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Over the past few decades, the carbon dioxide (CO2) emissions management

problem has attracted global attention. China is transitioning to carbon

neutrality and experienced rapid development in low-carbon management.

However, current studies have limited understanding of the evolutionary

process and development issues at a macro-level, which may hinder the

structural reformation of stepwise carbon-neutral development. This study

used the content analysis method to process and code reports from China’s

most prominent news media, Xinhua News Agency, to identify China’s low-

carbon evolution and development issues. The results depict a trend of

gradually increasing carbon management within China and highlight the

staged development features. Years 2010 and 2021 are the critical nodes

of carbon emissions management in China, representing the two primary

actions of low-carbon pilot city projects and the carbon-neutral construction.

However, the results also reveal the uneven development problem of China’s

carbon management behind the rapid transition. The government is the

primary participant in carbon management, but the participation of firms and

the public is relatively low. The power industry implements the highest amount

of carbon management actions, but less attention is paid to other sectors with

high carbon emissions. Report tones on environmental protection and green

technology have gradually declined, while the tone on economic and social

development has increased. There are evident differences in the number of

carbon management measures implemented between regions. The southeast

coastal regions report more management numbers than China’s central

and western regions. The top three provinces (or municipalities) are Beijing

(131), Shanghai (93), and Guangdong (78). From an industry perspective,

more-reported regions have implemented carbon management measures in

more industries than less-reported regions. This study provides a distinctive

contribution to the theoretical work on China’s carbon emissions regulation

and the emerging planning and management mechanisms.
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Introduction

Over the past few decades, the carbon dioxide (CO2)
emissions problem has attracted the attention worldwide. CO2

contributes to air pollution and is responsible for the energy
imbalance in the atmosphere, causing the greenhouse effect
and secondary issues such as natural disasters and severe
weather (Nawaz et al., 2020; Umar et al., 2020). Therefore,
reducing CO2 emissions has become a common target globally
to alleviate the greenhouse effect and realize humankind’s
sustainable development in the future. Countries worldwide
have introduced carbon management policies and measures
such as carbon emission reduction, new energy development,
and carbon fixation technologies to reduce carbon emissions
(Ducat and Silver, 2012; Zheng et al., 2021). Alternatively,
some economists proposed to use economic tools, such as
establishing carbon markets to limit and manage carbon
emissions through carbon trading (Perdan and Azapagic, 2011;
Weng and Xu, 2018). China is at the rapid development stage
with increasing emerging markets and industries (Gao et al.,
2022) and has a high carbon emission level. Hence, carbon
management issues have received increasing attention in China,
and theChinese Government set a clear commitment to reach
the carbon peak in 2030 and achieve carbon neutrality by
2060 (Zhao et al., 2022). In this transition period, the Chinese
Government has introduced and implemented diverse practices
and trails to control carbon and issued a series of policies and
actions to transit into a low-carbon society. These emerging
practices include carbon emission reduction, low-carbon urban
construction, green energy development, green transportation,
carbon market, and carbon trading, and their practicability and
effectiveness were also well studied (Zhang et al., 2016; Yang and
Cheng, 2017; Hu et al., 2019; Umar et al., 2020; Wang K.-H.
et al., 2021).

However, for such public policy development issues, little is
known about the evolution process and potential development
issues of China’s carbon management issues from a macro
perspective. As China enters a new phase of carbon-neutral
construction, the exploration from the macro perspective
is necessaryto help analyze an issue’s temporal and spatial
characteristics and changes and overcome conflicts between
long-term goals and short-term concerns (Rotmans et al., 2001;
Herold et al., 2003). Hence, understanding the evolutionary
process of carbon management is urgently needed to spur
sustainable development. For the societal study, media datasets
are critical data sources that cannot be ignored. The news media,
a precise source for recording time-definite information, helps
provide necessary data for societal and evolutionary studies
(Wei et al., 2017). The news media is one of the central
explanatory systems in modern society, representing the views
and attitudes of different groups, and has the power to create
common knowledge and enhance public coordination (Potter,
2011). The media can reflect the Government’s values, attitudes,

and opinions and official public opinion on environmental
management issues (Kavanaugh et al., 2012), thereby reflecting
the objective status, trends, and development characteristics
of the issue. At the administrative level, China’s top-down
regulation mechanism enables the Government to play a more
dominant role in managing social and environmental public
issues (Saravade et al., 2022). Therefore, the content expression
of the mainstream media in China is likely to be very different
from that of Western democracies. The state-owned nature of
China’s mainstream media makes it a guidance for mainstream
values and policies in mainland China (Wei et al., 2017), which
reflects the implementation of local policies and their impact on
the public. Such disparities pose opportunities for research on
understanding China’s official responses to carbon issues and the
potential problems within the development.

