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Abstract: Carbon information disclosure, as a forward-looking environmental
information disclosure, is an important tool to assist carbon accounting and enhance
carbon emission reduction management. It plays an important role in improving
environmental issues, reducing carbon emissions and achieving low-carbon
development. In recent years, as carbon information disclosure has received
widespread attention from scholars, the number of studies on carbon information
disclosure has increased significantly. In order to provide a systematic review of
carbon information disclosure research, we conducted a CiteSpace-based bibliometric
and visualization study of the existing research results. We searched the Web of
Science (WOS) database for all papers on carbon information disclosure using
relevant keywords. Then, we manually screened the papers and obtained 502 valid
articles and 2894 references. We studied the major nations, research institutions,
journals, authors, and keywords of carbon disclosure research using CiteSpace
software and bibliometric methodologies, and we visualized the analysis results of
co-authorship, co-occurrence, co-citation, research hotspots and frontiers. The
findings indicate that the United States has the most publications, followed by
Australia, the United Kingdom and China. Recent years have seen an increase in
publications, and several significant research institutions have been established, such
as Western Sydney University, University of Newcastle, Macquarie University,
Griffith University, etc. Tang Q, Luo L, Freedman M, Zorio-Grima A are among the
leading contributors to carbon disclosure publications. “climate change”, “disclosure”,
“performance” and “emission” are the most intense keywords, and "CSR disclosure",
"perception" and "corporate social performance" represented the academic frontier.
Ans Kolk, Clarkson Peter M., Luo Le, Deegan, Craig, and Patten, Dennis M. are the
most cited scholars. Journal of Business Ethics is the journal that receives the most
citations, followed by Journal of Cleaner Production and Business Strategy and the
Environment. These findings not only give aspiring researchers a foundational
understanding of carbon disclosure but also give academics a framework for
qualitative and quantitative study, filling the gap between carbon disclosure research
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1. INTRODUCTION

Over the past century, the world's usage of fossil fuels including natural gas, oil,
and coal has multiplied 20-fold , resulting in massive CO2 emissions(Zhang, YJ et
al,2020) .The IPCC's Sixth Assessment Report shows that global average
temperatures are anticipated to approach or surpass 1.5°C during the next 20 years
due to anthropogenic greenhouse gas emissions , which have led to an approximately
1. 1°C warming between 1850-1900 (IPCC, 2021). Sea levels are increasing as a
result of climate change brought on by global warming. Droughts and frequent
natural disasters, posing an increasingly serious challenge to human survival and
development (IPCC, 2022). Therefore, reducing carbon emissions, achieving
low-carbon development and jointly addressing climate change have gradually
become a world consensus (Andrew, J et al, (2013). From the Kyoto Protocol to the
Paris Agreement, carbon trading has advanced from theory to practice (He, R et
al,2022). The development of the global carbon market began with the
implementation of the EU Emissions Trading System (ETS) on January 1,
2005(Clarkson, PM et al,2015). And there are 24 active carbon markets globally as of
January 31, 2021, according to the International Carbon Action Partnership
(ICAP,2022). Carbon markets currently cover 16% of global greenhouse gas
emissions, and approximately 54% of the world's GDP comes from carbon markets,
which are home to roughly one-third of the world's population (ICAP,2022).

With the flourishing of carbon trading market, carbon information, as a
forward-looking environmental information, has become indispensable for carbon
trading and carbon management (Borghei, Z, 2021). Carbon information plays a very
important role in disclosure, reference and prediction, whether it is for
macroeconomic development, investors' decision making or enterprises' internal
operation (Tang, QL et al, 2019). Regulations on climate disclosure also continue to
emerge, such as the recent UK proposal for required disclosure for net zero transition
plans for listed corporations and financial institutions (Gov. UK 2021). Scholars have
now focused on carbon information disclosure framework and quality evaluation (e. g.
Tang, QL& Luo, L 2014; Blanco, C et al 2016; Karim, AE et al 2021), factors
influencing carbon information disclosure (e. g. Stanny, E& Ely, K 2008; Liao, L et al
2015; Ben-Amar, W et al 2017; Tan, DJ et al 2020) and the economic consequences
of carbon disclosure (e. g. Matsumura, EM et al 2014; Lee, SY et al 2015; Clarkson,
PM et al 2015) etc. However, carbon information disclosure as a brand-new research
topic belongs to cross-field research, involving various dimensions such as corporate
organization, environmental ecology, social development, and law and politics, and
spanning various disciplines such as environmental economics, environmental
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management and environmental accounting (Qian, W et al,2017). It is this
multidimensional and interdisciplinary nature that has submerged research results on
carbon disclosure and its related carbon issues in multiple fields, relatively lacking in
framework and systematicity (Borghei, Z, 2021). Therefore, the use of scientometric
software is necessary to analyze this area.

On the other hand, a method called knowledge mapping uses many techniques,
including data mining, information analysis, scientometrics, and graphical rendering,
to graphically portray knowledge about a study field (Chen, C., 2003). Knowledge
mapping software such as CiteSpace, VOSviewer, VantagePoint, BibExcel and
Copalred are becoming increasingly popular for discovering research priorities and
emerging trends in specific research areas (Cobo, M. J., 2011). The most well-known
visualization tool among them is CiteSpace, a Java application created by Prof.
Chao-Mei Chen of Drexel University in the United States for analyzing and
displaying co-citation networks. Several other bibliometric study types, such as
co-authorship network analysis, co-occurrence analysis, co-citation analysis, and
textual and geographic visualization, also supported by CiteSpace(Chen, C., 2006).
CiteSpace has the benefit over other tools in that it can reveal dynamism by taking
more than just pictures of specific areas and using time - series data and linkages to
infer changes and trends (Fang, Y., 2017). Using knowledge mapping software is
beneficial. First, it helps researchers to build a comprehensive understanding of a
discipline or research topic. Second, it helps to analyze the path of research
development. Third, the software identifies the knowledge base and research frontiers
of a discipline. Finally, it helps to predict new trends.

This study aims to explore carbon information disclosure research using
CiteSpace to quantify and reveal the lineage of research and academic evolution in
the field. More specifically, the following research questions are what we hope to find
out.:

Q1: What are the general trends in carbon information disclosure research?

Q2: What are the contributions of different national regions, institutions and
authors to the study of carbon information disclosure?

