Material flow cost accounting (MFCA) for the
circular economy: An empirical study of the triadic relationship between MFCA, environmental performance, and the economic
performance of Japanese companies. J. Environ. Manag. 2022, 303, 114219. [CrossRef] [PubMed]

29. Zhu, L.; Zhen, W. Uncovering freight corridors’ embodied CO2 responsibilities: Evidence from the Yiwu-Ningbo corridor, China.
Int. J. Sustain. Transp. 2023, 17, 660–678. [CrossRef]

30. Muttakin, M.B.; Rana, T.; Mihret, D.G. Democracy, national culture and greenhouse gas emissions: An international study. Bus.
Strategy Environ. 2022, 31, 2978–2991. [CrossRef]

31. Román-Collado, R.; Sanz-Díaz, M.T.; Loja Pacheco, C. Towards the decarbonisation of Ecuador: A multisectoral and multiregional
analysis of its carbon footprint. Environ. Sci. Pollut. Res. 2021, 28, 53412–53431. [CrossRef] [PubMed]

32. Upadhyay, A.; Mukhuty, S.; Kumar, V.; Kazancoglu, Y. Blockchain technology and the circular economy: Implications for
sustainability and social responsibility. J. Clean. Prod. 2021, 293, 126130. [CrossRef]

33. Zhou, J.; Jin, B. Carbon Allowance allocation on Chinese industrialsectors in 2030 under multiple indicators. Pol. J. Environ. Stud.
2019, 28, 1981–1997. [CrossRef] [PubMed]

34. Xie, L.; Xue, Q.; Yuan, Z. Composition and spatial difference of agro-industry carbon footprint in Hebei province, North China.
Ecol. Indic. 2019, 97, 141–149. [CrossRef]

35. Wen, J.; Chuai, X.; Gao, R.; Pang, B. Regional interaction of lung cancer incidence influenced by PM2.5 in China. Sci. Total Environ.
2022, 803, 149979. [CrossRef] [PubMed]

36. Chen, L.; Lin, J.; Martin, R.; Du, M.; Weng, H.; Kong, H.; Ni, R.; Meng, J.; Zhang, Y.; Zhang, L.; et al. Inequality in historical
transboundary anthropogenic PM2.5 health impacts. Sci. Bull. 2022, 67, 437–444. [CrossRef] [PubMed]

37. Peng, M.; Xu, H.; Qu, C.; Xu, J.; Chen, L.; Duan, L.; Hao, J. Understanding China’s largest sustainability experiment: Atmospheric
and climate governance in the Yangtze river economic belt as a lens. J. Clean. Prod. 2021, 290, 125760. [CrossRef]

38. Kang, P.; Deng, Z.; Zhang, X.; Wang, Z.; Li, W.; Qi, H.; Lei, Y.; Ou, Y.; Deng, Z. Disparities in driving forces behind energy-related
black carbon emission changes across China’s provinces. J. Clean. Prod. 2022, 330, 129849. [CrossRef]

39. Warburg, J.; Frommeyer, B.; Koch, J.; Gerdt, S.O.; Schewe, G. Voluntary carbon offsetting and consumer choices for environmen-
tally critical products—An experimental study. Bus. Strategy Environ. 2021, 30, 3009–3024. [CrossRef]

40. Capitello, R.; Agnoli, L.; Charters, S.; Begalli, D. Labelling environmental and terroir attributes: Young Italian consumers’ wine
preferences. J. Clean. Prod. 2021, 304, 126991. [CrossRef]

41. Williams, E. Attributing blame?—Climate accountability and the uneven landscape of impacts, emissions, and finances. Clim.
Policy 2020, 161, 273–290. [CrossRef]

42. Cai, H.; Qu, S.; Wang, M. Changes in China’s carbon footprint and driving factors based on newly constructed time series
input-output tables from 2009 to 2016. Sci. Total Environ. 2020, 711, 134555. [CrossRef] [PubMed]

43. Jakob, M. Climate policy and international trade-A critical appraisal of the literature. Energy Policy 2021, 156, 112399. [CrossRef]
44. Yu, X.; Zhan, X. Research on carbon emission transfer and China’s carbon emission responsibility based on the revenue principle.

Resour. Sci. 2018, 40, 185–194.
45. Liddle, B. Consumption-based accounting and the trade-carbon emissions nexus in Asia: A heterogeneous, common factor panel

analysis. Sustainability 2018, 10, 3627. [CrossRef]
46. Pan, A. The effect of GVC division on carbon emissions embodied in China’s foreign trade. Int. Econ. Trade Res. 2017, 33, 14–26.