In this context, this study attempts to analyze the coverage
of carbon issues by major Chinese news media through
content analysis, providing new perspectives for understanding
the evolution and potential development issues of carbon
management in China. Through big data screening and analysis,
the results reflect the long-term status of China’s carbon
management development. In theory, this study provides a
distinctive contribution to the studyof China’s carbon emissions
regulation, emerging planning, and management mechanisms.
Specifically, the objectives are screening and coding the
primary variables of news reports and analyzing these variables
temporally and spatially to identify the development trends and
the unfairness within the management. The findings conclude
the progress and deficiency of carbon management in China and
assist carbon policymakers in improving management strategies
to achieve carbon neutrality goals in the future. In addition, the
findings from public news media reveal lessons on the carbon
issue in China that might not emerge from other data sources.

The remaining content of the paper is structures as
follows. Section “Background” provides a relevant background
of China’s carbon management development and summarizes
the milestones.Section “Materials and methods” presents the
methodology for this study; Section “Results” demonstrates the
results and interpretation. Section “Discussion” presents the
discussion and the implication of the findings and sums up to
conclude the paper.

Background

Development of the carbon emissions
management in China

China is one of the largest carbon emitters, accounting
for 28% of global carbon emission (Friedlingstein et al.,
2020). Within these industries, manufacturing and industrial
production contributes the largest proportion of CO2 emissions
in China (50%), then follows the power industry contributes
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40%. The transport industry occupied 8%, and the other
industrial and economic sectors, including commercial,
residential, agricultural, and building and construction, shared
the rest (Sandalow, 2019).

As early as 2000, the Chinese Government decided to
implement the Natural Forest Protection Program (NFPP) to
enhance and protect the stability of the economy and the
population’s livelihood (Qiao et al., 2021) and it has become one
of the primary measures for carbon fixation after the carbon
emission reduction target is proposed. In 2005, the Chinese
Government launched the National Circular Economy pilot
work to explore the valid mode of carbon emission reduction
in critical areas and industries (Geng et al., 2013). Then, the
Chinese Government first proposed energy conservation and
emission reduction targets during the 11th 5-year plan (FYP)
in 2006 to support the development of the Circular Economy
(Yang et al., 2019). In addition, the Chinese Government is
constantly improving carbon management laws. The National
Development and Reform Commission (NDRC) issued China’s
first global warming policy, China’s National Climate Change
Program, in 2007. This program focuses on carbon emission
governance and energy intensity in energy production and use,
agriculture, forestry, and waste industries (Marks, 2010). In
the following years, the Chinese government has successively
introduced national policies related to carbon.

Meanwhile, the Chinese Government realized cities’
profound impact on CO2 emissions. Given China’s fast
urbanization process and higher energy consumption than the
rural areas, the NDRC initiated a low-carbon pilot city and
province program in July of 2010 (also known as LCCP) to
lead the transition of cities to a low-carbon development model
(Khanna et al., 2014). The first five pilot provinces include
Yunnan, Guangdong, Hubei, Shaanxi, and Liaoning provinces
and the eight pilot cities include Tianjin, Baoding, Hangzhou,
Chongqing, Nanchang, Guiyang, Xiamen, and Shenzhen (Wang
et al., 2015). However, research assessments suggest that while
pilot cities have made progress in carbon management planning,
the complexity and confusion caused by multiple parallel plans
and the lack of supportive policies and market support may
hinder the realization of low-carbon cities (Khanna et al., 2014).
Correspondingly, China’s Ministry of Transport launched a
green transportation pilot project in 2011 to complement the
construction of low-carbon cities. The project aims to promote
the application of low-carbon transportation equipment by
constructing low-carbon transportation infrastructures (Qu
and Liu, 2016) and integrating the low-carbon concept into
people’s lives. In addition, the Chinese government started to
rely on market surveillance tools to achieve policy goals. For
example, drawing on the experience of foreign carbon market
construction, China’s National Development and Reform
Commission implemented an Emissions Trading Scheme (ETS)
in seven pilot regions in 2013, and all of them started operation
in 2014 (Munnings et al., 2016). Although the carbon trading

outcomes are suboptimal due to the inadequate scheme design,
the experience of establishing and operating the pilot systems
is valuable. The empirical study showed that China’s carbon
intensity declined by 33% from 2000 to 2015, which is mainly
attributed to the progress made by these carbon management
projects, especially the improvement of industrial energy
efficiency contributed the most to the reduction of emissions
(Liu et al., 2019).