Q3: What are the main research clusters formed by the existing carbon
information disclosure literature?

Q4: Which journals, articles and authors are most cited in the knowledge area of
carbon disclosure?

Q5: What is the research lineage, academic evolution and emerging trends in
carbon information disclosure research?

2. MATERIAL AND METHODS

2. 1 Data Collection

217
A Bibliometric and Visualization Review of Research on Carbon Information Disclosure
Using CiteSpace



Business, Management and Economics Engineering
ISSN: 2669-2481 / eISSN: 2669-249X 2023
Volume 21 Issue 1: 215-248

Data collection for a CiteSpace study involves two processes (Chen, C, 2016).
The first step is to choose a trustworthy, thorough bibliographic database that offers a
large selection of high-quality reference journal articles (Chen, C, 2016). Web of
Science (WoS) is a high-quality digital database that has been extensively used by
scholars all over the world and has developed into a standard tool for exploring and
analyzing various sorts of publications (Thelwall, M., 2008). It contains more than 15,
000 journals and 50, 000, 000 papers, encompassing 251 categories and 150 fields of
study (Merigo, J. M., & Yang, J. B., 2017). In addition, WoS can provide users with a
relatively comprehensive unified format of academic literature, which includes title,
author, institution, country, abstract, keywords, references, citation information
sources, impact factor, etc (Gaviria-Marin et al, H.2019). Additionally, the CiteSpace
program processes data in a format that is based on the WoS data download standard,
so WoS has good compatibility with CiteSpace, which is also advised by CiteSpace
as a data resource (Chen, 2015). Therefore, the WoS database was used as the data
source for this study.

Another step is to select articles from the database using appropriate keywords.
CiteSpace primarily tracks and analyzes the evolution of a subject, therefore tailored
topic retrieval is more successful even if WoS offers a variety of combinations of
search algorithms (Chen, 2015).The research theme focused on carbon information
disclosure, and after a thorough reading of a large amount of relevant literature, the
initial search was conducted in July 2022 using the following keywords:TS =
("disclosure*"or"report"  or "statement*") and TS = ( "carbon dioxide" or "carbon"
or "greenhouse gas" or "GHG"or "climate change" or "climate risk" or "global
warming"). Selected "Article" and "Review" as the type of literature and collected
502 articles as of December 31, 2021. The earliest eligible literature was published in
2004, so the time span of this study was limited to 2004-2021. The study carefully
checked all article titles and abstracts to make sure that all the data was obtained
complied with the specifications. After that, the article's data is kept as a "full record
and cited references" for subsequent analysis using a "plain text" format.

2.2 Research Method

A quantitative tool for assessing and summarizing published papers, bibliometric
analysis aids in academics' evaluation of scholarly study on a particular research area
(Rey-Marti, A. et al,2016). Bibliometric analysis analyse secondary data from a
quantitative and unbiased standpoint (Albort-Morant, G. et al,2016). As a result, it
can establish a systematic, accountable, and repeatable review process, which in turn
improves the reliability and quality of the review (Bellis, N. D., 2009). With the aid
of computer technology, bibliometrics research can be carried out graphically and
visually (Cobo, M. J.,2011). Knowledge mapping is a more recent advancement in
the field of bibliometric analysis and is a cross-disciplinary field of applied
mathematics, information science, and computer science. Knowledge map is a series
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of graphics showing the relationship between the development process and structure
of knowledge, which can express the information of the internet in a form closer to
the human cognitive world and then provide a better way to organize, manage, and
use massive information (Y. He et al,2020).

CiteSpace 6. 1. R2, a bibliometric tool created by Prof. Chaomei Chen, was used
in this work. It was created with scientometrics and knowledge visualization and is
used primarily to find prospective information in scientific publications. Researchers
may use this program to better comprehend the fundamentals of their subject, locate
classic literature in the area, identify new areas of research, and explain the historical
background of their field's development (Chen, 2016). CiteSpace converts concepts
from research domains into mapping functions between research frontiers and
intellectual foundations, and the three ideas developed within the scope of this
mapping function notion are crucial to addressing the following three issues: (1)
research frontier's nature should be identified, (2)the study area should be annotated,
(3) new trends and mutations should be noted throughout time (G.L. Jia et al,2019).
CiteSpace (6. 1. R2) was utilized to visualize the raw data in order to create a visual
knowledge map to assess the data in published articles.It offers a number of features to
aid in the identification of rapidly expanding subject areas, the discovery of citation
hotspots, the clustering of the network, the discovery of geospatial patterns of
collaboration , etc. Different sorts of views, including as collaboration network views,
clustering views, time zone views, and emergent word views, can be used to build
network images in order to assess various information, such as knowledge structure,
time span of topics, and trends.More than 15,000 articles have been published using
CiteSpace, which has been utilized by people in over 100 different countries(Xinwei
Su et al, 2019).

Using the knowledge mapping program CiteSpace, this study examined carbon
information disclosure research. The authors, institutions, and national (regional)
collaborations were all analyzed for in this study's scientific research cooperation
analysis using a bibliometric methodology. Additionally, literature co-citations,
author co-citations, and journal co-citations were examined, as well as co-occurrence,
clustering and emergence analysis of keywords.This study follows the standard
procedure proposed by Chen(2016) for using CiteSpace. This study refers to the flow
chart of CiteSpace application research drawn by Youping Teng et al (2022), as
shown in Figure 1. The main steps are as follows:The first step is data collection,
which will use key terms to identify relevant studies in the source database to obtain
data on published papers. The next step is to set the "years per slice” to 1 and the
“time slice” to 2004 to 2021. Thirdly, in the "node type" setting, the visual analysis of
each of the following is carried out: nation, institution, author, keyword, reference,
cited author, and cited journal.
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Figure 1:Flow chart of research using CiteSpace applications (Youping Teng et al ,

2022)

3. RESULTS AND DISCUSSION

This chapter covers the findings of descriptive statistics and collaborative
network analysis on publications, authors, journals, institutions, and nations. And we
used CiteSpace's keyword co-occurrence analysis, time zone view feature, keyword
clustering analysis and keyword emergence analysis to gain a thorough picture of the
evolution of carbon disclosure research. The findings of the co-citation analysis of
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cited authors, cited references, and cited journals are also provided in this section.