[CrossRef]
47. She, Q.; Jia, J. Research on China’s foreign trade embodied carbon emissions accounting and responsibility allocation—Based

on the principle of “consumers and producers are jointly responsible”. J. South-Cent. Minzu Univ. (Humanit. Soc. Sci.) 2014, 34,
132–137.

48. Xu, Y.; Zou, F. Research on carbon emission reduction responsibility of various industrial sectors in China based on input-output
analysis method. Ind. Econ. Res. 2010, 27–35. [CrossRef]

https://doi.org/10.1016/j.spc.2019.04.009
https://doi.org/10.1016/j.jclepro.2021.127896
https://doi.org/10.1016/j.jenvman.2019.07.014
https://www.ncbi.nlm.nih.gov/pubmed/31325793
https://doi.org/10.1016/j.scitotenv.2022.154653
https://www.ncbi.nlm.nih.gov/pubmed/35314220
https://doi.org/10.1016/j.apenergy.2019.113754
https://doi.org/10.1002/bse.2522
https://doi.org/10.1016/j.jenvman.2021.114219
https://www.ncbi.nlm.nih.gov/pubmed/34902654
https://doi.org/10.1080/15568318.2022.2084655
https://doi.org/10.1002/bse.3059
https://doi.org/10.1007/s11356-021-14521-1
https://www.ncbi.nlm.nih.gov/pubmed/34031824
https://doi.org/10.1016/j.jclepro.2021.126130
https://doi.org/10.15244/pjoes/90599
https://www.ncbi.nlm.nih.gov/pubmed/37116130
https://doi.org/10.1016/j.ecolind.2018.10.002
https://doi.org/10.1016/j.scitotenv.2021.149979
https://www.ncbi.nlm.nih.gov/pubmed/34487906
https://doi.org/10.1016/j.scib.2021.11.007
https://www.ncbi.nlm.nih.gov/pubmed/36546095
https://doi.org/10.1016/j.jclepro.2020.125760
https://doi.org/10.1016/j.jclepro.2021.129849
https://doi.org/10.1002/bse.2785
https://doi.org/10.1016/j.jclepro.2021.126991
https://doi.org/10.1007/s10584-019-02620-5
https://doi.org/10.1016/j.scitotenv.2019.134555
https://www.ncbi.nlm.nih.gov/pubmed/31812396
https://doi.org/10.1016/j.enpol.2021.112399
https://doi.org/10.3390/su10103627
https://doi.org/10.13687/j.cnki.gjjmts.2017.03.002
https://doi.org/10.13269/j.cnki.ier.2010.05.001


Sustainability 2024, 16, 3721 20 of 23

49. Pan, A.; Wei, L. Embodied carbon in China’s foreign trade: Structural features and influential factors. Econ. Rev. 2016, 16–29.
[CrossRef]

50. Pan, A. Foreign trade, interregional trade, and carbon emission transfer—Analysis based on China’s regional input-output tables.
J. Financ. Econ. Res. 2017, 43, 57–69. [CrossRef]

51. Zhu, D.; Ma, X.; Zhang, Y.; Wang, H. Discussion on the sharing mechanism of carbon emissions responsibility in China. Environ.
Prot. 2018, 46, 58–63. [CrossRef]

52. Zhang, Y.; Tang, H. Research on China’s CO2 emission embodied in trading and responsibility sharing: An example measurement
from perspective of industrial chain. J. Int. Trade 2015, 148–156. [CrossRef]

53. Wang, Y.; Wang, W.; Ma, S. Responsibility sharing of China’s inter-provincial carbon emission and cooperation in carbon reduction.
Zhejiang Soc. Sci. 2020, 40–51+156. [CrossRef]

54. Zhang, T.; Meng, L.; Sun, J. Common responsibility for carbon emissions: Measure optimization and international comparison.
Financ. Trade Res. 2018, 29, 19–31. [CrossRef]

55. Zhao, D.; Yang, S. Trade carbon emissions sharing mechanism from the perspective of joint responsibility. China Popul. Resour.
Environ. 2013, 23, 1–6.

56. Wang, X.; Zhao, S.; Liu, X.; Duan, H.; Song, J. Research on carbon neutral goal oriented provincial consumption end carbon
emission reduction model—Based on multi regional input-output model. Ecol. Econ. 2021, 37, 43–50.

57. Wang, A.; Feng, Z.; Meng, B. Measure of carbon emissions and carbon transfers in 30 provinces of China. J. Quant. Technol. Econ.
2017, 34, 89–104. [CrossRef]

58. Song, J.; Niu, D.; Cao, Z.; Zhang, K. China’s provincial carbon emissions accounting and initial allocation considering carbon
transfer. East. China Econ. Manag. 2017, 31, 57–64.

