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            Abstract
          
        

        
          This study examines the intellectual structure of climate change research in Korean academia, focusing on 131 climate change-related articles published in Environmental Policy for 30 years between 1995 and 2024. This study uses the analysis and visualization of word clouds and clustered network structures of keywords and authors. It explores main topics, temporal changes, and collaboration patterns. Additionally, it examines differences among various approaches to addressing climate change. The analysis identifies prominent topics such as Climate Change, Carbon, Emission, and Greenhouse Gas, while noting that Global Warming, Climate Crisis, Carbon Neutrality, and Net Zero have gained limited attention so far. It also reveals temporal shifts in research focus, with increasing diversification of topics. Collaboration patterns highlight the significant role of professors and institutional researchers, as well as active co-authorship with emerging scholars, including doctoral and master’s students. These findings provide a broad overview of how research topics and academic collaboration have evolved, offering insights into the intellectual landscape of climate change-related academia in Korea. By understanding these dynamics, this study lays the groundwork for future comparative analyses and deeper explorations into the field.
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      I. Introduction
      Climate change is recognized as the greatest environmental and economic issue of the 21st century and ultimately a matter of survival. It urgently needs to be addressed, as it affects not only the current generation but also future ones. This situation is reflected in the academic field. Its economic, social, and cultural impacts, as well as the scientific facts and evidence related to climate change, are increasingly studied.

      Korean academia has also not overlooked climate change research. Founded in 1995, the Korea Environmental Policy and Administration Society has led this academic field for 30 years. Its journal, Environmental Policy, has served as a primary platform for introducing and disseminating valuable climate change research. However, no studies have attempted to understand how climate change research has been formed and developed through Environmental Policy.

      This study aims to present the intellectual structure of climate change research in Korea reflected in climate change-related articles published in Environmental Policy: an intellectual structure refers to the framework that organizes and shapes the themes and concepts of a specific field, along with the systems involved in their formation and development. For this purpose, this study performed a network analysis of keywords and authors within the framework of graph theory (Freeman, 1979; Wasserman and Faust, 1994; Watts, 2004), focusing on the co-occurrence of keywords and the co-authorship of authors.

      This study assumes that co-occurring keywords share closer and stronger thematic relationships, while co-authored authors exhibit tighter collaborative ties, compared to those that do not co-author. This assumption aligns with studies like He (1999), Hellsten & Leydesdorff (2015), Kim & Yun (2015), and Faraji et al. (2022), which explored intellectual structures using graph theory. In this study, based on this assumption, networks connecting co-occurring keywords and networks connecting co-authors are constructed and analyzed.

      Through the analysis of keyword and author networks, this study attempts to find answers to the following questions:

      
        	RQ1: What are the main topics that make up the climate change research published in Environmental Policy?


        	RQ2: What are the changes in the field of climate change research in Korea over the past 30 years as observed from the climate change research published in Environmental Policy?


        	RQ3: Do the key concepts and issues addressed in climate change research published in Environmental Policy vary across the different disciplinary perspectives?


        	RQ4: What is the composition of authors and the state of collaboration for the climate change research published in Environmental Policy?


      

      This paper is organized as follow: Section 2 introduces the methods used in this study. Section 3 presents the results and findings of the analysis. Section 4 discusses some implications and limitations, and Section 5 provides the conclusions.

    

    

  
    
      Ⅱ. Methods
      The workflow of this study is illustrated in <Figure 1>.1) The first task of this study was to select and collect climate change-related articles published in Environmental Policy. From Volume 1, Issue 1 in December 1993 to the special issue in June 2024, a total of 776 articles have been published in Environmental Policy.2)

      
        
        

        <Figure 1> 
				
        

        
          Workflow of this study
        
        

        

      

      To collect the articles related to climate change, we selected those that included the terms Climate Change, Global Warming, Climate Crisis, Greenhouse Gas, Carbon, Carbon Neutrality, or Net Zero and their corresponding Korean terms (including variations with and without spaces between words) in their titles or keywords. As a result, a total of 131 articles (16.9% of the total number of articles) were found to include these terms in their titles or keywords. 122 articles were written in Korean and 9 articles in English. In this study, these 131 articles were considered as climate change-related articles and were chosen as the subjects for analysis.

      The next step was to extract the keywords, author information, and publication year of the articles selected for analysis.3) From the articles downloaded from the journal website (https://kepas.or.kr/homepage/custom/papersearch), the information was extracted and recorded in Excel.

      This step was followed by a preprocessing phase. In this phase, stop words were removed and author identity verification was conducted. Next, different forms of the same word were treated as a single lexeme and the occupation and status of the authors at the time of writing the article were categorized into six groups: professor, institutional researcher, PhD, PhD student, Master and Master’s student and others.

      The refinement process depends on the decision to analyze both multi-word and single-word keywords submitted by the authors or to decompose the multi-word keywords into single words for analysis. Both approaches have their own advantages and disadvantages (Romo-Fernández, Guerrero-Bote, & Moya-Anegón, 2013; Seong, Hwang, Stanescu, Lee, & Lee, 2022).

      Using multi-word keywords in their original form helps to understand the unique concept conveyed by the keywords. In network analysis, however, their use weakens the frequency and significance of words commonly shared across multiple multi-word keywords. It also diminishes the strength of its relation to other keywords and ignores other constituent words.

      Practical concern is also an obstacle to choosing the multi-word approach. It is related to the partial overlap among the multi-word keywords. For instance, if three articles include Carbon Emissions Reduction, Emissions Reduction, and Emissions Reduction Policy as keywords, respectively, it is not an easy work to decide whether to treat all of them as separate multi-word keywords or to treat only Emissions Reduction as a multi-word keyword. Furthermore, it is also extremely challenging to establish principled and consistent criteria to handle other similar cases.

      On the other hand, the use of single words extracted from a multi-word keyword highlights the core concept commonly shared across multiple multi-word keywords containing the word (Seong et al., 2022). The frequencies of the remaining constituent words can also contribute to the overall frequency. However, the single-word approach fails to capture the advantage of multi-word keywords in reflecting their unique, exclusive concepts in network analysis.

