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Abstract

Research on habitat quality in ecologically vulnerable areas has gained atten-
tion due to mountain urbanization and climate change. However, the absence
of comprehensive reviews limits a systematic understanding of habitat quality.
This study investigates habitat quality research in ecologically vulnerable re-
gions of China, drawing data from Web of Science and Scopus. Using
CiteSpace software analyzes trends in publication volume, geographic distri-
bution, journal outlets, research disciplines, and keyword co-occurrence. The
findings identify two distinct research phases: an initial exploratory stage and
a period of steady growth, with the Loess Plateau emerging as a primary focal
region. Key journals, such as Ecological Indicators and Acta Ecologica Sinica,
dominate the field, reflecting contributions from disciplines including envi-
ronmental science and ecology. Research hotspots center on trade-offs between
habitat quality and ecosystem services, driving factors of change, landscape
pattern optimization, and simulation techniques. Future research should pri-
oritize addressing the spatial heterogeneity of vulnerable regions, advancing
methodological approaches, and enhancing uncertainty analyses in model pa-
rameterization. This study provides a critical foundation for addressing key
scientific challenges and guiding future research, with implications for ecolog-
ical security and sustainable development.

Keywords
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1. Introduction

China’s ecologically vulnerable areas are diverse and face significant threats of
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degradation due to instability and limited recovery capacity (Liu et al., 2015; Chen
et al., 2021a). Habitat quality, which indicates the ecosystem’s ability to support
organisms, is crucial for assessing biodiversity and ecological security (Hall et al.,
1997; Song et al., 2021). Recent challenges like biodiversity loss, rocky desertifica-
tion, and soil erosion have greatly impacted habitat quality and local economic
development (Ren et al., 2022; Yuan et al., 2020; Yang, 2021). In the context of
rapid urbanization and increasing habitat fragmentation in China’s ecologically
vulnerable areas (Duan et al., 2024), gaining a comprehensive understanding of
the research progress on habitat quality in these regions is essential for promoting
regional ecosystem health, establishing ecological security frameworks, and en-
suring national ecological security (Wang et al., 2019).

Previous studies on habitat quality in ecologically vulnerable areas analyzed the
alignment between organisms’ survival requirements and their ecosystems (Liu et
al., 2019). These papers relied on field surveys to identify suitable conditions, such
as water sources, topography, and human disturbances. Then an evaluation indi-
cator system was developed based on these survival needs for comprehensive anal-
ysis (Wang et al., 2015b; Liu et al., 2013). This approach faced challenges in estab-
lishing standardized evaluation criteria and the significant time and labor re-
quired for sampling complicated long-term data collection (Wu et al., 2015). Re-
cent advancements in 3S technology (GIS, RS, and GPS) have allowed researchers
to use models such as MaxEnt (Liu et al., 2013; Wu et al., 2018), InVEST (Liu et
al., 2019; Wu et al., 2015), and SolVES (Brown & Brabyn, 2012) for habitat quality
evaluation. Hotspot research areas include the Loess Plateau area, Arid desert
area, Karst area and the Tibetan Plateau area (Wang et al., 2019; Xue et al., 2022;
Wu et al., 2022; Hou et al., 2017; Wei et al., 2022). However, ecologically vulnera-
ble areas have diverse natural conditions, leading to varying habitat quality assess-
ment standards. Limited studies summarizing this research restrict the identifica-
tion of key themes and the exploration of existing issues, hindering the develop-
ment of new ideas for future research.

Bibliometrics uses mathematical and statistical methods to quantitatively de-
scribe and predict trends in disciplinary development. It helps synthesize scientific
knowledge, identify research hotspots, and explore various fields (Liu et al., 2019).
The bibliometric tool CiteSpace (Chen et al., 2012) extracts key information from
extensive literature and visually presents research hotspots and emerging trends
through co-occurrence networks. Recently, CiteSpace has been applied to analyze
research in sustainable livelihoods (Zhang et al., 2018), debris flow management
(Zhao et al., 2019), and ecological vulnerability (Tian et al., 2012). This study uses
Web of Science and Scopus to capture trends in habitat quality research for
China’s ecologically vulnerable areas. CiteSpace analyzes the geographical distri-
bution, journals, disciplines, and keywords, revealing research hotspots and de-

velopment trends while providing recommendations for future research.