59. Yang, Z.; Wang, H.; Yang, L.; Fu, R. Green production and trade in the global-local system: Taking China as an example. J. Clean.
Prod. 2022, 370, 133442. [CrossRef]

60. Cui, L.; Zhu, L.; Fan, Y. Feasibility analysis of China’s active emission reduction strategy under the background of carbon tariffs.
Manag. Sci. 2013, 26, 101–111.

61. Wen, Z.; Shi, H.; Guo, J. Research on the emission reduction effect of green finance from the perspective of general equilibrium
theory: Modeling and empirical test. Chin. J. Manag. Sci. 2022, 30, 173–184. [CrossRef]

62. Wang, L.; Chen, W.; Zhang, H.; Ma, D. Dynamic equity carbon permit allocation scheme to limit global warming to two degrees.
Mitig. Adapt. Strat. Glob. Chang. 2017, 22, 609–628. [CrossRef]

63. Fezzigna, P.; Borghesi, S.; Caro, D. Revising emission responsibilities through consumption-based accounting: A European and
Post-Brexit Perspective. Sustainability 2019, 11, 488. [CrossRef]

64. Pozo, C.; Galán-Martín, Á.; Reiner, D.M.; Mac Dowell, N.; Guillén-Gosálbez, G. Equity in allocating carbon dioxide removal
quotas. Nat. Clim. Chang. 2020, 10, 640–646. [CrossRef]

65. Zhang, L.; Yu, C.; Cheng, B.; Yang, C.; Chang, Y. Mitigating climate change by global timber carbon stock: Accounting, flow and
allocation. Renew. Sust. Energy Rev. 2020, 131, 109996. [CrossRef]

66. Zhao, Y.; Zheng, L.; Liu, S. Impact of participating in global value chains on carbon emissions embodied in China’s exports. J. Int.
Trade 2021, 142–157. [CrossRef]

67. Callahan, C.W.; Mankin, J.S. National attribution of historical climate damages. Clim. Chang. 2022, 172, 40. [CrossRef]
68. Zhao, H.; Yan, Y.; Zhang, D. Low carbon econometric model. Acta Ecol. Sin. 2015, 35, 1249–1257.
69. Wang, W.; Xiang, Q. Accounting and responsibility analysis on carbon emissions embodied in international trade. China Ind. Econ.

2011, 56–64. [CrossRef]
70. Banerjee, S. Carbon adjustment in a consumption-based emission inventory accounting: A CGE analysis and implications for a

developing country. Environ. Sci. Pollut. Res. 2021, 28, 19984–20001. [CrossRef]
71. Zhou, X. Emissions embodied in international trade and trade adjustment to national GHG inventory. Manag. Rev. 2010, 22,

17–24. [CrossRef]
72. Li, Z. The emission reducing of China’s international trade on the view of real import carbon welfare–A model of non-competitive

input–output. China Ind. Econ. 2014, 18–30. [CrossRef]
73. Shahab, Y.; Gull, A.A.; Rind, A.A.; Alias Sarang, A.A.; Ahsan, T. Do corporate governance mechanisms curb the anti-environmental

behavior of firms worldwide? An illustration through waste management. J. Environ. Manag. 2022, 310, 114707. [CrossRef]
[PubMed]

74. Zhu, K.; Guo, X.; Zhang, Z. Reevaluation of the carbon emissions embodied in global value chains based on an inter-country
input-output model with multinational enterprises. Appl. Energy 2022, 307, 118220. [CrossRef]

75. Harangozo, G.; Cecilia, S. Corporate carbon footprint analysis in practice–With a special focus on validity and reliability issues. J.
Clean. Prod. 2017, 167, 1177–1183. [CrossRef]

76. Ortiz, M.; López, L.-A.; Cadarso, M. EU carbon emissions by multinational enterprises under control-based accounting. Resour.
Conserv. Recycl. 2020, 163, 105104. [CrossRef]

