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Abstract

Through CiteSpace analysis of 2,703 articles on arid area urbanization research
from CNKI (China National Knowledge Infrastructure) spanning 1984-2020,
this study examines publication trends, stage division, core author and institu-
tional networks, thematic evolution, and historical hotspots utilizing temporal
distribution of publications, author and institution co-occurrence, keyword co-
occurrence, and burst detection. The publication volume of relevant research
first increased and then decreased, which can be divided into four periods: em-
bryonic, rapid, vigorous, and mature. Numerous institutions and scholars with
distinguished contributions have emerged. In the knowledge evolution, scholars
have focused on research themes including small town development and town-
ship enterprises, urbanization processes and driving forces, Corps urbanization,
new-type urbanization, and eco-environmental coupling coordination, while his-
torical hotspots such as industrialization, the Silk Road Economic Belt, and
characteristic towns have emerged sequentially. This paper provides theoretical
insights for reflecting on urbanization in arid areas and offers references for pro-
moting high-quality development and new-type urbanization in these regions.
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Abstract

Arid lands, as a typical region of western China, play a crucial role in China’ s
regional development strategy and have attracted significant scholarly attention.
Urbanization, as an essential pathway for national development, has become a
vital topic in academic research. Influenced by national macro-policies, research
on urbanization in arid lands continues to emerge, with its knowledge framework
constantly evolving. Although reviews exist in specific fields, no comprehensive
synthesis has been conducted on the knowledge evolution of arid land urban-
ization. This paper systematically examines the knowledge evolution process
of arid land urbanization research, analyzing research trends and hotspots to
provide foundational contributions for future studies, support critical reflection
on arid land urbanization, and promote high-quality development and new ur-
banization in these regions.

To systematically review the research landscape and knowledge evolution, we an-
alyzed 2,703 articles on arid land urbanization from 1984 to 2020 using bibliomet-
ric analysis and knowledge mapping visualization techniques. Our dataset com-
prised research papers from Chinese core journals (including Peking University
Core Journals, Chinese Science Citation Database, and Chinese Social Sciences
Citation Index) and dissertations collected in the China National Knowledge
Infrastructure (CNKI). We examined quantitative publication characteristics,
scientific collaboration networks among core authors and institutions, research
themes, and historical hotspots across different periods through temporal dis-
tribution analysis, co-occurrence mapping of authors and institutions, keyword
co-occurrence analysis, and burst term detection, summarizing their evolution-
ary patterns.

The findings reveal three key insights. First, the research can be divided into
four distinct periods, with numerous important institutions and scholars emerg-
ing. Publication volume initially increased then decreased, allowing division into
four stages: nascent (1984-2001), rapid growth (2002-2010), flourishing (2011-
2015), and maturity (2016-2020). Apart from the Institute of Geographic Sci-
ences and Natural Resources Research, Chinese Academy of Sciences (CAS)
and the University of Chinese Academy of Sciences, the primary publishing
institutions are universities located in arid regions, while many scholars have
made outstanding contributions. Second, new research topics and hotspots con-
tinuously emerge. Throughout the knowledge evolution, scholars have focused
on small towns and township enterprises, urbanization processes and driving
forces, Xinjiang Production and Construction Corps urbanization, new urban-
ization, and ecological environment coupling coordination. Industrialization,
the Silk Road Economic Belt, and characteristic towns have also become histor-
ical hotspots. Third, arid land urbanization research is closely linked to policy
contexts of each period. The Western Development Strategy, Central Poverty
Alleviation and Development Work Conference, and the 19th National Congress
of the Communist Party of China have introduced development concepts such as
small town development, new urbanization, sustainable development, and rural
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revitalization, all of which are fully reflected in arid land urbanization research
across different periods. This demonstrates that such research plays a crucial
role in implementing national and regional development strategies and exploring
urban-rural development in arid lands. Future research should focus more on
high-quality development.