Internationally, the Chinese Government has actively
participated in global carbon reduction conferences and
activities in recent years. In 2016, China signed the Paris
Agreement with 180 countries worldwide, aiming to limit the
global average temperature rise to 2 or 1.5◦C by the end of
this century. To achieve a low-carbon society earlier, China
committed to achieving peak CO2 emissions around 2030 and
enlarging carbon intensity reduction by 65% from the 2005 level
(Zhou et al., 2021). Based on the peak carbon emission target,
China proposed a new goal in 2020: to achieve carbon neutrality
by 2060 (Mallapaty, 2020). This goal reflects the determination
of China to tackle climate change, and it also poses challenges
to China’s development. In summary, China’s major carbon
management actions are listed in the timeline below (Figure 1).

Existing challenges in carbon
emissions management in china

However, China still faces many challenges from peak
carbon to carbon neutrality in the transition period. (1)
China’s carbon emission continues to increase, while its carbon
emission may not reach its peak in the short term; (2) China
relies heavily on fossil energy (up to 85%) to maintain its
rapid development, with significant energy consumption and
low efficiency; (3) China’s economic development level is
relatively lower than developed countries, making it weak to
resist economic risks; (4) low-carbon and renewable energy
technologies are immature; (5) promoting regional low-carbon
emissions and a national “green market” remains an important
challenge in realizing a comprehensive low-carbon society
(Musa et al., 2018; Liu et al., 2021; Zhao et al., 2022). Therefore,
to address these issues, China’s low-carbon policies and actions
must ensure that top-down socio-economic development
measures coincide with bottom-up economic incentives and
technological development.

Materials and methods

This study applies content analysis to examine media
coverage of carbon issues in China. Content analysis is a
systematic and replicable technique that compresses texts into
content categories by explicit coding rules (Stemler, 2001). This
method has been applied in diverse fields and multidisciplinary
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FIGURE 1

The timeline of China’s major carbon management events.

studies for mining large, unstructured, and fuzzy textual data,
discovering unintuitive information other than numeric data
in the text to determine the public attitudes, relevance, and
public tones of media reports on issues (Xiong et al., 2016;
Hickman et al., 2022). Besides, these steps include media source
selection, sampling method selection, coding strategies, and
result interpretation.

Media selection

News media website was selected as the media source
for carbon issue reports in China. The news media, also
known as mass media, includes print media (newspapers),
electronic media (radio, television), and online media that
have emerged with the rise of the Internet. The news media
is an essential and high-quality source of information on
public issues, providing readers with continuous and in-
depth information and maintaining timeliness, accuracy, and
authenticity (Van der Wurff, 2008). Online news media is
a new platform for news, and many print and electronic
media established their corresponding online platforms. Online
news is simple and easy for readers to obtain, without losing
the accuracy and authority of the information. In addition,
online news and print media can provide readers with a
historical perspective on issues. By reviewing past reports,
one can draw results with a historical empirical value that
cannot be provided by channels such as radio and television
(Ghersetti, 2014).

Xinhua News Agency, established in November 1931, is
the official state news agency of the People’s Republic of

China (China). Xinhua News Agency is the largest and most
influential media organization in China. It has established
a News Information Collection network covering the whole
world, has more than 100 branches worldwide, and formed a
multilingual, multimedia, multi-channel, multi-level, and multi-
functional news release system (Hong, 2011). As the direct and
authoritative information channel for the Chinese Government
to the outside world, Xinhua News Agency has substantial and
far-reaching influences on public opinion. Especially for major
events and issues, the internal norms it published play a leading
role in the Chinese media while setting the tone of coverage
that other Chinese media must follow (Xin, 2006). This study
used Xinhua News Agency’s news release platform Xinhuanet1

as the source of news reports on China’s carbon issues. Due to the
leading role of Xinhuanet’s news in the domestic media of China,
its content is sufficient to cover carbon-related news from other
media. In previous studies, using a single mainstream media was
recognized as a viable approach (Wei et al., 2015, 2017, 2021;
Xiong et al., 2016).

Sampling

Two approaches were used for social media analysis. The
first is a computational approach that uses algorithms to code.
However, algorithms analysis may not accurately identify the
sensitivity of the conceptual boundaries of topics and the
sampling frames of the large-scale data, which increases the

1 http://www.xinhuanet.com/
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difficulty in categorizing complex variables and nuanced texts
(Zamith and Lewis, 2015). The second is the big data approach,
which collects and analyzes existing content of target issues
(Russell Neuman et al., 2014). This approach does not include
the traditional sampling process as it relies on keyword-based
content selection. The reports were assembled for a 20-year
study period (2002–2021) using the Factiva database, with
15,648 news reports. This study combined two methodological
approaches for analysis processing: collecting and encoding all
the reports. Following previous studies, analyses reported in
this study were enforceable to the relatively small sample size
(Kim et al., 2018).

