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A B S T R A C T

Grassland degradation has become a global social–ecological problem, which seriously limits the sustainability of
indigenous people’s livelihoods. Bibliometrics, a type of analysis based on the Science Citation Index—Expanded
(SCI-E), was therefore performed to explore the research trends and focus areas of studies on sustainable liveli-
hoods (SLs). We conducted an in-depth analysis of 489 research publications and their 25,144 references from
1991 to 2020. The results show that only few papers have been published, but the number of countries and
research institutions involved shows an overall imbalance. We identified eight main clusters based on keyword co-
occurrence, these being studies the content of which is an important representation of current research directions
in this topic. The document co-citation analysis revealed 10 research clusters, representing the frontiers of
research. Clusters included the following topics: NPP (Net Primary Productivity) dynamics, global change,
ecological restoration, risk indicators, livelihood strategies, smallholder systems, drought relief, sustainable land
management and common pool resources. We reviewed and interpreted these clusters in depth with a view to
provide an up-to-date account of the dynamics of this research. As the first scientometric evaluation of research on
sustainable livelihoods in grassland ecosystems, this study provides several theoretical and practical implications
for global poverty eradication research, which are of great scientific value for global sustainable development.
1. Introduction

Grassland ecosystems are the largest terrestrial ecosystems on Earth,
covering approximately 40% of the Earth’s land surface (Cingolani et al.,
2005; Li et al., 2021a; Milchunas and Lauenroth, 1993). They play an
essential and unique role in climate regulation, water conservation (Chen
et al., 2021), the supply of livestock products, biodiversity conservation
(Cao et al., 2013) and socio-ecological security (Bengtsson et al., 2019;
Blair et al., 2014), and also sustain the livelihood of approximately 800
million people (Archibold, 1995). As one of the most important resources
for human survival, grasslands with fragile habitat, a large population,
and a large livestock population, as well as the typical characteristics of
shared use and management by pastoralists (Reid et al., 2014). However,
with the advent of the Anthropocene, grasslands have experienced
increasingly severe global climate change and high-intensity human
gli@ucas.ac.cn (L. Tang).
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activities, and grassland degradation has become one of the most global
ecological problems (Zhang et al., 2020a), severely limiting international
economic development and restricting the livelihoods of local residents
(Li et al., 2022a).

Approximately 50% of the grasslands in the world have experienced
different degrees of degradation, of which nearly 5% have reached the
level of severe degradation (Li et al., 2022b). Degradation can influence
the physicochemical properties of the soil (Lin et al., 2010b; Wu et al.,
2010, 2014b), types of grassland vegetation and species patterns (Bi
et al., 2020; Li et al., 2008; Lin et al., 2010a; Su et al., 2015; Yan and Lu,
2015), and grassland ecosystem structure and function (Dong et al.,
2020; Zhang et al., 2020b). Grassland degradation is a complex social-
–ecological problem (Li et al., 2022b; Li et al., 2021a). On the one hand,
local herders must rely on the grassland to maintain their livelihood
needs, and need the grassland ecosystem to provide rich and diverse
tember 2022
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products (such as, milk, meat, and fur) and services (grassland culture,
and the ecological landscape) (Li et al., 2022a). The production model of
herders is a natural choice under resource constraints and is the result of
long-term cultural adaptation to the grassland ecosystem. On the other
hand, a decline in the quality of grassland (including plants and soils) to
varying degrees and a reduction in productivity, economic potential, and
service functions (Tschopp et al., 2010; Zhang et al., 2020b). These fac-
tors can decrease the productivity of grassland when directly compared
with non-degraded grassland. Therefore, the productive capacity needed
to maintain the original livelihood level of pastoralists is reduced, and to
some extent their ability to cope with external risks and disasters is
weakened, and the potential threat of unattainable regional development
increased.

To maintain the original quality of their livelihood, pastoralists
need to engage in larger and more intensive grazing activities on the
current low-quality grasslands. This process forms a vicious circle of
“grassland degradation—livelihood needs—expansion of production
scale/intensity—grassland degradation again”, leading to a new
“grassland degradation” trap for pastoralist. Grassland degradation
poses a major threat to global ecosystem functions and regional
ecological security (Harris, 2010; Lu et al., 2015; Wu et al., 2014a). At
the same time, it serious constraints on global social–ecological
development and the effective achievement of the 2030 sustainable
development goals (Zhang et al., 2020b). Livelihoods reflect the choice
and utilization of resources by humans (Jampel, 2016). With pasto-
ralism, livelihoods comprise a range of pastoral activities combined
with non-pastoral activities. These activities provide strategies for
resource acquisition and constitute pastoral livelihood systems (Li
et al., 2021b). Sustainable livelihoods (SLs), as an important tool for
achieving sustainable development and poverty eradication, have been
extensively studied in many rural areas around the world. Therefore,
the study of SLs in pastoral areas has become particularly important in
this context.