77. Tian, K.; Zhang, Y.; Li, Y.; Ming, X.; Jiang, S.; Duan, H.; Yang, C.; Wang, S. Regional trade agreement burdens global carbon
emissions mitigation. Nat. Commun. 2022, 13, 408. [CrossRef] [PubMed]

https://doi.org/10.19361/j.er.2016.04.02
https://doi.org/10.16538/j.cnki.jfe.2017.11.005
https://doi.org/10.14026/j.cnki.0253-9705.2018.12.013
https://doi.org/10.13510/j.cnki.jit.2015.04.015
https://doi.org/10.14167/j.zjss.2020.01.005
https://doi.org/10.19337/j.cnki.34-1093/f.2018.10.002
https://doi.org/10.13653/j.cnki.jqte.2017.08.006
https://doi.org/10.1016/j.jclepro.2022.133442
https://doi.org/10.16381/j.cnki.issn1003-207x.2021.2630
https://doi.org/10.1007/s11027-015-9690-8
https://doi.org/10.3390/su11020488
https://doi.org/10.1038/s41558-020-0802-4
https://doi.org/10.1016/j.rser.2020.109996
https://doi.org/10.13510/j.cnki.jit.2021.03.010
https://doi.org/10.1007/s10584-022-03387-y
https://doi.org/10.19581/j.cnki.ciejournal.2011.10.006
https://doi.org/10.1007/s11356-020-11771-3
https://doi.org/10.14120/j.cnki.cn11-5057/f.2010.06.001
https://doi.org/10.19581/j.cnki.ciejournal.2014.12.002
https://doi.org/10.1016/j.jenvman.2022.114707
https://www.ncbi.nlm.nih.gov/pubmed/35192979
https://doi.org/10.1016/j.apenergy.2021.118220
https://doi.org/10.1016/j.jclepro.2017.07.237
https://doi.org/10.1016/j.resconrec.2020.105104
https://doi.org/10.1038/s41467-022-28004-5
https://www.ncbi.nlm.nih.gov/pubmed/35058436


Sustainability 2024, 16, 3721 21 of 23

78. Li, Q.; Wen, B.; Wang, G.; Cheng, J.; Zhong, W.; Dai, T.; Liang, L.; Han, Z. Study on calculation of carbon emission factors and
embodied carbon emissions of iron-containing commodities in international trade of China. J. Clean. Prod. 2018, 191, 119–126.
[CrossRef]

79. Bai, Y.; Zhang, T.; Zhai, Y.; Jia, Y.; Ren, K.; Hong, J. Strategies for improving the environmental performance of nickel production
in China: Insight into a life cycle assessment. J. Environ. Manag. 2022, 312, 114949. [CrossRef] [PubMed]

80. He, Q.; Chen, P. Developing a green supplier evaluation system for the chinese electric vehicle battery manufacturing industry
based on supplier willingness to participate in green collaboration. IEEE Trans. Eng. Manag. 2022, 71, 3098–3116. [CrossRef]

81. Qiao, D.; Dai, T.; Wang, G.; Ma, Y.; Fan, H.; Gao, T.; Wen, B. Exploring potential opportunities for the efficient development of the
cobalt industry in China by quantitatively tracking cobalt flows during the entire life cycle from 2000 to 2021. J. Environ. Manag.
2022, 318, 115599. [CrossRef]

82. Igl, J.; Kellner, F. Exploring greenhouse gas reduction opportunities for retailers in Fast Moving Consumer Goods distribution
networks. Transp. Res. Part. D Transp. Environ. 2017, 50, 55–69. [CrossRef]

83. Zhang, C.; Zhang, X. Climate responsibility optimization model for the cooperative game between steel sector and consumer side
in China. J. Clean. Prod. 2022, 370, 133592. [CrossRef]

84. Liao, H.; Deng, Q.; Wang, Y.; Guo, S.; Ren, Q. An environmental benefits and costs assessment model for remanufacturing process
under quality uncertainty. J. Clean. Prod. 2018, 178, 45–58. [CrossRef]

85. Qi, S.; Tian, S.; Zhang, Y.; Wen, R. Based on RAS and I-O, research on the trend of implicit carbon emissions in construction
industry and the responsibility sharing of emission reduction. Ecol. Econ. 2016, 32, 43–48.

86. Yang, B.; Sun, H. Measurement of carbon emission reduction cost of planting industry and construction of regional responsibility
mechanism—A case study of Shandong Province. Ecol. Econ. 2021, 37, 102–107.

87. Fu, K.; Qi, S. China’s provincial power carbon emissions responsibility accounting method and its application. China Popul.
Resour. Environ. 2014, 24, 27–34.

88. Zhou, B.; Jiang, L.; Fu, K. Comparison and application of China’s regional power carbon emissions responsibility accounting
methods. Sci. Technol. Manag. Res. 2014, 34, 220–223.

89. Sun, Z.; Liu, K.; Li, H. Research on China’s provincial power accounting method from the perspective of carbon quota. Sci.
Technol. Manag. Res. 2020, 40, 226–231.