Reports retrieval and review

We used “carbon” (Chinese) as the keyword to search for
reports in the online database. The total number of reports
retrieved was 15,768. The reports were downloaded and stored
as a “raw database,” and their relevance was manually reviewed
and checked by four researchers over a two-month period
using the criteria in Table 1. The reports mentioned the word
“carbon” occasionally and did not involve issues such as carbon
emissions, carbon finance, carbon sink, carbon trading, low-
carbon technologies, dual carbon (carbon neutrality, carbon
peaking), carbon management, etc., were deleted. The final
number of the reports that directly related to carbon issues for
analysis was 2101.

Report coding

The researchers preliminarily determined the relevance of
the reports to carbon issues, and the relevance judgment criteria
are listed in Table 1. Then, the filtered high-relevance reports
were analyzed according to the coding table (Table 2).This
paper designs a set of variables based on the ideas and methods
proposed by previous studies; it analyzed and codes each report
according to the media framing theory and agenda-setting
theory (Joshi et al., 2011; Xiong et al., 2016). These two theories
provide a solid theoretical foundation for this study. The media
frame theory refers to the news media setting a fixed frame,
situation, and viewpoint for news reports to guide the audiences
attitude and cognitive judgment of facts, thereby influencing
public opinion on specific issues. News framework formulation’s
objectivity and rationality directly affect whether public opinion
can be correctly and effectively guided. Agenda-setting theory
demonstrates that the media guide people’s attention to specific
events by providing information and prioritizing related issues.
This theory builds on the assumption that the more emphasis
the media puts on an event, the higher the public’s attention
to the issue (Mccombs and Shaw, 1972; De Vreese, 2005). The
study’s framework established by these two theories will help

TABLE 1 Relevance criteria.

Criteria for
including reports

• Reports on carbon-related actions that have been or
will be introduced and implemented

• Reports on carbon-related policies and regimes that
have been or will be published

•Meetings and conferences to discuss carbon
management issues (carbon management must be the
main content of the meeting)

• Develop guidelines and policies for carbon
management

Criteria for
excluding reports

• Reports did not address carbon emissions
management issues (e.g., carbon mining; carbon
materials; carbon fibers; carbon isotope in dating
studies)

• Reports mentioned carbon management issues,
which were not the main content (e.g., meetings
mentioned carbon emission management but did not
discuss practical actions, policies, regimes, or goals)

• Reports covering the same carbon-related actions,
conferences, or regimes were counted as only one item
during the coding process

explore the evolution of mainstream society’s views on specific
issues, as detailed in Table 2.

Coding variables were divided into two categories. The first
category summarized the essential context information of the
news reports. Include the time of the news reports; the location
or area of concern; organizations involved in the reports (i.e.,
government agencies, non-governmental organizations, firms;
industries, and economic sectors); and policies and initiatives
(i.e., carbon management-related laws and policies formulated
by national and local governments). The second category
contains the thematic information of the reports, including the
theme and the tone of the event. The report themes covered
major carbon issue categories, such as carbon sequestration,
carbon neutrality, carbon finance, and other hot topics (Hua
et al., 2011; Hu et al., 2019; Umar et al., 2020; Wang K.-H.
et al., 2021); the tones were coded as environmental, social,
economic, technical, and not mentioned. For example, a report
on environmental development is considered “environmental”;
if a report addressed the development of green economies, its
tone is assessed as “economic.” These tones reflected views on
different dimensions of China’s carbon issue.

This study applied an interpretive approach to the content
analysis of reports, and the encoding process was done
manually. Rather than just recording and counting instances
of keywords, the coding team scrutinized the occurrence of
specific keywords and obscure content throughout the text. This
approach enanbled one to understand and examine what is
and isn’t present in the text, capture latent meaning, as well as
discover changes and nuances in encoded categories over time
(Bransford et al., 1972; Wei et al., 2017). The two coders were
trained at first to ensure coding was checked for reliability and
develop a common understanding of the meaning of the codes.
Then, to assess the consistency of coding results, the two coders
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TABLE 2 Description of coded variables.

