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Abstract: Under the background of global environmental change, a huge impact has been made on
the village ecosystem, which leads to disorder of structure and function of the village ecosystem. The
current management measures of the village have failed in allowing the village to achieve sustainable
development. Research on the vulnerability and resilience of the village ecosystem is helpful in
regards to the ecological restoration of the village. The research status and progress in regards to
the vulnerability and resilience of the village ecosystem are not clear, and the summary of research
results and problems is insufficient. Based on 87 related literatures, this paper focuses on the current
status and progress of village ecosystem vulnerability and resilience research, and reveals the current
research results and shortcomings of village ecosystem vulnerability and resilience. We found that:
(1) the research on vulnerability and resilience of the village ecosystem is on the rise; (2) the research
mainly focuses on the index system, monitoring and assessment, mechanism research and strategy
research. The monitoring and assessment research is the most prominent, which mainly discusses the
research methods, the vulnerability and the resilience of the village ecosystem; (3) the study area is
mainly concentrated in Asia, North America and Africa. Research institutions are mainly institutions
of higher learning and research institutes (centers). Finally, this paper finds that major scientific
and technical studies such as the construction of indicator systems and the study of governance
strategies in the study of vulnerability and resilience of village ecosystems are lagging behind. In
future research, we should deepen the research on the concept and connotation of vulnerability and
resilience. We must establish a scientific and reasonable research framework for vulnerability and
resilience of the village ecosystem. We should also strengthen and improve the index system of
vulnerability and resilience of the village ecosystem. We should strengthen research on the impact
mechanisms and governance strategies of vulnerability and resilience, and apply the research on
vulnerability and resilience to the planning and governance of the village ecosystem.

Keywords: village ecosystem; vulnerability; resilience; review; rocky desertification

1. Introduction

Ecosystems are affected by global change, extreme disasters occur frequently, greenhouse
gas concentrations increase, biodiversity has been lost, water pollution and photochemical
air pollution and other ecological and environmental problems are prominent. This leads
to the damage of ecosystem function and the decline of self-regulation ability. The impact
on both human society and the natural environment has been far-reaching [1,2]. With the
development of urbanization, the waste of resources and environmental pollution further
aggravate the ecosystem recession [3]. The interactive process of population growth and
urbanization has had an important impact on the sustainable use of resources, leading
to overexploitation of the ecosystem [4]. Advances in technology have increased human
disruption of global ecosystems and the services they provide [5]. Sustained economic
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growth is likely to exceed the ecological threshold of ecological society and destroy the
ecosystem services on which humans and all other species depend [6]. Studies have shown
that 60% of the global ecosystem services have been degraded due to population growth
and economic growth [7]. In addition, the increased frequency of extreme weather events
has also affected the supply of ecosystem services; for example, heavy rainfall can limit
potential recreational opportunities in parks and has a serious impact on the supply of
ecosystem services [8]. Extreme weather events, such as droughts, heat waves, storms and
cold waves, have led to inadequate water availability and have affected crop yields, and
thus they affect the supply of ecosystem services [9,10]. Therefore, under the impact of
human social development and ecological degradation, the protection of the ecosystem has
been put on the international political agenda [11].

The village ecosystem is a complex system which is based on villages, with rural
population as the core, associated organisms as the main biological communities, building
facilities as the important habitat environment, including economy, society and ecology,
and encompassing production and living activities of the rural population [12,13]. It has
the functions of carrying population, providing products, improving the environment,
inheriting culture, sightseeing tourism, popular science education and providing for aged
urban residents [14]. The vulnerability of the village ecosystem is a natural attribute. It is
manifested in the weak ability to withstand external interference, and it is difficult to restore
to a stable and balanced state after the impact. With the development of the social economy,
against the background of globalization, industrialization and urbanization, the global
countryside is undergoing a holistic restructuring. This is accompanied by environmental
pollution, ecological damage, natural disasters, waste of resources, population loss and
other problems [14,15]. The advancement of urbanization leads to the outflow of the
rural population, and the self-development ability and adaptability of rural areas are
constantly challenged. The high frequency of climatic and geological hazards exacerbates
the instability and vulnerability of development in rural areas; the resulting rural decline
has become a global problem [16-18].