90. Zhao, Y.; Ma, L.; Li, Z.; Ni, W. A calculation and decomposition method embedding sectoral energy structure for embodied
carbon: A case study of China’s 28 sectors. Sustainability 2022, 14, 2593. [CrossRef]

91. Liu, H.; Liu, W.; Tang, Z.; Fan, X. Analysis of the CO2 emission reduction effect of China’s regional industrial structure adjustment
based on the inter regional input-output table. Areal Res. Dev. 2010, 29, 129–135.

92. Cazcarro, I.; Duarte, R.; Sánchez-Chóliz, J.; Sarasa, C.; Serrano, A. Environmental Footprints and Scenario Analysis for Assessing
the Impacts of the Agri-Food Industry on a Regional Economy: A Case Study in Spain. J. Ind. Ecol. 2015, 19, 618–627. [CrossRef]

93. Liu, L. A critical examination of the consumption-based accounting approach: Has the blaming of consumers gone too far?
WIREs Clim. Chang. 2015, 6, 1–8. [CrossRef]

94. Udemba, E.N. Triangular nexus between foreign direct investment, international tourism, and energy consumption in the Chinese
economy: Accounting for environmental quality. Environ. Sci. Pollut. Res. 2019, 26, 24819–24830. [CrossRef] [PubMed]

95. Guo, J.E.; Zhang, Z.; Meng, L. China’s provincial CO2 emissions embodied in international and interprovincial trade. Energy
Policy 2012, 42, 486–497. [CrossRef]

96. Zhang, W.; Li, F.; Hu, Y. The study of provincial transfers and reduction responsibilities of China’s CO2 emissions. China Ind.
Econ. 2014, 57–69. [CrossRef]

97. Lv, J.; Zhang, Z. China’s provincial carbon emission accounting standards and empirical test. Stat. Decis. 2020, 36, 46–51.
[CrossRef]

98. Zhang, J.; Cheng, F. The allocation of carbon emission reduction responsibilities of China’s manufacturing industry under the
“double carbon” goal. China Popul. Resour. Environ. 2021, 31, 64–72.

99. Qian, Y.; Behrens, P.; Tukker, A.; Rodrigues, J.F.D.; Li, P.; Scherer, L. Environmental responsibility for sulfur dioxide emissions and
associated biodiversity loss across Chinese provinces. Environ. Pollut. 2019, 245, 898–908. [CrossRef] [PubMed]

100. Zhong, Z.; Sun, Y.; Liu, X.; Wang, Z. Calculation of CO2 emission embodied in city trade: A case study of Shanghai. Trop. Geogr.
2015, 35, 785–796.

101. Yang, S.; Liu, J.; Yang, T.; Liu, Y.; Li, M. Research on carbon emissions accounting of public buildings in the process of carbon
trading. Archit. Sci. 2020, 36, 326–330.

102. Zhang, D.; Justin, C.; Niven, W. Sectoral aggregation error in the accounting of energy and emissions embodied in trade and
consumption. J. Ind. Ecol. 2019, 23, 402–411. [CrossRef]

103. Yu, B.; Zhao, Q.; Wei, Y. Review of carbon leakage under regionally differentiated climate policies. Sci. Total Environ. 2021, 782,
146765. [CrossRef] [PubMed]

104. Turner, K.; Lenzen, M.; Wiedmann, T.; Barrett, J. Examining the global environmental impact of regional consumption activities—
Part 1: A technical note on combining input-output and ecological footprint analysis. Ecol. Econ. 2007, 62, 37–44. [CrossRef]

105. Feng, T.; Yang, Y.; Xie, S.; Dong, J.; Ding, L. Economic drivers of greenhouse gas emissions in China. Renew. Sust. Energ. Rev. 2017,
78, 996–1006. [CrossRef]

https://doi.org/10.1016/j.jclepro.2018.04.224
https://doi.org/10.1016/j.jenvman.2022.114949
https://www.ncbi.nlm.nih.gov/pubmed/35367689
https://doi.org/10.1109/TEM.2022.3205155
https://doi.org/10.1016/j.jenvman.2022.115599
https://doi.org/10.1016/j.trd.2016.10.008
https://doi.org/10.1016/j.jclepro.2022.133592
https://doi.org/10.1016/j.jclepro.2017.12.256
https://doi.org/10.3390/su14052593
https://doi.org/10.1111/jiec.12209
https://doi.org/10.1002/wcc.325
https://doi.org/10.1007/s11356-019-05542-y
https://www.ncbi.nlm.nih.gov/pubmed/31240648
https://doi.org/10.1016/j.enpol.2011.12.015
https://doi.org/10.19581/j.cnki.ciejournal.2014.03.005
https://doi.org/10.13546/j.cnki.tjyjc.2020.03.009
https://doi.org/10.1016/j.envpol.2018.11.043
https://www.ncbi.nlm.nih.gov/pubmed/30508793
https://doi.org/10.1111/jiec.12734
https://doi.org/10.1016/j.scitotenv.2021.146765
https://www.ncbi.nlm.nih.gov/pubmed/33838371
https://doi.org/10.1016/j.ecolecon.2006.12.002
https://doi.org/10.1016/j.rser.2017.04.099