Keywords: urbanization; arid land; research hotspots; bibliometric analysis;
CiteSpace

1. Data and Methods
1.1 Data Sources

This study examines papers on arid land urbanization published between 1984
and 2020, sourced from the China Academic Journals Full-text Database. Ini-
tial searches using the theme terms “arid land” combined with “urbanization”
or “urbanisation” yielded limited results. To comprehensively capture relevant
research, we expanded the search to include specific regional names associated
with arid lands. According to China’ s dry-wet zoning map, arid regions are ar-
eas below the 200 mm isohyet, encompassing Xinjiang, Tibet, Qinghai, Ningxia,
Inner Mongolia, and Gansu. We also included the closely related term “oasis.”
Therefore, we searched for combinations of regional terms ( “arid land,” “Xin-
jlang,” “Tibet,” “Qinghai,” “Ningxia,” “Inner Mongolia,” “Gansu,” “oasis” ) with
theme terms ( “urbanization,” “urbanisation” ) in Chinese core journals (Peking
University Core, Science and Technology Core, and Nanjing University Core)
and dissertations. The Nanjing University Core journal list was last published
in 2009; we searched all journals before 2009 and Chinese core journals there-
after. After removing duplicates and eliminating conference proceedings and
other irrelevant content, we obtained 2,703 valid documents containing paper
titles, authors, institutions, publication dates, keywords, and abstracts.

” «

1.2 Research Methods

Term frequency analysis identifies research hotspots by extracting and analyz-
ing the frequency distribution of core thematic terms from literature infor-
mation, while co-word analysis reveals relationships between terms through
co-occurrence frequency. Co-occurrence analysis integrates both approaches.
Author and institution co-occurrence analysis can identify core author groups
and corresponding institutions, uncovering collaborative network relationships
within specific time periods. Keyword co-occurrence analysis helps organize re-
search themes within each period and understand their evolution. In knowledge
maps, node size and inner ring colors represent term frequency and first appear-
ance time, respectively; line thickness and color indicate connection strength
and first connection time; and purple outer rings denote high betweenness cen-
trality. Burst term detection, using the Kleinberg algorithm, effectively iden-
tifies suddenly emerging research hotspots, uncovers new research directions,

chinarxiv.org/items/chinaxiv-202204.00135 Machine Translation


https://chinarxiv.org/items/chinaxiv-202204.00135

ChinaRxiv [$X]

and determines their emergence and duration, serving as an important indica-
tor of research focus shifts. Pathfinder and minimum spanning tree algorithms
can simplify B and optimize visual presentation. The Pathfinder algorithm
better highlights important structural features and offers completeness (unique
solution), so we used it to prune complex networks and retain clear structural
information.

2. Results
2.1 Publication Volume Analysis

Arid land urbanization research is closely related to policy contexts. To accu-
rately analyze the evolution of scientific knowledge mapping across different peri-
ods, we divided the research into four developmental stages based on annual pub-
lication numbers, growth patterns, and corresponding historical events: nascent
(1984-2001), rapid growth (2002-2010), flourishing (2011-2015), and maturity
(2016-2020). Overall publication volume first increased then decreased, peaking
in 2015. Before 2001, scholars paid limited attention to arid land urbanization,
with annual publications remaining below 20. Following the implementation
of the Western Development Strategy in 2000, publication volume generally in-
creased year by year, surpassing 100 for the first time in 2002 and entering a
rapid growth phase. The 12th Five-Year Plan period (2011-2015) saw a sig-
nificant acceleration in publications, ushering in a flourishing period. Entering
the 13th Five-Year Plan period (2016-2020), the research field matured, with
scholars” attention gradually decreasing and research #E declining year by year.

2.2 Core Authors and Institutions

Co-occurrence analysis of authors and institutions reveals core groups and col-
laborative relationships. We conducted separate analyses for the four periods
(Figures 3 and 4), setting node thresholds at 2 for the nascent period (labeling
nodes with word frequency >2) and 3 for other periods. Due to simple structural
relationships, no network pruning was applied.

During the nascent period, both author and institution collaboration networks
were in their infancy. No large academic groups emerged, with authors and in-
stitutions remaining relatively dispersed. Prolific authors included Ma Wenxing
and Su Bin, while key institutions included Xinjiang University of Finance and
Economics.