Village ecosystems provide most of the world’s food and natural resources, carbon
sequestration, water filtration and wildlife habitat, as well as maintaining supplies of food,
energy and freshwater products for rural and urban populations. Coastal wetlands also
provide storm surge protection [19-22]. However, villages are becoming vulnerable due to
various natural and human factors [23-26]. Most rural livelihoods are directly dependent on
natural resources. Irrational exploitation and overexploitation of nature has led to a series of
ecological degradation problems such as desertification, rock desertification and salinization
of the land. For developing countries, villages are still the main bottleneck restricting social
and economic development. Especially in recent decades, the inland rural areas have under-
gone significant economic and social changes. The economic and demographic transition
and the increasing marginalization associated with population decline have led to rising
unemployment, the emigration of economically active groups and population ageing [27]. In
addition, the coastal countryside is threatened by sea level rise, storm surges and inland
flooding [19]. In order to reduce the vulnerability of the village ecosystem and enhance its
anti-interference ability, adaptability and recovery ability, some scholars have introduced
resilience into the study of village ecosystems [28,29]. Village ecosystem resilience means
that when the village ecosystem is disturbed and impacted, the system has the ability to
adjust its structure to cope with the disturbance and make the system reach a new stable
state equilibrium along a new recovery path [15]. However, resilience and vulnerability
are not simply opposites and subordinate, but are interlinked and can be positively or
negatively correlated [30-32]. For example, karst rocky desertification area, because of its
special human activities, geographical environment and lithological characteristics, leads to
soil, hydrology, vegetation and human environment fragility, forming a fragile ecosystem
similar to the edge of the desert [33-35]. In order to improve this situation, human beings
should deal with the relationship between man and environment, economic development
and ecological protection. With the concept of sustainable development, based on the



Int. |. Environ. Res. Public Health 2022, 19, 6664 30f17

characteristics of the ecological environment of rocky desertification, with water storage,
soil management and afforestation as the core, we could develop integrated management
techniques for different rocky desertification intensity zones, and we propose an integrated
management technology model suitable for karst rocky desertification [36] in order to
contribute to the overall improvement of the ecosystem.

As an indispensable part of the global ecosystem, the village ecosystem is of great
significance to global sustainable development. The study of village vulnerability and
resilience has received increasing attention from scholars from all walks of life. However,
the progress and shortcomings of current research on vulnerability and resilience of village
ecosystems are unknown. Therefore, this paper summarizes the current research results
of vulnerability and resilience of the village ecosystem. In addition, the key scientific and
technological problems to be solved in future research in this field are prospected. This
points out the direction for further research on the vulnerability and resilience of the village
ecosystem in the future, in order to provide scientific and technological references for
promoting the sustainable development of rocky desertification control villages.

2. Methods

In order to select scientific papers to quantitatively analyze the research dynamics of
vulnerability and resilience of the village ecosystem, we conducted a literature search in the
Web of Science Core Database (WOS) and the China National Knowledge Infrastructure
(CNKI). The reason why we chose WOS core database and CNKI database is that they
contain research in many fields such as natural science and social science, and the number
of articles included is very large, so they can meet the needs of our research. The time range
for our retrieval is the maximum time range, as at 31 December 2021. We used the following
syntax for retrieval: TS = ((ecosystem AND vulnerability AND resilience) AND (village OR
rural OR countryside OR settlement OR community)). A total of 861 articles were obtained.
We identified and screened the obtained literatures at the level of title and abstract. We
also defined three criteria for screening: (1) pay attention to villages; (2) pay attention to
the human-environment coupling system; (3) focus on both vulnerability and resilience.
The above three conditions must all have been met. For uncertain literature at the title
and abstract level, we decided whether to use the literature as a sample by reading the
full text. Finally, we identified 87 literatures, including 6 doctoral dissertations, 9 master’s
dissertations and 72 journal articles. We analyzed the number of papers published each year,
the institutions that published the papers, the types of research papers and the research
sites of the papers on the vulnerability and resilience of village ecosystems.

3. Results
3.1. Annual Distribution of Literature

The research on the vulnerability and resilience of the village ecosystem is generally
on the rise, and can be roughly divided into three stages (Figure 1). In the first stage, from
2008 to 2013, the total number of documents did not exceed 9; this was the embryonic stage.
The second stage was from 2013 to 2018, which is a slow growth period. In the third stage,
from 2018 to 2021, there was a rapid growth trend, with an average annual literature count
of more than 13.
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Figure 1. Annual distribution of research documents about vulnerability and resilience of the
village ecosystem.

3.2. Content Distribution of the Literature

According to the research content, all the literatures are classified and summarized
according to the index system, monitoring and evaluation, mechanism research, strategy
research and other related research. The index system accounts for 3%, monitoring and
evaluation accounts for 45%, mechanism research accounts for 33%, strategy research
accounts for 14% and other types of literature account for 5% of the total, as in Figure 2.
According to the proportion of literature types, the research on vulnerability and resilience
of the village ecosystem is mainly focused on monitoring and evaluation and mechanism
research, and the index system and strategy research are still in the exploratory stage
of development.

Index System

‘ ""-—.,Monitoring and

Otllelsf‘"?"""'«,- e T~ _ = /Assessment
e Y R
T b T /e
Y/ [ f
xulé\ / J /5
~ < J 7
~ o “95 7 /
~
e
Strategies Research Mechanism Research

Figure 2. Literature by content.