      For instance, in the data of this study, Gas appears a total of 35 times, with 34 of those instances occurring as part of Greenhouse Gas and only one instance used independently. Moreover, Greenhouse is never observed outside the context of Greenhouse Gas, and when used independently, it loses its contextual meaning. Therefore, in such a case, it is more helpful to treat the multi-word keyword Greenhouse Gas as a single unit.

      In contrast, Carbon exhibits a different pattern. Carbon appears a total of 58 times. It seems to be similar to Greenhouse and Gas in that it was not presented as an independent keyword by the authors. However, it differs significantly because the terms accompanying Carbon in multi-word keywords, like Dioxide, Neutrality, Reduction, Tax, and Emission, are highly diverse. There are 46 distinct multi-word keywords that include Carbon, even though partial overlap in the keywords is observed. If multi-word keywords containing Carbon are treated as single units, it would not only diminish the significance of Carbon’s frequency but also obscure its role as a pivot connecting different concepts. Additionally, it would result in disregarding the frequencies of the other constituent words. Therefore, it is advisable to decompose such multi-word keywords into their individual constituent words.

      This study adopted a single-word-focused analysis, except for the six terms: Climate Change, Global Warming, Climate Crisis, Greenhouse Gas, Carbon Neutrality, and Net Zero, which were used as key focus terms during the article selection process. The reason is that the authors of this study consider these terms to embody core concepts related to climate change, making it worthwhile to examine their roles within the network structure.

      For refining keywords, the process involved preparing multi-word terms to make them readable by the R program (R Core Team, 2024). This included separating the words within each multi-word term into individual units while maintaining recognition of six specific multi-word terms as single units.

      Another refinement process was to standardize synonymous words and semantically or morphologically related words into a single unified word. For example, in the analyzed articles, both Emissions Trading System and Emissions Trading Scheme were observed. During the refinement process, the synonymous words System and Scheme were standardized to System for consistency. Acronyms, such as ETS and CO2, were also targets for refinement. For example, in the case of ETS and CO2, these acronyms were spelled out as Emissions Trading System and Carbon Dioxide, respectively, and then decomposed as individual words.

      The next step in the refinement process was to assign IDs to authors to ensure their anonymity while allowing their profession or status to be identified. For example, professors were assigned a number preceded by P, such as P01 and P02, institutional researchers were assigned a number preceded by R, and authors who wrote multiple articles and transitioned from being institutional researchers to professors were assigned a number preceded by RP.

      The final step in the refinement process was to categorize the selected articles according to different time periods and classifying them based on their content. The criteria for these time periods and content-based classifications will be presented in the following section.

      The refined data served as the input for making co-occurrence matrices and both co-word networks and co-author networks were constructed from various perspectives, using the co-occurrence matrices as input. Based on the results of these processes, analyses and interpretations of the intellectual structures were conducted.

      In this study, the works for analysis and visualization relied on the use of R program. The clusters were formed using the Louvain algorithm (Blondel, Guillaume, Lambiotte, & Lefebvre, 2008). More details about the clustered network will be presented in Section 3. One of the co-authors of this study performed the initial R coding aligned with the purpose of the research, and based on the initial code, the final code was completed through interactive discussions with ChatGPT (October 2024 version) (OpenAI, 2024). The .csv format file served as the input for R, and the output from R was also saved in .csv format files. In this article, due to spatial constraints, not all the frequencies, degree centralities, and betweenness centralities measured in this study are presented, and most figures are included in a reduced size. All these measured values, the R-code used to derive them, and the figures in their expanded size are available in the OSF repository (https://osf.io/vm38r/).

    

    

  
    
      III. Results and Findings
      
        1. Data overview
        The publication trend of climate change-related articles in Environmental Policy shows that only a few related articles appeared initially, but publications began to increase from 2008, reaching a peak in 2016 and 2017, as shown in <Figure 2>.

        
          
          

          <Figure 2> 
				
          

          
            Publication trend
          
          

          

        

        To analyze changes in trends over time, this study divided the timeline into three periods, the entire timeframe (1995-2024), the first 20 years (1995-2014), and the latter 10 years (2015-2024) for the following reasons. The first reason for this division is that only a very small number of articles were published in the first 10 years, and over 60% of all articles appeared in the last 10 years, with peaks in 2015 and 2016. The second reason is the consideration of major climate change events, specifically the release of the AR5 Synthesis Report (IPCC, 2014) in November 2014 and the adoption of the Paris Agreement in December 2015. When the articles are classified according to this period division, a total of 131 articles fall within the entire timeframe (1995-2024, entire period), with 49 articles in the first 20 years (1995-2014, period I) and 82 articles in the latter 10 years (2015-2024, period II).

        There were 459 keywords in total for the entire period, with 202 keywords in the period I, and 316 key-terms and 359 keywords in the period II. The frequency distribution of keywords are presented in <Table 1>, where F indicates the frequency.

        
          <Table 1> 
				
          

          
            Frequency distribution of keywords
          
          

        

        
          
            
              	Period I: 1995-2014
              	Period II: 2015-2024
              	Entire Period
            

            
              	F
              	Number of 
Keywords
              	F
              	Number of 
Keywords
              	F
              	Number of 
Keywords
            

          
          
            	≧ 50
            	0
            	≧ 50
            	0
            	≧ 50
            	2
          

          
            	40-49
            	0
            	40-49
            	0
            	40-49
            	1
          

          
            	30-39
            	0
            	30-39
            	2
            	30-39
            	1
          

          
            	20-29
            	2
            	20-29
            	3
            	20-29
            	5
          

          
            	10-19
            	2
            	10-19
            	7
            	10-19
            	7
          

          
            	5-9
            	10
            	5-9
            	15
            	5-9
            	31
          

          
            	4
            	6
            	4
            	12
            	4
            	19
          

          
            	3
            	17
            	3
            	20
            	3
            	37
          

          
            	2
            	35
            	2
            	71
            	2
            	77
          

          
            	1
            	130
            	1
            	229
            	1
            	279
          

        

        

        In the entire period, only 16 keywords have a frequency of 10 or higher, accounting for only 3.5% of the total 459 keywords. Keywords with a frequency of 2 or less account for 356 (77.6%). Among these, keywords appearing only once total 279, accounting for 60.8% of all keywords. As shown in <Table 2>, therefore, keywords in the entire period are distributed with a small number of high-frequency ones and a large number of low-frequency ones.