The rapid growth period showed clear collaborative relationships. Zhang Xi-
aolei and Fang Chuanglin made outstanding contributions, forming two major
academic groups: one comprising Zhang Xiaolei, Du Hongru, Lei Jun, and Yang
Degang from the Xinjiang Institute of Ecology and Geography, CAS; another
including Fang Chuanglin, Qiao Biao, Bao Chao, and Sun Xinliang from the
Institute of Geographic Sciences and Natural Resources Research, CAS. The
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largest institutional collaboration network formed among the Xinjiang Institute
of Ecology and Geography, CAS, Shihezi University, and Xinjiang University.

In the flourishing period, Zhang Xiaolei and Du Hongru remained prominent,
with Zhang Xiaolei, Du Hongru, Anwar Maimaitiming, Dong Wen, and Yang
Yu forming the largest author collaboration network. The largest institutional
network comprised the Xinjiang Institute of Ecology and Geography, CAS, and
the Institute of Geographic Sciences and Natural Resources Research, CAS.

During the maturity period, Li Jing, Zibibula Simayi, and Fang Chuanglin made
significant contributions, forming teams led by Fang Chuanglin, Zhang Xiaolei,
Lei Jun, and Yang Zhen from CAS, and Mi Wenbao from Ningxia University.
Xinjiang Agricultural University joined the major academic network comprising
the Institute of Geographic Sciences and Natural Resources Research, CAS, and
the Xinjiang Institute of Ecology and Geography, CAS.

3. Theme Evolution and Historical Hotspots
3.1 Theme Evolution

Keywords distill the core research themes of papers. Analyzing keyword co-
occurrence can uncover research topics within each stage and trace their evolu-
tion. We conducted keyword co-occurrence analyses for the four periods (Figure
6) and summarized the results (Table 1), setting time slices to 1 year. Except
for the nascent period where node threshold was set to 2 due to limited publica-
tions, all other periods used a threshold of 3. We extracted the top 15 keywords
per time slice and pruned complex networks using the Pathfinder algorithm.

The timezone view reveals that arid land urbanization research is temporally
connected, continuously generating diverse themes such as urbanization level,
sustainable development, and new urbanization. Research regions gradually
shifted from Inner Mongolia to Xinjiang and Ningxia. Due to time lags in
literature dissemination, recent topics show lower connectivity and frequency
than earlier years, with no major research themes yet emerging. To further
explore theme evolution, we analyzed each period separately.

3.1.1 Nascent Period (1984-2001) During this period, research focused on
Inner Mongolia and Xinjiang, concentrating on population urbanization. Schol-
ars calculated urbanization levels using urban population and non-agricultural
population data, employing grey dynamic systems, unary regression, and growth
curve models for predictions. Small towns and township enterprises generated
considerable discussion. Ning Yuemin argued that China experienced a new
urbanization process during this period, with coastal regions showing diversi-
fied drivers while inland arid regions maintained a dual urbanization pattern
(top-down and bottom-up). The former promoted urbanization in large and
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medium-sized cities, particularly industrial metropolises, while the latter em-
phasized the importance of township enterprises for small town and rural urban-
ization. In arid regions, bottom-up urbanization increased small town functions
through township enterprise development, accommodated agricultural surplus
labor, transformed occupational structures, and achieved functional urbaniza-
tion before developing into landscape urbanization. Fang Chuanglin recognized
these as fundamental drivers of oasis rural urbanization in arid lands.

However, scholars cautioned that while township enterprises significantly pro-
moted urbanization in eastern coastal areas, their role in arid regions required
careful consideration. Structural differences, particularly in tertiary industry, in-
vestment structure, and openness, limited the urbanization-promoting capacity
of township enterprises in arid regions. Arid region towns remained in a “point”
development stage with agricultural-centered economies, lacking mechanisms for
rural industries to access cheap labor. Universal small town development across
the region was deemed unrealistic. Consequently, some scholars advocated for
prioritizing central cities over small towns, while others emphasized developing
medium-sized cities and constructing medium-scale urban networks.