3. 1 Annual Publishing Trend

The quantity of articles is a crucial factor in determining how well-developed a
field is, reflecting the level of research results and activity in a discipline (Feiran W et
al ,2022). By analyzing the temporal distribution and cumulative output of papers, we
can judge the degree of attention paid to the field by society and academia and reveal
academic research and development trends (Xue WZ et al ,2020). The temporal
distribution of publications in the area of carbon disclosure research is depicted in
Figure 2. We eventually found 502 publications by searching and screening, including
481 articles and 21 reviews. Our search indicated that the paper "Carbon Dioxide
Emissions and Disclosures by Electric Utilities" by Freedman, Martin and Jaggi,
Bikki , published in 2004, is the earliest carbon disclosure publication in the WoS
database. It examines the effectiveness of U. S. electric utilities in reducing CO2
emissions, and also examines whether utilities are making adequate disclosures to
reflect their pollution performance and finds evidence supporting a positive
correlation between pollution disclosures and pollution emissions. Since then, the
research results on carbon disclosure have shown a fluctuating upward trend. The
study can also be divided into three phases based on the annual trend of the literature
volume: The first stage was from 2004 to 2010, when less than 5 articles were
released annually, showing that it was still in its infancy. The beginning of this phase
may come from the fact that the Kyoto Protocol, adopted in 1997, has been in force
since 2005. The number of articles generated in the following phase varied from 2011
to 2016, with an annual volume of 10 to 22 publications, exceeding that of the phase
before it by more than four times. The increase in this period may be due to the
impact of the first commitment period of the Kyoto Protocol ending in 2012. In the
last phase, from 2017 to 2021, publications show a sharp upward trend, with the
number of publications growing from 50 to 126, which represents a boom in this
period. It's possible that the Paris Agreement's official implementation as of
November 4, 2016, is what brought about this period of prosperity. Based on this
analysis, it is evident that disclosure of carbon information is receiving more attention
and 1s presently in a boom phase, but more research is required to fully understand
the intricacies of the pertinent studies.
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Figure 2 The temporal distribution of publications in CID

3. 2 Analysis of Scientific Research Collaboration

The research group has replaced the individual as the fundamental
organizational unit of scientific inquiry, and scientific collaboration has replaced
competition as the primary method of scientific investigation (Xinwei Su et al, 2019).
The examination of cooperative networks is mostly carried out in scientific metrology
research to examine the co-authorship of researchers' scientific and technical
accomplishments. Co-authorship is a visible and well-established kind of scientific
collaboration at three different levels: individual, institutional, and national,
according to Glnzel and Schubert (2005). In actuality, every component of the
network of scientific collaboration was recorded by bibliometrics' study of the
co-authorship network. As a result, the best scholars in this topic can be found from a
variety of perspectives, including authors, institutions, and nations.

3. 2.1 Co-country (region) network analysis

The number of publications from a given country is a reference to assess its
research performance (Chiu, W. T.& Ho, Y. S., 2007). The knowledge map of the
country co-authorship network of CID is depicted in Figure 3. We set the "Node
Type" to "Country" and the other options to their default values. The number of nodes
N is 60, indicating that 60 countries contributed 502 articles in this study to the
current research on carbon disclosure, with larger nodes indicating more literature
from that country. The top 10 nations by productivity are listed in Table 1, which
produce 87. 45% of all articles. According to the data gathered, the US accounts for
17. 93% of all research activity on carbon disclosure, with Australia coming in
second accounts for 17. 53%. With 61 and 60 pieces, respectively, the United
Kingdom and China came in third and fourth.

Understanding scholarly communication and knowledge diffusion requires
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collaborative analysis. The collaboration model was analyzed using CiteSpace, and
the inter-node linkage represents the existence of collaborative relationships between
nodes. Figure 3 shows that the number of links E is 183, indicating that there are 183
collaborative links with a density of 0. 1034, which shows that the research links
between countries are relatively strong. The node's centrality is shown by the ring's
thickness; the thicker the ring, the more central the node. Based on Table 1, the
highest degree of centralization is found in the United Kingdom (centrality = 0. 39),
followed by the United States (centrality = 0. 31), and Australia (centrality = 0. 23).

The study demonstrates that the U. S. leads in both the volume and
concentration, demonstrating the country's major research accomplishments and
contributions to the area. Even though it is in fourth place in terms of publications,
China has a significantly lower centrality than other nations, at just 0. 09. This
suggests that China has a role in the field of carbon accounting research, but China's
global influence is not as strong as other nations.
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Figure 3 The knowledge map of co-country (region) network of CID

1 USA 2004 90 17.93% 0.31
2 AUSTRALIA 2011 88 17.53% 0.23
3 ENGLAND 2009 61 12.15% 0.39
4 PEOPLES R CHINA 2014 60 11.95% 0.09
5 CANADA 2011 32 6.37% 0.13
6 SPAIN 2014 26 5.18% 0.08
7 GERMANY 2011 24 4.78% 0.02
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8 FRANCE 2008 23 4.58% 0.14
9 ITALY 2015 19 3.78% 0. 06
10 INDIA 2017 16 3.19% 0.01

Table 1 Top 10 productive countries of CID papers
3. 2. 2 Co-institute network analysis

The knowledge map of institution co-authorship network of CID is displayed in
Figure 4. As mentioned before, each node represents a separate institution and the
number N indicates that 298 research institutions contributed all articles. Table 2
shows the top 10 major institutions. Western Sydney University ranked first with 15
publications, and second was Newcastle University with 11 publications. With 10 and
9 publications, respectively, Macquarie University and Griffith University came in
third and fourth place. The number of papers published by the top 10 institutions was
82, accounting for 16. 33% of the total data.

Figure 4 shows the collaborative relationships of research institutions, with
266(E=266) collaborative links in the collaborative network, and the key institutions
at the core of the collaboration are Griffith University, University of Valencia,
Towson University, Swinburne University of Technology and Hunan University of
Commerce, among others. However, the density is only 0. 008, indicating a weak
strength of collaboration.
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Figure 4 The knowledge map of Co-institute network of CID

1 Western Sydney University 2018 15
2 Newcastle University 2014 11
3 Macquarie University 2018 10
4 Griffith University 2013 9
5 Swinburne University of Technology 2016 8
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6 University of Valencia 2018 7
7 Towson University 2004 6
8 Hunan University of Commerce 2017 6
9 Georgia Institute of Technology 2012 5
10 Natl Institute of Technology 2018 5

Table 2 Top 10 productive institutions of CID papers
3. 2. 3 Co-author network analysis

Co-author analysis is a prerequisite to grasp the research areas and research
trends in a particular discipline (Bellis, N. D., 2009). As shown in Figure 5, the node
N is 323, indicating that 323 authors contributed 502 articles in this field. Table 3
provides a list of the top 10 most active authors, with Tang, Q ranking first with 15
publications and Luo, L second with 11 publications. Both Freedman, M and
Zorio-Grima A tied for third place with 6 publications.

