
 

 
Abstract—The coupling of land use system in geographical 

research is mainly the coupling of pattern and process, which is 
essentially the human-land coupling, and is an important part of the 
research and discussion of human-land relationship. Based on the Web 
of Science database, the paper titles, authors, keywords, and references 
from 1997-2020 related to land use coupling were used as data sources 
to explore the research progress of land use coupling. Cite Space 
bibliometric tool was used for co-occurrence analysis of the issuing 
country, issuing institution, co-cited author, disciplinary institution, 
and keywords. The results are shown as follows: (1) From 1997 to 
2020, the United States, China, and Germany rank the top, with more 
than 250 published papers. Although China ranks second in the 
number of published papers on foreign literature, it has less centrality 
and less influence. (2) The top 10 institutions (universities) in the 
number of published papers (more than 300 articles) are mainly from 
the United States and China, and the University of Chinese Academy 
of Sciences has the highest output of papers. At the same time, the 
phenomenon of multi-institutional cooperation has increased in the 
field of land use coupling research. (3) From 1997 to 2020, land 
sensitivity research and the impact of climate change on land use 
patterns are the main directions of land use coupling research. 
However, in the past five years, scholars have mainly focused on the 
coupling research methods of land use and the coupling relationship 
between ecological and environmental factors and land use. 

 
Keywords—Land use coupling, cite space, knowledge graph, 

visual analysis, research progress. 

I. INTRODUCTION 

HE concept of "coupling" in geography actually originated 
from physics, which refers to the synergy of two or more 

systems through various interactions, or the dynamic 
relationship between the elements of the system and the 
interaction [1]. It mainly discusses the mutual feedback, 
coordination and action mechanism between systems and 
elements within the system. It has been widely used in 
geography, ecology, environment, and other disciplines [2], 
and has become a very challenging theoretical method [3]. 
With the rapid development of social economy and the 
continuous improvement of urbanization level, the links 
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between regions have been strengthened, the exchange and 
flow of resources, population, capital, and other elements inside 
and outside the system are accelerated, the regional industrial 
agglomeration or function dispersion is constantly replaced, 
and the interaction between human and nature has also changed 
significantly. In a specific regional spatial range or across 
spatial scales, major states such as internal coupling, peripheral 
coupling and remote coupling are presented [4]. The core field 
of geographical research is human-land relationship regional 
system [5], and coupling "pattern and process" is an important 
approach and method for comprehensive geographical research 
[6]. The coupling of land use system studied in geography is 
mainly the coupling of pattern and process, which is essentially 
human-land coupling. As an open and complex large system 
involving social, economic, and natural elements, the land use 
system contains complex inter-coupling mechanisms and the 
unity of opposites between the elements [7]. Driven by global 
climate change and social development, land use is faced with 
problems such as out-of-control construction land, land 
pollution, serious land waste, and soil erosion [8]-[10]. 
Carrying out land use coupling research to explore the internal 
and external driving factors of land use is conducive to the 
coordinated development of social economy, climate change 
and land use. 

As scholars pay increasing attention to the land use coupling, 
a large number of research findings have been accumulated, 
especially in the interactive coupling between the social and 
economic development and ecological environment [11], [12], 
and the cross-coupling of the socio-economic development and 
land use change [ [13], [14]. The mechanism and law of the 
interaction and coupling between urbanization and eco- 
environment in mega-regions have been studied. For example, 
Fang first analyzed the theoretical framework and technical 
approach of the interaction and coupling between urbanization 
and eco-environment in mega-regions, and then conducted an 
empirical study on the Beijing-Tianjin-Hebei urban land group 
[11], [15]. There are also discussions on the interactive 
coupling mechanism between rural land use transition and 
economic change in mountainous areas [16], [17]. From a 
practical point of view, the existing land use coupling studies 
mainly focus on land use benefits, land use patterns, and the 
coupling and coordination relationship between land use 
change and the social and economic environment [18], [19], 
focusing on building a coupling coordination degree model 
with reference to coupling concepts and coupling coefficients 
[20], [21], and exploring the coupling relationship between 
land use and socio-economic development with the correlation 
analysis method 13], [14], [22]. Research content shifts from 
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the coupling between urban or urban land use and 
socioeconomic development [11], [12] to rural land use [2], 
[23], [24]. However, it is worth noting that although many 
research achievements have been obtained, it is urgent to sort 
out the research progress of long-term land use coupling, 
especially the visual analysis of research hotspots and 
development trends based on bibliometric methods.  

