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Abstract

:

The CiteSpace bibliometric software was used to quantitatively analyze the research papers on green railways retrieved from the China National Knowledge Infrastructure (CNKI) database during 1985–2021. Combined with content association analysis, the development stages, frontier hotspots, and evolutionary trends of green railway research in China were summarized in the Chinese context. The results show that in the past 36 years, China’s green railway research has experienced four main stages: the emerging stage (1985–1997), the horizontal expansion stage (1998–2010), the vertical deepening stage (2010–2015), and integrated expansion stage (2016–present). The research topics emerging in the four stages are green design and green construction, green channel and green logistics, energy conservation and emission reduction and green evaluation, multimodal transportation, and green development. In general, the research topics are diversified, but green construction of railway infrastructures and green manufacturing of railway equipment have been the research hotspots all the time. Both external and internal paths drive the transmutation of academic frontiers, and the push effect of the external path is more evident than the internal path. Interdisciplinary integration and innovation gradually become a new force to promote green railway research. As the railway development slowly enters a “big operation era”, it can be inferred that the development trend of green railway research could throw light on the following three areas: from the research perspective and topics, it should be based on a framework of life cycle management to explore, systematically and deeply, the correlation and integration of railway green design, green construction, green operation and maintenance; in terms of the research content, more focus should be on new theories, new methods, and new technologies of railway green operation and green maintenance on the basis of railway green design, construction, and manufacturing research, such as railway green operation strategies and evaluation systems and green transportation organization theories and methods; from innovation paths, academic progress still needs both external and internal paths, interdisciplinary integration and innovation as the primary internal driving force to promote green railway research, and more focus on the use of big data and artificial intelligence and other technologies to innovate green railway development.
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1. Introduction


Since the 18th CPC National Congress, the CPC Central Committee has attached greater importance to sustainable development than ever before. Ecological progress has become essential to the five-sphere integrated plan, and green growth has been incorporated into the new development concept. With the deepening of theoretical research on green development, relevant research on green railways is also promoted [1]. Green railway research is an important measure to promote the sustainable development of railway and enhance the international competitiveness of China’s railway industry. The International Union of Railways (UIC) set the goal of sustainable development of railways as “making railways greener, quieter and more energy efficient” [2]. The European Railway Community (CER) points out that railway sustainability is embodied in environmental friendliness, energy saving and high efficiency, transportation economy, and inclusiveness. Sun Yongfu et al. [3] proposed that the narrow concept of green railway is the environmental friendliness of the railway system itself. In contrast, the broad concept is the means and method to achieve sustainable development and achieve the goals of safety, efficiency, low consumption, environmental protection, and economy. Since the 1980s, the number of research achievements in green railways has increased yearly, the research content has evolved, and the topic has gradually deepened. However, the existing research lacks a systematic review of the research in this field. The development stage, frontier hot spots, and evolution trend in green railway research have not been sufficiently understood. It is necessary to summarize how, over time, to promote and better the green development of railways from the research perspective. In the face of a large number of documents, it is necessary to use scientometrics to conduct a quantitative analysis of the atlas [4]. CiteSpace knowledge visualization software, developed by Professor Chen Chaomei’s team, is one of the most popular knowledge-graph-drawing tools for literature analysis. It integrates cluster analysis, social network analysis, and other methods to analyze and judge a particular field’s basic knowledge and research frontier and explore the research characteristics and evolution trends of disciplines. It has the advantages of simple operation, good visualization effects, and many kinds of maps [5]. At present, bibliometrics has been widely used in research hotspot analysis [6], cooperation analysis [7], co-citation analysis [8], and development analysis of the whole subject field [9]. Based on this, this paper uses the method of scientific metrology to carry out a quantitative study of the atlas of domestic green railway research literature, summarize the frontier hotspots and evolution trends of green railway research in the Chinese context, and reveal the theme evolution process, characteristics, and research and development trends of this research field through a detailed reading of some key national policy documents and critical events to help deepen the understanding of China’s green railway research.