        
          <Table 2> 
				
          

          
            Top 20 keywords in 3 periods
          
          

        

        
          
            
              	Keywords
(Period I)
              	F
              	Keywords
(Period II)
              	F
              	Keywords
(Entire Period)
              	F
            

          
          
            	Climate Change
            	28
            	Climate Change
            	38
            	Climate Change
            	66
          

          
            	Carbon
            	21
            	Carbon
            	31
            	Carbon
            	52
          

          
            	Emission
            	14
            	Emission
            	29
            	Emission
            	43
          

          
            	System
            	11
            	Greenhouse Gas
            	25
            	Greenhouse Gas
            	34
          

          
            	Analysis
            	9
            	Energy
            	22
            	Energy
            	29
          

          
            	Greenhouse Gas
            	9
            	Analysis
            	19
            	Analysis
            	28
          

          
            	Policy
            	9
            	Model
            	17
            	Policy
            	23
          

          
            	Green
            	8
            	Policy
            	14
            	System
            	22
          

          
            	Energy
            	7
            	Environment
            	13
            	Model
            	21
          

          
            	Europe
            	6
            	Green
            	11
            	Green
            	19
          

          
            	Development
            	5
            	System
            	11
            	Environment
            	16
          

          
            	Forest
            	5
            	Reduction
            	10
            	Reduction
            	13
          

          
            	Low
            	5
            	Renewable
            	9
            	Trading
            	13
          

          
            	Trading
            	5
            	Adaptation
            	8
            	Adaptation
            	12
          

          
            	Adaptation
            	4
            	Tax
            	8
            	Renewable
            	11
          

          
            	Economy
            	4
            	Trading
            	8
            	Tax
            	10
          

          
            	Growth
            	4
            	Korea
            	7
            	Development
            	9
          

          
            	Management
            	4
            	Carbon Neutrality
            	6
            	Management
            	9
          

          
            	Model
            	4
            	Climate
            	6
            	
            	
          

          
            	Union
            	4
            	Regression
            	6
            	
            	
          

        

        

        In both the period I and period II also, relatively high-frequency keywords are few, while low-frequency keywords constitute the majority of the overall keywords. This frequency distribution indicates that climate change-related articles published in Environmental Policy are centered around a small number of main topics, with numerous concepts interconnected. The top 20 keywords in the three periods are shown in <Table 2>: there are slightly less than 20 keywords in the entire period, due to the tie frequency.

      

      
        2. Word cloud and clusters of entire period
        First, we examined the word cloud result. The word cloud visualization utilized degree centrality and betweenness centrality metrics to represent the degree of importance of keywords in the keyword network. Degree centrality indicates the degree of connections a keyword has with other keywords in the network; thus, the higher frequently the keyword co-occurs with others, the higher the degree centrality value (Wasserman and Faust, 1994; Kwak, 2014). Betweenness centrality, on the other hand, measures the degree to which a keyword acts as a bridge connecting two otherwise unconnected keywords in the network; thus, the more significant the pivot role a keyword plays in the network, the higher its betweenness centrality value (Wasserman and Faust, 1994; Kwak, 2014).

        After being calculated for each node, the values of degree centrality and betweenness centrality were normalized to a [0, 1] scale, and their average was computed to derive a combined centrality score. To mitigate extreme differences in the values, a logarithmic transformation was applied. Only keywords with values ranking in the top 100 were included in the word cloud, effectively visualizing the importance of keywords in the network.

        <Figure 3> illustrates the word cloud of keywords for the entire period. In <Figure 3> the size of words is proportional to the combined centrality score (log-transformed) and the color of words reflects their degree centrality and betweenness centrality. <Table 3> presents the keywords that are ranked within the top 20 according to their combined centrality scores.

        
          
          

          <Figure 3> 
				
          

          
            Word cloud for the entire period
          
          

          

        

        
          <Table 3> 
				
          

          
            Top 20 keywords by combined centrality scores
          
          

        

        
          
            
              	Keyword
              	Degree Centrality
              	Betweenness Centrality
              	LogCombined
            

          
          
            	Climate Change
            	460
            	0.267
            	0.693
          

          
            	Carbon
            	448
            	0.183
            	0.604
          

          
            	Emission
            	358
            	0.109
            	0.465
          

          
            	Greenhouse Gas
            	282
            	0.079
            	0.374
          

          
            	Model
            	258
            	0.063
            	0.335
          

          
            	Analysis
            	232
            	0.048
            	0.294
          

          
            	Policy
            	218
            	0.042
            	0.275
          

          
            	Energy
            	206
            	0.042
            	0.264
          

          
            	System
            	188
            	0.027
            	0.227
          

          
            	Environment
            	170
            	0.033
            	0.221
          

          
            	Green
            	174
            	0.029
            	0.218
          

          
            	Reduction
            	174
            	0.021
            	0.205
          

          
            	Development
            	134
            	0.021
            	0.17
          

          
            	Trading
            	144
            	0.013
            	0.167
          

          
            	Effect
            	116
            	0.009
            	0.134
          

          
            	Economy
            	104
            	0.013
            	0.13
          

          
            	Tax
            	110
            	0.009
            	0.128
          

          
            	Cost
            	106
            	0.008
            	0.123
          

          
            	Dioxide
            	98
            	0.005
            	0.109
          

          
            	Renewable
            	92
            	0.007
            	0.108
          

        

        

        Among these, many keywords are directly related to climate change. However, there are also keywords like Model and Analysis, which pertain to research methods or analytical models. Additionally, terms such as Trading, Economy, Tax, Cost, and Development are related to the economic aspects of climate change.

        The keyword network for the entire period is visualized in <Figure 4>, where the keywords are clustered into six clusters using the Louvain algorithm. In this study, we applied the Louvain algorithm, which is widely used for community detection by optimizing network modularity. To address the algorithm’s limitation of producing different results due to random initialization, we ran the algorithm 100 times on the 100 keywords used to visualize the word cloud. Then, a stable cluster structure was constructed by selecting the most frequently assigned cluster for each node. This method provided greater reliability and consistency of clustering results, following approaches outlined in Blondel et al. (2008).