With the development of bibliometrics, Cite Space software 
has gradually become the main tool for analyzing research 
progress in a certain field [25]-[27]. Bibliometric analysis can 
quantitatively analyze and mine the development trend of a 
certain field through statistical methods [28], [29], and can help 
to explore the research frontiers in related fields [30]. It 
provides an effective way to deeply explore the historical 
development and current characteristics of land use coupling. 
In view of these, Cite Space and Origin software tools were 
applied to analyze the English literature included in the Web of 
Science (WOS) for more than 20 years, to grasp the 
evolutionary context, research hotspots and trends of land use 
coupling research, to provide scientific support for land use 
coupling research and discipline development. 

II. MATERIALS AND METHODS 

A. Data Sources 

In order to more objectively show the international research 
frontier on the land use coupling relationship, the core data 
collection (including SCI-EXPANDED, SSCI, A&HCI, 
CPCI-S, CPCI-SSH) in the WOS database was used as the 
literature source. The search criteria selected the following 
three topics: land use evaluation coupling, OR land use 
structure coupling, OR land use efficiency coupling. Literature 
types were selected from core collections such as proceedings 
paper, article, and editorial material. A total of 2982 literatures 
were retrieved from 1997 to 2020. By removing, sorting, and 
deleting less relevant items from the search results, 2556 high- 
quality literatures were obtained. Then, the selected literatures 
were downloaded and saved in "Reforks" format as analysis 
data samples. 

B. Research Methods 

In this study, the methods of scientific knowledge map and 
bibliometrics were adopted, and information visualization 
software CiteSpace (V.5.8.R3) was used to realize literature 
analysis [31]. Before using the software to analyze, the 
parameters were set first. Time zone segmentation was set from 
1997.01 to 2020.12, and the time slice was set to 1 year. The 
node type can be Keyword or Country. In keyword co- 
occurrence analysis, the node threshold was Top 30, while in 
country cooperation analysis, the node threshold was Top 50. 
For network cutting mode, the Pathfinder, Pruning the Merged 
network, and Pruning networks were selected. For other 
options, select the default options. Then, the "Country" was 
taken as the node for cooperative network analysis, the 
"Keyword" was taken as the node for co-occurrence analysis, 
Cluster analysis and Burst analysis. Finally, relevant charts 
were drawn to explore the hot spots of land use coupling 

research. 

III. RESULTS AND ANALYSIS 

A. Analysis on the Number of Published Papers 

Through the preliminary statistical analysis of the annual 
distribution of literature data, a preliminary understanding of 
the land use coupling research field was formed (Fig. 1). As can 
be seen from Fig. 1, from 1997 to 2020, with the prominence of 
a series of problems such as economic development and climate 
change, the coupling relationship between land use and 
economic, climate and other factors had attracted the attention 
of scholars. Scholars all over the world have been paying more 
and more attention to land use coupling research. It can be 
divided into three stages: (1) The period from 1997 to 2003 was 
a slow start stage, and the number of published papers in this 
stage was very small, and scholars did not pay much attention 
to this field. (2) The period from 2003 to 2012 was a slow rising 
stage, in which the number of published papers began to 
increase to a certain extent, but the rising speed was slow, and 
the number of published papers was still not high, but the 
upward trend was obvious. (3) The period of 2012-2020 was 
the rapid growth stage, the research interest in this stage has 
increased significantly, which is mainly closely related to the 
great rise in the global human-land coupling research interest in 
recent years. 
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Fig. 1 The number of literatures on land use coupling research from 
1997 to 2020 