Figure 5 shows the author's collaborations, where there are 224(E=224)
collaborative links in the collaborative network, generating many closed-loop loops.
The larger the circles, which correspond to the number of publications by the writers.
The closer together the circles are, the more collaboration between authors is
indicated. Circles of the same color represent the same group of authors. It is clear
that the strongest collaboration exists in the entire collaborative network with several
core authors such as Luo, L, Tang, Q, Freedman, M and Zorio-Grima . However, the
density is only 0. 0043, indicating the weak strength of collaboration among authors.

CiteSpace, v. 6.1.R2 (64-bit) Basic
October 30, 2022 at 11:04:02 AM CST
Wos: C:\U: ini
Timespan: 2004-2021 (Slice Length=1) K|M E
Selection Criteria: g-index (k=25), LRF=3.0, L/IN=10, LBY=5, e=1.0

Network: Nf323, E=224 (Density=0.0043) MEMON A
E:"'o?e'_’f ggéll::qﬁl/o i‘ GIANNARAKIS G

T ABHAYAWANSA S P @EEY

IMS
CHEN X
tKUMARASIRI 4 éORIO-GRlMA A MARIA GONZALEZ-GONZALEZ
ZHOU Z
ZAMORA-RAMIREZ C
uJ OL

¢FREEDMAN M

JAGGI B ANG Q > '
HOUQE M / DATTR . CLARKSON P
ALLINI A iBUI B

DA SILVA GOMES S

E R7 ZHANG J G SILVEIRA ANDRADE J

KUMAR P
MATISOFF D LA

KILIC M BEN-AMAR W FIROZ M

Figure 5 Knowledge map of co-author network of CID

1 TANG Q 2012 15
2 LUO L 2012 14
3 FREEDMAN M 2004 6
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4 ZORIO-GRIMA A 2018 6
5 KUMAR P 2018 5
6 LIUJ 2020 5
7 DATTR 2018 5
8 FIROZ M 2018 5
9 KIM E 2011 4
10 BEN-AMAR W 2015 4

Table 3 Top 10 prolific authors of CID papers
3.3 Co-citation Analysis

Henry Small (1973) proposed a study of literature's co-citations. The
fundamental idea behind co-citation is to count all the times a piece of writing,
including magazines, documents, and authors, are cited together to determine how
similar two pieces of writing are to one another. McCain, K. W. (1991) asserts that
two literature are co-cited when they are referenced together in subsequent
publications. Because the co-citation patterns that have been seen over time can
provide us hints about how professional development works, it is useful to map the
structure of scientific knowledge (Fang, Y. et al, 2017). The most cited literature,
authors, and journals are also listed in this section along with the literary co-citation
network, author co-citation network, and journal co-citation network.

3. 3.1 Literature co-citation analysis

In Bibliometrics, the frontier of the research field represents the current
development of a discipline, and the references in the frontier articles constitute the
knowledge base of the field (Liang, C. et al, 2018). CiteSpace summarizes the
co-citation relationship between documents according to nodes and lines and
generates a co-citation network. The network is composed of nodes representing
documents (Chen, C., 2017). If two documents are cited together in another paper, the
two nodes are connected by lines. In the CiteSpace analysis tool, we choose the
"reference" parameter to get the co-cited literature knowledge map of carbon
information disclosure. As shown in FIG. 6, it is composed of 737 nodes and 2900
lines, with a density of 0. 0107. Table 4 shows the top 10 citations by count, with
more than 38 citations per article. The columns included in the table include citation
times, centrality, first author, publication year and journal information. The most
frequently cited reference is Qian, W & Schaltegger, S, published on the British
Accounting Review in 2017, with a total of 66 times.
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The subsequent change in carbon performance is
positively correlated with the change in carbon
disclosure. The relationship in high energy
intensive enterprises is relatively weak.

An estimation model that takes into account firm
characteristics and industries calculates the GHG
emissions of non-polluters, and the GHG
emissions are what lead to the implied equity
discount in the market.

The value of the company is negatively impacted
by carbon emissions and voluntary disclosure of
carbon emissions. The market penalizes all
companies for carbon emissions but imposes
further penalties on companies that do not disclose
emission information.
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The inclination and scope of GHG information
sharing are significantly positively correlated with
gender diversity. The board with more
independent directors or environmental
committees is more inclined to ecological
transparency.

GHG emissions are far lower in the corporate
report (CR) than they are in the CDP. and when
there is difference in information disclosure
between the two channels, the enterprise will
increase the traceability of corporate responsibility
data.

Voluntary carbon disclosure has a negative
relationship with carbon emission performance,
and institutional context is a regulatory factor.

When businesses disclose their carbon emissions,
the market might respond unfavorably. but
enterprises can mitigate the negative market
impact by regularly releasing carbon information
through the media.

The likelihood of voluntarily disclosing climate
change increases as the percentage of women on
the board rises.

The carbon emission quota of an enterprise has
nothing to do with enterprise valuation but is
negatively related to insufficient allocation.
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Table 4 Top 10 co-cited documents of CID

By analyzing the high-frequency cited literature, we found that the key theories
on the disclosure of carbon information are the legitimacy theory, institutional theory,
stakeholder theory, and signaling theory. To determine the driving force behind
disclosure, researchers examine the link between carbon performance and disclosure
quality using the signaling theory and legitimacy theory. For instance, Clarkson et al.
(2015) contend that companies with higher carbon performance deliberately
disseminate positive signals and high-quality information to minimize concerns with
adverse selection. High-quality carbon information disclosure is a tactic to increase
organizational legitimacy, as shown by Ben-Amar et al (2017). The whole framework
of variables impacting carbon information disclosure quality, including demand from
stakeholders like the government, is built using system theory and stakeholder theory.