        
          
          

          <Figure 4> 
				
          

          
            Keyword Network for the entire period, 1995-2024
          
          

          

        

        In <Figure 4>, the hubs of six clusters are Climate Change, Carbon, Emission, Greenhouse Gas, Development, and Model. Among the remaining 14 keywords in <Table 3>, Policy, Energy, System, and Trading belong to the Climate Change-cluster. Green and Tax are clustered with Carbon and Environment is clustered with Emission. Analysis, Reduction, Cost, and Renewable are interconnected within the Greenhouse Gas-cluster. Effect, Economy, and Dioxide belong to the Development-cluster. The Model-cluster does not contain any keywords ranked within the top 20 in combined centrality scores. Instead, the cluster consists of a total of five keywords: Model, Korea, Adaptation, Urban, and Evaluation.

        While the keywords forming a cluster are more closely connected to one another, as observed in <Figure 4>, there are also many cases where they are closely linked across clusters. When clustering keywords from related yet distinct fields, the central themes of each field are often clearly distinguishable. However, since this study focuses on keywords related to climate-change research, active interconnections between clusters are inevitable, making it less clear what specific topics each cluster clinches. In the keyword network comparison by period presented in the following section, the temporal changes will be more clearly revealed.

      

      
        3. Evolution of keyword networks: period I and II
        The word clouds and keyword networks were created for the top 100 high-centrality keywords from the articles in the periods 1995–2014 and 2015–2024. The result is illustrated in <Figure 5>.

        
          
          

          <Figure 5> 
				
          

          
            Word clouds & keyword networks: period I vs. period II
          
          

          

        

        <Table 4> presents the keywords that are ranked within the top 20 according to their combined centrality scores in each period.

        
          <Table 4> 
				
          

          
            Top 20 keywords: period I vs. period II
          
          

        

        
          
            
              	Period I: 1995-2014
              	Period II: 2015-2024
            

            
              	Keyword
              	LogCombined
              	Keyword
              	LogCombined
            

          
          
            	Climate Change
            	0.693
            	Climate Change
            	0.678
          

          
            	Carbon
            	0.481
            	Carbon
            	0.612
          

          
            	Emission
            	0.338
            	Emission
            	0.492
          

          
            	Policy
            	0.23
            	Greenhouse Gas
            	0.432
          

          
            	Analysis
            	0.223
            	Model
            	0.397
          

          
            	Greenhouse Gas
            	0.216
            	Energy
            	0.322
          

          
            	System
            	0.208
            	Analysis
            	0.32
          

          
            	Green 
            	0.183
            	Policy
            	0.277
          

          
            	Development
            	0.179
            	Environment
            	0.274
          

          
            	Energy
            	0.151
            	Reduction
            	0.234
          

          
            	Trading
            	0.149
            	System
            	0.206
          

          
            	Model
            	0.147
            	Green
            	0.202
          

          
            	Low
            	0.146
            	Trading
            	0.154
          

          
            	Growth
            	0.137
            	Panel
            	0.15
          

          
            	Europe 
            	0.129
            	Tax
            	0.149
          

          
            	Economy
            	0.117
            	Regression
            	0.148
          

          
            	Effect
            	0.116
            	Development
            	0.139
          

          
            	Dioxide
            	0.11
            	Cost
            	0.138
          

          
            	Strategy
            	0.1
            	Renewable
            	0.132
          

          
            	Union
            	0.098
            	Effect
            	0.122
          

        

        

        The top three keywords, Climate Change, Carbon, and Emission, ranked in the same order, seem to indicate similarity between the two periods. As shown in <Figure 5>, however, the relative prominence of Carbon and Emission compared to Climate Change is greater in period I than in period II. Considering the significance of the concepts represented by these keywords in climate change research, this difference is meaningful. <Table 5> shows that these differences stem from the temporal changes in their centrality, indicating shifts in the intellectual structure of climate change research over time. In period I, the three keywords exhibits significant differences in degree centrality, but their degree centrality scores are distributed more evenly in period II. In betweenness centrality Carbon and Emission show little difference between the two periods. In period II, however, the betweenness centrality of Climate Change dropped significantly, decreasing from 0.412 to 0.256. This demonstrates a temporal shift from the dominant focus on Climate Change observed in period I to a more balanced distribution among Climate Change, Carbon, and Emission in period I.

        
          <Table 5> 
				
          

          
            Changes in centrality of key concepts in climate change research: period I vs. period II
          
          

        

        
          
            
              	Keyword
              	Period I: 1995-2014
              	Period II: 2015-2024
            

            
              	Degree
              	Betweenness
              	Degree
              	Betweenness
            

          
          
            	Climate Change
            	240
            	0.412
            	310
            	0.256
          

          
            	Carbon
            	186
            	0.19
            	330
            	0.176
          

          
            	Emission
            	132
            	0.105
            	278
            	0.11
          

        

        

        The change observed in Greenhouse Gas are also noteworthy. In period I, Greenhouse Gas exhibits a degree centrality of 80, which rises sharply to 236 in period II. Even considering that the corpus for period II is approximately 1.5 times larger than that for period I, this increase is meaningful. The betweenness centrality also increases from 0.061 to 0.093, and the combined result of these two centrality measures shows a level slightly lower than, but comparable to, that of Emission. Therefore, this demonstrates the increased attention and importance of Greenhouse Gas in climate change research in period II.

        This temporal change is supported by the clustered networks from the two periods. In the period I clustered network, Greenhouse Gas was part of the Carbon-centered cluster, forming a group with keywords such as Analysis and Low among those ranked within the top 20 in centrality scores. In the period II network, however, it emerged as the hub of a separate cluster, connecting with top-20 centrality keywords like Analysis, Policy, Reduction, System, Green, Trading, Cost, and Renewable.