Int. |. Environ. Res. Public Health 2022, 19, 6664 50f17

3.3. Distribution of Study Area of Literature

According to the collation of the literature, we generated statistics and analysis on
the study area of 87 literatures obtained. The results show that the study area of scientific
literature on vulnerability and resilience of village ecosystems covers 38 countries. The
majority of studies were concentrated in Asia (50%), North America (16%) and Africa (15%),
with the largest number of studies conducted in China, with 21 articles, accounting for
23% of the total. India and the USA came second with 10 papers each, accounting for 11%
of the total. This is followed by 3 or more articles in the literature for studies conducted
in Indonesia, Australia and Mexico. Other countries have 1-2 articles in the literature
(Figure 3).

Study of vulnerability and
resilience per country

|0
1-2
[ o
[ 5-10 0 2000 4000 Miles Map author: Jiuhan Tang
-2 Study of vulnerability and resilience data:CNKI and Web of Science

Figure 3. Distribution of study area.

3.4. Institution Distribution of the Literature

To interpret and analyze the units of publication on the vulnerability and resilience
of village ecosystems, we used the affiliation of the first author of the literature as the
basis. The research literature was published by research units from 25 countries, with
the majority of the literature coming from China (22%), the USA (16%), India (11%) and
Australia (10%). The authors’ affiliations are divided into four main types: higher education
institutions, research institutes (center), governmental organizations and non-governmental
organizations, which account for 71%, 23%, 4% and 2% of the total number of research
institutions, respectively. The units involved in the relevant research are mainly universities
and research institutes (centers). Major research units include Northwestern University
in China, Rhodes University, University of British Columbia and Oregon State University
(Figure 4). In most of these, the main units are ecological and environmental protection,
disaster resource management, ecological and environmental higher education institutions
and research institutes.
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4. Discussion
4.1. Main Progress and Landmark Achievements
4.1.1. Indicator System

(1) Based on the vulnerability characteristics and formation mechanisms of village ecosys-
tems, a system of indicators for vulnerability evaluation in different regions was
constructed.

The reasonableness of the indicator system is related to the credibility and accuracy
of the evaluation results. At present, there are various types of indicator systems for
vulnerability assessment of the village ecosystem, which are often constructed according
to the particularity of the study area. Vegetation coverage, drought frequency, land use
intensity, land desertification area, water resources, water quality, effective irrigation
area, afforestation area and cultivated land area are the vulnerability indicators of the arid
village [37]. In coastal villages, ecosystems are mainly affected by oceanic disturbances, such
as sea-level rise, tsunamis, typhoons and coastal erosion. For coastal erosion ecosystems,
the distance of farmers from the ocean, fishing location, coastal protection, vegetation and
so on are targeted indicators [38]. In the semi-arid region of the Loess Plateau, drought
disaster, forest cover, drinking water safety, rain and waterlogging disaster, wind and sand
disaster, land cultivation, fertilizer application, population factors, social infrastructure and
so on are the key indicators of the vulnerability of the rural human settlements system [39].
Agricultural facilities, the distance from the river bank, the use time of houses, building
materials, disaster losses, emergency shelters, disaster knowledge, disaster warning system
and other indicators are the indicators that distinguish the disaster village ecosystem from
other fragile ecosystems [40]. However, fewer studies are related to rocky desertification
village ecosystems. The vulnerability assessment indicator system of the village ecosystem
under the rocky desertification control environment is still deficient, and it is necessary
to construct the vulnerability assessment indicator system according to the characteristics
of the natural ecology and socioeconomic activities of the rocky desertification control
village ecosystem.

(2) Based on natural, social and economic vulnerability factors, a comprehensive evalu-
ation Indicator system is constructed by integrating internal and external factors of
the system.
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The normative and unified ecological vulnerability assessment index system is the
basis of quantitative analysis of ecological vulnerability; the selection of the ecological
vulnerability assessment index directly affects the scientific evaluation results and re-
gional development policy [41]. The single indicator system has strong pertinence and
regionality, and can determine the key factors leading to regional environmental vulner-
ability according to regional characteristics [42]. However, the structure is simple and
the content is not comprehensive. Village ecosystems are complex systems that include
natural ecological and socioeconomic elements. Therefore, a single indicator system is
not suitable for village ecosystem research. The common research is based on nature—
society—economy and other aspects, combined with the pressure—state-response model,
exposure-sensitivity—adaptability model and sensitivity—resilience—pressure model and
other conceptual framework models to build a comprehensive village ecosystem vulnera-
bility assessment indicator system. The scholars used the exposure-sensitivity-adaptability
model to construct a comprehensive evaluation index system for village vulnerability from
the socioeconomic and natural ecological environment perspectives [43,44]. Berrouet et al.
constructed a comprehensive indicator system of village vulnerability assessment from the
perspective of social economy and natural environment [45]. At present, there is no uniform
standard for the index system established according to different conceptual models, and
the accuracy and scientific rationality of the evaluation results need to be verified.