3. 3. 2 Author co-citation analysis

We may learn more about significant academics and their disciplines by using
the author's co-citation analysis. To get the author co-citation network knowledge
map, we choose the "author" option in the CiteSpace analysis tool. As seen in FIG. 7,
there are 595 high cited authors and 3842 network lines. The larger the node on the
chart, the higher the reference frequency. We evaluated the writers based on their
frequency and centrality of citations. According to Table 5, Ans Kolk. Clarkson, Peter
M. . Luo, Le. Deegan, Craig. Patten, Dennis M. were cited more frequently. This
suggests that the findings of their research have had a significant influence on this
field. These most often referenced writers are involved in research on carbon
information disclosure from several scientific vantage points: An Kolk is a full-time
professor at the University of Amsterdam's Amsterdam Business School in the
Netherlands. Her professional fields are corporate social responsibility, sustainable
development and sustainable development, especially those related to international
business. Clarkson, Peter M. is a professor at the University of Queensland's Business
School. His main research contents include issues related to voluntary disclosure,
corporate performance and valuation, and the economic impact of environmental
performance. Luo, Le from Macquarie University is mainly engaged in enterprise
sustainable development, carbon disclosure and carbon management. Deegan, Craig
REGg is a professor of University of Tasmania. His research interests are social and
environmental responsibility and accounting, financial accounting and financial
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accounting theory. Dennis M. is from Illinois State University. His main research
fields are accounting, environmental disclosure, public policy, legitimacy and
legitimacy theory. However, the centrality score showed slightly different results:
CDP, Ans Kolk. Stanny, Elizabeth. Patten, Dennis M. . Bebbington, Jan were the top
five authors with the highest centrality, showing that they were bridging various
co-author networks. We may better understand the significant researchers in carbon
information disclosure and related fields by using the tracking analysis of important
researchers mentioned above.
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Figure 7 The knowledge map of the author co-citation network of CID

1 KOLK A 2011 195 0.09
2 CLARKSON PM 2008 191 0. 05
3 LUOL 2015 150 0.02
4 DEEGAN C 2011 126 0.04
5 PATTEN DM 2004 123 0.08
6 MATSUMURA EM 2016 118 0.01
7 STANNY E 2012 117 0. 09
8 GRAY R 2011 107 0.04
9 FREEDMAN M 2004 107 0.03
10 CORMIER D 2008 100 0.04
Table 5 Top 10 cited authors of CID
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3.3.3 Journal co-citation analysis

The journal co-citation analysis can assist us in determining the journal's
contribution and identifying journals to which we should submit our works (X. Li,
&H. Li.,2018). To get the journal co-citation network map, we choose the "Journal"
option in the CiteSpace . Journals are represented by nodes in Figure 8, and linkages
between nodes indicate the co-citation relationship between two journals. A total of
585 highly cited journals and 3574 network lines were extracted from CiteSpace
journal citation analysis. The size of nodes reflects their significance, while the
distance between nodes reflects how frequently journals are cited. The top 10 journals
for carbon disclosure research papers are shown in Table 6. With 287 papers, Journal
of Business Ethics is the journal that has received the most citations, followed by
Business Strategy and the Environment(275 vpapers), Journal Of Cleaner
Production(274 papers), Acounting Organisations and Societies(257 papers),
Accounting Auditing & Accountability Journal(231 papers), European Accounting
Review(228 papers), Corporate Social Responsibility and Environmental
Management(218 papers), Accounting Review (203 papers), Strategic Management
Journal(194 papers) and British Accounting Review(190 papers). The ten journals
listed above can serve as reliable sources for research on carbon information
disclosure. From the centrality value, the centrality value of Corporate Governance
- International Review (0. 13) \ Aacademy of Management Journal (0. 1) and Global
Environmental Politics (0. 1) are higher than 0. 1, indicating that these three journals
play a greater role. From the perspective of the research fields, carbon information
disclosure study is closely connected to management science, accounting science,
environmental science and other research fields. Additionally, there are three journals
with an impact factor of at least 10: Journal of Cleaner Production (11. 016),
Strategic Management Journal (12. 247), and Business Strategy and the Environment
(11. 604). Such a high impact factor suggests that the topic of carbon information has
a significant number of key journals.
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Figure 8 The knowledge map of the journal co-citation network of CID

1 JOURNAL OF BUSINESS ETHICS 2011 287 0.02 8.086
BUSINESS STRATEGY & ENVIRONMENT 2010 275 0.03 11.604

3 JOURNAL OF CLEANER PRODUCTION 2012 274 0.03 11.016
ACCOUNTING ORGANIZATIONS AND

4 SOCIETY 2004 257 0.03 5.688
ACCOUNTING AUDITING &

5 ACCOUNTABILITY JOURNAL 2004 231 0.04 5.701

6 EUROPEAN ACCOUNTING REVIEW 2008 228 0.01 3.433
CORPORATE SOCIAL RESPONSIBILITY AND

7 ENVIRONMENTAL MANAGEMENT 2008 218 0.02 8.796

8 ACCOUNTING REVIEW 2009 203 0.02 7.818

9 STRATEGIC MANAGEMENT JOURNAL 2009 194 0.02 12.247

10  BRITISH ACCOUNTING REVIEW 2012 190 0.01 ©6.684

Table 6 Top 10 high frequency cited journals

3.4 Keywords Network Analysis
3.4.1 Co-occurrence of keywords

Analyzing the co-occurrence of keywords is a useful technique for identifying
the structure of scientific knowledge, identifying new trends, and tracking research
subjects (Chen, Cribbin, Macredie, & Morar, 2002). Keywords give a clear,
high-level overview of a document, which can aid scholars in understanding the
evolution of a certain study subject. The CiteSpace-based keyword co-occurrence
analysis consists mostly of the following two steps: Extraction of keywords is
followed by classification, separation, and frequency calculation (Chen, Dubin, &
Kim, 2014). A keyword co-occurrence matrix can also be obtained.