        Another temporal change worth mentioning can be found in Green, Development, Energy, Environment, and Reduction. In period I, Green was ranked 8th with a degree centrality of 80 and a betweenness centrality of 0.028. Additionally, Green served as the hub of a cluster that included keywords such as Growth, Economy, Impact, and Technology, all of which were outside the top 20 in centrality scores. In period II, however, it dropped to 12th place with a degree centrality of 112 and a betweenness centrality remaining at 0.027, and belonged to the Greenhouse-centered cluster.

        Considering the number of papers and the size of the corpus between the two periods, the degree centrality of Green in period II should be regarded as having effectively weakened. This result reflects the reduced attention to Green Growth topics during period II. In period I, which includes 49 articles, Green Growth appears as a keyword 4 times. However, in period II, which includes 82 articles, it appears only 2 times.

        In period I, Development was ranked 9th with a degree centrality of 76 and a betweenness centrality of 0.031. In period II, it dropped to 17th place with a degree centrality of 72 and a betweenness centrality of 0.02, indicating a decrease in its prominence as a keyword.

        In contrast, Energy, Environment, and Reduction showed a significant rise in centrality over time. In period 1, Energy had a degree centrality of 64 and a betweenness centrality of 0.024, ranking 10th. In period 2, however, these values increased sharply to 174 and 0.059, elevating its rank to 6th. Environment and Reduction were ranked outside the top 20 in period 1 but entered the top 10 in period 2. In period I, Environment had a degree centrality of 42, a betweenness centrality of 0.009, and was ranked 21st. In period II, its degree centrality had increased to 142, its betweenness centrality to 0.051, and it rose to 9th place. Similarly, Reduction also gained prominence. During 1995–2014, it had a degree centrality of 40, a betweenness centrality of 0.01, and was ranked 22nd. By 2015–2024, its degree centrality grew to 142, its betweenness centrality to 0.022, and it advanced to 10th place. This change indicates that both keywords have gained greater attention and importance over time.

      

      
        4. Comparative analysis of keyword networks across fields
        Climate change-related studies published in Environmental Policy have been conducted across a variety of disciplines. Most studies are not based solely on a single field, making it nearly impossible to classify each study strictly within one discipline.

        However, if they could be categorized by selecting a primary field for each study, the largest portion would be those analyzed from an economics-based perspective and methodology (58 out of 131 articles, 44.3%). This is followed by studies focused on policy and planning (31 articles, 23.7%). Additionally, there are studies related to other fields, including the natural sciences, as well as those exploring public perceptions, social systems, international relation, and legal aspects in relation to climate change (42 articles, 32.1%).

        We grouped the 58 economics-based research articles as Field 1, the 31 articles on policy and planning, as Field 2, and the remaining 42 articles as Field 3. We then examined each group through word clouds and clustered networks. The word clouds and keyword networks were created for the top 100 high-centrality keywords from the articles in each field. The result is illustrated in <Figure 6>.

        
          
          

          <Figure 6> 
				
          

          
            Word clouds and keyword networks by field classification
          
          

          

        

        <Table 6> presents the keywords that are ranked within the top 20 according to their combined centrality scores in each period. In <Table 6>, the centrality scores are not included due to space constraints and instead, only the centrality rankings are provided.

        
          <Table 6> 
				
          

          
            Top 20 keywords: Field 1 vs. Field 2 vs. Field 3
          
          

        

        
          
            
              	Ranking
              	Field 1
              	Field 2
              	Field 3
            

          
          
            	1
            	Carbon
            	Carbon
            	Climate Change
          

          
            	2
            	Emission
            	Climate Change
            	Emission
          

          
            	3
            	Climate Change
            	Analysis
            	Environment
          

          
            	4
            	Greenhouse Gas
            	Energy
            	Carbon
          

          
            	5
            	Model
            	Greenhouse Gas
            	Development
          

          
            	6
            	System
            	Urban
            	Policy
          

          
            	7
            	Energy
            	City
            	Data
          

          
            	8
            	Trading
            	Emission
            	Greenhouse Gas
          

          
            	9
            	Policy
            	Policy
            	Green
          

          
            	10
            	Reduction
            	Adaptation
            	Energy
          

          
            	11
            	Tax
            	Reduction
            	Index
          

          
            	12
            	Green
            	Green
            	Divisia
          

          
            	13
            	Cost
            	Planning
            	Risk
          

          
            	14
            	Analysis
            	Development
            	Assistance
          

          
            	15
            	Economy
            	Low
            	Level
          

          
            	16
            	Effect
            	Model
            	Equation
          

          
            	17
            	Equilibrium
            	Regression
            	Analysis
          

          
            	18
            	Benefit
            	Dioxide
            	Climate
          

          
            	19
            	Computable
            	Renewable
            	Model
          

          
            	20
            	Management
            	System
            	Panel
          

        

        

        In the word cloud of Field I, which includes economics-based research articles, Carbon, Emission, Climate Change, and Greenhouse Gas stand out. A noteworthy point is that the size of Climate Change in the word cloud is somewhat smaller than those of Carbon and Emission. The degree centrality and betweenness centrality of Climate Change are lower than those of Carbon and Emission: Climate Change records 192 and 0.14, compared to Carbon’s 270 and 0.22, and Emission’s 234 and 0.142, respectively. Climate Change is a constituent keyword in the Emission-centered cluster, whereas Carbon and Emission serve as the hubs of separate clusters. Therefore, this network structure suggests that Climate Change has weaker connections with other keywords compared to Carbon and Emission in this field.

        Greenhouse Gas serves as the hub of another cluster. However, its centrality is lower than those of Carbon and Emission, with a degree centrality of 208 and a betweenness centrality of 0.113, similar to Climate Change. Climate Change and Greenhouse Gas have log-transformed combined centrality scores of 0.515 and 0.496, respectively, which are lower than those of Carbon and Emission, with scores of 0.693 and 0.563. This characteristic can be interpreted as indicating that, in Field 1, more attention was given to topics centered to Carbon and Emission than to Climate Change and Greenhouse Gas.