SLs refer to the ability to combine environmental and economic re-
sources to recover from these traumas and to enhance and maintain long-
term survival when people’s survival is subject to external shocks and
stress (Li et al., 2021b; Chambers, R.a.C., G.R, 1992; Scoones, 2009). SLs
are closely related to specific environment, societies and cultures, and are
often used as a starting point for understanding resource utilization and
potential welfare. Differences in natural geographical environment and
social–ecological conditions in different regions lead to significant dif-
ferences in people’s value orientation, resource utilization methods and
levels, resulting in different livelihood tools (Su et al., 2021; Yan et al.,
2010). The spatial differentiation of livelihoods is not only reflected in
livelihood assets but also in livelihood mode, livelihood risk, livelihood
security and livelihood vulnerability. Livelihood is an integrated com-
bination of the means of earning a living based on capabilities, assets
(including reserves, resources, requirements and entitlements) and ac-
tivities (Borowy, 2013). As the core of livelihood, capital can be divided
into natural capital, human capital, financial capital, physical capital and
social capital (Scoones, 1998, 2009).

Scientometric analysis is a classic and popular method to analyze
the focus and trends of a specific research field. This method has
been applied to land degradation livelihoods (Aleixandre-Benavent
et al., 2018; Guan et al., 2019; Romanelli et al., 2018; Xie et al.,
2020), environment management livelihoods (Escadafal et al., 2015;
Wu et al., 2018), and global sustainable livelihoods (Zhang et al.,
2019). There are few studies on SLs in grassland ecosystems. More
importantly, earlier studies were limited to a specific location and
did not allow for an integrated and comprehensive analysis of global
studies. Therefore, based on the above research gap, we use the
co-citation and co-occurrence method to analyze the SLs within
grassland ecosystems. The main research of this study is (1) the
basic development status of SLs; (2) the current research directions
of SLs, and the main areas of focus; (3) the frontiers of SLs within
the grassland ecosystem.
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2. Materials and methods

2.1. Database

The studies chosen were based on the SCIE database of Clarivate
Analytics, USA. We obtained the final search criteria by consulting
relevant literature and consulting experts to repeatedly test keywords.
The final choice was TS ¼ (sustain* and livelihood*) AND TS ¼ (grass-
land* or meadow* or meadowland* or steppe or rangeland or grazing or
herdman or livestock* or pasture or prairie or campo grassland* or
pampas grassland or savanna) for retrieval (Li et al., 2021b). The data-
base selected SCI-EXTENDED, SSCI in the core collection. The retrieval
time was from 1990 to 2020. The database was updated on October 26,
2020, and the language selected was English. A total of 587 studies were
obtained, and 489 studies were finally selected as the research literature
collection after eliminating the irrelevant research subjects.

2.2. Methods of data analysis

2.2.1. Keywords co-occurrence analysis
Co-occurrence analysis uses word pairs or noun phrases that co-occur

in a collection to determine the relationship between the topics repre-
sented by the collection (Li et al., 2021b). By counting the frequency of
subject words appearing in the same document, a co-word network
consisting of pairs of these words can be formed (Li et al., 2021b; van Eck
andWaltman, 2010). High-frequency keywords can indicate the research
hotspots and research topics in a certain period (Li et al., 2021b).
Through the automatic algorithm of VOSviewer software, the
co-occurrence analysis of these keywords was carried out, and clusters
formed, representing the current research field (Li et al., 2021b; van Eck
and Waltman, 2010). These clusters can denote the directions that are
currently of the most interest among the related researchers (Li et al.,
2021b).

2.2.2. Document Co-citation analysis (DCA)
DCA uses CiteSpace reference analysis, according to the co-citation

and strength of the establishment of network links, to carry out an effi-
cient review of the knowledge base and knowledge structure in a field.
This analysis allows researchers to quickly grasp the historical context of
the field. It is usually visualized in the form of a network clustering di-
agram and timeline diagram. The timeline graph can effectively review
the heat and activity of some key studies over time and can form cluster
labels. The cluster tags generally represent the topics of common research
in this group. Professor Chen Chaomei generally recommends the log
likelihood ratio (LLR) function within CiteSpace (Chen, 2004, 2017;
Chen et al., 2010). To further improve the accuracy of tags, we extracted
not only specific tags from the title of the publication, but also suggested
keywords and phrases in articles and abstracts (Aryadoust, 2020). We
explored and tabulated the content of each category of mainstream
publications, while revising imprecise titles for major clusters. The
appearance of word senses can increase the attention of certain works in
the literature, referring to a sudden increase in a certain publication over
a certain period of time. This is a form of visual representation that is
valued by scholars in the field of study.

