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Abstract Understanding the trends in research on carbon emission related to climate change is essential to assess the
current state of research, set the direction for effective research, and provide insights for policy formulation. This study
conducted text mining and quantitative bibliometric analysis of carbon emission-related academic papers published by 2024 to
analyze the quantitative changes in research, key research areas, key researchers and institutions, and changes in knowledge
structure. The quantitative change in carbon emission research has increased at an average annual growth rate of 9.35% and
27.84% for both domestic and international publications, respectively. Especially since the Paris Agreement in 2015, there has
been a sharp quantitative growth trend. This growth is primarily attributed to an increase in the number of papers from China
and the United States. The main area of research has been focused on explaining the causal factors associated with carbon
emissions, such as climate change and greenhouse gas emissions. The results from the articles have demonstrated the relevance
of carbon information to stakeholders interested in climate change and environmental sustainability. In conclusion, this study
analyzed the quantitative growth of carbon emissions research and changes in the knowledge structure through the analysis of
academic journals. The results can be used as a basis for methodologies for various observational and analytical models for
precise carbon emissions prediction and environmental performance improvement.
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Table 1. Key metrics and content by analysis area for the meta-bibliometric analysis of carbon emissions-related studies.

Analysis Key indicator

Description

Publication trends

Identify growth and maturity stages of research activity

Key authors and institutions

Identify authors and research institutions that have published
the most papers or have high citation counts

Academic
trend Key countries Analyze national publication contributions and citation impact
analysis
Key journals Identify key journals where carbon emission research is actively published
Most cited articles Ideptlfy core papers with the greatest academic impact and summarize
their content
Keyword co-occurrence network Visualize relationships between research topics and key clusters
Co-author network Identify collaborative research relationships and patterns among researchers
- Understand the intellectual base through shared citation relationships
Co-citation network
Knowledge among papers
structure
analysis Bibliographic coupling Identify clusters by research topic and similar research groups
Major topic bursts Detect changes in research trends and emerging/disappearing topics
Network centrality Idgnpfy the influence of core elements (authors, keywords, etc.)
within the network
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Fig. 1. Distribution of the number of carbon emissions related research papers published by 2024 retrieved from the Korea
Citation Index (KCl, top panel) and Web of Science (WOS, bottom panel). Compound Annual Growth Rates (CAGR) are shown

in green text.
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Fig. 2. Number of publications by research institution in carbon emission-related studies, retrieved from the Korea Citation
Index (KCl) (top panel) and Web of Science (WoS) (bottom panel).
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Fig. 3. Number of carbon emission-related research papers published by the top 10 contributing countries (1998~2024), based

on data retrieved from the Web of Science (WoS) database.
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Hi S & 4 ek 55 F52 M2 “Nature”
(2,0677)7F &0 == 4= &9 1071 F=l= %=
o EFokal F 1§ FollA 4915 AR A

]‘; “Nature” é‘% 4”—& Ado] ga HH =

_I_4

Sol @79l A Bae xﬂna}ﬂu} 417131
22 A}, e o) 7 §8 AT A
o] E%& 7Hs/do] =T}. “Agriculture Ecosystems
and Environment” (1,41371), “Building and Environ-
ment” (1,28171), “Nature Communications” (87271),
“Geophysical Research Letters” (87271), “Resources
Conservation and Recycling” (8567]) = &2 & &

O j5)
o5 P\seie] o Loje] FAT HAYE <

oN of

Table 2. Top 10 journals in the WoS database that have published the most papers in carbon emissions research over the last
27 years. Impact factor (IF) has been acquired from the 2024 Journal Citation Reports (JCR). Cite score (CS) values are based on
citation counts in a range of four years (e.g. 2021~2024) from the SCOPUS.