The rest of this paper is organized as follows: the second part introduces the methods and data sources used in this study; the third part describes the research results in detail, including research institutions and cooperative network analysis, hotspots and stage division, and research topic evolution characteristics; the fourth section summarizes the full text and prospects the future research trends.




2. Research Methods and Data Sources


The development of information technology and the improvement of literature statistics, provides a new method to analyze, draw, and visualize the scientific map of literature data using visual information processing software [10]. However, CiteSpace can only outline the general situation of the whole research field and cannot provide more in-depth literature details. Therefore, this paper carries out correlation analysis based on the analysis results of CiteSpace, combined with national policy documents and critical events.



2.1. Research Methods


	1

	
The knowledge map of green railway research was constructed by quantitative atlas analysis method. By using the data format conversion tool provided by CiteSpace, RefWorks literature exported from CNKI was converted into a data format recognized by CiteSpace. The period was set from 1985 to 2021, and the time slice was set to 1 year. The research institution cooperation map, keywords co-occurrence network map, keyword emergence map, and clustering map were drawn.




	2

	
The content correlation analysis method is used to analyze the characteristics of the development stage and topic evolution. Based on the quantitative analysis results of the atlas, key events and and national policy documents in the development process of green railways are searched and used as literature sources for content correlation analysis. We reveal the evolution process and characteristics of the topic and the development trend of the research and provide a reference for subsequent researchers.








2.2. Data Sources


In CNKI, the “advanced search” type was selected, the “subject” search was set, and the search conditions were “sustainable & railway”, “green & railway”, and “low-carbon & railway”. A total of 3278 relevant pieces of literature were retrieved. Through manual screening, reports, meeting notices, documents, solicitation notices, forewords, and so on were deleted, and 3259 practical pieces of literature were finally obtained, all containing author, author unit, title, abstract, keywords, and other information.





3. Results and Discussions


This paper analyzes and draws the knowledge map of the green railway research literature collected by CNKI and interprets and discusses the literature from the perspectives of research institutions, keywords, and publication time.



3.1. Research Institutions and Cooperative Network Analysis


This study counts each research institution’s published papers to determine China’s leading institutions and academic groups of green railway research. There are 18 first-level institutions with more than 20 publications, including universities, research institutes, and enterprises. In addition to disciplines closely related to railways, such as rail transit information and control and traffic engineering, the research institutions’ disciplinary backgrounds show the characteristics of multi-disciplinary participation, such as environmental studies, sociology, information and computing science, physical geography and resources and environment, and material science and engineering. It shows that green railway research has been widely undertaken by many departments, institutions, and disciplines.



This study generates the cooperation map of green railway research institutions to investigate the cooperation among different institutions, as shown in Figure 1. Where the node is the organization name, the node size represents the number of published papers. The node ring represents the citation ring and the citation history of the literature. Different colors and sizes represent the corresponding citation time and number. Label size indicates centrality. The line between the two nodes indicates institutional cooperation. There are a total of 562 nodes and 163 connections in the institutional cooperation network, and the overall density of the network is 0.0011, which is relatively sparse. It can be seen that in green railway research, cooperation results between different institutions are few.




3.2. Research Hotspots and Stage Division


Keywords are the high-level summary and extraction of the core of an article. As an essential part of an academic paper, they can directly reflect the subject content of literature research [11]. Through co-occurrence analysis, cluster analysis, and emergent word analysis of keywords, this paper helps to gras the hot spots in the green railway field; according to this, the research stages are divided.



3.2.1. Analysis of Research Hotspots


The research hotspots refer to the scientific issues discussed by a group of papers that are intrinsically related and published in a large number within a certain period [12]. By analyzing the changes in co-occurrence keywords in different years, we can judge the richness of the research field’s expansion, the update speed of the field’s content, and the vitality of scientific research [13]. The node type was selected in the keywords co-occurrence analysis with CiteSpace, and the year when the keywords first appeared in the green railway research literature was set. A total of 664 keywords were obtained. In the keyword co-occurrence network map, there are 1376 connections, and the network density is 0.0063, as shown in Figure 2.