3. Results

3.1. Descriptive statistics

We conducted an analysis of basic data information in the literature to
determine the number of papers published each year, the names of the
journals in which these papers were published, and the names of the most
productive authors, universities/institutions, and countries/regions in
which the authors resided at the time of publication, as well as the
disciplinary categories of these papers. Overall, research on SLs in
grassland ecosystems has shown an exponential growth trend since 1991



Figure 1. Frequency analysis of the 489 publications on these filed studies.
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(Figure 1a). Figure 1b displays the top 12 publishing journals, with the
largest number of articles being published in Rangeland Journal (22),
Mountain Research and Development (18), and Journal of Environmental
Management (17). Figure 1c and 1d highlight the trends over the last 10
years in the subject categories of SLs in grassland ecosystems research,
and the top five subject categories, mainly in ecology and environmental
science research. In terms of participating universities and institutions,
the Chinese Academy of Sciences topped the list with 28 papers, while
Wageningen University (15 papers) was second, and Charles Darwin
University, International Livestock Research Institute, and University
Leeds all tied for third place with 11 papers each (Figure 1e). Figure 1f
highlights the most prolific authors, with Cao S.X., Dougill A.J., Shack-
leton C.M., and Witkowski Etf topping the list of published papers (six
papers each), followed by Chen L., and Hou X.Y. (five papers). All other
authors published fewer than five papers.
3.2. Keywords co-occurrence analysis

A total of 22,224 keywords were detected in 489 papers on SLs from
1991 to 2020. These keywords were analyzed using co-occurrence
(Figure 2) and clustering techniques. The eight seminal keyword cate-
gories that provide the basis for SLs research in pastoral areas are as
follows: management, livelihoods, conservation, sustainability, climate
change, degradation, biodiversity, and climate. In addition to these, the
following themes stand out: adaptation, dynamics, land use, rangeland,
3

vegetation, and pastoralism. In this sense, the different periods studied by
SLs make up an elegant collection. That may also contribute to validate
the eight research themes identified in the research activities, repre-
senting the eight clusters. Table 1 shows the eight clusters that were
examined. These are labeled with the most frequent keywords and are
ordered by the percentage of keywords they contain, as follows: cluster 1,
red, climate change; cluster 2, green, management; cluster 3, deep blue,
degradation; cluster 4, yellow, sustainability; cluster 5, purple, biodi-
versity; cluster 6, light blue, ecosystem services; cluster 7, orange, live-
stock; cluster 8, brown, grassland. The link weight and total link strength
contributed by each representative keyword are included and the ten
most important keywords are provided. These key clusters are an
important form of visualization for many studies and are important for
understanding current research (Figure 2).
3.3. Document co-citation analysis

The DCA identified 10 clusters, of which 7 significant clusters con-
tained one or more bursts (Figure 3). The timeline visualization of the
DCA network, as illustrated in Figure 4, provides an overview of the
development of research on SLs in pastoral areas (modularity Q ¼
0.9433; mean silhouette score ¼ 0.9723). The longest cluster shown in
the visualization is cluster 0, which is automatically labeled “NPP dy-
namics” (Here, NPP is Net Primary Productivity). The cluster 0 was active
from 2002 to 2011.



Figure 2. Network of keywords based on the co-occurrence method on SLs research from 1991 to 2020.
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Since 2012, new developments have been observed in visualization.
For example, cluster 2 is marked as ecological restoration, cluster 3 is
labeled as “risk indicator”, cluster 8 is marked as “drought relief”, and
cluster 14 is marked as “common pool resource”. These clustering tags
form the knowledge base and structure of a new research direction. From
2015 to 2016, there were large nodes and red tree circles in the cluster,
indicating that publications in the cluster were highly cited during this
period. The timeline visualization also provides chronological informa-
tion about the duration of each cluster activity. We can see the activity
and the duration of the topic in the research direction of the references.
At present, the active clusters are 2, 3, 8, and 14, and cluster 4, labeled
“livelihoods strategies”, is relatively active.

The temporal characteristics, as well as the duration of all clusters, are
shown in Table 2, and the results show that cluster 0 has the longest
duration, but also started the earliest, from 2003 to 2012. Cluster 14 has
the shortest duration, but started later, from 2016, and the whole cluster
can be judged based on the temporal characteristics heat and activity.
The results show that cluster 3 has the highest activity, and the latest
study, in 2020, reflects that cluster 3 is marked as a risk indicator.

3.3.1. Literature co-citation analysis: clustering characteristics
Table 2 shows the published representative articles that cover the

most citations in each cluster. The coverage index refers to the number of
articles in the listed literature that cite the articles in the cluster as ref-
erences. The degree of coverage represents the contribution of the article
to the formation of the cluster labels; the higher the coverage, the more
4

integrated and representative it is in the whole cluster. For example, two
articles in cluster 5 have high coverage for references in the cluster,
reaching 0.59 and 0.55, respectively. Phelps and Kelly (2019) has a high
coverage index for articles in cluster 8, indicating that this article cites
57% of the literature in this group. These articles are useful for deter-
mining the overall sub-research direction. Suggested cluster label names
are also given for the articles with high coverage index. In the “Discus-
sion” section, the content and scope of each cluster are further discussed,
and the latest articles and keywords are used to interpret the research
hotspots and frontier areas.