Figure 9 depicts the keyword map of carbon information disclosure research
from 2004 to 2021. There are 378 keyword nodes and 2379 connecting lines. Key
nodes are those that appear frequently and have a high degree of centrality in the
co-occurrence analysis, indicating that they have a significant impact on the network.
The top 10 keywords in terms of frequency and centrality are listed in Table 7. The
node “climate change” has the highest frequency, and this keyword appears 165 times.
And its centrality is also high, with a center value of 0. 1. The second and third places
in frequency are “disclosure” and “performance”, with centrality of 0. 11 and 0. 06
respectively, followed by “corporate social responsibility”, “anagement”,
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2 (13 2 (13

“legitimacy”, “determinant”, “environmental performance”, “emission”’and“impact”.
The keyword “emission” ranked ninth in frequency has the highest centrality, with a
central value of 0. 17.
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Figure 9 The knowledge map of the keywords co-occurrence network of CID

1 climate change 2008 165 0.1

2 disclosure 2009 96 0.11
3 performance 2008 94 0. 06
4 corporate social responsibility 2009 85 0. 06
5 management 2009 74 0.08
6 legitimacy 2009 73 0.09
7 determinant 2011 72 0. 07
8  environmental performance 2009 69 0.05
9 emission 2009 66 0.17
10 impact 2011 62 0.05

Table 7 Top 10 keywords in terms of frequency and centrality

3. 4. 2 Keywords time zone map analysis

According to the frequency and year of keyword occurrence, we can understand
the research hotspot and its occurrence time and duration (Yuzhen Li et al,2022). The
time of occurrence of hot spots reflects the change of research focus (Liang, C. et al,
2018). In order to further explore the evolution path of the research direction,
CiteSpace is visualized as the "time zone map" in the control panel, which shows the
keywords that appear with the passage of time. Figure 10 shows that the research
boom related to the publication of carbon information started in early 2008 and was
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the subject of study in the years that followed. The years 2008 and 2009 had a lot of
keyword activity. The primary subject of these research is ‘“climate change”,
“performance”, ‘“corporate social responsibility”, “environmental disclosure”,
“management” etc. From 2011 to 2013, “governance”, “decision”, “greenhouse gas

2 (13 2 13

emission”, “impact”, “Carbon Disclosure Project”, “policy” and other aspects have
become research hotspots. Since 2015, the number of keywords has started to
decrease, and the main research topics are “strategy”, ‘“carbon emission”,

2 13

“sustainability”, “risk”, “firm value”, etc., which indicates that the study of carbon
information disclosure has progressively reached a steady stage following a period of
tremendous development.
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Figure 10 The knowledge map of the keywords time zone of CID

3.4.3 Keywords clustering Analysis

Clustering 1s the division of a collection of tangible or intangible items into
several groupings. A cluster's elements are very similar to one another, whereas other
clusters' elements are highly diverse from one another (Chen, 2003). Clustering tags
in CiteSpace are taken from the referenced literature and can be found in the title,
index, or abstract of the cited literature (Chen, 2015). Keyword clustering analysis is
based on the keyword co-occurrence analysis through the method of clustering
statistics, which simplifies the network relationship of keyword co-occurrence into
clustering. The log likelihood ratio algorithm (LLR) can automatically identify each
cluster and help users quickly and comprehensively understand the hot spots and
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evolution of research content (Chenet al., 2015). Compared with the keyword
co-occurrence graph, clustering focuses more on reflecting the structural
characteristics, highlighting the important relationship between key points and
clustering. Fig.11 is a thematic clustering map of keywords obtained by clustering
documents using the log likelihood ratio algorithm (LLR).Fig.12 is the knowledge
map of the keywords clustering time line. The reliability of the clustering structure is
significant because the cluster Q value (module value) is 0. 4093, which is more than
0. 3. The siloette's value (average contour value) is 0. 7483, which is greater than 0. 7,
indicating that the cluster has sufficient similarity and reliability. Cluster naming is
extracted from keywords, clusters with enough nodes are screened, and duplicate
items are deleted. A total of 7 topics are obtained. There are 7 clusters in Table §,
representing 7 research hotspots in carbon information disclosure research. The label
words identified by the LLR algorithm in each cluster in Table 5 are displayed in the
order of high to low. The highest scored tag word with a greater LLR among these
terms in each cluster serves as the cluster's representative. The homogeneity inside
the cluster is measured using the degree of clustering silhouette. Higher homogeneity
values are closer to 1, but their dependability is diminished if the cluster has fewer
members. Data were arbitrarily chosen in representative clusters as instructive
instances in order to better understand the clustering results.
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Figure 11 The knowledge map of the keywords clustering of CID
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Figure 12 The knowledge map of the keywords clustering time line of CID

voluntary disclosure (14. 25, 0. 001); legitimacy

theory (11. 13, 0. 001); content analysis (8. 18, 0.
#0 voluntary 005); corporate strategy (6. 23, 0. 05); gri (6. 23, 0.
disclosure 57 0.691 05) 2012

policy (13. 78, 0. 001); politics (9. 18, 0. 005); asset
pricing (9. 18, 0. 005); carbon (6. 1, 0. 05);

#2 policy 44 0.738 information disclosure (5. 57, 0. 05) 2015
corporate social responsibility (16. 77, 1. OE-4);

#3 corporate gender diversity (9. 08, 0. 005); firm performance (9.

social 08, 0. 005); governance (8. 97, 0. 005); corporate

responsibility 44  0.653 governance (8. 91, 0. 005) 2017

financial performance (14. 08, 0. 001); istanbul stock
exchange (10. 04, 0. 005); capital structure (10. 04,
#5 financial 0. 005); stakeholder theory (5. 33, 0. 05); climate
performance 37 0. 758 change (5. 13, 0. 05) 2017
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carbon emission disclosures (10. 2, 0. 005); carbon

#7 carbon management (7. 15, 0. 01); carbon disclosure project
emission (6. 55, 0. 05); environmental strategy (6. 55, 0. 05);
disclosures 29 0. 748 event study (6. 55, 0. 05) 2015
carbon footprint (20. 5, 1. OE-4); energy efficiency
(9. 95, 0. 005); sustainability accounting (6. 3, 0.
#8 carbon 05); law and economics (4. 97, 0. 05); market price
footprint 27 0. 852 fundamentals (4. 97, 0. 05) 2011
value relevance (23. 62, 1. 0E-4); climate policy (19.
49, 1. OE-4); monetary stances (12. 16, 0. 001);
#9 value fiscal redesign (12. 16, 0. 001); resource and
relevance 23 0.922 conservation (12. 16, 0. 001) 2018