2. Methods

This study used the Web of Science (WOS, https://webofscience.clarivate.cn/) and
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Scopus (https://www-scopuscomuitm.sjlib.cn/) databases for literature retrieval.
The WOS search used the query TS = “habitat quality” AND ALL = China, re-
stricting results to “Article” and “Review Article.” In Scopus, the query TITLE-
ABS-KEY (“habitat quality”) AND ALL (China) was applied. Until November
2023, 3232 relevant documents were retrieved, covering 2006 to 2023. This study
focuses on ecologically vulnerable areas in China, such as the Northern wind-sand
area, Tibetan Plateau area, Arid deserts area, Loess Plateau area and Karst area
(Wang et al., 2019). The results were filtered and processed for deduplication, re-
sulting in 317 documents selected for analysis.

The data analysis section summarizes the publication volume of selected studies
to clarify the distribution across ecologically vulnerable areas. Descriptive statis-
tics are conducted on the journals, using impact factors from Journal Citation Re-
ports (https://jcr.clarivate.com/). We also use CiteSpace to visualize disciplines
and keywords and analyze research methods and model parameters in habitat

quality studies.
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Figure 1. Number of articles published on habitat quality between 2006 and 2023.

3. Results and Discussion

3.1. Characteristics of Publication

Figure 1 indicates a significant growth trend in habitat quality research publica-
tions in ecologically vulnerable areas from 2006 to 2023, divided into two phases:
initiation (2006-2016) and steady growth (2017-2023). During the initiation
phase, annual publications did not exceed five articles, focusing on habitat condi-
tion analysis for specific species, predominantly based on field investigations.
Publication volume during this period was constrained by data availability. Since
2017, publications have surged, aided by advancements in 3S technology and in-
creased ecological conservation efforts in China, peaking at 104 articles in 2022.

Figure 2 shows the geographical distribution of ecologically vulnerable areas in
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China and the proportion of publications on habitat quality in different ecologi-
cally vulnerable regions. According to previous studies, these areas can be classi-
fied into five major regions: Loess Plateau area, Northern wind-sand area, Arid
desert area, Karst area, and Tibet Plateau area (Wang et al., 2019). There are sig-
nificant differences in the natural environments between these ecologically vul-
nerable areas. For instance, Loess Plateau area is characterized by extensive Qua-
ternary loess deposits, loose soil structure, and fragmented terrain, with severe soil
erosion and strong human activity interference, making it highly vulnerable to
geological hazards (Li et al., 2019; Lan et al., 2021). Northern wind-sand area is
primarily influenced by wind erosion, exhibiting desertification and severe land
degradation (Liu et al., 2008; Wang et al., 2015a). Arid desert area faces water
scarcity, sparse vegetation, grassland degradation, and prominent problems of
desertification and salinization (Zheng, 2007). Karst area has shallow and infertile
soil layers, frequent geological disasters such as landslides and debris flows, and
severe soil erosion (Bai et al., 2023; Ma & Zhang, 2018). Tibet Plateau area, under
the influence of climate change and human activities, has experienced significant
glacier retreat, aggravated soil erosion, and a severe threat to biodiversity (Sun et
al., 2012).

Loess Plateau area leads in publication share at 41%, due to significant ecolog-
ical changes from urbanization and projects like returning farmland to forests. Its
habitat conditions impact the ecological security of the Yellow River, attracting
research attention. Karst area follows with 22%, as China has the largest distribu-
tion of Karst landscapes, making it a key focus in ecological studies. Arid desert
area and Tibet Plateau area account for 16% and 13%, respectively, while the

Northern wind-sand area has the smallest share at 8%.
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Figure 2. Scope of key ecologically vulnerable regions in China (modified
from Wang et al., 2019).
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3.2. Analysis of Journals

Research on habitat quality in ecologically vulnerable areas of China was analyzed,
revealing 78 publications across English and Chinese journals. The top five jour-
nals accounted for 45% of total publications (Figure 3). Ecological Indicators (Im-
pact Factor: 7.0) published the most papers (37), followed by Sustainability (Im-
pact Factor: 3.3, 13 papers) and the International Journal of Environmental Re-
search and Public Health (Impact Factor: 4.6, 10 papers). Among Chinese jour-
nals, Acta Ecologica Sinica (Impact Factor: 6.4) published 31 articles, focusing on
fundamental theory and innovative applied research in ecology and its sub-disci-
plines. The second-ranking journals included the Chinese Journal of Applied
Ecology, Chinese Journal of Ecology, Arid Zone Geography, and Arid Zone Re-
search. Overall, habitat quality research is primarily published in ecology-related

journals.
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Figure 3. The top 5 English and Chinese core journals.