Category Variables Description

Relevance Based on the criteria identified in Table 1, we used a dummy variable (1= relevant reports, 0= irrelevant
reports) to determine whether the news reports were relevant

I: Context Information of
the reports

Year Publication year of the reports

Administrative location
(regional or national)

Provinces and cities that have implemented carbon management measures. Further, if the action is a
cooperative action with another country, only the province is recorded

Organizations Which organizations were mentioned in the reports? Government, non-governmental organizations, or
firms

Policy The policy was mentioned in the reports. The type of policy was divided into three levels: regional,
national, and international

Industry and economic
sectors for carbon
emissions management

Industry or economic sector in the reports. Disaggregates global greenhouse gas emissions by different
industries and economic sectors, including: “Electricity and heat production (energy)”; “Manufacturing
industry”; “Transportation”; “Agriculture and forestry and other land use; “Commercial and residential”;
“Building and construction” (EPA, 2020)

II: Thematic Information
of the reports

Themes Carbon issues were divided into multiple themes, covering major issues of carbon management “Carbon
market”; “CO2 emissions goal setups”; “Carbon neutrality and carbon peaks”; “CO2 reduction
technology”; “Green energy development”; “Low-carbon ecology development”; “Investments in the
low-carbon industry”; “Low-carbon footprint and low-carbon life”; “Corporate carbon information
disclosure”; and “Low-carbon building and construction”

Report tones The tones of the report were divided into four aspects: “Environmental,” “Social,” “Economic,” and
“Technical”

randomly selected 10% of reports from each year for double
coding and used Cohen’s kappa (O’Connor and Joffe, 2020) to
test the agreement. The agreement was 0.86, which was higher
than the excellent agreement level of 0.8 recommended in the
past study (McHugh, 2012).

Statistical and trend analysis

After reporting coding, descriptive statistics were used to
present temporal trends of the main coding variables. The
regression analysis was used to describe the change in different
types of policies. The spatial distribution of the variables
was processed using ArcGIS software to present the spatial
differences between regions. The descriptive analysis used for
the two thematic variables, theme, and tone of news reports,
aimed to describe and explain transitions of carbon issues and
reflect the changes in governmental attitudes, options, and
guiding principles on carbon management in news coverage.

Results

The temporal development status of
carbon emission management in China

This section concluded the temporal changes and
characteristics of carbon emissions management in China.
This study’s total number of reports directly related to carbon
emission management was 2101. The number of these reports is

diverse (Figure 2) and showed an increasing trend in reporting
numbers. 2002 to 2004 had the least number of carbon-related
reports. The first milestone occurred in 2010, then the reports
of the following years retained a relatively high level compared
to the previous period (2002–2009). Then in 2021, this number
reached the highest among the others, reflecting the enhancing
attention on carbon neutrality construction in China.

In Figure 3A, “green energy development” was the most
reported theme in the news reports (20.69%), followed by
“CO2 emission goal setup” (19.25%). The carbon market
and constructions in low-carbon ecology and industries
were also the topics that attracted a high proportion of
attention. These themes contributed to more than 75% of the
overall news reports. On the contrary, the coverage on low-
carbon building construction, corporations’ carbon emission
information disclosure, and CO2 reduction technologies were
small. Figure 3B demonstrates the themes of the news
reports in the time scale; the diversity of themes was low
in the first seven years (2002–2008). The “goal setup” theme
occupied the most considerable portion in the first three
years, and then “green energy development” exceeded it
in 2005. Still, these two themes were dominantly reported
throughout the study period. More reporting themes on
carbon issues emerged after 2008, assigning dominance to
the themes of “goal setup” and “green energy,” reflecting
the continued diversification of China’s carbon governance
issues The theme “carbon neutrality and carbon peaks” first
occurred in 2008 but had a low-level proportion; it became a
dominant theme in 2019 and reached its peak in 2020. The
theme “CO2 reduction technology” was one of the primaries
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FIGURE 2

The number of carbon emission management reports from 2002 to 2021.

at the initial stage of development but was less discussed in
the later stage.

Figure 4 shows the nature of major organizations
participating in carbon management actions. Government
agencies have been the prominent participants and had more
than 50% participation in most of the years. These governmental
agencies include government units and departments at all levels
and regions. No firm or non-governmental organization (NGO)
or public participated in carbon emissions management at the
beginning stage (2002). Starting from 2003, the participation
of firms and NGOs occupied an evident proportion of the
management action, though it did not exceed the Government.
In 2021, there was a rapid increase in firms’ participation and
shared the same proportion with the Government, reflecting
the growing importance of firms in participating the carbon
emissions management.

Figure 5 demonstrates changes in the proportion of different
carbon-related policies and treaties mentioned in the news
reports. A regression analysis was performed to determine
the trend of change. The results showed that the evolution
change follows a sigmoid function, with an adjusted R2 of
0.91 for the international policy, 0.743 for the national policy,
and 0.71 for the regional policy. The international policies
were dominant at the earliest stage from 2002 to 2006. After
2006, the coverage of international policies in the news reports
began to decline and stayed at a low level after 2010 (around
15%). Meanwhile, the proportion of national policies increased
with the decrease of the international policies proportion and

occupied the dominant part in the following ten years. The
regional policy had a continuous growth trend. In 2021, national
and regional carbon emission management policies were mostly
mentioned in the news reports.