Table 8 keywords clustering table

Cluster # 0 is marked as “voluntary disclosure”. In terms of size, cluster # 0 is
the largest, with a size of 57 and an average year of 2012. The silhouette value is O.
691, which is near to 0. 7, it shows that the cluster has similarity and reliability. The
highly cited papers in this cluster are briefly introduced below. Liao, L; L; Luo; and
Q. Tang (2015) found that there are more independent directors, gender diversity, and
the Environmental Committee's board is more inclined to voluntarily disclosure
greenhouse gas information. The value of the company is negatively impacted by
carbon emissions and voluntary disclosure of carbon emissions were found by
Matsumura, E; R, Prakash (2014). According to Stanny, E. and K. Ely's 2008 research,
a company's size, prior disclosures, and overseas sales all had an impact on whether it
released the climate change data through the Carbon Disclosure Project. The
consistency of GHG data voluntarily released by French listed firms using two
distinct communication channels was researched by Depoers, F, Jeanjean, and T.
Jerome in 2016. Siddique, M.; M. Akhtaruzzaman; A. Rashid; and H. Hammami
(2021) found that carbon voluntary disclosure has a favorable impact on carbon
performance, supporting the signal idea.

Cluster # 2 1s marked as “policy”. The size of cluster # 2 is 44, and the average
year is 2015. The silhouette value is 0. 738, greater than 0. 7, indicating that the
cluster has sufficient similarity and reliability. Next, the high cited papers in this
group are briefly introduced. Bento, N; G, Gianfrate (2020) shows that the
comprehensive national program depends on national climate policy, national
development, industry and corporate governance to a large extent. In addition, the
uncertainty of national climate policy hinders carbon pricing in business. Andrew, J. ;
C. Cortese(2013) explored the influence of neoliberalism on the development of
global environmental regulation using the work of political geographers and political
economists as a reference and believed that climate disclosure practices and
regulation offered an opportunity to strengthen the ideological landscape of
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neoliberalism. Nordenstam , L; D, Ilic; L, Odlund (2018) analyzed how enterprise
standards and the EU framework can stimulate decisions on purchasing electricity
and district heating, as well as decisions on cogeneration.

Cluster # 3 is marked as “corporate social responsibility”. The scale of cluster #
3 is 44, and the average year is 2017. The silhouette value is 0. 653, close to 0. 7,
indicating that the cluster has a certain degree of similarity and reliability. The
publications in this cluster that have received a lot of citations are briefly described
below. Environmental legitimacy has a strong detrimental impact on an enterprise's
ability to disclose carbon information, according to study by Li, D., et al. According
to Calza, F;G, Profumo;l, Tutore (2016)the enterprises with a high proportion of
state-owned enterprises show a high green initiative, and the ownership concentration
seems to be negatively related to the positive environmental strategy. Yunus, S;
Elijido-Ten, E; Abhayawansa,S(2016)demonstrates the critical roles internal
organizational elements and corporate governance characteristics have in upholding
organizational legitimacy (CMS).

Cluster # 5 is marked as “financial performance”. The scale of cluster # 5 is 37,
and the average year is 2017. The silhouette value is 0. 758, greater than 0. 7,
indicating that the cluster has sufficient similarity and reliability. The highly cited
papers in this cluster are briefly introduced below. Financial performance is
designated as cluster number 5. The average year is 2017, and cluster number five has
a scale of 37. With a silhouette value of 0. 758, which is higher than 0. 7, the cluster
is considered reliable and comparable enough. The publications in this cluster that
have received a lot of citations are briefly described below. According to
Gallego-Alvarez, [; Garcia-Sanchez, IM; Vieira (2014), there is a stronger correlation
between environmental factors and financial performance during economic
downturns. The link and causes between company economic performance,
environmental information disclosure, and greenhouse gas emissions were explored
by Hassan, OAG; Romilly, P (2018). As a result, improved economic performance
and decreased emissions are strongly associated.

Cluster # 7 is labeled “carbon emission disclosures”. The scale of cluster # 7 is
29, and the average year 1s 2015. The silhouette value is 0. 748, greater than 0. 7,
indicating that the cluster has sufficient similarity and reliability. Next, the high cited
papers in this group are briefly introduced. According to Kilic, M; Kuzey, C (2019),
the degree and tendency of disclosure of carbon emissions are significantly
influenced positively by the diversity of countries represented on the board of
directors and the establishment of the sustainable development committee. Kurnia, P;
Darlis, E; Putra, AA (2020) shows that carbon emission information disclosure and
good corporate governance have no direct impact on corporate value. According to
Hardiyansah, M; Agustini, AT; Purnamawati, I's research (2021), the enterprise value
is positively and significantly impacted by the disclosures of carbon emission
information. Because the carbon emission information disclosure is a concern of the

enterprise for the environment, which has received a positive response from the
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market and has become the basis for investors to evaluate the sustainability of the
company.

Cluster # 8 is labeled as “carbon footprint”. The size of cluster # 8 is 27, and the
average year is 2011. The silhouette value is 0. 852, greater than 0. 7, indicating that
the cluster has sufficient similarity and reliability. The following is a brief
introduction to the highly cited papers in this cluster.Hrasky, S (2012) show that the
footprint related disclosure rate of large Australian listed companies is increasing, and
the signal of disclosure is more and more obvious. Nansai, K; Kagawa, S; Kondo, Y;
Suh, S; Inaba, R; Nakajima, K (2009) using a global linked input-output model that
took into account 804 economic sectors in Japan and 230 other nations and regions. A
technique to include the three ranges of carbon footprint into the data envelopment
analysis model to assess environmental performance was created by Chang, DS; Yeh,
LT; Liu, WR (2015). MAHAPATRA, S; T, SCHOENHERR; J, JAYARAM (2021)
conducted an inductive analysis using second-hand data collected from CDP to
understand the role of non-financial companies in the global top 500 in reducing their
carbon footprint.