The larger the keyword node radius, the higher the keyword frequency. The thicker the line between keywords is, the more co-occurrence times between the two keywords there are, and the closer the connection is [14]. The top 30 keywords in the word frequency ranking are selected as high-frequency keywords. High-frequency keywords with similar meanings are merged and classified, and high-frequency keywords of different categories are obtained, as shown in Table 1.



As can be seen from Table 1, the objects of green railway research include high-speed railway, green channel, multimodal transportation, railway transportation, railway passenger station, and urban rail transit. From the research perspective, it mainly focuses on low-carbon economy, green transportation, green logistics, green construction, comprehensive assessment, countermeasure, environmental impact, energy conservation and emission reduction, coordinated development, and development strategy.




3.2.2. Research Stage Division


This paper aims to understand the changing trend of published green railway pieces of literature in China by statistical analysis of 3259 samples of literature collected from CNKI. As can be seen from Figure 3, before 1997, less attention was paid to green railways in China, and the number of articles published annually was five or fewer. Since 1997, the number of published papers has shown a trend of fluctuating rise, especially in 2009, which indicates that the study of green railways has gradually attracted the attention of domestic scholars. The number of published papers decreased slowly from 2010 to 2015 and increased steadily from 2016 to now.



Emergent words are keywords that indicate the sudden increase of occurrence frequency or apparent increase of use frequency in a short period, which can directly reflect the research focus and hot spots of green railway research in a certain period [15]. Fifty-seven emergent words are obtained from the literature keyword analysis. The top 30 emergent words are shown in Figure 4. The red line indicates that a particular keyword, as an emergent word, has received special attention from the academic circle in a certain period.



As can be seen from Figure 4, the objects of green railway research are canyon area, Luohe Bridge, railway bridge, green channel, spatial structure, Qinghai-Tibet Railway, high-speed railway, multimodal transportation, and railway freight in chronological order. The research perspectives in chronological order are environmental impact, comprehensive evaluation, development strategy, coordinated development, low-carbon economy, low-carbon logistics, energy conservation and emission reduction, low-carbon transportation, and green development. Overall, the research objects and perspectives have experienced the evolution process of “green design–green construction–green evaluation–green development”. Many scholars gradually pay attention to other aspects besides design and construction and begin introducing the concept of full life cycle management into their research to achieve the goal of the best overall benefit of the whole life cycle [16].



In terms of the occurrence time nodes and existence cycles of emergent words, “low-carbon economy” is the longest (12.79 years), “game theory” (10.47 years), and “green channel” (10.31 years) are more than ten years, and most other emergent words are concentrated in 6–7 years. The figure also reflects the different research topics at different time stages. Although the specific issues concerned—“great leap”, “low-carbon”, “green”, and “sustainable”—have been consistent throughout. As shown in Figure 4, the red line indicates that emergent words have specific time and stage change characteristics. Therefore, the relationship between emergent words and time and stage in green railway research can be sorted out by combining the characteristics of time and stage and the changing trend of the number of published studies, as shown in Table 2.





3.3. Research Topic Evolution Characteristics


To further analyze the evolution process and characteristics of the topic in the research stage, the timeline view is first used for the cluster analysis of keywords. Through calculation, the Modularity Q in this paper is 0.5897, and the Mean Silhouette = 0.8748, which exceeds the minimum threshold standard, indicating that the clustering results are reasonable [10]. Figure 5 shows the timeline view of keyword clustering in green railway research, in which the horizontal axis represents time, and the vertical axis represents ten clustering keywords: multimodal transportation, development, high-speed railway, green channel, green transportation, comprehensive evaluation, transportation, green logistics, connectivity, and railway passenger station (labeled #0 to #9). The smaller the label, the larger the keyword clustering scale, the more keywords are contained in this category.