4.1.2. Monitoring and Assessment

(1) Through qualitative analysis and quantitative evaluation methods, the vulnerability
and resilience of ecosystem were evaluated.

The methods of vulnerability assessment are classified into qualitative analysis and
quantitative assessment [46]. Qualitative analysis is based on the historical evolution
of the system and the current state of in-depth study, based on various aspects of data
and experience of the impact of system vulnerability and resilience factors on qualitative
judgment. Qian Zhang qualitatively analyzed the social vulnerability of herdsmen in the
Inner Mongolia desert grassland. The study found that the division of grassland into
households and the introduction of the market mechanism increased the risk exposure
of herdsmen. A series of grassland protection projects implemented by the government
have caused many restrictions on herdsmen’s disaster response measures. It has led to a
reduction in the ability of pastoralists to cope with climate change and increased social
vulnerability [47]. Chelleri has qualitatively analyzed the relationship between community
resilience and vulnerability in the southern highlands of Bolivia [48]. The quantitative
evaluation method entails using the mathematical model analysis method to quantitatively
evaluate the possible damage or impact of disturbance factors on the ecosystem through
data information. The research on vulnerability and resilience involves many disciplines
and fields. The quantitative evaluation method is to deconstruct the vulnerability and
resilience into several components and evaluate them respectively, and then construct a
function model to calculate the vulnerability and toughness indicator according to the
relationship between the components. In addition, there are many types of research
methods; with the development of research, the research methods on vulnerability and the
resilience of the village ecosystem are more complex and diversified. These include analytic
hierarchy process [49], entropy method [50] and principal component analysis [51]. Each of
these research methods has its own advantages and disadvantages, and the practicability
and defects of the evaluation methods have a greater impact on the evaluation results.

(2) Ecosystem vulnerability and resilience assessment is a system quality assessment with
temporal and spatial characteristics, which can be divided into static assessment and
dynamic assessment.

Static evaluation is used to evaluate the vulnerability and resilience of ecosystems at
a specific time, and to compare the vulnerability and resilience of ecosystems in different
regions. Ghosh (2021) et al. studied the current vulnerability of villages in flood-prone areas.
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It also compares the vulnerability of agricultural villages and forest-resource-dependent
villages in a specific time [52]. The data selected by dynamic evaluation are continuous in
time, and the data selected are generally multi-year data for the study period. It is mainly
used to study the temporal and spatial trends of vulnerability and resilience in the same
region, and can directly analyze the changes of regional ecological environment quality.
The development and application of 3S technology provides powerful technical support
for the dynamic research of geographical entities. Relevant scholars analyzed the temporal
and spatial changes of village vulnerability in the Loess Plateau through the data of three
time periods [26]. Peng et al. conducted a study on village resilience after vulnerability
to seismic hazards, comparing differences in resilience in the first and second years after
the disaster [53]. Static assessment is only for vulnerability and resilience status analysis;
dynamic assessment can clarify the temporal and spatial changes of vulnerability and
resilience, and can more intuitively reflect the changes of vulnerability and toughness.

(3) In the context of climate change, vulnerability is constantly changing, through the
simulation of indicators to predict the future vulnerability of ecosystems.

Climate change is considered a serious threat to the earth, with global temperatures
rising and extreme weather events occurring frequently. Climate change has a range of
impacts on human health and agriculture, forests and water resources [54]. Small changes
in daily weather phenomena such as humidity and temperature bring significant changes
to the production and life of villages [55]. To effectively address future climate change
vulnerability, Dasgupta et al. projected the future vulnerability of villages in the Himalayas
based on preselected indicators of natural, human, financial and physical capital assets,
based on exposure—sensitivity-adaptability, and based on the projections recommended
that future policy interventions should target climate-sensitive sectors [56]. Jara et al.
predicted the future socioecological vulnerability of Peruvian fishing communities and
used the predicted results to propose adaptation options [57]. Most of the predictions are
based on scenario simulation methods; the village ecosystem is affected by natural and
human disturbance, and its changes are complex and diverse, so it is difficult to accurately
predict the future vulnerability changes through scenario simulation methods.

4.1.3. Mechanism Research

(1) Aiming at the problem that the cause of village ecosystem vulnerability is not clear,
the formation mechanism of village ecosystem vulnerability is revealed by analyzing
the interaction between ecosystem elements.