The tone of the reports reflects the government’s attitudes
and views on carbon management issues (Figure 6). Obviously,
the expression of environmental tones dropped continuously,
then stabled at a constant dynamic level after 2010. On the
other hand, the tones of economic, social, and technical have
risen, but with different trends. The proportion of economic-
tone reports increased harshly from 2002 to 2006 then remained
fluctuating in a range of 25–40%. The proportion of technical-
tone reports was the lowest of the others; it increased sharply
after 2002 and reached its peak in 2003. The increase in
social tone reports was later than the economic and technical
tone reports. The evident increase of proportion was after
2007 and reached the peak of 53% in 2013, and then the
proportion dropped and retained a state of great fluctuation
(20–45%).

Figure 7 demonstrates the proportion of the carbon
emission management actions introduced in each industrial
and economic sector. The management behavior of the
power (power generation) industry accounted for the largest
proportion at that time, reaching 40%, followed by the emission
management of “commercial and residential operations.” The
“agriculture, forestry and other land-use,” “transportation,”
and “manufacturing and industrial production” emission
management had a similar proportion. The “Construction and
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FIGURE 3

(A) The proportion of theme topics identified as key topics in newspapers from 2002 to 2021. (B) The themes of carbon emission management
in the news reports 2002-2021.

Building” sector was the least concerned, occupying only 3.7%
of the total introduced actions.

The spatial differences in carbon
emission management in China

The number of carbon emission management actions
implemented by provinces (or municipalities) in China is
uneven (Figure 8). Beijing, Shanghai, and Guangdong reported

the highest number of actions and are also the economic
centers and the most developed regions in China. First,
Beijing was at the top (more than 100), then followed by
Shanghai (≥90). Guangdong had the third-largest number of
actions (78). The fourth tier (40–59) includes Jiangsu and
Zhejiang, Inner Mongolia, Shanxi, Sichuan, and Tianjin. Then
the rest provinces (or municipalities) were in tier five (20–39)
and tier six (0-19), of which Guangxi province reported the
least number of carbon-related actions. The details are listed
in Table 3.
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FIGURE 4

The proportion of different types of organizations and agencies that participate in the carbon emissions management.

Specifically, Figure 9 demonstrates the proportion of
the carbon-related economic section in each province (or
municipality), reflecting the uniqueness and the unevenness of
carbon management actions applied in each place. Evidently,
carbon management in the power industry was dominant,
especially in Shanxi and Liaoning provinces. Ningxia, Gansu,
Xinjiang, and Jilin provinces (>50%) also regarded carbon
management in the power industry as a primary action. In
the second-largest economic section (Figure 7), commercial
operations and residential activity did not account for the
same proportions across provinces. Though some provinces
have reached a ratio of more than 20% (the highest in
Shanghai for 32 there were also some provinces below 10%
or even no relevant reports, such as Guangxi, Yunnan,
Jilin, Shandong, and Shanxi. In contrast, agricultural and
forestry carbon emission management existed in all provinces;
it was highly significant in some provinces and exceeded
the proportion of the power industry (i.e., Heilongjiang,
Tibet, and Inner Mongolia). Carbon management actions
in transportation and manufacturing industries were not as
dominant as in the power and agriculture sectors, but they
occupied a significant proportion in some provinces. In most

provinces, carbon emissions management in the construction
and building industry was least focused on and had no
relative reports. It was reported in only a few provinces but
occupied a low proportion (<10%). Tianjin was the only
city with a large (32%) share of carbon management in the
construction sector.

Discussion

It is important to understand the evolution of China’s
carbon management-related regimes and actions toward carbon
neutrality to be able to explore the strengths and weaknesses in
carbon emissions reduction development. This paper develops
a new perspective on understanding China’s carbon emissions
management regimes using longitudinal empirical study and
content analysis of Xinhua News Agency, China’s major official
news media The main research results theoretically help regulate
the uneven development of China’s emerging carbon-related
institutional planning and carbon emission management.
The findings and their implication for practices and future
research are as follows.
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FIGURE 5

The proportion of the policy types mentioned in the news reports.

FIGURE 6

The time changes in the tones of news reports.
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FIGURE 7

The proportion of each industrial and economic sector covered in the news reports.