        Field 2 is distinctly different from Field 1. In Field 2, Carbon and Climate Change show degree centrality and betweenness centrality values of 178 and 0.303, and 138 and 0.263, respectively. Their log-transformed combined centrality scores are 0.693 and 0.599. In comparison, Emission has values of 68, 0.033, and 0.22, and Greenhouse Gas records 72, 0.048, and 0.248. That is, contrary to Field 1, Climate Change and Carbon demonstrate significantly higher centrality than both Emission and Greenhouse Gas in Field 2. This result stems from the fact that, compared to Field 1, Field 2 shows significantly higher centrality for Climate Change and notably lower centrality for Emission. In the clustered network of Field 2, Emission is a constituent keyword in the Urban-centered cluster, whereas Carbon, Climate Change, and Greenhouse Gas are the hubs of separate clusters.

        The Field 1 keyword network consists of six clusters. Apart from Carbon, Emission, and Greenhouse Gas, the hubs of the other three clusters are Cost, Growth, and Model. The Field 2 keyword network is also divided into six clusters. Notably, the hubs of the remaining three clusters, besides Carbon, Climate Change, and Greenhouse Gas, are Urban, City, and Analysis.

        The roles of Model and Analysis within the network also highlight the distinction between Field 1 and Field 2 in terms of analytical approaches. In Field 1, Model records a degree centrality of 180 and a betweenness centrality of 0.132, ranking 4th in centrality, serving as the hub of a separate cluster. On the other hand, Analysis belongs to the Cost-centered cluster, with a degree centrality of 90 and a betweenness centrality of 0.017, ranking 14th.

        In Field 2, the roles are reversed. Analysis becomes the hub of a separate cluster, with a degree centrality of 132 and a betweenness centrality of 0.174, ranking 3rd in centrality. Meanwhile, Model has lower centrality values of 54 and 0.01, ranking 16th, and is a constituent keyword in the City-centered cluster. This suggests that economics-based analytical methods for climate change are often associated with Model, while studies focusing on policy or planning tend to use analytical methods involving the keyword Analysis.

        The prominence of Emission over Climate Change in Field 1, and the reverse in Field 2, clearly distinguishes the intellectual structures of the two fields. Additionally, the emphasis on Urban and City in Field 2 marks a key difference from Field 1, where Cost and Growth, despite not having high centrality, serve as cluster hubs.

        In Field 3, Climate Change is dominantly prominent, almost functioning as a cover term. Its degree centrality and betweenness centrality are 250 and 0.544, respectively, with a log-transformed combined centrality score of 0.693. This level of centrality is overwhelmingly higher than that of the next highest, Emission, which has values of 122, 0.116, and 0.301. This can be interpreted as a natural outcome of Field 3 bringing together various approaches to climate change. Field 3 is divided into seven clusters. Greenhouse Gas belongs to the Emission-centered cluster, while Climate Change and Carbon serve as the hubs of separate clusters. In contrast to the other two fields, where their centrality was lower, Environment, Strategy, Risk, and Social act as the hubs of the remaining four clusters in Field 3.

      

      
        5. Author characteristics and collaborative work
        A total of 219 individuals have participated at least once as either a sole author or a co-author in the 131 climate change-related articles. Categorizing them into six groups, professor, institutional researcher, PhD, PhD student, Master and Master’s student and others, the author group statistics in the three periods are as in <Table 7>. There are cases where an individual participated as an author in both period I and period II. In <Table 7>, therefore, the sum of the results for these two periods does not necessarily match the total result for the entire period, due to overlapping authorship.

        
          <Table 7> 
				
          

          
            Statistics of author groups
          
          

        

        
          
            
              	Group
              	Period I
              	Period I
              	Entire Period
            

          
          
            	Professor
            	34
            	(40.0%)
            	49
            	(32.7%)
            	71
            	(32.4%)
          

          
            	Researcher
            	30
            	(35.3%)
            	57
            	(38.0%)
            	84
            	(38.4%)
          

          
            	Ph.D.
            	3
            	(3.5%)
            	4
            	(2.7%)
            	6
            	(2.7%)
          

          
            	Doctoral student
            	8
            	(9.4%)
            	26
            	(17.3%)
            	34
            	(15.5%)
          

          
            	MA holder/student
            	8
            	(9.4%)
            	13
            	(8.7%)
            	21
            	(9.6%)
          

          
            	Others
            	2
            	(2.4%)
            	1
            	(0.7%)
            	3
            	(1.4%)
          

          
            	Total
            	85
            	(100%)
            	150
            	(100%)
            	219
            	(100%)
          

        

        

        Overall, professors and researchers constitute the majority, with a slightly higher proportion of researchers. It is noteworthy that the proportion of doctoral student participation is substantially higher in the latter period, even considering the fact that the number of articles in the latter period is much greater than in the former. The differences between the other groups across periods are not meaningful.

        Out of the total 219 authors, excluding the 32 individuals who participated in two or more articles, the remaining 187 authors contributed to only a single article. 7 individuals participated in 5 or more articles throughout the entire period. Among them, 1 person participated in the highest number of articles with 9, another contributed to 7 articles, and 5 individuals participated in 5 articles each. 1 person participated in 4 articles, 8 individuals contributed to 3 articles, 16 participated in 2 articles.

        To examine the extent of collaboration, we investigated whether the articles published during the three periods involved co-authorship. The results are presented in <Table 8>. Overall, co-authored articles with two or more authors account for 98 articles, representing 74.8% of all articles, while single-author articles make up 33 articles, 25.2%. Articles with two authors are the most common, accounting for 53 articles, 40.5% of all articles. Articles with three or more authors represent 45 articles, making up 34.4% of the total.