3.3.2. Document co-citation analysis: burst detection
The publications and authors with the top 10 greatest burst intensities

are displayed in Figure 3. Moreover, this article presents the sudden high
value from 2019, and the article of Reid et al. (2014) is also a recent
emergent reference, indicating that the two are of common concern to
many scholars, which implies the basis of knowledge for a potential new
research direction. Among these references, the longest duration of
emergence was found in Reynolds et al. (2007), which reached 5 years.
After the introduction of the 2030 sustainable development goals, Foley
et al. (2011) emerged as a prominent reference, with a duration of only 2
years. Reid et al. (2014), Harris (2010), Li and Huntsinger (2011) other
articles were all emergent studies in the literature that appeared one year
after publication; Vetter (2013) was the most prominent article of that
year. It took an average of three to four years for other articles to break
out. These emergent articles played an important role in the evolution of



Table 1. Identified clusters of keywords on SLs research from 1991 to 2020.

ID M C Name O L TLS Top 10 Keywords

1 33 red climate change 38 101 215 Adaptation; resilience; systems
Vulnerability; food security; knowledge cattle;
strategies framework

2 31 green management 101 173 602 Livelihoods; conservation; impact; savanna;
deforestation; forest; diversity; patterns; indigenous
knowledge

3 28 deep blue degradation 402 678 29,40 Systems, dynamics, land degradation,
desertification, communities, carbon
Rangeland, challenges, Ethiopia, restoration

4 28 yellow sustainability 65 145 371 land-use, impacts, poverty, Africa, environment
carbon sequestration, cover, diversification
ecology

5 25 purple biodiversity 65 145 371 Vegetation, agriculture, landscape, sustainable
livelihoods, grazing, land, biodiversity
conservation, forests, Bhutan

6 21 light blue ecosystem services 32 102 185 Policy, China, grasslands, inner-Mongolia
Soil, risk, intensification, herders grassland
degradation

7 19 orange livestock 37 112 238 Rangelands, pastoralism, institutions
Drought, pastoralists, commons, governance,
Tanzania, Kenya, property-rights

8 16 brown grassland 21 67 107 Climate, land use, areas, classification, Biomass,
GIS, ecosystem, productivity, remote sensing

Abbreviations, ID: cluster ID; M: cluster members; C: color in Figure 2; O: Occurrences; L: Weight Links; TLS: Weight Total Link Strength.
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the knowledge structure of SLs in pastoral areas. It is necessary to further
analyze these knowledge bases in the discussion.

4. Discussion

In this study, keyword co-occurrence scores were applied to showcase
popular keywords and research clusters of current research. These clus-
ters represent current research directions, with a total of eight research
directions that play an overarching role in the in-depth understanding of
SLs in pastoral areas. Most importantly, DCA was applied as a co-citation
analysis to mine 489 publications on SLs in pastoral areas from Web of
Science. We identified 10 research clusters. The following section focuses
on the key features of each cluster in DCA, their contribution to research
on SLs in pastoral areas, and the implications of these findings.

The following sections highlight the main characteristics of each
cluster in DCA, its contribution to pastoral SL research, and the impli-
cations of these findings.

� Cluster 0: NPP dynamic

This cluster brings together 37 references and is the largest cluster but
has a relatively low level of reference activity. The main focus of these ar-
ticles is on the primary productivity of grasslands to sustain livestock pro-
duction and the maintenance of pastoralist livelihoods. The size of the
primary productivity of grasslands is the basis of pastoralist livelihoods, and
understanding the drivers and mechanisms of grassland productivity dy-
namics is a prerequisite for research into effective resource regimes and
policies for the sustainablemanagement of grassland resources (Wanget al.,
2013).However, grasslanddegradationanddesertificationon aglobal scale
(Reynolds et al., 2007) lead to severe ecological problems (e.g., sandstorms)
(Adeel and Safriel, 2008) and stimulate the frequency of natural disasters
(Ulambayar and Fern�andez-Gim�enez, 2019). This has had a significant
impact on social–ecological development. To maintain grassland ecosys-
tems such that they are able to provide sound ecosystem services and better
sustain the livelihoods of pastoralists. The research has identified twomain
areas of national policy macro-regulation and alternative livelihood stra-
tegies to better promote SLs. For example, the Grain to Green Program
(GTGP), implemented by the Chinese government, has been cited bymany
scholars as a means of converting arable land into forests and grasslands by
5

providing foodandcashsubsidies to farmers (Liuetal., 2008), toachieve the
goal of curbinggrasslanddegradationand improving local livelihoods in the
western rangeland (Zhou et al., 2009). Alternative livelihood strategies are
designed to reduce the social pressure on grassland ecosystems. For
example, chicken farming in the Hunshundake sand of northern China has
reduced pressure on grasslands while increasing vegetation cover and pri-
mary productivity. Thus, it provides a guarantee to effectively curb the
socio-ecological problems caused by grassland degradation, such as
declining primary productivity and livelihood vulnerability, and can be a
powerful tool to overcome and reverse grassland degradation andmaintain
SLs (Adeel and Safriel, 2008; Laflamme, 2011; Reynolds et al., 2007).