3.3. Subject Categories Analysis

Figure 4 illustrates the subject areas in habitat quality research in ecologically vul-
nerable areas, classified by WOS subject categories. Node size indicates frequency,
and color denotes the time of appearance; the purple outer ring indicates stronger
centrality, meaning these subjects frequently co-occur with others. The most com-
mon subject is “Environmental Sciences” followed by “Biodiversity Conservation”
and “Ecology”. This suggests that the disciplines most strongly associated with
habitat quality. Some studies also include geography, remote sensing, and mete-
orology, including “Geography, Physical” “Geosciences, Multidisciplinary” “Re-
mote Sensing” and “Meteorology & Atmospheric Sciences”.

3.4. Keyword Co-Occurrence

The keywords frequently identified in research on habitat quality in ecologically
vulnerable areas were analyzed, with those appearing over 20 times listed in Table
1. The most common keyword is “habitat quality” (148 occurrences), the central
theme of this paper. The keyword with the highest centrality is “biodiversity”
(0.52), closely linked to habitat quality and various research themes. Analyzing
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Figure 4. The top 5 English and Chinese core journals.

these keywords reveals insights into the research context (e.g., urbanization, cli-
mate change), research content (e.g., impact trade-offs, dynamics), methods (e.g.,
InVEST model), data sources (e.g., land use), and objectives (e.g., biodiversity

conservation).

Table 1. Keywords of high frequency in habitat quality research.

Frequency
148
144
98
79
74
63
59
48
42
38

Centrality
0.12
0.13
0.24
0.04
0.52

0.1
0.1
0.03
0.09
0.04

Keywords Frequency Centrality Keywords
habitat quality 37 0.05 trade offs
ecosystem services 34 0.03 loess plateau
China 30 0.08 ecosystem
InVEST model 28 0.05 urbanization
biodiversity 26 0.09 Environmental protection
land use 24 0.05 climate change
land use change 21 0.07 ecological restoration
impact 21 0.02 synergy
conservation 20 0.02 dynamics
model 20 0.02 simulation

Figure 5 shows a co-occurrence map of keywords divided into five groups: #1
Habitat Quality and Ecosystem Services, #2 Drivers of Habitat Quality, #3 Habitat
Quality and Landscape Patterns, and #4 Modeling and Prediction of Habitat Qual-
ity.

“#1” reflects research on ecosystem services, highlighting keywords such as

» «

“land use change” “ecosystem services” and “biodiversity”. Land use changes im-
pact the composition and structure of ecosystems, which subsequently affect ma-
terial and energy flows within habitat patches. These changes facilitate the assess-
ment of habitat quality at a regional scale, making land use change a common

focus in habitat quality research (Zhao et al., 2022; Foley et al., 2005). Habitat
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quality is generally viewed as a reflection of regional biodiversity and is often an-
alyzed in relation to trade-offs and synergies with other ecosystem services, such
as carbon storage and water yield (Teng et al., 2022). Trade-offs occur when im-
proving one ecosystem service reduces another, while synergy indicates that en-
hancing one service can benefit another. Research on the trade-offs and synergies
between habitat quality and other ecosystem services aids managers in balancing
multiple services to maximize overall benefits. Research on the Loess Plateau re-
veals a trade-off between habitat quality and water yield, while a synergy exists
between habitat quality and Net Primary Production (NPP) (Liu et al., 2019; Yan
et al., 2021). This suggests that improving habitat quality can increase NPP but
also raises water demand, thereby reducing water yield.

“#2” analyzes the driving factors affecting habitat quality, highlighting key-

» « » «

words like “driving factors,” “geographically weighted regression,” “geodetector,”
and “structural equation model” which indicate the main research methods. Hab-
itat quality varies spatially due to the combined effects of natural, human, and
social factors (Zhao et al., 2022; Chen et al., 2021b). While factors affecting habitat
quality vary across research scales, comparative studies are limited. Natural con-
ditions largely determine habitat quality distribution, with human activities mod-
ifying it. Land use, landscape dynamics, climate change, and macro-environmen-
tal policies all influence habitat quality (Chen et al., 2021b; Chen et al., 2022; Hua
et al., 2021). The interaction mechanisms between natural and human factors
need further investigation.