As can be seen from the size of keyword nodes in each cluster in Figure 5, the keyword development of each class is different. The larger nodes are high-speed railway, railway, carbon emission, multimodal transportation, green channel, transportation, green transportation, low-carbon economy, green logistics, green construction, diesel locomotive, and other keywords. The nodes connected by these keywords have a considerable period involving green design, green construction, green logistics, green operation, and other aspects, reflecting the diversity of research objects and perspectives on green railways. With time, research keywords are also changing; the composition of keywords is particularly complex from 1998 to 2010, and the research heat continues to increase. Generally speaking, the evolution of the academic frontier is influenced by driving forces [17]. Table 2 and Figure 4 and Figure 5 show that since 2016, carbon emission, green development, and multimodal transportation have become hot topics at the forefront of green railway research, which may be closely related to the establishment of a safe, convenient, efficient, green, and economical modern comprehensive transportation system and the introduction of relevant policies.



The research category reflected by the above clustering keywords has certain fuzziness. To further explore the evolution characteristics and driving forces of the frontier research field of green railways, the current research on green railways mainly involves three aspects—railway construction, railway equipment, and railway transportation—and starts to promote the research on green railways from the perspective of the whole life cycle [3]. Therefore, around the green goal, from the perspective of the whole life cycle of a railway, the research on green railways is divided into four stages by integrating the development of research objects and research perspectives, sorting out relevant policy documents; they are the stages of emerging (1985–1997), horizontal expansion (1998–2010), vertical deepening (2011–2015), and integrated expansion (2016–present). The research topic and stage characteristics are summarized and extracted, as shown in Table 3.



As can be seen from Table 3, national policies are the primary external driving force for the evolution of research topics. Compared with the process of quantitative change to qualitative change in the academic frontier of green railways promoted by the academic community, the evolution of research topics at each stage depends more on the strong support and traction of national policies. One is that national policies are introduced before academic research results are published. From 1994, when Chris Bradshaw first proposed the concept of “green transportation” [32], to 2003, when the “Notice on the Construction” of “Green Transportation Demonstration City” was issued, to 2009, the number of papers and periodicals related to green railways increased sharply. It can be seen that our green railway has experienced the development path of “the real need–national policy–academic research”, the academic community took a certain time to integrate “green development” and “transport” and produced the academic results of green railway research. Second, national policies are more evident than academic research. As seen from Figure 4 and Table 3, the research topics in the field of green railways, in chronological order, are green design and green construction, green channel and green logistics, energy conservation and emission reduction, green evaluation, multimodal transportation, and green development. In combination with the time nodes of emergent words, the promulgation years of policy documents, the occurrence time of critical events, and the funding funds of related papers, it can be seen that the research topic has an obvious national policy orientation. This result also confirms the research conclusions of relevant scholars; that is, national policies are the urgent reflection of the whole society and the shared focus of academic groups from all walks of life, which can drive the academic community to explore and thus trigger the evolution of the academic frontier [33].





4. Conclusions and Prospects


The China National Knowledge Infrastructure database is currently regarded as a dynamic resource system with the most comprehensive resource collection, the most significant amount of literature information, the most advanced knowledge service platform and digital learning platform, and the world’s largest Chinese knowledge portal [34]. By analyzing the content of articles in the field of green railway research, it is representative to understand the characteristics, limitations, and development trends of this field in the Chinese context.



4.1. Conclusions


Based on the above analysis results, it can be concluded that from 1985 to 2021, China’s green railway research presents the following three main characteristics.



The evolution of the academic frontier of green railway research is driven by internal (primarily referring to the academic community) and external (mainly referring to national policies) paths. The external path is more evident than the internal one. The reason is that national policies, as an external path, keep up with the needs of social reality and provide support and guarantee for the development of science and technology, thus driving the academic community to explore. The quantity and quality of academic communities are the keys to the smooth development of internal pathways, and the sharing of inner educational experience between academic communities is the basis to ensure the continuation of research. Still, at present, the inner pathways cannot well undertake the critical task of evolving the academic frontier.