� Cluster 1: global change

The main research theme of this cluster is the identification of drivers
for the development of SLs in pastoral areas in the context of global climate
change and economic uncertainty. Under the impact of global climate
change and irrational grazing practices, grassland socio-ecological sys-
tems are facing a range of eco-economic problems, such as overgrazing,
rodent damage (Harris, 2010), repeated drought, erosion processes,
changes in forest and landscape patterns. For example, forest to grassland
(Fraser et al., 2011; Sendzimir et al., 2011), the invasionofwoodyplants in
grassland (Maestre et al., 2016), and population growth. Additionally, the
impact of government land policies has invariably exacerbated social
pressures to maintain SLs. However, drivers of grassland degradation are
currently unclear and need to be further identified (Harris, 2010).

� Cluster 2: ecological restoration

Most grasslands are located in underdeveloped areas, and people face
poverty and grassland degradation (mainly physical degradation and
erosion),which interact to forma “poverty trap” (Caoetal., 2017a).Theaim
of the co-evolution of environmental management research and policy ap-
proaches is to mitigate land degradation in drylands (Stringer et al., 2012).
In order to achieve SLs in pastoral areas, grassland degradation can be
reversed through active measures (e.g., mixed species planting and frame-
work species) and passive measures (e.g., area isolation, assisted natural
regeneration, rotational grazing, grazing bans and ecological migration)
(Yirdaw et al., 2017). However, the process of ecological restoration should



Figure 3. Top 10 References with the strongest citation bursts (the red bars indicate some keywords cited frequently; the green bars indicate keywords cited
infrequently).

Figure 4. Visualization of clusters of the published research emerging from 1991 to 2020 using Document Co-citation Analysis (Modularity Q ¼ 0.9433; Mean
silhouette score ¼ 0.9723). This figure was generated using CiteSpace computer package, version 5.7R2. All the clustering information can be detailed in
the Appendix.
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not be focused on restoration effects and environmental improvements to
the exclusion of the livelihoods of local people (Cao et al., 2010, 2017b,
2017c). It has been shown that long-term improvements in livelihoods and
poverty alleviation have a significant positive effect on reducing grassland
degradation (Cao et al., 2017b). The collaborative management of settle-
ment planning, combining soil conservation and livestock management
strategies (such as controlled grazing levels and rotational grazing), can
improve the quality of land in rangeland areas (Orchard et al., 2016). Ur-
banization dynamicswill be amajor influence on the future use of grassland
resources (Allington et al., 2018; Reed et al., 2015).

� Cluster 3: risk indicator

The risk indicators presented in these articles mainly refer to the risk
indicators that affect the access of pastoralists to SLs, and a review of the
literature shows that these risk indicators fall into two main categories:
6

risk indicators of irrational grazing by pastoralists (high stock carrying
rates) and risk indicators of climate change (Jimoh et al., 2020). Both
directly or indirectly affect the state of grassland utilization to some
extent. Risk indicators that affect pastoralist stock carrying rates are
mainly in the five dimensions of livelihood capital, such as natural capital
(area of grassland owned) (Jimoh et al., 2020), human capital (level of
education and ecological awareness), social capital (pastoralist cooper-
ation, policy factors, and joint household management) (Li et al., 2018a),
physical capital (transport), and financial capital (availability of finance).
The risk indicators of climate change are mainly related to climate ex-
tremes, differences in annual seasonal precipitation, the length of the dry
season (Pachzelt et al., 2015), winter weather disasters, and the invasion
of exotic species (Fern�andez-Gim�enez et al., 2015). Some findings sug-
gest that in addressing these risk indicators, pastoralists have stronger
adaptive strategies and adaptive capacity in communities with, rather
than without, formal community-based natural resource management



Table 2. Temporal properties of major clusters.

