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ABSTRACT

Carbon neutrality has already become global vision, aiming at the low-carbon
transition of society to avert catastrophic climate change. Responding to this objective,
government, as the authority, needs to utilize policy instruments to steer low-carbon
socioeconomic activity. Therefore, various policies are being formulated to build a
comprehensive governance mechanism, followed by abundant policy research to
explore various problems faced in the process of policymaking and implementation,
such as how a policy works, how effective a policy is or what the breadth and depth of
a relevant policy mix are. Although new research is emerging all the time, the current
policy research about carbon neutrality are fragmented and context-dependent, and
there lacks research to systematically review the holistic research situation in this
domain. Thus, we presented an in-depth overview of the development of the policy
research about carbon neutrality including its current status, research hotspots and
frontiers through CiteSpace. Five problems were addressed in the review by analyzing
1,151 unique scientific articles from Web of Science: (1) What's the spatial and temporal
distribution situation of the 1,151 unique articles? (2) What's the current dominating
research theme in this research field? (3) Whether the research themes by Chinese
authors in English and Chinese journals are distinct? (4) Which journals have grabbed
the attention of many scholars? (5) What's the research hotspots and frontiers of this
field and what's the current research direction?
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INTRODUCTION

Under the grim circumstance of climate warming, carbon neutrality has been
put forward as an idealized and ambitious emission reduction strategy to make
the realization of a net-carbon status (Sun et al., 2022). Given the challenge
and hardship of attaining this goal, it’s urgent for government to come up
with vigorous and effective policy design to ensure socioeconomic system’s
development remains on a decarbonized trajectory (Chen & Lin, 2021). To
reduce carbon emissions sufficiently, “carbon neutrality” policy necessarily
considers multipath carbon reducing tools, which clearly include reduction
in energy services demand, switching to renewable energy development, land
management in a way that enhances carbon sinks (Yangka et al., 2019),
etc. Research methods, such as model-based integrated analysis, should be
applied to seek and test effective decarbonization policies (Duan et al., 2020).
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Moreover, since China came up with the “carbon neutrality” target,
Chinese scholars were active about this policy analysis, with abundant
scientific outputs both in English and Chinese journals. So, with the interest
to explore the distinction of current research achievements in English and
Chinese journals by Chinese authors, we compared their research themes.
The brief description of all analytical steps is given in Figure 1.
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Figure 1: The brief description of analytical steps.

METHOD FOR BIBLIOMETRIC ANALYSIS

This bibliometric analysis was completed through two steps: data retrieval
with appropriate identification strategy, domain mapping by CiteSpace with
various knowledge maps displayed to analyze the development situation of
“carbon neutrality” policy research.

We chose the core set of WOS, concretely the Science Citation Index
Expanded database (SCIE) and the Social Sciences Citation Index database
(SSCI), to retrieve literature data. In order to cover studies related to “carbon
neutrality” policy analysis, the ultimate retrieval formula is confirmed to be
TS = (“carbon emission * neutral*” OR “carbon neutral*” OR “net*zero
emission” OR “nearly zero emission” OR “carbon offset” OR “low carbon”
OR “carbon emission”) AND TI = (“policy”). In addition, the literature
types we selected were merely articles and reviews.

CiteSpace is one of the most well-known instruments which is a Java-
based software developed by Professor Chaomei Chen in early 2004 (Chen,
2004; Jiang & Ashworth, 2021). By means of CiteSpace, we finalized the
domain visualization of “carbon neutrality” policy research through research
status quo and research highlights.

RESEARCH STATUS QUO

Giving all the data processed, then we firstly purposed to overview the
status quo of “carbon neutrality” policy research. At first, we presented the
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annual publication status and prominent participating countries in different
phases. Secondly, we utilized CiteSpace to get a glimpse of the main research
themes in “carbon neutrality” policy analysis. Thirdly, we explored whether
the research themes by Chinese authors in English and Chinese journals are
distinct. Lastly, we displayed several top-tier journals, so that scholars would
search efficiently and obtain high-quality articles about “carbon neutrality”
policy analysis.