“#3” reflects research on habitat quality and landscape patterns, emphasizing

» «

“ecological security pattern,” “ecological corridor,” and “circuit theory.” Human
activities have significantly altered vulnerable landscapes, making ecological se-
curity patterns essential for maintaining eco-economic balance. The framework
using ecological sources, nodes, and corridors is widely applied (Forman, 1995;
Yu, 1999; Peng et al., 2017). Habitat quality, reflecting biodiversity, is crucial for
selecting ecological sources and assessing corridor accessibility. High-quality hab-
itats, rich in biodiversity, facilitate energy and information flows, while low-qual-
ity habitats hinder them (Gao et al., 2022). Ecological corridors are vital for ex-
changing materials, energy, and information (Gou et al., 2022), and well-con-
nected corridors support biodiversity conservation and ecosystem stability.

“#4” emphasizes terms like “scenario simulation,” “PLUS model,” and “climate
change,” reflecting research on habitat quality prediction. Accurately forecasting
habitat quality trends is vital for preventing degradation and formulating ecolog-
ical security strategies amid climate change (Chu et al., 2018). Models such as CA-
Markov and PLUS effectively simulate the nonlinear dynamics of land use change,
which significantly impacts habitat quality (Ding et al., 2021). For instance, Wu et
al. used these models to predict habitat quality changes in the Hubei section of the
Three Gorges Reservoir Region (Wu et al., 2022). Another study assessed habitat
quality in the Qilian Mountain Nature Reserve using the PLUS and InVEST mod-
els (Zhang et al., 2024). Both studies found that habitat quality was higher under
ecological protection scenarios than under natural development scenarios,
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highlighting the need for ecological conservation. Simulating future habitat qual-
ity can aid land managers in creating sustainable land-use policies.
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Figure 5. Keyword co-occurrence network. (Citespace settings: Node Types: Keywords;
Selection Criteria: k = 15; Pruning: Pathfinder Pruning sliced networks, others: default).

3.5. Habitat Quality Evaluation Model

This study includes a statistical analysis of research methods used in studies, as
shown in Figure 6(a). In China’s ecologically vulnerable areas, six methods are
commonly employed: InNVEST (Integrated Valuation of Ecosystem Services and
Trade-offs) model, Indicator-based evaluation, MaxEnt (Maximum Entropy)
model, Field surveys, HSI (Habitat Suitability Index) model, and SolVES (Social
Values for Ecosystem Services) model. The InVEST model is the most prevalent,
used in 90.2% of studies, which utilizes land-use data to assign habitat suitability
values to different land types and incorporates habitat threat sources to assess
habitat quality (Ren et al., 2022). Its straightforward data requirements and ease
of use make it a popular choice for evaluating habitat quality in these areas. The
indicator-based evaluation method is the second most common approach (4.4%),
involving the selection of indicators based on ecological requirements and assign-
ing weights to calculate habitat quality. Recent advancements in geospatial data in
China have facilitated its regional application, but its lower usage compared to the
InVEST model is due to susceptibility to subjective bias in the weighting process.
The Indicator Evaluation Method is flexible, user-friendly, and capable of select-
ing appropriate ecological indicators based on the research subject, making it
well-suited for regional-scale habitat quality assessments. However, this method
is highly susceptible to subjective influences, as improper weighting can result in

biased evaluation outcomes. Additionally, it tends to oversimplify the complexity
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of ecosystems and struggles to quantify intricate ecological relationships. The
MaxEnt Model, which is grounded in maximum entropy theory, effectively ad-
dresses situations with incomplete data and is adept at processing high-dimen-
sional environmental data and complex spatial relationships. (Liu et al., 2013).
However, its accuracy is contingent upon the quality of the input data, and it has
limitations in addressing the temporal dynamics of habitats and ecological pro-
cesses. Furthermore, the MaxEnt Model lacks interpretability, which may pose
challenges for non-experts attempting to understand and apply it. In summary,
the Indicator Evaluation Method is suitable for rapid assessments but may exhibit
significant subjectivity, while the MaxEnt Model is better equipped for managing
complex spatial data and sparse datasets, although it may not be as precise as other
methods in certain ecological studies. Other methods, including field surveys
(1.5%), the HSI model (0.6%), and the SolVES model (0.5%), are less common.
Habitat suitability, a key parameter in the InVEST model, ranges from 0 to 1
and indicates species survival capacity in various land-use types. Statistical analy-
sis of mean habitat suitability values, shown in Figure 6(b), reveals that forest has
the highest suitability, exceeding 0.8, followed by grassland and water body with
values above 0.7. Cropland ranges from 0.3 to 0.4, while unused land and urban
areas fall below 0.1. This subjective parameter’s accuracy depends on the re-
searcher’s understanding of the area, but many studies rely on previous research

without considering local conditions, limiting parameter customization.
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Figure 6. Statistical chart of habitat quality research methods and parameter settings (a)
Research methods (b) Parameter settings.