ID* Size Si* F* To D* M* Su* A* Label

0 37 0.997 2003 2012 10 2007 Inactive NPP dynamic

1 32 0.963 2006 2014 9 2009 Inactive global change

2 32 1 2012 2018 7 2014 þþþ Active ecological restoration

3 32 0.936 2015 2020 6 2017 þþþþ Active risk indicator

4 23 0.912 2013 2017 5 2014 þþ Inactive livelihood strategies

5 22 0.991 2012 2016 5 2014 Inactive cal yr

6 21 0.963 2011 2015 5 2012 Inactive smallholder system

8 20 1 2014 2018 5 2016 þþþ Active drought relief

12 11 0.98 2011 2014 4 2012 Inactive sustainable land management

14 10 0.994 2016 2018 3 2016 þþþ Active common pool resource

Abbreviations: ID* ¼ Cluster ID; Si* ¼ Silhouette value; F* ¼ From; D* ¼ Duration; M ¼ Mean (Year); Su* ¼ Sustainability; A* ¼ Activeness.
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(CBNRM), as CBNRM communities have better knowledge exchange,
information access, social capital linkages, and positive behaviors (Fer-
nandez-Gimenez et al., 2014). Meanwhile, Liao et al. (2020) found that
the reduced mobility of pastoralists can increase grassland degradation
(Briske et al., 2015), because sedentary pastoralists use rangelands more
frequently. The prevailing strategy for addressing grassland degradation
emphasizes strengthening livestock production systems to sustain
pastoralist livelihoods and large livestock numbers. However, this strat-
egy is unsustainable as maximizing livestock income brings with it high
supplementary fodder costs, marginalizing net household income and
promoting larger flock sizes, thus creating a positive feedback loop that
drives grassland degradation (Briske et al., 2015). This is the same
pattern as in the pastoralist areas of China, where the pastoralist model of
joint-household grazing (Cao et al., 2011, 2013, 2018) can be found.
Associated with declining mobility are livelihood intensification and
diversification, but this livelihood shift can bring with it both social-
–ecological and environmental risks. Thus, addressing risk indicators and
achieving SLs must start with improving pastoral livelihood capital,
encouraging livelihood diversification strategies, increasing pastoralist
community-based operations, taking into account local ecological con-
ditions and pastoralist perspectives in policy design, and providing
ongoing education for pastoralists (Jimoh et al., 2020).

� Cluster 4: livelihood strategies

This cluster brings together a total of 22 references cited in studies on
SLs in grasslands, where pastoralists' livelihood strategies are based on
flexible pasture management practices. These practices are actively or
passively selected based on changes in livelihood capital stocks and
social–ecological dynamics (Lu, 2018). The aim is to create a collection of
programs that can achieve the objectives, specific dynamics, relevance and
spatial and temporal heterogeneity (Lu, 2018) that are largely influenced
by livelihood capital. This is a functional response of livelihood capital,
which acts as a buffer mechanism when shocks occur (Ding et al., 2018).

As thenatural capital ofherdsmen,aridgrassland is an importantpart of
pastoralists' livelihood. The precipitation is the climatic factor that has the
greatest impact on the functioning of grassland ecosystems (Wang et al.,
2013). The spatial heterogeneity of climate highlights the differences in
livelihood capital from local-scale studies (Hu et al., 2018). Pastoralists
having more natural capital leads them to choose livelihood strategies
without pastoral production, andwhenpastoralistshavemorephysicaland
financial capital, they tend to choose livelihood strategies that involve
livestock production (Ding et al., 2018). There is a need for income
diversification strategies to enhance total livelihood capital (Soltani et al.,
2012), suchas capacitybuildingandbusiness education (Ding et al., 2018).

The enhancement of human capital contributes to the provision of
sustainable fodder resources for maintaining livestock systems and
slowing down the degradation of grasslands (Altmann et al., 2018). Some
scholars have shown that local governments and market institutions play
an important role in developing and promoting livelihood strategies for
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pastoralists. It’s mainly reflected in enriching the social capital of local
pastoralists through mobility and community cooperation. The acquisi-
tion and storage of pastures has become an important adaptation strategy
for pastoralists. While livestock management strategies, household
financial capital, environmental (i.e., precipitation and vegetation
growth) variability and grassland degradation are important factors
influencing pastoralists adaptation strategies (Wang et al., 2013).

� Cluster 5: cal yr

The proposed label for this cluster is landscape heterogeneity. Global
grassland ecosystems are facing two major pressures, climate change
(annual inter-seasonal variation in rainfall and spatial variation) and the
spatialand temporalheterogeneityofhabitats (habitat fragmentationdue to
grassland grazing) (Marchant et al., 2018; Reid et al., 2014). The amount of
rainfall will directly determine grazing intensity (Collins et al., 2012), and
the use of grazing in turn affects the efficiency of rainwater use (Ruppert
et al., 2012). Due to the specificity and fragility of grassland ecosystems,
livestock farming as themain form of land use varieswith precipitation and
grassland quality, leading to different livelihood strategies (Marchant et al.,
2018). Differences in grassland use directly determine the level of grassland
productivity and pastoralist livelihoods, so the sustainability of pastoral
livelihoods lies in how to effectively enhance the use of landscape
heterogeneity.

Innovative grassland management using landscape-scale variability is
an effective way to improve pastoralist SLs (Greiner et al., 2013; Reid et al.,
2014; Wu, 2005, 2013). For example, the family contract responsibility
system for grassland in China fails to fully recognize the heterogeneity of
grassland resources, resulting in the fragmentation and degradation of the
grassland landscape and the reduced ability of individual herders to cope
with natural disasters (Reid et al., 2014). This system increases themobility
of livestock and reduces the number of livestock per unit area and per unit
time, thus effectively increasing the level of pasture productivity and
grazing income, improving the livelihood structure, and promoting the
sustainable development of the livelihoods of grassland pastoralists. This
management approach can effectively increase the mobility of natural re-
sources and social factors (Martin et al., 2016), and helps pastoralists to
approach the market, protect external resources, and improve their ability
to cope with external environmental pressures (Marchant et al., 2018;
Martin et al., 2016; Reid et al., 2014). Martin et al. (2016) noted that the
adoption of strategies to “increasemobility” and “diversify incomes to cope
with income risks from livestock farming” have increased risk resilience to
some extent, thereby contributing to the maintenance of SLs in pastoral
areas.