The human-land coupling ecosystem is composed of the natural ecological envi-
ronment and human economic factors. Geological structure, geomorphological features,
surface material composition, biodiversity and other factors are the material basis of the
ecological environment [58]. Species diversity affects ecosystem stability and the sustain-
ability of ecosystem functions and services [59]. In order to meet the needs of livelihood,
obtain economic benefits and adapt to social and environmental changes, human beings
constantly change the ecosystem [60,61]. The resulting greenhouse effect, water shortages,
species extinction and other ecological and environmental problems exacerbate the vulner-
ability of ecosystems [62,63]. The formation mechanism of vulnerability is different under
different natural environment and human activities. Villages in arid environments have
poor diversity of vegetation types, high exposure and sensitivity due to water shortage.
The lack of social capital, human capital and financial capital leads to the lack of adaptive
capacity, which ultimately leads to the fragility of the village ecosystem [64]. Villages will
also develop high sensitivity and low adaptability because of their remote location, incon-
venient transportation and lack of infrastructure, lack of education and income of residents,
and poor social network, resulting in fragile village ecosystems [65]. Generally speaking,
the vulnerability of the village ecosystem is formed by the interaction of system elements.
Ecosystems with poor natural conditions and disharmonious human-land relationships
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are prone to increase vulnerability, while ecosystems with superior natural conditions and
harmonious human-land relationships will reduce vulnerability.

(2) Identifying the disturbance factors of ecosystem and revealing the driving factors of
ecosystem vulnerability in different types of environmental villages.

Disturbance factors of the ecosystem include natural disturbance factors and artificial
disturbance factors. Ecosystems under different natural conditions suffer different types
of disturbances, and their vulnerability driving factors are also different. The increasing
intensity and frequency of extreme events such as floods, droughts, tropical cyclones and
storms caused by global climate change [66—68] have a huge impact on the ecosystem.
Geological disasters such as earthquakes, landslides and debris flow also disturb and
impact the ecosystem. Human disturbance is mainly reflected in the development of natu-
ral resources, the construction of infrastructure, unreasonable waste discharge and so on.
The environmental and socioeconomic problems of villages caused by human activities,
climate change and extreme events are undeniable and affect different regions in different
ways. Rising sea levels and saltwater intrusion often limit agricultural development in
coastal areas, thereby affecting rural livelihoods, exacerbating local economic hardship and
creating unique vulnerabilities for coastal rural communities [69]. The riverbank erosion
caused by the flood is the reason for the fragile village ecosystem. The flood leads to the
reduction of arable land, the displacement of farmers, and food insecurity [70]. Unrea-
sonable human activities, such as increased rainfall in the upper reaches of the river, poor
agricultural practices and sand mining, will increase the exposure and sensitivity of villages
in the middle and lower reaches of the river to river floods [71]. Meteorological disasters,
such as flood and drought, are the driving factors for the formation of vulnerability of
planting-dependent villages [24]. The dominant factors of village ecosystem vulnerability
are different under different natural conditions; natural disturbances are mainly natural
disasters, and manmade disturbances are mainly unreasonable human social and economic
activities. It is of great significance to study the dominant factors of ecosystem vulnerability
for alleviating the stress of external pressure and maintaining the sustainable development
of the system.

4.1.4. Strategy Research

(1) Based on the characteristics of vulnerability, the formation mechanism and its impact
on the ecological environment, the ecological management strategies are put forward.

As population growth and other pressures on ecosystems increase, they will affect
the ability to provide ecosystem services, so it is necessary to deal with the relationship
between socioeconomic development and ecosystems. Before solving the problem of the
vulnerability of the ecosystem, we first need to identify the objects of vulnerability and
the mechanisms of vulnerability formation. Due to the differences in geographical en-
vironment and human social and economic activities, the characteristics of ecosystems
are significantly different, and their vulnerability characteristics are also different, so it is
necessary to put forward appropriate governance strategies according to different types
of fragile ecosystems. Vulnerability research focuses on the structure and function of
the system itself, assessing and predicting the likely impact of external stressors on the
system. Its purpose is to maintain the sustainable development of the system, to reduce
the adverse effects of external stress on the system and to provide the decision-making
basis for the comprehensive management of the degraded ecosystem [72]. Vulnerability
research is the basis of ecosystem governance and restoration. Due to the impact of climate
change, vulnerability is significantly affected by low per capita income, poor agricultural
climate conditions, aging of household heads and farm size. Therefore, it is necessary to
develop special policy plans, expand farm size, improve farmers” understanding of the
driving factors and process of climate change, and increase rural income to achieve village
restoration [73]. The livelihoods of rural household dependent on natural resources in the
context of climate change are affected by climate change, natural disasters and livelihood
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strategies, which should be diversified, with enhanced education and the establishment of
early warning systems for extreme weather [74]. In drought-prone areas, it is necessary to
enhance farmers’ social, human, financial and material capabilities, publicize knowledge
of extreme events such as drought, and strengthen infrastructure construction to improve
farmers’ disaster resistance [75]. In view of the rocky desertification control village ecosys-
tem, it is necessary to clarify the vulnerability factors and formulate ecosystem management
strategies according to the influencing factors.