Amid rapid urbanization, sustainable development and ecological protection con-
cepts gradually emerged. The relationship between urbanization and ecological
environment in arid lands was characterized by mutual stress, mutual promo-
tion, and interactive coercion. Water resources, as the most important natural
factor and constraint condition, gained increasing attention. Research on spa-
tiotemporal precipitation variations in arid regions indicated that uncertainty
in anthropogenic greenhouse gas and sulfate aerosol emissions caused climate
change uncertainty, making water resources a critical external force determin-
ing urbanization speed and socioeconomic scale. Oasis expansion essentially
represented water resource utilization processes, while urban expansion simulta-
neously stressed water resources. The “mountain-oasis-transition zone-desert”
model reflecting water resource distribution became a new approach for ecolog-
ical protection. Against this backdrop, ecological migration research emerged,
beginning with Ningxia’ s “Sanxi” agricultural construction plan and gradually
spreading across arid regions as a means to maintain ecosystem balance through
active relocation, achieving harmony between humans and resources.

3.1.2 Rapid Growth Period (2002-2010) Following the Western Develop-
ment Strategy and entering the 10th Five-Year Plan period, arid land urban-
ization research entered a growth phase with increasing publications. Research
regions expanded to include Ningxia and Tibet, with subsequent studies concen-
trating on these four provinces/autonomous regions. Building upon urbaniza-
tion level studies, substantial research emerged on urbanization processes, de-
velopment stages, and driving forces. Xinjiang’ s urbanization was transitioning
from initial to rapid development stages, with lagging non-agriculturalization
and uncoordinated growth rates between urbanization level and GDP. Indus-
trialization was identified as the primary driving force for urbanization, with
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low urbanization levels attributable to insufficient industrialization. While effi-
cient capital flow significantly promoted urbanization in coastal regions, limited
regional investment environments and weak capital agglomeration capacity con-
strained its effectiveness in arid lands. Influenced by multi-ethnic settlement
patterns, ethnic trade and Chinese national culture became important urban
development drivers.

The concept of sustainable development gained prominence. The relationship
between urbanization and ecological environment was characterized by mutual
stress, mutual promotion, and dynamic coupling through interactive coercion.
Economic urbanization induced greater ecological risks than population or social
urbanization. Environmental quality assessment using matter-element models
became important. Water resource constraints received increasing attention,
with research showing that water resources determine urbanization speed and
socioeconomic scale in arid lands. Ecological migration, beginning with Ningxia’
s “Sanxi” project, emerged as a beneficial exploration of arid land urbanization,
representing a new model distinct from other regions. Ecological risk and envi-
ronmental quality evaluation became crucial for sustainable urbanization.

3.1.3 Flourishing Period (2011-2015) During this period, scholars widely
discussed the unique Xinjiang Production and Construction Corps (XPCC). As
an organization primarily responsible for reclamation and border defense, XPCC
initially comprised collectively demobilized soldiers, gradually forming a four-
level urban system of “Corps-Division-Regiment-Company” with a development
approach of “divisions building cities, regiments building towns.” Its unique
“party-government-army-enterprise” integration created a “quasi-government”
with public service functions but no fiscal power, while also possessing enterprise
attributes requiring tax payments. XPCC’ s numerous non-established towns
created a separation of financial authority and administrative power distinct
from established towns, constraining urbanization progress.

Following the 18th National Congress’ s articulation of new urbanization, this
concept became a major research theme. The 10th anniversary of Western De-
velopment prompted scholars like Zhang Xiaolei and Anwar Maimaitiming to
reflect on characteristics such as high urban system primacy, “large dispersion
with small concentration” layout, water-land resource constraints, fragile ecolog-
ical foundations, and urban function isomorphism, proposing new urbanization
pathways. New urbanization emphasizes coordinated unification of population,
resources, environment, and economy, manifesting in arid lands as a process of
mutual adaptation between humans and oasis environments. Industrialization,
particularly new industrialization, remains indispensable. While new industri-
alization lags behind new urbanization in development level and growth rate,
they maintain a cointegrated coupling relationship with high mutual influence
and dependency.

Research expanded to include oasis rural settlements, oasis towns, reclamation
areas, and pastoral regions. Zhang Xiaolei, Lei Jun, and Duan Zuliang systemat-
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ically summarized nearly 20 years of oasis urbanization patterns, processes, and
mechanisms. Oasis rural settlement evolution was driven primarily by natural
environment and transportation conditions, distinct from economic and social
factors like urban-rural gaps and urban land expansion in eastern and central
regions. Oasis urbanization represents a self-organized critical phase transi-
tion process of oasis territorial systems centered on humans, with competition-
coordination mechanisms as evolutionary drivers.