Sustainability 2024, 16, 3721 22 of 23

106. Sun, Y.; Lenzen, M.; Liu, B.J. The national tourism carbon emission inventory: Its importance, applications and allocation
frameworks. J. Sustain. Tour. 2019, 27, 360–379. [CrossRef]

107. Wood, R.; Neuhoff, K.; Moran, D.; Simas, M.; Grubb, M.; Stadler, K. The structure, drivers and policy implications of the European
carbon footprint. Clim. Policy 2020, 20, S39–S57. [CrossRef]

108. Gilles, E.; Ortiz, M.; Cadarso, M.-Á.; Monsalve, F.; Jiang, X. Opportunities for city carbon footprint reductions through imports
source shifting: The case of Bogota. Resour. Conserv. Recycl. 2021, 172, 105684. [CrossRef]

109. Liu, G.; Zhang, F. China’s carbon inequality of households: Perspectives of the aging society and urban-rural gaps. Resour.
Conserv. Recycl. 2022, 185, 106449. [CrossRef]

110. Xu, Z.; Yao, L. Reality check and determinants of carbon emission flow in the context of global trade: Indonesia being the centric
studied country. Environ. Dev. Sustain. 2023, 25, 11973–11997. [CrossRef]

111. Jin, J.; Ju, Y. Research on the allocation of implicit carbon emission responsibility in Sino Japan trade. Manag. Rev. 2018, 30, 64–75.
[CrossRef]

112. Xia, Y.; Wu, J. Research on the target allocation mechanism of carbon productivity reduction in China—Based on the perspective
of different environmental responsibilities. Manag. Rev. 2018, 30, 137–147. [CrossRef]

113. Liu, L.; Liang, Q.; Wang, Q. Accounting for China’s regional carbon emissions in 2002 and 2007: Production-based versus
consumption-based principles. J. Clean. Prod. 2015, 103, 384–392. [CrossRef]

114. Zhang, Z.; Lin, J. From production-based to consumption-based regional carbon inventories: Insight from spatial production
fragmentation. Appl. Energy 2018, 211, 549–567. [CrossRef]

115. Pan, X.; Wang, H.; Lu, X.; Zheng, X.; Wang, L.; Chen, W. Implications of the consumption-based accounting for future national
emissions budgets, 2022. Implications of the consumption-based accounting for future national emissions budgets. Clim. Policy
2022, 22, 1306–1318. [CrossRef]

116. Cong, J.; Chang, P.; Liu, Q. Reaccounting of China’s provincial carbon emission responsibility based on the perspective of
three-dimensional responsibility. Stat. Res. 2018, 35, 41–52. [CrossRef]

117. Marques, A.; Rodrigues, J.; Lenzen, M.; Domingos, T. Income-based environmental responsibility. Ecol. Econ. Econ. Degrowth 2012,
84, 57–65. [CrossRef]

118. Liu, H.; Fan, X. Value-added-based accounting of CO2 emissions: A multi-regional input-output approach. Sustainability 2017, 9,
2220. [CrossRef]

119. Zhang, Y.; Jiang, Y.; Hu, S.; Yan, D. carbon emissions responsibility accounting method based on benchmark value. China Popul.
Resour. Environ. 2020, 30, 43–53.

120. Lan, T.; Xia, X. Research on the implied carbon in China EU manufacturing trade under the global value chain. J. Cent. South Univ.
(Soc. Sci.) 2020, 26, 111–123.

121. Ferng, J. Allocating the responsibility of CO2 over-emissions from the perspectives of benefit principle and ecological deficit. Ecol.
Econ. 2003, 46, 121–141. [CrossRef]

122. Xu, Y.; Zhang, Y. Research on the responsibility and potential of regional carbon emission reduction in China. Financ. Trade Res.
2013, 24, 50–59. [CrossRef]

123. Wang, W.; Lu, J.; Liu, L. The benefits and carbon emissions embodied in China’s foreign trade: Calculation and comparison. J.
Bus. Econ. 2016, 80–89. [CrossRef]

124. Wang, W. Transfer measurement and responsibility sharing of carbon emissions between provinces in China. J. Environ. Econ.
2018, 3, 19–36. [CrossRef]