        
          <Table 8> 
				
          

          
            Statistics of co-authorship
          
          

        

        
          
            
              	Number of Authors
              	Period I
              	Period II
              	Entire Period
            

          
          
            	5 and more authors
            	2
            	(4.1%)
            	1
            	(1.2%)
            	3
            	(2.3%)
          

          
            	4 authors
            	3
            	(6.1%)
            	4
            	(4.9%)
            	7
            	(5.3%)
          

          
            	3 authors
            	14
            	(28.6%)
            	21
            	(25.6%)
            	35
            	(26.7%)
          

          
            	2 authors
            	15
            	(30.6%)
            	38
            	(46.3%)
            	53
            	(40.5%)
          

          
            	single author 
            	15
            	(30.6%)
            	18
            	(22.0%)
            	33
            	(25.2%)
          

          
            	Total # of articles
            	49
            	(100%)
            	82
            	(100%)
            	131
            	(100%)
          

        

        

        <Figure 7> visualizes the word cloud and clustered network of all authors for the entire period, where co-author relationships connect two authors as neighbors, based on their degree centrality and betweenness centrality. To understand the co-author word cloud and visualized network, it is important to know how this study assigned codes to the authors. We assigned codes to each author as follows: 65 professors were coded from P01 to P65, 81 institutional researchers from R01 to R81, 5 Ph.D. holders from D01 to D05, 34 doctoral students from S01 to S34, and 21 master’s degree holders or master’s students from G01 to G21. Additionally, 4 individuals who transitioned from researchers to professors were coded as RP01 to RP04, 2 individuals who transitioned from Ph.D. holders or doctoral students to professors were coded as SP01 and SP02, 3 individuals who transitioned to researchers were coded as SR01 to SR03, 1 individual who transitioned from a doctoral student to a Ph.D. holder was coded as SS01. The remaining 3 individuals were coded as E01 to E03.

        
          
          

          <Figure 7> 
				
          

          
            Co-author word cloud and network: Entire period
          
          

          

        

        Among the 20 authors with the highest centrality, positioned at the center of the word cloud, 12 are professors, including RP02, RP03, and SP01, who were previously researchers or doctoral students. Of the remaining 8 authors, 7 are researchers, including SR01 and SR03, who transitioned from being doctoral students, while 1, G06, is an MA student. This indicates that co-authorship is primarily facilitated through professors and researchers.

        The co-author network is divided into as many as 49 clusters. The statistics of 49 clusters are presented in <Table 9>, where the cluster hub is listed only in the 7 and more member clusters.

        
          <Table 9> 
				
          

          
            Statistics of co-author clusters
          
          

        

        
          
            
              	Number of Members
              	Number of Clusters
              	Cluster Hub
            

          
          
            	12
            	1
            	P38
          

          
            	10
            	1
            	RP03
          

          
            	9
            	3
            	RP02, R06, P13
          

          
            	8
            	2
            	P56, R03
          

          
            	7
            	1
            	SR03
          

          
            	6
            	1
            	
          

          
            	5
            	4
            	
          

          
            	4
            	6
            	
          

          
            	3
            	15
            	
          

          
            	2 
            	15
            	
          

        

        

        According to the data, there are 22 isolated authors who are not connected to other authors and not presented in the network. These authors have not co-authored with others and thus remain unlinked in the network.

        According to the statistics in <Table 9>, clusters with 5 or fewer members account for 35 out of the total clusters, representing 71.4% of all clusters. The cluster with the largest number of members, where P38 serves as a hub, consists of 12 members (5.5% of the total 219 participants). This indicates that there is no giant cluster in the co-author network. Therefore, this network can be characterized as consisting of a few small-to-medium-sized clusters, a majority of mini-clusters, and 22 isolated nodes.

        An interesting and noteworthy aspect lies in the combination of cluster members. As shown in <Table 7>, professors and institutional researchers dominate, accounting for 115 individuals, which represents 71.4% of the total participating authors. They can generally be described as relatively established and stable scholars compared to other participants, who can be regarded as emerging scholars with potential for growth as the next generation in academia. <Figure 7> shows that at least in climate change research published in environmental policy, active collaboration is occurring between the two groups, namely the professor/researcher group and the remaining group. Among the 49 total clusters, only 18 clusters (36.7%) are composed exclusively of professors, researchers, or a combination of the two. 28 clusters (57.1%) include members such as Ph.D. holders, doctoral students, master’s degree holders, or master’s students alongside professors or researchers. Additionally, 3 clusters with two members each are composed of a doctoral student paired with a master’s degree holder or a master’s student. Notably, among the 13 clusters with 5 or more members, only two consist exclusively of professors/researchers, without the involvement of other types of authors. <Figure 8> illustrates the co-author word clouds and networks for period I and period II.

        
          
          

          <Figure 8> 
				
          

          
            Co-author word clouds and networks: period I vs. period II
          
          

          

        

        Comparing period I and period II shows that co-authorship has increased over time. During period I, single-author articles accounted for 15 out of 49 articles (30.6%), while articles with two or more authors made up 34 articles (69.4%). Among the 85 authors involved in period I, 10 (11.76%) are isolated in the clustered network because they have not co-authored with others. These 10 authors come from a total of 15 single authors.

        In contrast, during period II, single-author articles totaled 18 out of 113 articles, 22%, while those with two or more authors increased to 64 articles, 78%. Among the 150 authors involved in period II, 15 (10%) are isolated in the clustered network because they have not co-authored with others. These 15 authors come from a total of 18 single authors. The number of clusters also differs between the two periods. The period II network forms 43 clusters while the period I network consists of 18 clusters. These points suggest that co-authorship was more active during period II. The statistics on authorship for each of Field 1, Field 2, and Field 3 are presented in <Table 10>.

        
          <Table 10> 
				
          

          
            Statistics of co-authorship by sub-fields
          
          

        

        
          
            
              	Number of Authors
              	Field I
              	Field II
              	Field III
            

          
          
            	5 and more
            	2
            	(3.4%)
            	1
            	(3.2%)
            	0
            	(0%)
          

          
            	4 
            	3
            	(5.2%)
            	1
            	(3.2%)
            	3
            	(7.1%)
          

          
            	3 
            	18
            	(31.0%)
            	10
            	(32.3%)
            	7
            	(9.7%)
          

          
            	2 
            	19
            	(32.8%)
            	16
            	(51.6%)
            	18
            	(42.9%)
          

          
            	single
            	16
            	(27.6%)
            	3
            	(9.7%)
            	14
            	(33.3%)
          

          
            	Number of Articles
            	58
            	(100%)
            	31
            	(100%)
            	42
            	(100%)
          

        

        

        Among 58 articles in Field 1, 16 articles (27.6%) are single-author ones, while 42 articles (72.4%) were co-authored by two or more authors. In contrast, Field 2 exhibits a significant difference in co-authorship patterns, with only 3 single-author articles (9.7%) out of 31 articles, and the majority, 28 articles (90.3%), being co-authored. This highlights a notable contrast in co-authorship of other two fields. Field 3 also contrasts with Field 2. Out of the 42 articles in Field 3, 14 articles are single-author ones, accounting for 33.3% of the total.