(2) Resilience research provides a new way of thinking about ecosystem governance and
proposes targeted governance strategies based on the drivers of resilience in different
types of ecosystems.

Resilience research is used to analyze the ability of the ecosystem to absorb and deal
with disturbances and to restore itself to a sustainable state after being disturbed and
impacted by natural or human factors. Recent scientific research shows that an increas-
ing number of studies use resilience to analyze the sustainability dynamics of villages.
The interdisciplinary analysis of villages covers various aspects such as human ecology,
ecological economics, rural sociology and environmental studies, and discusses the in-
ternal and external factors that influence the sustainability dynamics of the village [76].
The current research on village resilience mainly focuses on resilience evaluation and re-
silience enhancement strategies. For example, Roy et al. put forward the management
strategies of the coastal agroecosystem based on the resilience assessment of the coastal
agroecosystem [77]. Lwin et al. quantitatively assessed the resilience of flood-prone villages
in Myanmar’s Rowaddy River Delta through indicators, and proposed response strategies
based on the driving factors of resilience [78]. Although research on resilience involves
many types of village ecosystem, research on the resilience of the rocky desertification
control village ecosystem is still rare, so it is necessary to learn from the existing research
methods and means to strengthen the study of the resilience of the rocky desertification
control village ecosystem.

4.2. Key Scientific Issues to Be Solved
4.2.1. In View of the Lack of Research on the Combination of Vulnerability and Toughness
of Karst Ecosystem, a Research Framework Suitable for the Combination of Vulnerability
and Toughness of Karst Ecosystem Should Be Established

Vulnerability and resilience are themes in sustainable development research [32].
Although these two concepts have been widely used, the relationship between them has
not yet reached a consensus [79]. At present, there are many studies on vulnerability and
resilience which involve many disciplines and research fields, but most of them have a
single research perspective and there is lack of a perfect and effective integrated research
framework. If a better interface between vulnerability and resilience integration studies is
to be achieved, the concepts and theoretical understanding framework of vulnerability and
resilience need to be clarified, and the relationship between vulnerability and resilience
of specific ecosystems needs to be clarified. A break with traditional research methods to
develop new research framework models from a multi-disciplinary perspective is needed.
At present, research on the vulnerability and toughness of karst is mostly concentrated in
the field of ecological environment and water resources [80-82]. However, comprehensive
study on the vulnerability and resilience of the karst ecosystem is still in the blank state.
Therefore, the development of a research framework that is universally applicable to the
combination of vulnerability and resilience of karst ecosystems is a question that needs to
be addressed in future research.
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4.2.2. There Is no Uniform Standard for the Selection of Vulnerability Assessment Indicator
of Village Ecosystem: Appropriate Assessment Indicator System Should Be Constructed
According to the Natural Geographical Background Characteristics of Villages and the
Threat Factors Faced by Village Ecosystem

The characteristics of the village ecosystem in different regions are different, and
the disturbance factors of the village ecosystem are also different. In the existing village
ecosystem vulnerability research, the indicator selection has not reached unity. Therefore, it
is necessary to clarify the characteristics of village ecosystems in different regions and build
a suitable evaluation indicator system. The main sensitive source and exposure source
of the ecosystem in the rocky desertification control area come from the comprehensive
effect of the local natural environment and human activities. The natural environment
is a background source; human activities have caused pressure on the environment and
accelerated and promoted this process. Therefore, when constructing the indicator system,
it is necessary to construct a scientific and reasonable evaluation indicator system according
to the natural and human particularity of the village ecosystem, which is one of the
problems that need to be paid attention to in the evaluation of ecosystem vulnerability of
rocky desertification control villages.

4.2.3. In View of the Problems of Different Levels of Rocky Desertification Control Village
Ecosystem Vulnerability, Unclear Vulnerability Factors and Lack of Research, we should
Strengthen the Rocky Desertification Control Village Ecosystem Vulnerability and its
Influencing Factors

The article Sustainability science, published in Science in 2001, makes clear that the
question of what factors determine the fragility and resilience of a particular type of ecosys-
tem is at the heart of the science of sustainable development [83]. The karst environment
is one of the most fragile ecological zones in the world. Because of its special natural
environment and strong karst effect, the karst ecosystem is fragile and sensitive, which is
easily disturbed by the outside world and leads to ecological destruction, and it is difficult
to restore after destruction. Due to the unreasonable social and economic activities of
human beings, the vegetation is destroyed, soil erosion and land productivity decline,
and the surface of the earth presents a gradual evolution process of rock bareness similar
to the desert landscape [84]. However, the vulnerability and influencing factors of the
special village ecosystem formed by governance are still unclear, and the research is still in
a vacant state. Therefore, it is necessary to strengthen the research on the vulnerability of
the ecosystem and its influencing factors in rocky desertification control villages, so as to
provide scientific and technological references for the implementation of control strategies
and the improvement of ecosystem services in villages.