 
In order to explore countries with more research on land use 

coupling and higher influence, CiteSpace software was used for 
visualization analysis of 2556 samples. In the "Time Slicing" 
column, Years Per Slicing was set as 1 year. The option of 
"Country" in the "Node Types" panel was selected, and the 
“Top N = 50” was set, and other options was set as the default 
setting of the system. The visualization map of the distribution 
of high-yield countries in the land use coupling study can be 
obtained by running it (Fig. 2). From the perspective of the 
centrality of the issuing country, nodes with a centrality greater 
than 0.1 were considered as key nodes [32]. Countries 
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belonging to key nodes were the United States (0.44), France 
(0.25), Germany (0.18), the United Kingdom (0.16), Japan 
(0.13), Italy (0.11), and the Netherlands (0.1). As can be seen 
from Fig. 2, the above seven countries played an important role 
in the development of land use coupling research and had a 
great influence on this research. In terms of the number of 
papers produced, the United States (1028), China (555), 
Germany (258) ranked the top three countries in terms of the 
output of land use coupling research papers (Fig. 2). Among 

them, the United States had the highest amount of paper output 
and made outstanding contribution to land use coupling 
research, indicating that the United States was relatively active 
in land use coupling research. It was followed by China, 
Germany, France, and other countries. Although China ranked 
second in the number of publications, it still needed to strive for 
high-quality research achievements because of its low 
centrality and less influence. 
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Fig. 2 The number of papers published by high-yield countries in land use coupling research 
 

 

Fig. 3 The visual knowledge map of high-yield research institution in 
land use coupling study 

 
In the "Node Types" panel, the "institution" option was 

selected, 50 was selected for Top N, 50% was selected for TOP 
N%. On the Pruning Panel, the “Minimum Spanning Tree” and 
“Pruning networks” options were selected. Other options were 
the default settings in the system, and the visualization network 
diagram of the distribution of high-yield research institutions in 

this field can be obtained by running the software (Fig. 3). 
There were 389 nodes and 703 lines in the distribution 
visualization network of high-yield research institutions. The 
circle size of each node represented the number of papers 
produced by the research institution, and the line between the 
two nodes represented the connection between the two research 
institutions (Fig. 3). The more connections each node had to 
other nodes, the more connections it had to other research 
institutions. As can be seen from Fig. 3, 8 research institutions 
become key nodes. They included Univ, Calif Berkeley (0.18), 
Natl Ctr Atmosphere Res (0.16), Chinese Acad Sci (0.15), 
NASA (0.13) and Sun Yat Sen Univ (0.12), Peking Univ (0.11), 
Univ Maryland (0.11) and Univ Oklahoma (0.11), indicating 
that these institutions played an important role in the study of 
land use coupling. 

According to the publishing organization, the top ten 
institutions with high yield of papers in the field of land use 
coupling research (Table I) were Chinese Acad Sci (210), Univ 
Chinese Acad Sci (63), Natl Ctr Atmosphere Res (60), NASA 
(48) and Beijing Normal Univ (46), Univ, Calif Berkeley (37), 
Univ Maryland (37), but the centrality of Univ Chinese Acad 
Sci and Beijing Normal Univ were lower than 0.1, and no key 
nodes were formed. From the perspective of the countries to 
which the institutions belong, the number of agency 
publications in China and the United States were in the top ten, 
indicating that the two countries had relatively active research 
on land use coupling. From the perspective of institutional 
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attributes, the high-yielding institutions were mostly 
universities, indicating that universities were the main force in 
land use coupling research. 

 
TABLE I 

TOP 10 INSTITUTIONS WITH THE NUMBER OF PUBLISHED PAPERS ON LAND USE 

COUPLING RESEARCH 

Rank Frequency Centrality Institution Country 

1 210 0.15 Chinese Acad Sci China 

2 63 0.04 Univ Chinese Acad Sci China 

3 60 0.16 Natl Ctr Atmosphere Res the United States

4 48 0.13 NASA the United States

5 46 0.03 Beijing Normal Univ China 

6 37 0.18 Univ Calif Berkeley the United States

7 37 0.11 Univ Maryland the United States

8 30 0.06 Princeton Univ the United States

9 29 0.05 Univ Wisconsin the United States

10 28 0.04 
Nanjing Univ Informat Sci 

& Technol 
China 

B. Analysis on the Academic Influence 

The citation times of authors can reflect their influence in a 
certain discipline to a certain extent [33]. In order to explore the 
authors with high influence in land use coupling studies in 