� Cluster 6: smallholder system

The research area of smallholder systems is mainly focused in the arid
and semi-arid grassland regions of Africa. Smallholder systems are
characterized by high rates of greenhouse gas emissions and the
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vulnerability of livestock to climate change (Traore et al., 2013; Foley
et al., 2011). Local pastoralists require constant adaptation of dynamic
environment and extensive use for grasslands to maintain the basic
productivity and livelihoods of local people (Descheemaeker et al.,
2016). However, the high level of exploitation and conversion of ran-
gelands to agricultural land is based on the need for food and a lack of
awareness of the loss of biodiversity, resulting in the incompleteness of
ecosystems. These processes are constrained by a number of factors,
including small farm size, herd structure, lack of market access and
related knowledge, insecurity of land tenure, and the common property
status of most grazing resources, all of which contribute to simplistic
levels of livelihoods and crude land management (Descheemaeker et al.,
2016). Therefore, the management of smallholder systems is critical to
livelihoods and land sustainability.

Sustained agricultural intensification policies, improved forage mix
production systems, and effective forage sustainability (genetic intensi-
fication—the development and use of superior forage and legume vari-
eties to improve livestock productivity; ecological intensification—the
development and application of improved agricultural and natural
resource management practices; and social–ecological intensification)
can reduce pressure on rangeland biodiversity and increase productivity
and ecosystem services. Improving local and national institutions and
policies to enable improved technologies and support their sustainable
use. Some researcher indicated this can reduce pressure on rangeland
biodiversity and increase productivity and ecosystem services, via ap-
proaches such as improving soil quality, reducing erosion, minimizing
sedimentation and greenhouse gas emissions, and halting biodiversity
loss altogether (Alkemade et al., 2013; Foley et al., 2011; Rao et al.,
2015).

� Cluster 8: drought relief

Drought and climate change are important ecological issues facing
grassland ecosystems globally (Phelps and Kelly, 2019). For example,
rising atmospheric carbon dioxide concentrations could lead to the in-
vasion of grasslands by woody plants (Yamba et al., 2017). The increase
in drought triggers the incidence of grassland fire (Lehmann and Parr,
2016; O'Connor and Page, 2014) and the degradation of grasslands
(Bardgett et al., 2021; Lehmann and Parr, 2016). Grassland degradation
and livelihood vulnerability are two major challenges facing pastoralists,
rangeland managers, and policy makers in arid and semi-arid areas
(Gharibvand et al., 2015), particularly in rangelands that may lack sound
social–ecological systems (Phelps and Kelly, 2019). For example, the
Central West Queensland (CWQ) region of Australia has officially been in
drought since 2013 with well below average rainfall, and remained in
drought as of 2019, which has resulted in a 20% reduction in livelihood
losses and out-migration. To protect grasslands and sustain livelihoods,
mitigation (eg. livelihoods diversification), adaptation (eg., adapting to
climate-related stressors) and transformation (eg., new technologies)
livelihood strategies are mostly used in an attempt to create and promote
an appropriate set of livelihood alternatives (Foran et al., 2019; Lamb
et al., 2019) and keep them sustainable, focusing capacity building on
communities that have accumulated knowledge over time based on
rangeland demographics (Foran et al., 2019). Rather than being limited
to supporting ‘vulnerable livelihoods’, SLs and sustainable rangeland
management can be achieved (Gharibvand et al., 2015).

� Cluster 12: sustainable land management

Reed et al. (2015) proposed newways to move from land degradation
to sustainable landmanagement using economic mechanisms, combining
insights from the ecosystem services framework with SLs analysis (Reed
et al., 2013, 2015) to identify economic opportunities arising from the
ecosystem services provided by sustainable land management. Bush in-
vasion described globally as “the most prevalent problem on dryland
rangelands” (Afzali et al., 2021). Bush invasion reduces forage
8

production while increasing the number of invasive species that livestock
do not like, thus reducing the availability and heterogeneity of forage
resources (Perkins and Thomas, 1993; Scoones, 1998). This land degra-
dation can therefore lead to a reduction in the economic output of
cattle-based livelihood systems (Scholes et al., 2013). By exploring the
extent to which sustainable land management enhances the provision of
ecosystem services, it is possible to systematically consider some of the
costs, benefits and trade-offs associated with different approaches to
addressing land degradation (Bunting et al., 2013).