125. Wang, W. Re-measurement of the allocation of responsibility for carbon emissions on the provincial consumption side in
China—Based on the perspective of responsibility sharing and technology compensation. Stat. Res. 2022, 39, 3–16. [CrossRef]

126. Zhou, M.; Tan, X. A review of foreign literatures on assigning responsibility for carbon emissions embodied in international trade.
Int. Trade Issues 2012, 104–113. [CrossRef]

127. Leontief, W. Environmental Repercussions and the Economic Structure: An Input-Output Approach. Rev. Econ. Stat. 1970, 52, 262.
[CrossRef]

128. Owen, A.; Wood, R.; Barrett, J.; Evans, A. Explaining value chain differences in multi-region input-output databases through
structural path decomposition. Econ. Syst. Res. 2016, 28, 243–272. [CrossRef]

129. Zheng, L. Responsibility allocation of carbon emission reduction among provinces and regions in China: A study based on zero
sum DEA model. Resour. Sci. 2012, 34, 2087–2096.

130. Wu, C.; Huang, X.; Chuai, X.; Xu, G.; Yu, R.; Li, L. Analysis of industrial structure adjustment and carbon emission reduction
potential in Jiangsu Province based on EIO-LCA. China Popul. Resour. Environ. 2015, 25, 43–51.

131. Wang, W.; Kong, X. Research on China’s provincial carbon quota allocation based on the 2030 carbon peak target. J. Quant.
Technol. Econ. 2022, 39, 113–132. [CrossRef]

132. Peters, G.P.; Weber, C.L.; Guan, D.; Hubacek, K. China’s growing CO2 emissions a race between increasing consumption and
efficiency gains. Environ. Sci. Technol. 2007, 41, 5939–5944. [CrossRef] [PubMed]

133. Pulselli, R.M.; Ridolfi, R.; Rugani, B.; Tiezzi, E. Application of life cycle assessment to the production of man-made crystal glass.
Int. J. Life Cycle Assess. 2009, 14, 490–501. [CrossRef]

134. Meftah, M.; Damé, L.; Keckhut, P.; Bekki, S.; Sarkissian, A.; Hauchecorne, A.; Bertran, E.; Carta, J.; Rogers, D.; Abbaki, S.; et al.
UVSQ-SAT, a Pathfinder cubesat mission for observing essential climate variables. Remote Sens. 2020, 12, 92. [CrossRef]

https://doi.org/10.1080/09669582.2019.1578364
https://doi.org/10.1080/14693062.2019.1639489
https://doi.org/10.1016/j.resconrec.2021.105684
https://doi.org/10.1016/j.resconrec.2022.106449
https://doi.org/10.1007/s10668-022-02562-6
https://doi.org/10.14120/j.cnki.cn11-5057/f.2018.05.008
https://doi.org/10.14120/j.cnki.cn11-5057/f.2018.05.016
https://doi.org/10.1016/j.jclepro.2014.07.009
https://doi.org/10.1016/j.apenergy.2017.11.047
https://doi.org/10.1080/14693062.2022.2067113
https://doi.org/10.19343/j.cnki.11-1302/c.2018.04.004
https://doi.org/10.1016/j.ecolecon.2012.09.010
https://doi.org/10.3390/su9122220
https://doi.org/10.1016/S0921-8009(03)00104-6
https://doi.org/10.19337/j.cnki.34-1093/f.2013.02.007
https://doi.org/10.14134/j.cnki.cn33-1336/f.2016.09.009
https://doi.org/10.19511/j.cnki.jee.2018.01.003
https://doi.org/10.19343/j.cnki.11-1302/c.2022.06.001
https://doi.org/10.13510/j.cnki.jit.2012.06.008
https://doi.org/10.2307/1926294
https://doi.org/10.1080/09535314.2015.1135309
https://doi.org/10.13653/j.cnki.jqte.2022.07.002
https://doi.org/10.1021/es070108f
https://www.ncbi.nlm.nih.gov/pubmed/17937264
https://doi.org/10.1007/s11367-009-0085-5
https://doi.org/10.3390/rs12010092


Sustainability 2024, 16, 3721 23 of 23

135. Murthy, V.; Ramakrishna, S. A review on global e-waste management: Urban mining towards a sustainable future and circular
economy. Sustainability 2022, 14, 647. [CrossRef]