The research topics in the field of green railways show diversity. Green construction in railway engineering and railway equipment manufacturing has always been a research hotspot. As a transportation concept of sustainable development, developing green railways aims to promote the sustainable development of Chinese railway construction, manufacturing, operation, and management [35]. So far, the research topics mainly involve the standards and requirements of green channel construction, the development of railway equipment with low carbon emission reduction, the green construction in line with “four sections and one environmental protection”, and the green development of railways against the background of powerful transportation. However, most scholars pay attention to green railway construction, and most of the research teams are from civil engineering. With the continuous development of new railway projects and the continuous increase of operating mileage, many scholars have begun to introduce the concept of whole life cycle management in their research, aiming at enhancing the information interworking at various stages, coordinating all aspects of project construction as a whole and making the management more scientific and systematic. However, as an essential link in the whole life cycle of railway, green operation management is still rarely reflected in the current research.



Interdisciplinary integration innovation becomes a new force to promote green railway research. According to the existing research, the institutions involved in green railway research mainly include universities, research institutes, governments, and enterprises. The disciplinary background of these institutions involves multi-disciplinary characteristics such as traffic engineering, economics, geography, and environmental science. On the one hand, under the guidance of national policies, the research team on green railways keeps growing, which promotes the movement of research on green railways from the academic edge to the central hotspot. On the other hand, green railway research is a comprehensive interdisciplinary study involving knowledge from multiple disciplines. Scholars in different fields cooperate to produce more innovative results. For example, the current research topics involve intelligent railway, multimodal transportation, high-speed rail economy, intelligent logistics, and other aspects. These are the products of interdisciplinary integration and innovation, and this trend of integration and innovation will be conducive to developing China’s railway in a greener and more innovative direction.




4.2. Prospects


In terms of research objects, this paper considers the evolution process and characteristics of green railway research in the Chinese context. It selects Chinese literature collected by the China National Knowledge Network (CNKI). With the strengthening of international academic exchanges, many articles on China’s green railways have been published in languages other than Chinese. Subsequent researchers can select several databases, such as Web of Science, Elsevier, etc., to carry out integrated research in Chinese and English contexts and conduct a comparative analysis to further deepen the understanding and grasp of green railway research at home and abroad. In terms of research content, with the in-depth implementation of development concepts such as sustainable development, green development, green economy, and high-quality development, and looking forward to the future, this study puts forward the following important issues and directions for the reference of subsequent researchers.



Based on the concept of full life cycle management, it is necessary, systematically and deeply, to discuss the correlation and integration cooperation between green railway design, green construction, green operation, and green maintenance. The whole life cycle of a railway can be divided into design, construction, operation, maintenance, and other stages, with specific constraints and mutual feedback relations. Given that the current research on green railways is mainly focused on green design and construction, it is necessary to introduce green operation and green maintenance into the whole life cycle management process, define their connotation, discuss their application, sort out their correlation, and solve the problem of multi-stage integration and coordination.



Based on the research on green railway design, construction, and manufacturing, it is necessary to focus on the new theory, new technology, and new method of green railway operation and maintenance. With the increase in railway mileage put into operation, the Chinese railway is gradually entering a “big operation era”. At the same time, with the thorough implementation of a high-quality development concept, green railways need to embody the green management value of the three-way integration of society, economy, and environment from the angle of sustainable development. Therefore, it is urgent to expand the study of new theories, new technologies, and new methods in green railway management, such as the study of railway green management strategies and evaluation systems, green transportation organization, and green maintenance and repair.



Green railway research still needs to be driven by both external and internal paths. Still, more importantly, it needs to promote the development of green railways from the perspective of science and technology through multidisciplinary integration and innovation. The external drive of national policies plays a vital role in promoting the green research and development of the Chinese railway. In the future, it is more necessary to innovate the research and development of green railways via the interdisciplinary integration of academic communities with multidisciplinary backgrounds, especially integrating new technologies such as cloud computing, big data, and artificial intelligence into the railway field.
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Figure 1. Cooperative map of green railway research institutions, 1985–2021. 
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Figure 2. Green railway research keywords co-occurrence network map, 1985–2021. 
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Figure 3. Number of published domestic green railway research documents, 1985–2021. 
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Figure 4. Top 30 emergent words in Green railway research, 1985–2021. 
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Figure 5. Keywords of green railway research time line view of clustering map, 1985–2021. 
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Table 1. High-frequency keywords in the field of green railway research.
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	Category
	High-Frequency Keywords





	Research object
	high-speed railway; green channel; multimodal transportation; railway transportation; railway passenger station; urban rail transit



	Research perspective
	low-carbon economy; green transportation; green logistics; green construction; comprehensive assessment; countermeasure; environmental impact; energy conservation and emission reduction; coordinated development; development strategy
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Table 2. Emergent words in the field of green railway research in different stage.