Carbon emissions management issues are relatively
prominent in Chinese news media coverage, and the number
has generally increased over time. The results show the periodic
growth characteristics of the report. The two most prominent
years, 2010 and 2021, were milestones in carbon management,
corresponding to low-carbon city pilots and carbon-neutral
construction, respectively. Since the Chinese Government
began implementing concrete carbon management actions in
2010, the number of carbon-related news reports has increased
and remained higher than the previous years. In addition,
the key findings also show that the theme of the news reports
has become diverse since around 2010 (Figure 3B), evolving
from low-diversity themes to more diverse and comprehensive
themes involving the construction of a low-carbon society
Low-carbon economic development, and low-carbon ecology.
Thus, 2010 can be regarded as an important time node for
carbon emissions management in China. From this node,
China introduced concrete actions of national low-carbon
construction pilot projects, such as low-carbon transportation
and carbon market pilot programs (Khanna et al., 2014;
Qu and Liu, 2016). In addition, 2021, as the first year of
carbon neutrality in China, will become a new node in the
development of carbon management. The increased news
reports indicate that carbon management in China has entered
a new stage, from pilot city projects to nationwide low-carbon
constructions, meaning that more concrete regimes and actions
will be implemented in the future.

Furthermore, looking at the composition of policies covered
in the report, the number of international policies declined

significantly after 2010, replaced by an increasing number of
national and regional policies. From passivity to proactivity,
domestic actions and policies were intensified, leading to
a leadership role on the national stage in 2010 (Garnaut
et al., 2018). After 2017, regional policy overtook national
policy, maintaining its dominance in 2021. China’s carbon
management has transitioned from international learning
to national leadership and local implementation. With the
advancement of carbon neutrality and national low-carbon
plans, it is estimated that the number of local policies will
continue to remain at a high level in the future, which is of
positive significance for achieving carbon peaking and carbon
neutrality goals.

However, the results show that during the decades of
China’s low-carbon transition, there are serious development
imbalances that are prevalent in different management studies
elsewhere (Gobel, 2011; Xin-gang et al., 2014; Lo, 2020;
Xiong et al., 2020). First, in terms of the participation of
different types of institutions, the Government had higher
participation than that of firms, the public, and other non-
governmental organizations. This reflects that the carbon
management in China is primarily governmental driven and
has top-down management characteristics. Previous studies
illustrate that firms must emphasize green process innovation
and participate in activity implementation to achieve carbon
neutrality (Lee, 2021; Zameer et al., 2021). In addition, although
the Government plays a role in leading structural change in
a stepwise manner, the transition is ultimately chosen and
determined by society (Rotmans et al., 2001). Therefore, a
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FIGURE 8

The geographic location in mainland China of carbon emissions management regimes and actions reported in the reports.

high participation and cooperation of firms and the public are
necessary. It is remarkable to notice that firms’ participation
evidently increased in 2021, which signifies the deepening
of cooperation and collaboration between the Government
and firms. Nevertheless, this ongoing government-business
collaboration needs to be maintained to achieve future carbon
peaking and neutrality goals across industry sectors.

Second, there are distinctive differences in carbon
management themes and industries. The news reports continue
to decline the focus on low-carbon technologies. Achieving
carbon neutrality requires technological innovation in sectors of
all aspects, such as reforming the current energy and production
system and enhancing atmospheric CO2 capture (Wang F.
et al., 2021). The results show that the Chinese Government
attaches utmost attention to green energy development, for
instance, increasing investments in relative industries and
implementing more power industry management activities
in each province (Figure 9). Since the green energy industry
promotes the development of the economy and investment
(Naqvi et al., 2022), strengthening green energy development to
achieve economic growth and carbon neutrality goals become

a top-down consensus among Chinese governments.. Judging
from the proportion of other carbon abatement technologies
such as carbon fixation, carbon sequestration, and carbon
capture, the publicity of these low-carbon technologies did
not receive sufficient attention from the Government. This
asymmetric reporting of news theme and tone preferences
explains that current carbon emission management strategies in
most regions of China are biased toward achieving economic
and social goals, while partially ignoring technological and
environment-related improvements and advocacy (Figure 6).
Although the role of renewable energy in promoting carbon
emission reduction is more obvious than that of technological
innovation, improving green technological innovation cannot
be ignored from the perspective of long-term development
(Shao et al., 2021b; Su et al., 2022). Therefore, the diversity of
carbon reduction technologies should be improved.

Furthermore, the implementation of low-carbon
management is uneven across industries and economic
sectors (Figure 7). Comparing the results with the sectoral
contribution of CO2 emissions in China (Sandalow, 2019), the
proportion of low-carbon management in the industrial sector
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TABLE 3 The number of carbon-related actions of each
province/municipality.