Cluster # 9 is marked as “value correlation”. The size of cluster # 2 is 23, and
the average year is 2018. The silhouette value is 0. 922, which is much higher than 0.
7, demonstrating the excellent similarity and dependability of the cluster. The
following is a brief introduction to the highly cited papers in this group. Baboukardos,
D (2017) rovided evidence to illustrate the potential benefits of mandatory
environmental reporting on the market valuation of listed companies. The research of
Liesen, A; Hoepner, AG; Patten, DM; Figge, F (2017) shows that the quantitative
GHG emissions and carbon performance disclosed by the company are related to
company value. Mandatory and standardized carbon emission performance
information can not only improve market efficiency, but also improve capital
allocation in the real economy. According to Jiang, Y; Luo, L; Xu, JF; Shao,
XR(2021), the value of the corporation increases when more carbon information is
released. In developing countries, the positive correlation between company value
and voluntary carbon disclosure is stronger.

3.4.4 Keywords burst analysis

The identification of burst keywords can study the frontier dynamics and
development trend of a field, as well as the time change and dynamic distribution of
word frequency (E. Zhu, Q. Q1, and M. Sha,2021). When a keyword quickly rises in
popularity, it means that within a short period of time, study interest in that area has
unexpectedly increased (Youping Teng et al). Burst keyword analysis is better suited
for examining the newly developing theme of discipline development than the prior
keyword analysis (Chen, 2015). To use CiteSpace based on keyword co-occurrence,
choose standalone refresh and view under burstness in the control panel. Figure 13's
created keyword burst displays 18 burst words from 2004 through 2021 along with
their intensities, start and finish times, and other details (sorted by burst duration).
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Whereas, from beginning to end, the red bar depicts the time sequence of the
keywords.

From the perspective of burst intensity, the intensity of "organization" is the
highest, with 3.14, followed by “perspective”, with 2.94. Additionally,
"environmental management" and "CSR disclosure"—the other two crucial frontiers
in this area—have very high intensities, at 2.55 and 2.51, respectively. The keywords
"content analysis (2010-2018), "environmental management (2009-2015), " and
"politics (2013-2018)" have long occurrence times and long outbreak periods,
respectively, which suggests that the research on these keywords has a longer-lasting
effect on the research field of carbon information disclosure. "CSR disclosure",
"perception" and "corporate social performance" appeared in the latest time,
representing the academic frontier in the field of carbon information disclosure.

Top 18 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 2004 - 2021
institutional investor 2004 243 2008 2012 [ ——
environmental management 2004 2,535 2009 2015 [ —
content analysis 2004 1.79 2010 2018 —
organization 2004 3.14 2011 2014 [——
legitimacy 2004 1.85 2011 2012 fr—
carbon reporting 2004 2.16 2012 2016 [ —
management 2004 1.77 2012 2016 [ —
assurance 2004 248 2013 2014 fr—
politics 2004 2.37 2013 2018 o
carbon 2004 2.2 2013 2015 prp—
perspective 2004 2.94 2017 2019 f—
kvoto protocol 2004 2.2 2017 2019 f—
sustainability 2004 2.12 2017 2018 pr——
adaptation 2004 1.88 2017 2018 pr——
control system 2004 1.88 2017 2018 f—
csr disclosure 2004 2,51 2018 2019 f—
perception 2004 2.09 2018 2019 p——
corporate social performance 2004 209 2018 2019 [r——

Figure 13 Top 18 Keywords with the strongest citation burst

4 Conclusions and limitations

In this paper, CiteSpace is used to conduct bibliometric analysis of carbon
information disclosure literature. 502 effective articles in the web of science database
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and 2894 relevant references were visually inspected to study and reveal the
development of carbon information disclosure research from 2004 to 2021. By
employing statistical maps and tables, co-authorship maps, co-occurrence maps,
co-citation maps, clustering maps, time zone map, emergent words map, we were
able to identify significant publications, authors, journals, institutions, nations and
provide a comprehensive description of the evolution history, current hotspots and
future trends of carbon information disclosure research. The conclusions are as
follows:

(DCarbon information disclosure research has become a hot topic in recent years.
The first phase, from 2004 to 2010, produced less than five articles per year, indicating
that it was still in its infancy. The next budding phase produced articles ranging from
2011 to 2016, more than four times the number of the previous phase. In the last phase,
from 2017 to 2021, publications show a sharp increase, which represents a boom in this
period.

(2)The study identifies the main outcome contributions of carbon disclosure
research through co-authorship analysis from three dimensions: country, institution,
and author.

Country: the United States is the country with the most publications, followed
by Australia, Britain and China.

Institutions: Western Sydney University, Newcastle University, Macquarie
University, Griffith University and Hunan University of commerce are the main
research institutions.

Authors: TANG Q. LUO L. FREEDMAN M. ZORIO-GRIMA A and KUMAR
P are the main contributors of carbon information disclosure publications.

Although there are several academics and organizations engaged in carbon
accounting research, there is little substantial international collaboration. The
collaboration between various authors, institutions, or nations has to be strengthened
in order to advance the development of carbon disclosure research.

(3)From the results of the co-citation analysis, scholars such as Ans Kolk,
Clarkson, Peter M., Luo, Le, Deegan, Craig, and Patten, Dennis M. are the most cited
scholars, and published the most influential articles in the academic community. The
most cited journal is Journal of Business Ethics, followed by Business Strategy and
Environment. Journal of Cleaner Production. Accounting Organizations and Society
and Accounting Auditing & Accountability Journal.

(4)To examine research hotspots and frontiers, this study uses keyword
co-occurrence, clustering, a time zone map, and emergent words analysis. We found
that the most intensive keywords were "climate change, " "disclosure, " "performance,
and "emissions, " and the longest-lasting keywords were "content analysis, "
"environmental management, " and "politics. " CSR disclosure, " "perception, " and
"corporate social performance" emerged the latest and represent the academic frontier.

n

This study provides a systematic, bibliometric review and visual analysis of the
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literature on carbon disclosure research using CiteSpace. It provides a foundational
understanding for future researchers and fills the gap between carbon disclosure
research and bibliometric analysis. However, it is important to recognize the
limitations of this study. First off, only one database was used in our investigation.
Despite the fact that WoS is a database of generally high-quality publications, many
findings that have been published in other journals are not present in WoS and were
not gathered for this investigation. Second, only two categories of publications were
used for data gathering in this study to assure the high quality of publications (articles
and reviews). Future studies might broaden the data collection to include other kinds
of publications (like conference papers and working papers), which could yield more
information and conclusions. In conclusion, there is still much to learn about the
disclosure of carbon information, and researchers might widen their scope by
utilizing other factors, approaches, and viewpoints.
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