Table 2. Emergent words in the field of green railway research in different stage.





	Research Stage
	Emergent Words





	1985–1997
	game theory; canyon area; Luohe Bridge; mixed algorithm; cloud model; railway bridge; environmental impact; comprehensive evaluation



	1998–2010
	development; green channel; development strategy; research; evaluation; spatial structure; Qinghai-Tibet Railway; ecological environment; coordinated development; countermeasure



	2011–2015
	low-carbon economy; low-carbon logistics; energy conservation and emission reduction; high-speed railway; low-carbon transportation; low carbon



	2016–present
	carbon emission; green development; route optimization; multimodal transportation; railway freight; green
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Table 3. Description of topic evolution and characteristics of green railway research stage.






Table 3. Description of topic evolution and characteristics of green railway research stage.





	
Research Stage

	
Characteristics

	
Research Topic

	
Content Relates to Policy Documents and Important Events






	
emerging stage

1985–1997

	
The number of relevant journals and papers published is small, and the keyword category is relatively simple. The research focuses on green construction, green design, environmental impact, and other keywords.

	
(1) green design

(2) green construction

	
(1) 1987: Regulations on the Design of Environmental Protection for Construction Projects [18];

(2) TBJ501-87: Technical Regulations on Environmental Protection of Railway Engineering Design [19];

(3) 1989: Environmental Protection Law of the People’s Republic of China, amended in 2014 [20];

(4) 1994: White Paper on China’s Population, Environment and Development in the 21st Century [21];

(5) TB 10501-98: Code for Design of Railway Engineering Environmental Protection [22];

(6) 2000: Notice of The State Council on Further Promoting the Construction of National Green Channels [23];

(7) In 2001, the second phase of the Qinghai-Tibet Railway (Golmud–Lhasa) began construction, and an environmental supervision system was introduced [24];

(8) The 16th National Congress in 2002 set “continuously enhancing the ability of sustainable development” as one of the goals of building a well-off society in an all-round way [25];

(9) 2005: Several Opinions of The State Council on Accelerating the Development of Circular Economy [26];

(10) 2011: Notice of The State Council on Issuing a Comprehensive Work Plan for Energy Conservation and Emission Reduction during the 12th Five-Year Plan Period [27];

(11) 2011: Guidelines on Building a Low-carbon Transport System, Ministry of Transport;

(12) 2013: Guidelines of the Ministry of Transport on Accelerating the Development of Green, Circular and Low-carbon Transport [28];

(13) TB/T 10429 2014: Evaluation Standard of Green Railway Passenger Station [29];

(14) The report to the 19th National Congress of the Communist Party of China in 2017 put forward the strategy of “building China through transportation” [30];

(15) 2021: Notice of The General Office of the State Council on Printing and Distributing the Work Plan for Promoting the Development of Multimodal Transportation, Optimizing and Adjusting the Transport Structure (2021–2025) [31].




	
horizontal expansion stage

1998–2010

	
The number of published papers fluctuated, and the keyword categories were diversified. Green protection, landscape design, modern logistics, and other keywords appeared, and the research field gradually expanded.

	
(1) green channel

(2) green logistics




	
vertical deepening stage

2011–2015

	
The number of published papers decreased slowly, the expansion of keyword categories slowed, and the research literature in the same field increased. Low carbon economy, evaluation index, influencing factors, and other keywords are the main contents of the research.

	
(1) energy conservation and emission reduction

(2) green evaluation




	
integrated expansion stage

2016–present

	
The number of published articles increased steadily, and the keyword categories grew. Keywords such as railway intermodal transport, intelligent transportation, scientific and technological innovation, and information system appear, and the research field is further diversified and multi-disciplinary integration and innovation.

	
(1) multimodal transportation

(2) green development
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