foreign literatures, the node type was used as the Reference and 
Cited Author, Slice was 2 years, Top N was 35, Top N% was 
10%, and others were the default settings, and the co-cited 
clustering view was drawn (Fig. 4). There were 443 nodes and 
1983 lines in the co-cited cluster view. In terms of total 
citations, in the WOS database, Taylor's articles had been cited 
97 times since 1997, ranking first in the search period and field, 
followed by the research results of Bonan, Lawrence, Dee, Ipcc, 
Seneviratne, Core, Liu, etc., which were cited 52 ~ 81 times and 
relatively ahead. In terms of the degree of centrality, Bonan 
(0.22), Betts (0.22), Trenberth (0.14) and Lawrence (0.11) had 
centrality greater than 0.1. From the perspective of clustering, a 
total of 10 clusters were obtained. #0, #3, #4 and #9 were 
mainly used to study the land use coupling, and #6 was mainly 
used to study the land use coupling in land use transformation. 
#1 and #8 mainly were used to study the land use coupling in 
the aspects of climate affecting land use and land use affecting 
vegetation. It can be seen that scholars mainly conducted 
coupling studies on the impacts of land use transition, climate, 
vegetation and land use, and studied the research methods of 
land use coupling. 

 

 

Fig. 4 The visual knowledge maps of high-impact authors in land use coupling studies 
 

The literature category can be used to explore the research 
fields of various disciplinary institutions in land use coupling 

[34]. Select Category in the "Node Types" control panel, and 
the others were the system default settings to get the subject 
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structure clustering diagram (Fig. 5). As can be seen from the 
structural clustering map, the top five publications were 
Environmental Science & Ecology (918), Environmental 
Science (663), and Meteorology & Atmospheric Science (580), 
Meteorology & Atmospheric Sciences (580), and Geology 
(430). Ecology and Environmental Science were the main 
dominant disciplines of land use coupling research. Literatures 
on land use coupling research were mainly published in such 
journals, among which Environmental Science & Ecology 

accounted for about 1/3 of the publications. It can fully explain 
the importance and relevance of this research direction in land 
use coupling research. In addition, research directions such as 
Geosciences, Multidisciplinary (427), Engineering (338), 
Water Resources (313) and Ecology (309) had strong 
connections with land use coupling. It indicated that the 
coupling research of land use had gradually changed from a 
single subject to a multidisciplinary research trend. 

 

 

Fig. 5 The visualized knowledge graph of disciplinary institutions researching on land use coupling 
 

C. Analysis on the Research Progress and Trend 

Keywords are a high-level summary of the themes and core 
contents of literature research [35]. Through keyword 
detection, the research trends and hotspots in land use coupling 
can be obtained. We select the "Term" and "Keywords" options 
in the "Node Type" control panel, and let Top N be equal to 30. 
On the Pruning panel, the "Pathfinder", "Pruning networks" and 
"Pruning the merged network" options were selected to obtain 
the keyword co-occurrence graph (Fig. 6). There were 213 
nodes and 402 lines in the keyword co-occurrence map (Fig. 6). 
Judging from the co-occurrence frequency of keywords, the top 
three keywords were "model" (299), "climate change" (249), 
"land use" (240). The foreign literature focused on land use 
coupling research, coupled model and climate change. From 
the perspective of keywords centrality intensity, the top five 
centralities were land use (0.34), sensitivity (0.30), climate 
change (0.29), pattern (0.28), climate (0.27). Therefore, it can 
be seen that land use pattern, sensitivity research and climate 
change were the main directions of land use coupling research. 

In the Control Panel Control Panel, we click Burstness 
options, with the system default settings, the former 20 
highlight words were highlighted by time to get the key words 
emergence time graph (Fig. 7). The chronology of keyword 
emergence was further obtained through time highlighting. 