      

    

    

  
    
      IV. Discussion: Implications and Limitations
      The keyword networks examined in this study reveal that among the terms used to select climate change-related articles, Climate Change, Carbon, and Greenhouse Gas interconnect actively with other keywords and serve as intermediaries, forming main topics. In addition, Emission, Energy, Policy, Reduction, Environment, Trading, Analysis, and Model are also prominent. The prominence of Analysis and Model is a result of keywords frequently referencing analytical methods and model types, such as Decomposition Analysis, Cost-Benefit analysis, Computable General Equilibrium Model, and Integrated Assessment Model.

      Unexpectedly, however, Global Warming, Climate Crisis, Carbon Neutrality, and Net Zero receive relatively little attention. Global Warming, which was observed only once, is a competing term that conveys a similar meaning to Climate Change. The minimal use of Global Warming seems to be due to a tendency to use Climate Change instead when referring to this concept (Yun and Kim, 2024). The reason for this tendency is that Climate Change is used in international negotiations, international events, and major reports such as the United Nations Framework Convention on Climate Change (UNFCCC), the Conference of the Parties (COP) to the UNFCCC, and IPCC’s Climate Change Assessment Report.

      Yun and Kim (2024) observed a similar pattern in which Climate Change was used far more frequently than Global Warming before the publication of the IPCC AR6 in 2023 (IPCC, 2023). As the severity of Global Warming was emphasized, however, it was used with almost equal frequency to Climate Change in the IPCC AR6 (Yun and Kim, 2024: 286). Whether Global Warming will become a key-term in Korean academia remains to be seen.

      Apart from its use within Climate Change, Climate also co-occurred with other keywords 8 times. Climate Crisis, which also includes Climate, occurred only twice and received relatively little attention. This suggests that Climate Crisis has not yet become a prominent concept in academic discourse. Over the 30-year period, a similar pattern is observed for Carbon Neutrality and Net Zero. All six occurrences of Carbon Neutrality appeared in period II. Net Zero appeared only once during this timeframe. Both terms gained prominence in academic discourse following the publication of the Special Report on Global Warming of 1.5°C in 2018 (IPCC, 2018).

      The intellectual structure over time indicates a shift from a leading position of Climate Change during period I to a diversification into topics such as Carbon, Greenhouse Gas, and Emission during period II. Additionally, some topics have received less attention over time, while others have gained prominence. For example, Green Growth and Development belong to the former, while Reduction and Environment belong to the latter. A comparison by subfields shows that in economics-based fields, more attention is given to Emission, and Carbon than to Climate Change compared to the other fields. Through the analysis of the co-author network, we found that professors and researchers actively collaborated with the next generation of academics. Over time, co-authorship has become increasingly frequent and dynamic.

      The findings of this study do not claim to absolutely represent the intellectual structure of climate change-related academia. To gain a more detailed understanding of the characteristics of Korean climate change-related academia, it would be valuable to analyze articles from other climate change-related associations, such as the Korean Association for Environmental Sociology or the Korean Society of Climate Change Research, using the same method as this study and comparing the results. Additionally, analyzing the remaining articles published in Environmental Policy, which were not included in this study’s analysis, could help identify the common characteristics among articles published in Environmental Policy and the unique features of climate-change related articles.

      Expanding the scope further, it would also be possible to compare the academic themes and trends of Korean climate change research with those in the global academic community. To achieve this, the intellectual structure of articles published in international or foreign journals on climate change could be analyzed and compared with the findings of this study.

      Despite its value, this study has several limitations. It is self-evident that merely analyzing the keywords in the keywords section of articles cannot fully capture the intellectual structure of a discipline. To address this limitation, the analysis could expand the corpus to include sentences from abstracts. This approach may help uncover critical aspects missed in the keyword analysis.

      Lastly, the clustering method warrants discussion. This study applied Louvain algorithm to identify clusters within the network. Louvain algorithm is a method that detects clusters by maximizing modularity (Blondel et al., 2008). While this method has many advantages, it is not the only clustering approach. Using alternative methods may not lead to significantly different results but could yield variations in clustering structures. It would be ideal to compare and analyze clustering results using alternative techniques. However, this study relied solely on the Louvain algorithm, which remains a limitation.

    

    

  
    
      Ⅴ. Conclusions
      This study aimed to examine the intellectual structure of climate change research in Korean academia, focusing on articles published in Environmental Policy for 30 years from 1995 to 2024. The primary objective was to identify key topics, temporal and subfield trends and collaborative patterns in the field. The findings showed that the core focus of many studies is formed with Climate Change, Carbon, Emission, and Greenhouse. This study observed temporal changes in the intellectual structure. It also identified differences in focus among the various approaches to analyzing climate change. The co-author network analysis highlighted the active involvement of professors and researchers, who constituted the majority of contributors. It also revealed significant co-authorship between senior scholars and emerging researchers, demonstrating an interdisciplinary and inclusive approach to research.

      Despite its contributions, the study has limitations. It may have oversimplified topic relationships or missed alternative clustering patterns. Future research should broaden the scope to include abstracts and compare results using alternative clustering methods to achieve a more comprehensive understanding.

      This study provides a valuable foundation for understanding the intellectual landscape of climate change research in Korea and offers insights for future comparative studies, both domestically and internationally. Expanding analytical approaches can further enhance our understanding of the evolving dynamics of this critical field.
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      Notes
      
        1) <Figure 1> was referenced from the format of Fig. 1 in Uc-Castillo, Marín-Celestino, Martínez-Cruz, José Tuxpan-Vargas, and Ramos-Leal (2023: 2).
      

      
        2) On the website (https://kepas.or.kr/homepage/custom/papersearch), the total number of articles is listed as 856. However, this figure includes the tables of contents and submission guidelines at the beginning and end of each issue.
      

      
        3) For the three articles published before the introduction of a keyword section in the journal format, the main terms from the titles were used as keywords in this study.
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