4.2 4. In View of the Lack of Research on the Control Strategy of Ecosystem Vulnerability in
Karst Rocky Desertification Control Villages, the Control Strategy of Ecosystem
Vulnerability in Karst Rocky Desertification Control Villages Should Be Discussed on the
Basis of Vulnerability Assessment, so as to Provide Scientific Reference for Rocky
Desertification Control

The study of ecosystem vulnerability is helpful to understand the impact of natural
factors and human factors on the ecosystem, and has scientific guiding significance for the
governance of ecosystem vulnerability and the improvement of ecosystem services. At
present, aiming at the problem of ecosystem vulnerability in karst areas, Guo et al. studied
the spatiotemporal change pattern and driving mechanism of ecosystem vulnerability
in the karst mountainous areas of southwestern China [80]. Chen et al. studied the
difference of vulnerability between karst nature reserves and non-karst nature reserves and
its influencing factors [85]. However, there are some deficiencies in the study of ecosystem
vulnerability and its control strategies, especially for the village ecosystem formed by rocky
desertification control. Therefore, it is necessary to strengthen the research on the control
strategy of the village ecosystem vulnerability in rocky desertification control, so as to
provide scientific reference for further rocky desertification control.
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4.2.5. In View of the Weak Application of Village Ecosystem Resilience Research in Practice,
we should Combine the Theory of Resilience Research with Practical Application,
and Give Full Play to the Practical Significance of Resilience Research

The current measurement of resilience faces conceptual and methodological obstacles [86].
The research on village ecosystem resilience theory is the precondition for developing
the resilience strategy, and it has an important guiding role in the management of the
ecosystem. Theoretical research should be applied to practice in order to improve the
practicability of research results. This is especially the case for the rocky desertification
control ecosystem, due to the special natural background; the environmental water retention
is poor and the depression easily accumulates water. Rocky desertification areas are prone
to seasonal drought, floods, landslides and debris flows and other natural disasters because
of rugged terrain, shallow soil and weak soil reinforcement capacity, as well as climate
factors. The education level of village community residents is relatively low, the knowledge
of disaster response is lacking, the reserve of production and living materials is not much,
and the livelihood diversity is poor, which causes the rocky desertification villages to
have a lack of resilience strategies and weak recovery ability. Therefore, it is necessary
to strengthen the combination of theory and practical application of ecosystem resilience
research, improve the resilience of the rocky desertification control village ecosystem, and
promote the sustainable development of the ecosystem.

4.2.6. In View of the Lack of Research on Ecosystem Resilience Enhancement Strategies for
Rocky Desertification Control, the Research on Resilience Enhancement Strategies Should
Be Strengthened According to the Ecosystem Resilience Level and Driving Factors
of Rocky Desertification Control

Ecological management and restoration in ecologically fragile areas has always been
a hot issue of international concern, and researchers from all over the world have been
committed to exploring the best path of sustainable development in ecologically fragile
areas. In the study of ecologically fragile area management, the coordination of regional
development and ecological protection and restoration is very important to achieve regional
sustainable development. At present, how to coordinate the development of the ecological
environment and social economy is a common concern. Resilience is an inherent property
of the system itself, and its theoretical study is of great importance in guiding ecosystems to
improve their ability to cope with disturbances and achieve sustainable development. The
ecosystem formed by rocky desertification control provides services such as carbon sink,
environmental purification, oxygen supply and water conservation, in addition to daily
production and livelihood. However, the level and driving factors of ecosystem resilience
in rocky desertification control are still unknown. There is a lack of strategies to enhance
the resilience of rocky desertification control ecosystems. Therefore, it is necessary to
strengthen the study of ecosystem resilience strategies for rocky desertification control. In
addition, we must provide a theoretical reference for promoting sustainable development
of the rocky desertification control ecosystem.

4.2.7. The Innovation of Research Methods and Technical Means Needs to Be Strengthened,
and Multi-Disciplinary and Multi-Technical Means should Be Used to Analyze
the Vulnerability and Resilience of Ecosystems

Research methods and technical means are the basic path of quantitative research on
fragile human-land systems and practical activities. There are many research methods in
the development of ecosystem vulnerability research. Because different system elements
have different impacts on the ecosystem, the relationship between system elements will
also have an impact on the ecosystem, and these impacts are manifested in different aspects;
the complexity of the ecosystem is far more complex than that described by the model,
and there is great uncertainty in the quantitative and qualitative research on ecosystem
vulnerability [87]. Therefore, in order to enhance the accuracy of the evaluation results, we
should adhere to scientific and rational principles, integrate multi-disciplinary methods
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and use multi-technical means to comprehensively analyze the vulnerability characteristics
of regional ecosystems.