Spatial and Temporal Tendency

As shown in Figure 2, a quickly rising trend in total as the years progressed,
which suggests “carbon neutrality” policy analysis has appealed to more
and more attention. In order to better identify the research evolution, we
divide the timeline into four research stages: few attention (before 2007),
preliminary research (2007-2013), initial development (2014-2019) and
rapid development (2020-2022).

Figure 3 counts the country participation of publications in above four
research stages severally. Prior to 2007, there were only nine publications,
most from England, indicating that England has paid much earlier
attention to carbon dioxide emissions. In Phase 2, England and America
had the highest level of scholarly engagement, and then followed by China.
In Phase 3, China made its first commitment to peak carbon emissions by
2030 at the China-US Joint Announcement on Climate Change (Wei et al.,
2022). Furthermore, in the context of the 2015 Paris Agreement, China
has emerged as a leading contributor, having initiated over a hundred
outputs. In Phase 4, China proposed a “double carbon” target commitment.
The subsequent influx of articles led China to lead the way in this phase,
with a total of nearly 400 publications, accounting for about 40% of the
global total amount. England and USA still remained respectably stable
research enthusiasm.
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Figure 2: Temporal trends in publications.
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Figure 3: Spatial distribution of publications in the four research stages.

Main Research Themes

An academic article usually quotes many references, reflecting the take-up
relationship from previous research results. Existing research are necessarily
based on the past, and keywords co-occurred frequently are correlative to
each other and can be clustered to one theme. Thus, we operated document
co-citation and keyword co-occurrence cluster function to obtain research
themes of “carbon neutrality” policy analysis.

In this paper, the cluster function was employed to visualize the main
research themes connected with “carbon neutrality” policy analysis.
Document co-citation and keyword co-occurrence cluster network results
are shown in Figure 4 and Figure S.

The co-citation results of the documents show that the main research themes
in the field of “carbon neutrality” policy research from early to recent times
are “#0 low-carbon city pilot policy”, “#1 energy transition”, “#2 carbon tax
policy” etc. It’s observed that cluster “#0 low-carbon city pilot policy” is the
more recent research theme in this domain. In the research theme of “low-
carbon city pilot policy”, it’s found that Chinese scholars have carried on the
most of academic research and the ten most cited articles are all participated
by Chinese scholars. The most three co-cited articles all adopt the difference-
in-differences method to evaluate the effects of low-carbon city construction
on green growth, ecological efficiency and carbon emission efficiency from
the perspective of China respectively (Cheng et al., 2019; Song et al., 2020;
Yuetal.,2021). Whereas, it’s reached that cluster “#0 energy security policy”,
“#1 cap-and trade policy” and “#2 empirical study” are the more current
topics in “carbon neutrality” policy research from Figure 5. In general, the
analysis of “low-carbon city pilot policy”, “energy security policy” and “cap-
and trade policy” are drawing more scholars’ attention recently. And current
prime research method is empirical study to test the effect of certain policy.
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Figure 4: Document co-citation cluster network.
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Figure 5: Keyword co-occurrence cluster network.

Papers of the Same Chinese Authors

In order to compare the difference of Chinese scholars’ research preference in
Chinese and English journals, we also retrieved relevant publications in CSSCI
(i.e., Chinese Social Sciences Citation Index). The detailed steps are shown in
the Figure 6. First, we match the authors’ names and stored in txt file. Then,
the data from both sources were imported to perform author cooperation
analysis and exported all authors’ names severally. Since the authors’ names
from CSSCI are Chinese, to match the same authors both published articles
in English and Chinese journals automatically not manually, we transformed
Chinese name to the same form as English name by Python. With the uniform
name pattern, 159 authors in total were matched ultimately. Second, we
primarily extracted all articles, only with the contents marked by specific
character labels from each raw txt file and then stored them in each new
excel file. Next, we filtered out the articles from both sources singly which
were involved by the 159 authors by judging whether an article includes at
least one author of the 159s or not in each excel file through Python code.
Finally, in order to delve into the differences of research preference of the 159
authors’ outputs in Chinese and English journals, these articles filtered out
from both sources were then converted into the standard analysis format of
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CiteSpace to display main research themes by keyword co-occurrence cluster
function severally. The analysis results are shown in Figure 7a and Figure 7b.