Journal Paper count Total citations Average citations IF cs

Journal of Cleaner Production 269 8045 29.9 10 20.7
Environmental Science and Pollution Research 125 2008 16.1 5.8% 6.6
Science of The Total Environment 92 3537 384 8 16.4
Journal of Environmental Management 84 2639 314 8.4 14.4
Frontiers in Environmental Science 46 345 7.5 3.7 7

Buildings 27 311 1.5 3.1 44
Heliyon 24 260 10.8 3.6 4.1
Ecological Indicators 27 691 30.0 7.4 133
Resources, Conservation and Recycling 22 886 38.9 10.9 24.7
Environmental Research Letters 22 583 26.5 5.6 1.1

*year 2022
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“Conservation Biology” (39371), “Proceedings of the

physical Research Letters"+= & -8 4= (5-5 8¢)<t
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IEEE” (37671), “Environmental Health Perspectives” 3.5 FR 02 =F &AM
(36871), “Freshwater Biology” (24071), “Molecular Ecol- ot 918 =72 gl EoFo] 543k o] =, B
ogy” (23371), “Cryosphere” (17771), “Eelementa-Science ~ £% 7|9h-2 Al gskAY 4141 A ZHE AA|
of the Anthropocene” (15171), “Geophysical Research 5t F<& A+t | tigt RS v|Xct. 181 =&
Letters” (14571), “Ecological Applications” (1407)7F 2] Q1-8 Sl4== AT ool gt F84d3} A2 2+
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FFEo] wit Athe A AARITE 1AL “Geo- 7€ @A, WoSellA 1-8H 9] 107 ==l thste
Table 3. Most cited articles in WOS (top 10, April 10, 2023).

Title Authors Journal Year Citations
Reduced.carbon emission eshmaFes from fossﬂ fuel Liuetal. Nature 2015 1436
combustion and cement production in China
Climate change mitigation: A spatial analysis of
global land suitability for clean development Zomer et al. Agriculture Ecosystem & Environment 2008 883
mechanism afforestation and reforestation
Carbon emission limits required to satisfy future
representative concentration pathways of Arora et al. Geophysical Research Letters 2011 751
greenhouse gases
Energy |mpl|cat|ons of future stabilization of Hoffert et al. Nature 1998 631
atmospheric CO, content
A prellmlnary assessment of the |mpact of COVID-19 Wang and Su Science of The Total Environment 2020 586
on environment? A case study of China
The Dynamic Impact of Digital Economy on
Carbon Emission Reduction: Evidence City-level Liand Wang Journal of Cleaner Production 2022 472
Empirical Data in China
A synthesis of current knowledge on forests and . . -
carbon storage in the United States McKinley etal.  Ecological Applications 2011 396
BlofoeI I?Iant.atlons on_Forested Lands: Double Jeopardy Danielsen etal. Conservation Biology 2009 303
for Biodiversity and Climate
Smart Operation of Smart Grid: Risk-Limiting Dispatch Varaiya et al. Proceedings of the IEEE 2011 376

Global Air Quality and Health Co-benefits of
Mitigating Near-Term Climate Change through
Methane and Black Carbon Emission Controls

Anenberg et al.

Environmental Health Perspectives 2012 368
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Table 4. Characterization of research clusters in carbon emission related studies retrieved by text mining approach.

Cluster Representative keywords Thematic area Research focus area I?ote_ntlal
application areas
aca:ikzzz]t’ui?fisel\(/’g'o ment Urban and Agricultural Carbon emissions due to Urban Planning,
0 9 ! P ! 9 agricultural and urban development; Agricultural Policy,

reduction, urban, China, Emission Policies

policy, green

Policy trends in China. Green Transition

Soil, CO,, CH,4, water, biochar,
1 organic, emission, carbon,
flux, greenhouse gas

Soil Carbon and
Greenhouse Gas
Dynamics

Soil carbon cycling, organic
amendments like biochar, and
associated greenhouse gas emissions.

Carbon Sequestration,
Sustainable Agriculture

Energy, power, system,

Renewable Ener
renewable, model, carbon, 9y

Energy generation, Renewable Energy,

2 Systems and renewable energy systems, CCS (Carbon Capture
cost, proposal, capture, .
- Carbon Capture carbon capture, and cost modeling. and Storage)
generation
2:::?;:31’ c;r:;tor:cltit)i:, Building Sector Carbon footprint assessment of Green Building,
3 ! ! 9 9 building materials, construction life Material Science,

greenhouse gas, cycle, Emission Assessment

material, assessment

cycle, and life cycle assessment (LCA). LCA

Forest, land, climate, fire,
4 carbon, change, species,
future, area, forestry

Forest Ecosystems
and Climate Change

Forest carbon dynamics under
environmental change, land use,
climate impact, and biodiversity.

Climate Policy,
Forest Management,
Conservation
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