Following the 2015 Central Poverty Alleviation and Development Work Confer-
ence, urban-rural integration shifted toward coordinated urban-rural economic
development and growth promotion. Moderate-to-high economic growth is a
prerequisite for sustainable development in arid lands. In Ningxia, improve-
ments in citizenization and agricultural support levels reduced urban-rural in-
come gaps, while industrialization and per capita GDP had opposite effects.
In deeply impoverished contiguous areas of southern Xinjiang, industrial struc-
ture, urbanization rate, and per capita GDP showed lagged significant impacts
on per capita income. However, since economic growth and urbanization had
not formed a mutually reinforcing relationship, caution was needed regarding
urbanization models relying solely on economic growth. Economic growth’ s
pressure on the ecological environment continued increasing, with oasis urban
economic system vulnerability decreasing with city size and rank, necessitat-
ing economic transformation and industrial upgrading for sustainable oasis city
development.

Ecological environment studies commonly used entropy methods to construct
evaluation indicator systems and coupling coordination methods to analyze in-
teraction mechanisms. The coupling relationship between urbanization and eco-
logical systems showed EE#& (running-in) and antagonism characteristics, with
urbanization sacrificing environment and continuously increasing ecological pres-
sure, though the rate of increase was slowing. Environmental pollution and
urbanization processes followed the Kuznets curve, potentially forming a new
pattern of positive interaction. The two systems exhibited interactive stress, an-
tagonistic effects, and complementary adaptation. While urbanization stressed
water and land resources, environmental elements also constrained urbaniza-
tion. Rapid urbanization construction and slow ecological improvement caused
the systems to shift from urbanization-lagged to ecology-lagged types, though
overall moving from disorder to coordination.

3.1.4 Maturity Period (2016-2020) During this period, publication vol-
ume declined yearly while paper quality significantly improved, with new ur-
banization becoming the mainstream research topic. Beyond measuring new
urbanization levels, scholars focused more on influencing factors and driving
forces. XPCC construction, counterpart assistance to Xinjiang, and ecological
environment were identified as factors distinct from eastern and central regions,
with infrastructure playing a more significant role in arid lands.

New urbanization driving force research covered oasis rural areas, oasis towns,
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reclamation areas, and pastoral regions. Zhang Xiaolei, Lei Jun, and Duan
Zuliang systematically summarized oasis urbanization patterns, processes, and
mechanisms. Oasis rural settlement evolution drivers primarily included natu-
ral environment and transportation conditions, clearly distinct from economic
and social factors like development, urban-rural gaps, and urban land expan-
sion in eastern and central regions. Oasis towns essentially represent the overall
emergence of human-centered oasis territorial systems in multi-dimensional spa-
tiotemporal functions and structures, with urbanization processes (formation,
transformation, evolution) representing self-organized critical phase transitions
driven by competition-coordination mechanisms. Reclamation areas in Xinjiang
are cornerstones of border stability. From a regional security perspective, recla-
mation areas transitioning to new urbanization emphasize creating livable envi-
ronments, reducing urbanization costs, transforming regional governance, and
solving development imbalances, environmental fragility, and population loss.

In pastoral urbanization with Inner Mongolian characteristics, ecologicalization,
industrialization, and settlement profoundly influence pastoral town distribu-
tion patterns and development. New pastoral urbanization emphasizes urban
spatial agglomeration, with water sources, grasslands, and transportation as
gravitational factors. Following the 19th National Congress’ s rural revital-
ization strategy, research on rural settlements emerged, alongside considerable
attention to characteristic towns.

3.2 Historical Hotspots

The sudden appearance of new keywords often signals scholars’ attention to
new research hotspots and indicates research turning points. Burst term detec-
tion helps identify historical hotspot topics and their durations, serving as an
important supplement to theme evolution. The nascent period had insufficient
publications for burst detection; results for other periods are shown in Figure 7.