From Figure 7a, the themes of publications in English journals are
mainly about “carbon tax”, “national policy”, “carbon neutrality”, “policy
instrument”, “carbon emissions reduction”, “enterprises compliance”, “life
cycle ghg” and “building sector”. Whereas, the themes of publications in
Chinese journals shown in Figure 7b are primarily about “carbon trade”, “low-
carbon economy”, “carbon tax”, “carbon emission”, “carbon neutrality”,
“low-carbon city”, “low-carbon policy”, “environmental technology policy”
and “low-carbon development”. It’s concluded that research in Chinese
journals are mostly about “low-carbon development”, systematically explore
economy, technology and policy problem of low-carbon development, while
research in English journals are more various and specific.
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Figure 6: Detailed steps to explore the difference of Chinese scholars’ research
preference in Chinese and English journals.
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Research Achievements

A large number of research achievements had been gathered in the field of
“carbon neutrality” policy research. In order to obtain main journals that
collected this field’s research results, we then used the journal co-citation
network and burst function of CiteSpace to analyze the main sources of
knowledge and emerging journals related to “carbon neutrality” policy
research. As shown in Figure 8, a diverse range of journals contain “carbon
neutrality” policy research. “Energy Policy”, “ Journal of Cleaner Production”,
“Renewable and Sustainable Energy Reviews”, “Energy Economics”,
“Applied Energy” and “Energy”, with more than 400 frequencies, are the
main knowledge source in this research field.

The strength and duration of the burst state are two important attributes
of citation bursts. Figure 9 lists top 20 cited journals with the strongest
citation burst (Red line segment represents the year of co-citation bursts).
“Energy J” was not only the earliest journal with citation burst but also
had lasted for the longest: 11 years. Besides, “Energy Policy”, “Science” and
“Energ ]” were the earliest journals with citation burst as well. Among them,
“Energy Policy” had the strongest citation burst. In recent years, the journal
“Nat Energy” has emerged, showing that relevant articles in the journal are
worth paying attention to recently.
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Figure 8: Journal co-citation network.

Table 1: Top 10 most co-cited journals.
Rank  Counts Journal Year
1 834 Energy Policy 1999
2 587 Journal of Cleaner Production 2010
3 460 Renewable and Sustainable Energy Reviews 2007
4 438 Energy Economics 2008
N 421 Applied Energy 2010
6 419 Energy 2009

(Continued)
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Table 1: Continued.

Rank  Counts Journal Year
7 332 Ecological Economics 2009
8 274 Sustainability -Basel 2017
9 249 Technological Forecasting and Social 2010
Change
10 247 Climate policy 2007
Cited Journals Year Strength Begin End 1999 - 2022
ENERG POLICY 1999 25.08 2007 2016 —_—
SCIENCE 2007 1774 2007 2014 —_—
ENERG J 2007 1671 2007 2017 —
ENERGY J 2007 11.83 2007 2018 —_—
EC CLIMATE CHANGE ST 2008 10.86 2008 2014 —
PNATL ACAD SCIUSA 2008 7.75 2008 2016 —_—
CLIMATIC CHANGE 2000 18.00 2000 2016 —_—
ENVIRON SCITECHNOL 2000 1544 2000 2016 —_—
BIOMASS BIOENERG 2009 739 2009 2018 —
CLIMATE CHANGE 2007 2011 10.81 2011 2016 —
ENVIRON SCI POLICY 2011 6.87 2011 2018 —_—
ENVIRON PLANN A 2012 7.86 2012 2018 —
GLOBAL ENVIRON CHANG 2011 10.36 2013 2018 —
ANNU REV ENV RESOUR 2013 6.64 2013 2020 —_—
THESIS 2014 20.52 2004 2020 —_—
CLIMATE CHANGE 2014 2015 913 2015 2020 —
CLIM CHANG ECON 2015 7.01 2015 2018 —
THEOR CULT SOC 2017 708 2017 2020 —
ENVIRON PLANN C 2011 6.76 2017 2020 —
NAT ENERGY 2017 6.81 2019 2022 —

Figure 9:Top 20 cited journals with the strongest citation bursts.