Province/
Municipality

No. Province/
Municipality

No. Province/
Municipality

No.

Tier 1

Beijing 131 Shanghai 93 Guangdong 78

Tier 2

Sichuan 52 Shanxi 50 Jiangsu 48

Inner
Mongolia

43 Zhejiang 44 Tianjin 40

Tier 3

Fujian 38 Hebei 38 Qinghai 36

Shandong 29 Hubei 28 Heilongjiang 26

Guizhou 26 Shaanxi 25 Tibet 22

Hainan 22 Chongqing 20

Tier 4

Xinjiang 19 Jiangxi 19 Jilin 18

Hunan 18 Ningxia 18 Henan 16

Liaoning 16 Anhwei 16 Gansu 14

Guangxi 12

(11.9%) is much lower than its CO2 emissions (50% of total
industries). Although it is worth affirming that, the Chinese
government implement management actions in major carbon
emission sectors, but the uneven allocation of management
resources and the lagging low-carbon development in some
sectors will hinder the rapid realization of carbon-neutral goals.

Third, regarding geographical distribution, carbon
management reporting systems and actions are highly

concentrated in the core provinces and cities with the
most developed economic and social development in mainland
China. Among all the 31 provinces and municipalities,
Beijing (131), Shanghai (93), and Guangdong (78) reported
a higher number of actions than other provinces. Although
this result showed the news coverage of the Xinhua News
Agency is nationwide, the asymmetry in the amount of news
across provinces illustrates the clear geographic differences
and uneven development of carbon emissions management.
Specifically, the intensity of carbon management in the eastern
and coastal regions of China is higher than in most inland
provinces. Moreover, each province’s industry sector proportion
is highly different due to each region’s industrial structure
characteristics, which may be driven by the regional industrial
clustering effect (Zhong et al., 2022). For instance, major
energy provinces such as Shanxi and those with abundant
ecological resources like Inner Mongolia and Tibet invested
more in comparable carbon management actions. However,
some provinces did not invest in all the industry sectors, such
as the construction and building industries. Therefore, the key
conclusion is that the development and implementation of
carbon management actions are uneven in quantity and type of
industry across regions.

According to these deficiencies, the practical implications
of this study are as follows. Initially, cultural construction
should be strengthened to promote carbon neutrality. Empirical
results of previous studies show that fostering green values and
spreading green culture at the micro-level significantly affects
carbon neutrality. Specific measures can include creating green
hotspots at the macro-level such as promoting the concept of
green life, building green cities, creating low-carbon cultural

FIGURE 9

The proportion of carbon emissions management activities and actions in different industry sectors mentioned in the news reports of each
province and municipality.
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industries, and building green cultural and technological centers
and museums (Xiao et al., 2021; Wang et al., 2022). These
measures could help establish a top-down green communication
system to enhance people’s awareness of green development,
advocate green ideas, and increase public participation in
constructing a low-carbon society. The Government could
fully use the official media’s propaganda capabilities to achieve
this goal. Second, the Government should increase low-carbon
investment in more industries and fields, including emerging
industries such as green tourism (Yue et al., 2021) and
neglected and undervalued industrial and economic sectors
such as environment-related research and development (R&D)
and consumption-based carbon-emitting activities (Su et al.,
2020; Shao et al., 2021a). Thirdly, increase investments in low-
carbon actions in provinces and municipalities with relative
backward carbon management development to reduce the
uneven distribution of management resources among regions.
These proposals are the adjustments to sensitivities to dynamics
and goals of China’s staged low-carbon development. They
ensure the coherence and consistency of public policies and help
promote the gradual realization of structural changes in China’s
carbon management.

The limitations of this study are as follows. Firstly, this
study used the primary data from news media, which may
not be comprehensive enough to cover all the unevenness and
asymmetry factors within the carbon management development
in China, such as the specific economic and environmental data.
In addition, similar studies could be extended by considering
the city/county-level data. Hence, future studies could consider
combining relative data sets for quantitative and in-depth
analysis of specific uneven issues in China’s carbon management.
Moreover, the coding framework could evolve according to the
development of carbon management as more carbon-related
themes, and emerging industries might be proposed in the
future. In conclusion, carbon emissions management in China
has developed rapidly and made landmark trials and practices.
However, our study indicates that the actions, policies, and
regimes implemented throughout the development exist uneven
issues in the management themes and preferences, industrial

and economic sectors, and between regions. Therefore, it
strongly suggests that policymakers could actively use China’s
top-down management characteristics and the official media to
promote improving relevant laws and measures to formulate
the public’s low-carbon concepts, thereby stimulating the
achievement of carbon-neutral goals.
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