In the case of the China Pastoral Study, for example, many scholars
have conducted more in-depth studies on the causes, processes, influ-
encing factors and restoration measures of grassland degradation (Kemp
et al., 2020; Li et al., 2013, 2018b; Liu et al., 2019). Many research results
have shown that overgrazing and other irrational human resource use
pattern (eg.,mining exploitation; unreasonable use of chemical fertilizers)
is the main cause of grassland degradation (Li et al., 2022a, Li et al.,
2022c). To curb grassland degradation effectively, the Chinese govern-
ment has adopted many grassland management policies (such as, the
grassland contract responsibility system and the grassland ecological
protection subsidy and incentive mechanism), however the results have
not been satisfactory (Zhuet al., 2022).Numerous studieshave shown that
the above grassland management policies have, to a certain extent,
improved the degradation of grassland caused by overgrazing, increased
herders' income, and improved the quality of grassland (Li et al., 2022a;
MacDougall et al., 2013). However, due to numerous factors, such as poor
resource conditions in pastoral areas, high habitat vulnerability, high
population pressure, a single grassland industrial structure, the increased
costs of fixed grazing production, low ecological incentive standards, the
hidden imbalance of resources caused by contracting pasture to house-
holds, and the “fencing effect” brought about by the construction of a large
number of fences, coupled with the phenomenon of the “de-grazing of
pastoralists” in pastoral areas, overgrazing still exists to a large degree,
leading to the situation of continuous degradation in some areas.

The root cause of this is the lack of in-depth research into the effects of
grassland management policies and the internal causes of grassland
degradation, which has led to measures to combat grassland degradation
being based on the simple logic of “increasing grass and reducing live-
stock” and on the idea of “correcting herders' behavior”. As a result,
policies aimed at protecting the ecology have had little effect, and in
some places the ecology of grasslands has even deteriorated further. It is
the diversity and complexity of stakeholders in grassland ecosystems that
exacerbates the uncertainty in managing grassland degradation, and it is
this uncertainty that makes it so difficult to address the problem.
Although a great deal of research has been carried out in the past on the
effects of grasslandmanagement policies, there is still a lack of systematic
analysis and reporting on the mechanisms of sustainable management
models for pastoralists, which remains a priority for future research.

� Cluster 14: common pool resource

Grasslands are known as a worldwide common pool resource, not
only because they are a major source of food, but also because they
provide powerful ecological and environmental services that play an
important role in supporting the livelihoods of local people (Addison and
Brown, 2014). Existing research on grassland degradation has focused
mainly on technical solutions, with little attention being paid to the
institutional and policy drivers of pastoralist behavior and the resulting
environmental impacts. This may explain why, despite significant efforts
by governments to control grassland degradation, the area of degraded
grassland continues to expand at a rapid rate (Assefa and Hans-Rudolf,
2017; Wang et al., 2019; Zhang et al., 2020a). Additionally, studies
have shown that effective management systems can balance the vested
interests and responsibilities between property owners and re-
sponsibilities. In managing grasslands with the aim of reducing degra-
dation, government funding for the construction of fences and sheds, for
example, is necessary for micro-grassland users (Assefa and Hans-Rudolf,
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2017; Banks et al., 2003; Wang et al., 2019; Zhang et al., 2020c). At the
same time, policies should be developed to improve the educational level
of pastoralists and to make it more likely that they will participate in
non-farm employment opportunities. Reducing the number of people in
pastoral areas and reducing population pressure is undoubtedly an
effective measure to reduce the degradation of grasslands. It is also an
important basis for achieving SLs for local people.

5. Conclusion

In conclusion, the scientometric approach used in this study provides
evidence of the dynamic nature of SLs in grassland ecosystem research in
the first time. In this study, the results show that popular keywords and
clusters of current research by keywords co-occurrence, which a total of
eight current research directions, and plays an important role in gaining
an in-depth understanding of SLs in pastoral areas. Most importantly, the
DCA results identify ten research clusters that form an important basis for
past, current, and future research. Moreover, the use of visualization and
co-citation techniques allowed us to map out the frontiers of the pro-
fession, emphasizing the interconnections between all publications and
research trends. These studies have important implications for a deeper
understanding of the role of SLs in grassland ecosystems globally and are
instructive for addressing issues in sustainable development, with the
goal of poverty eradication.

6. Limitations

This study also has several limitations. Firstly, the scope of the study
literature is limited to the core collection of Web of Science. As a result, a
broader scope of data analysis, such as a comparison with Google
Scholar, is lacking. While a “competitive” analysis that does not consider
external influences is valid, a comprehensive competitive judgment of an
organization, journal, or author would require broader supporting data
than just internal data from a closed-ended reexamination. Secondly, the
number of literature searches underpins all results and discussions, and a
comparison of the number of studies on sustainable livelihoods in
grasslands with other well-established research topics reveals that the
literature is relatively small. In addition, the literature co-citation anal-
ysis is also limited because the results rely on clusters calculated by the
software’s internal algorithm, rather than the results of a manual exact
analysis, and lack of comparative analysis. Although this analysis can
predict frontiers in a short period of time, it cannot predict the value of
individual studies in a short period of time, so this approach is not
conducive to evaluating the most recently published studies. Consider-
ation of the above issues should be considered in future studies. There-
fore, the results of these studies can be used as an important basis for
future research, and it is worth considering the research directions and
priorities for in-depth interpretation and discernment of SLs in grassland
ecosystem.
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