RESEARCH HIGHLIGHT

After understanding the current state of “carbon neutrality” policy research,
we were also interested in research hotspots and frontiers in this field. Based
on the keyword co-occurrence function of CiteSpace, we tried to grasp
research highlights and current research direction of “carbon neutrality”
policy research.

Research Hotspots

Table 2 lists the top 10 most high-frequency keywords. “Impact”, “climate
change”, “emission”, “renewable energy” are the research hotspots with
higher counts. The research about energy and carbon emission has drawn
more scholars’ concentration. Moreover, research in connection with
Chinese situation has got high attention. And the popular research method is
modeling. From Table 2, it’s concluded that high-frequency keywords focused
on studies about “energy”, “climate change”, and “greenhouse gas impacts”
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which emphasized the urgency to reduce carbon emissions and explored
macroscopic energy and climate policy before 2010. Gradually, diverse and
specific policy instruments were discussed. There were more empirical studies
to estimate policy effect to find appropriate policy design.

Table 2: Top 10 most co-occurrence keywords.

Rank Count Centrality Year Keyword

1 181 0.06 2011 impact

2 149 0.14 2008 climate change

3 116 0.05 2009 emission

4 109 0.12 2005 renewable energy
S 108 0.07 2009 co2 emission

6 104 0.05 2005 carbon emission
7 94 0.05 2010 system

8 93 0.12 2007 energy

9 90 0.06 2009 model

10 76 0.04 2012 china

Research Frontiers

From Figure 10, “Optimization” is the current research frontiers.
The keywords, co-occurring with “optimization”, are “system”, “design”,
“supply chain”, “model”, “reduction” and so on. We can focus on the
policy analysis of optimization in these aspects. Under the new development
mode, technological innovation will be principal driving force for the energy
revolution and achieving carbon neutrality. How to organically link them
with traditional energy systems to aid in the fundamental optimization
of the energy structure via policies is an important issue deserving future
investigation.

Keywords Year Strength Begin End 1999 - 2022
economics 2003 3.77 2003 2015
energy policy 2005 3.37 2005 2012
climate change 2008 11.72 2009 2014 —
climate change mitigation 2010 443 2010 2019 S
climate policy 2007 4.75 2011 2017 P —
energy 2007 326 2013 2014 —
model 2009 403 2015 2017 —
transition 2014 3.59 2016 2019 —
scenario 2012 3.20 2016 2019 P—
sustainability transition 2017 5.89 2017 2020 M
governance 2012 4.16 2017 2019 —
demand 2017 3.6 2017 2019 —
sociotechnical transition 2018 343 2018 2020 N
optimization 2019 3.41 2019 2022 —

Figure 10: Keyword timeline view.
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CONCLUSION

We proceeded in-depth review of 1,151 documents from WOS database
about “carbon neutrality” policy research in the nearly 23 years and used
CiteSpace to carry out intensive study on research status quo, hotspots and
frontiers in this field.

From the above analysis, we acquired the following critical conclusions:
(1) The number of publications increased in the general trend as the years
progressed and more and more countries got to participate in the research
field. England has so far maintained a strong research enthusiasm in this field
from an early stage. It’s worth noting that since 2020 China’s outputs surged
due to the pledge to the “double carbon” targets. (2) “Low-carbon city pilot
policy” and “cap-and trade policy” are drawing more scholars’ attention
recently. (3) 159 Chinese authors who have published articles in both
Chinese and English journals are automatically identified via Python codes.
It is observed that research in Chinese journals is mostly about low-carbon
development, while research in English journals is more various and specific.
(4) “Energy Policy”, “Journal of Cleaner Production”, “Renewable and
Sustainable Energy Reviews”, “Energy Economics”, “Applied Energy” and
“Energy”, with more than 400 frequencies, are the main knowledge sources
in this research domain. (5) How to organically link advanced technologies
with traditional energy systems to aid in the fundamental optimization of
the energy structure through relevant policies is an important issue deserving
future investigation in the domain of “carbon neutrality” policy research.
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