During the rapid growth period (2002-2010), most emerging hotspots related to
Inner Mongolia, Xinjiang, and western regions. Small town research continued
to surge, covering non-agricultural population, industrialization processes, and
development strategies. Industrialization-related research subsequently became
a hotspot.

In the flourishing period (2011-2015), the 10th anniversary of Western Develop-
ment prompted extensive reflection on arid land urbanization. New urbaniza-
tion emerged as a timely hotspot, focusing on oasis towns unique to arid regions
and examining relationships between urbanization, population, and resources,
emphasizing coordinated human-environment development. With the rise of ru-
ral urbanization, research on agricultural modernization, farmers and herders,
and financial support for urban-rural income also emerged. During this period,
cluster analysis became popular in ecological research.

In the maturity period (2016-2020), the Silk Road Economic Belt, as a cru-
cial corridor for external development in arid and western regions, became a
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research focus in 2016. Studies increasingly focused on the Tianshan North
Slope Urban Agglomeration, with content shifting toward spatial econometrics
including spatial correlation and Durbin models. Following the 19th National
Congress’ s rural revitalization strategy, research on rural settlements gained
prominence, and characteristic towns received substantial attention.

4. Conclusions and Outlook

This study reveals three main conclusions. First, arid land urbanization research
can be divided into four stages, with many important institutions and scholars
emerging. Publication volume first rose then fell, dividing into nascent (1984-
2001), rapid growth (2002-2010), flourishing (2011-2015), and maturity (2016-
2020) periods. Apart from CAS’ s Institute of Geographic Sciences and Natural
Resources Research and the University of Chinese Academy of Sciences, pub-
lishing institutions are primarily universities in arid regions, with many scholars
making outstanding contributions.

Second, research continuously deepens, with new themes and hotspots con-
stantly emerging. Thematic evolution has concentrated primarily on Xinjiang
and Inner Mongolia. The nascent period focused on urbanization level measure-
ment, small town development, and township enterprises. The rapid growth
period examined urbanization processes and driving forces while beginning to
address sustainable development. The flourishing period saw extensive discus-
sion of XPCC urbanization unique to arid lands, with new urbanization emerg-
ing as a guiding pathway. The maturity period focused on urban-rural economic
coordination and growth under urban-rural integration, and on coupling coor-
dination between urbanization and ecological systems. Historical hotspots have
sequentially included industrialization, Silk Road Economic Belt, and charac-
teristic towns.

Third, arid land urbanization research is closely associated with period-specific
policy contexts. Development concepts proposed for arid lands—such as small
town development, new urbanization, sustainable development, and rural re-
vitalization—are fully reflected in research, demonstrating its important role in
implementing national and regional development strategies and exploring urban-
rural development in arid regions.

Arid land urbanization is currently at a critical strategic opportunity period dur-
ing the 14th Five-Year Plan. Transforming development concepts and promot-
ing high-quality economic development impose higher requirements on future
research. First, innovation as an increasingly important development driver is
reshaping urban spatial patterns, with smart cities, digital economy, innovation
chains, and big data becoming important considerations. Second, as an impor-
tant component of human-land relationship regional system theory and human-
land system science, arid land urbanization research should focus on coordinated
development of population, land, and social urbanization, emphasizing collabo-
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rative development of urban agglomerations and metropolitan areas under Silk
Road Economic Belt opportunities, characteristic town construction in special
arid environments, and rural revitalization for breaking urban-rural dual struc-
tures. Finally, arid land urbanization initially emerged as a social science topic
but gradually integrated with physical geography and ecology due to natural
environmental constraints. Future research should consider advancing theories
on near-remote coupling between urbanization and ecological environment, and
achieving Beautiful China and urban carbon neutrality planning goals based on
dual evaluations in territorial spatial planning.

Arid land urbanization is a complex social issue with diversified research in-
volving geography, ecology, sociology, and economics. This paper focuses on
analyzing the knowledge evolution of Chinese literature, examining only high-
frequency keywords without addressing detailed evolution within each field, for-
eign language journals, or thematic classification by discipline. Future research
should enrich data sources, exploring detailed evolution within multidisciplinary
fields in both Chinese and English literature contexts to map more precise sci-
entific knowledge evolution.
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