From the perspective of emergent intensity, among the 20 
emergent words, the ones with higher connection intensity were 
"ecosystem service" (12.48), "China" (13.23), "biodiversity" 
(8.98), "conservation" (9.47), "scale" (8.61), reflecting the 
degree of its impact on land use coupling research. Judging 
from the starting year of the emergent keywords, the 
"Sensitivity" (1997-2004), "Landscape" (2009-2012) and 
"Prediction" (2001-2011), indicated that there were many 
studies on sensitivity, landscape, and prediction of land use 
coupling during 1997-2012. From "ecosystem" (2011-2014) 
and "gi" (2012-2014), it can be seen that in 2011-2014, scholars 
began to link land use coupling research with ecosystems, and 
the hot research method was “gi” index. From "modi" (2015- 
2016), "conservation" (2016-2018), "scale" (2016-2018), 
"China" (2017-2020), "ecosystem service" (2017-2020), 
“biodiversity” (2017-2020) and “land surface” (2018-2020), it 
can be seen that in the past five years, scholars have mainly 
focused on the methods of land use coupling research, the 
coupling research on land use and ecosystem services, and the 
research on land use coupling in China was relatively active. 
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Fig. 6 The visual knowledge graph of keywords in land use coupling research 
 

 

Fig. 7 The top 20 key words emergence map of land use coupling 
study 

IV. DISCUSSION AND CONCLUSIONS 

A. Discussion 

The conflicts between the characteristics of ecosystem 
vulnerability and high-intensity human activities, and the 
problems of resource, environment and ecological security 
brought by land use change are increasingly prominent [36], 
[37]. With the help of software analysis, it can be known that 
the coupling of land use and ecosystem services has become a 
hot and frontier field of land use coupling. Land use/land cover 
is an important carrier of social and economic development and 
human activities [38]. Land use/land cover change mainly 
refers to the spatio-temporal change of regional land use, which 
is the result of long-term effects of natural and human factors 
and reflects the long-term cumulative impacts of natural and 
human factors, can reflect the coupling relationship between 
human and land [39], [40]. At present, it has become the 
research focus of many scholars to discuss the dynamic change 
process and formation mechanism of land use from the 
perspective of the coupling of human activities and natural 
environment, and explore the dynamic change law of land use 
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[41] and its impact on environmental ecology from different 
levels [42], [43]. 

Through the visual analysis of more than 20 years of 
published English literature, it can be clear that the land use 
coupling research had achieved comprehensive and continuous 
development and progress, but there were some obvious 
shortcomings. At present, most research focused on key or hot 
spots such as rapid socio-economic development areas, fragile 
ecological environment areas, urban fringe areas, etc., but there 
were relatively few researches below the county scale, 
especially in some economically backward mountainous areas, 
which had not attracted enough attention and formed a 
weightier research system. At the same time, there were few top 
journals with published literatures, the industry influence was 
not high, the regional restrictions had not been broken, and the 
cooperation among research institutions was still not enough. 

B. Conclusions 

1. The United States, China, and Germany issued many 
documents. It showed that the United States had invested a 
lot in scientific research in land use coupling research, and 
the research results had been remarkable. Although China 
ranked second in the number of foreign-language 
literature, its centrality was small, its influence was 
insufficient, and its research achievements were not 
significant enough, and higher-level research efforts were 
still needed. 

2. From the perspective of research institutions, the number 
of papers produced by the Chinese Academy of Sciences 
was the highest. Among the top ten paper producing 
institutions, the countries of these institutions were China 
and the United States, indicating that China and the United 
States were active in the study of land use coupling, and 
most of the high-yielding institutions were universities. 

3. Judging from the number of papers published by 
disciplinary institutions, the top ten institutions had 
published more than 300 papers, and the phenomenon of 
multi-disciplinary crossover had gradually appeared in the 
field of land use coupling research. The literature 
published by these research institutions had certain 
representativeness and reference value in the field of land 
use coupling research. 

4. From the perspective of co-occurrence of keywords, land 
use coupling mainly focused on the study of land use, land 
use coupling model, climate change, etc. 

To sum up, Cite Space software was applied to make a visual 
map analysis of the literature on land use coupling in WOS 
database. It had been showing the research hotspots in this 
field, delineating the research context, and sorting out the 
research progress. Land use pattern, land sensitivity research, 
and the impact of climate change on land use pattern were the 
main directions of land use coupling research. In the past five 
years, scholars have mainly focused on land use coupling 
research methods, coupling research on land use and ecosystem 
services, and the research on land use coupling in China was 
more prominent. 
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