3.6. Challenges and Future Work

Identifying the spatiotemporal evolution of habitat quality in ecologically vulner-
able areas is essential for regulating ecosystem functions and optimizing ecologi-
cal security patterns (Wang et al., 2022). Despite progress in this research, chal-
lenges in habitat quality assessment remain.

1) Habitat quality assessment largely relies on land-use data, often overlooking
key factors that lead to degradation. This can result in uniform evaluations across

ecologically vulnerable areas. While high vegetation cover is typically associated
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with better habitat quality, this is not always the case. In areas like the Loess Plat-
eau and arid deserts, expanding forest cover can strain limited water resources,
threatening their sustainability (Feng et al., 2016). Studies show that large-scale
afforestation in the Loess Plateau increases regional water consumption and that
vegetation in arid areas has deeper root systems than in humid regions, worsening
groundwater drought (Han et al., 2020). This suggests that classifying forestland
as high-value habitat, as in Figure 5(b), often overlooks key ecological challenges.
Future research on habitat quality in vulnerable areas should consider local envi-
ronmental characteristics and select relevant ecological factors. It is also essential
to evaluate the differing impacts of the same land-use type on habitat quality
across various vulnerable areas for a more accurate assessment of changes.

2) Habitat quality assessment methods are relatively limited and often lack un-
certainty analysis for model parameters. Most studies currently use the InVEST
model for regional evaluations. While it aids in assessments, diverse research
methods offer unique insights, and reliance on a single model can hinder a com-
prehensive understanding of habitat quality (Shi et al., 2023). Future research
should use diverse methods, such as physical models to simulate ecological pro-
cesses and clarify habitat quality dynamics. Comparative analyses, validated with
field data, will help identify the most accurate evaluation results. Habitat quality
assessment models often face challenges due to subjective parameter settings
based on prior studies rather than tailored to specific areas. Future research could
reduce this subjectivity by integrating field data, combining models, and using
machine learning techniques.

Habitat quality is a key factor determining the vulnerability, resilience, and re-
covery capacity of ecosystems. High-quality habitats typically feature rich biodi-
versity and well-functioning ecological processes, which not only reduce ecosys-
tem vulnerability but also enhance its ability to adapt to and recover from external
disturbances. Good habitat quality enables ecosystems to exhibit greater resili-
ence, maintaining their structure and functions while quickly restoring ecological
services when faced with climate change, pollution, or human activities. In con-
trast, low-quality habitats can lead to species loss and degradation of ecological
functions, thereby increasing vulnerability and reducing the system’s self-recov-
ery capacity. Therefore, improving habitat quality is a critical objective for ecolog-
ical restoration. By enhancing habitat conditions, promoting biodiversity, and re-
storing ecological processes, the recovery and sustainability of ecosystems can be
effectively supported. In recent decades, China has placed high importance on
ecological policies and implemented a series of ecological engineering projects,
which play a crucial role in improving habitat quality. Ecological engineering
measures such as vegetation restoration, water management, and wetland reha-
bilitation directly improve habitat quality, enhancing ecosystem resilience and re-
covery capacity. The synergistic effect of policies and ecological engineering,
through policy guidance, financial support, and the implementation of effective

ecological restoration measures, promotes the comprehensive improvement of
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habitat quality, facilitates the sustainable management of ecosystems, and protects
biodiversity. Ultimately, this combination strengthens ecosystem stability and
ecological security, laying a solid foundation for achieving sustainable develop-

ment.

4. Conclusion

This study analyzed 317 papers from 2006 to 2023 in the Web of Science and Sco-
pus databases on habitat quality in China’s ecologically vulnerable areas. Using
bibliometric methods, it assessed publication trends, geographical distribution,
journals, references, and keywords. Results indicate an annual increase in publi-
cations, particularly since 2017, with the Loess Plateau receiving the most atten-
tion. Related research is published in journals like Ecological Indicators and Acta
Ecologica Sinica, focusing on environmental science, ecology, and biodiversity
conservation. Despite progress, challenges include reliance on land use data, lim-
ited evaluation models, subjective parameters. Future research should integrate
ecosystem elements and customize evaluation indicators for specific study areas.
Combining field observations with machine learning can reduce subjectivity in
model parameters, enhancing understanding of habitat quality and supporting

sustainable development in vulnerable areas.
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