136. Baker, L. Of embodied emissions and inequality: Rethinking energy consumption. Energy Res. Soc. Sci. 2018, 36, 52–60. [CrossRef]
137. Zhang, Q.; Nakatani, J.; Shan, Y.; Moriguchi, Y. Inter-regional spillover of China’s sulfur dioxide (SO2) pollution across the supply

chains. J. Clean. Prod. 2019, 207, 418–431. [CrossRef]
138. Yang, Q.; Zhao, R.; Luo, H.; Zhu, R.; Xiao, L.; Xie, Z.; Sun, J. The spatial pattern of carbon transfer in China’s inter provincial grain

trade and its responsibility sharing. Trans. Chin. Soc. Agric. Eng. 2022, 38, 1–10.
139. Chang, N. Sharing responsibility for carbon dioxide emissions: A perspective on border tax adjustments. Energy Policy 2013, 59,

850–856. [CrossRef]
140. Zhao, H.; Hao, F. Research on the allocation of regional carbon emission reduction responsibility in China—Based on the

perspective of common environmental responsibility. J. Beijing Inst. Technol. (Soc. Sci.) 2013, 15, 27–32+38. [CrossRef]
141. Zeng, L.; Li, R.Y.M.; Zeng, H. Weibo users and Academia’s foci on tourism safety: Implications from institutional differences and

digital divide. Heliyon 2023, 9, e12306. [CrossRef]
142. Liu, B.; Wang, J.; Li RY, M.; Peng, L.; Mi, L. Achieving carbon neutrality–the role of heterogeneous environmental regulations on

urban green innovation. Front. Ecol. Evol. 2022, 10, 923354. [CrossRef]
143. Cheng, S.; Chen, Y.; Meng, F.; Chen, J.; Liu, G.; Song, M. Impacts of local public expenditure on CO2 emissions in Chinese cities: A

spatial cluster decomposition analysis. Resour. Conserv. Recycl. 2021, 164, 105217. [CrossRef]
144. Shi, B.; Li, N.; Gao, Q.; Li, G. Market incentives, carbon quota allocation and carbon emission reduction: Evidence from China’s

carbon trading pilot policy. J. Environ. Manag. 2022, 319, 115650. [CrossRef] [PubMed]
145. Chen, J.X.; Chen, J. Supply chain carbon footprinting and responsibility allocation under emission regulations. J. Environ. Manag.

2017, 188, 255–267. [CrossRef] [PubMed]
146. State Department. Comprehensive Work Plan for Energy Conservation and Emission Reduction during the 14th Five-Year

Plan Period. 2021. Available online: https://www.gov.cn/zhengce/content/2022-01/24/content_5670202.htm (accessed on 27
March 2024).

147. National Development and Reform Commission. Implementation Plan on Accelerating the Establishment of a Unified and
Standardized Carbon Emission Statistical Accounting System. 2022. Available online: https://www.ndrc.gov.cn/xwdt/tzgg/20
2208/P020220819537968476486.pdf (accessed on 27 March 2024).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/su14020647
https://doi.org/10.1016/j.erss.2017.09.027
https://doi.org/10.1016/j.jclepro.2018.09.259
https://doi.org/10.1016/j.enpol.2013.04.046
https://doi.org/10.15918/j.jbitss1009-3370.2013.06.004
https://doi.org/10.1016/j.heliyon.2022.e12306
https://doi.org/10.3389/fevo.2022.923354
https://doi.org/10.1016/j.resconrec.2020.105217
https://doi.org/10.1016/j.jenvman.2022.115650
https://www.ncbi.nlm.nih.gov/pubmed/35820308
https://doi.org/10.1016/j.jenvman.2016.12.006
https://www.ncbi.nlm.nih.gov/pubmed/28002783
https://www.gov.cn/zhengce/content/2022-01/24/content_5670202.htm
https://www.ndrc.gov.cn/xwdt/tzgg/202208/P020220819537968476486.pdf
https://www.ndrc.gov.cn/xwdt/tzgg/202208/P020220819537968476486.pdf

	Introduction 
	Materials and Methods 
	Research Method 
	Research Data 
	English Literature Data 
	Chinese Literature Data 


	Bibliometric Review of Carbon Emission Responsibility Accounting Study 
	Analysis of Publications 
	Number of International Publications 
	Number of China publications 

	Analysis of Subjects 
	Analysis of Research Focuses 
	International Research Focuses 
	Focuses of China Research 


	Content Analysis of Studies on Carbon Emission Responsibility Accounting 
	Research Perspectives 
	International Perspective 
	China Perspective 

	Accounting Principles 
	Producers’ Principles 
	Consumers’ Principles 
	Income Earners’ Principles 
	Principle of Shared Responsibility among Producers and Consumers 

	Accounting Methods 
	Input–Output Method 
	Other Methods 


	Discussion 
	Conclusions 
	References