4.2.8. In View of the Different Characteristics and Driving Factors of the Vulnerability
of Rocky Desertification Ecosystem at Different Times, the Time Scope of the Study Should
Be Further Expanded

The driving factors of ecosystem vulnerability are different in different periods, and
the degree of vulnerability is also different. Ecological vulnerability assessment results
are time-sensitive. The diversification of research tools and methods is useful. Scholars
apply 3S technology to vulnerability assessment; it achieves the evaluation of temporal
evolution and is no longer confined to static evaluation. However, comparative studies on
the vulnerability characteristics of rocky desertification control ecosystems at different time
periods are still inadequate. The changing characteristics of the degree of vulnerability and
drivers before and after ecological management and at different stages of management
are more indicative of the state of vulnerability and the mechanisms of evolution at each
stage. This provides greater insight into the key drivers of change in vulnerability at each
stage. Extending the time scale of the study is an important guide to identify the main
vulnerability factors in the process of rocky desertification control and to develop targeted
management measures.

5. Conclusions and Future Research

In this paper, the current research progress on vulnerability and resilience of the
village ecosystem was analyzed through systematic literature review. The research on
vulnerability and resilience of the village ecosystem is accelerating: the study areas are
mainly in the coastal countries of Asia, North America and Africa, and most of them are
in China, the United States and India; most of the research literatures are published by
research institutions in China, the United States, India and Australia, and the research
units are mainly universities and research institutes (centers); the research focuses on index
system, monitoring and evaluation, influencing factors and strategy research. Based on
the analysis of the research status and progress, eight key scientific and technological
problems to be solved are put forward, which point out the direction for further research in
the future.

According to the existing research literature, the current village ecosystem vulnera-
bility and resilience research has not yet formed a perfect theoretical system. Theoretical
and methodological research needs to be further expanded and deepened; empirical re-
search is mostly quantitative evaluation; quantitative research methods are not mature;
empirical research uses existing conceptual models to build the index system; there is
a lack of innovation and lack of pertinence. The study of vulnerability and resilience
of the village ecosystem need to be further strengthened in the following aspects: (1) to
strengthen the theoretical and methodological research on vulnerability and resilience of
the village ecosystem, one must deepen the connotation research and construct a scien-
tific and rational conceptual model combining vulnerability and resilience of the village
ecosystem. (2) Disturbance factors of different types of village ecosystems are different,
and the interaction of system elements is different, which leads to the unique formation
mechanism of vulnerability and resilience of village ecosystems, so the question of how
to reveal the formation mechanism of vulnerability and resilience of different types of
village ecosystems is the key scientific problem to be solved in this field. (3) There is no
mature quantitative research framework and method for vulnerability and resilience of the
village ecosystem, and the existing evaluation methods through the index system need to
be further expanded and deepened in determining weight and selecting indicators. (4) The
development of village ecosystem vulnerability and resilience governance practice lags
behind the empirical research of case sites, so it is necessary to strengthen the connection
between vulnerability and resilience theoretical research and governance practice. (5) The
village ecosystem is constantly affected by natural and manmade disturbance factors; its
resilience is affected by the interaction of many factors. The resilience mechanism of the
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village ecosystem is complex. Therefore, it is necessary to strengthen the research on the
resilience mechanism of the village ecosystem. (6) The village ecosystem is a complex
comprehensive system composed of human society and the natural environment. This
system is constantly developing and changing in the process of operation. How to reveal
the resilience dynamics of the village ecosystem and realize the resilience process deduc-
tion and prediction are the problems that need to be solved in future research. How to
solve the above scientific problems and address technological needs in the study of rocky
desertification control village ecosystem is the problem to be solved and the challenge to be
faced in future research.

Author Contributions: K.X. conceived the framework, secured funding and oversaw the entire
project; J.T., Y.C., Q.W. and J.Z. collected data; J.T. analyzed the data and wrote the manuscript; K.X.
and B.Y. provided comments; K.X. and ].T. reviewed the final manuscript. All authors have read and
agreed to the published version of the manuscript.

Funding: Funding for the project was supported by the Key Science and Technology Program of
Guizhou Province (No. 5411 2017 Qiankehe Pingtai Rencai), the World Top Discipline Program of
Guizhou Province (No. 125 2019 Qianjiao Keyan Fa) and the China Overseas Expertise Introduction
Program for Discipline Innovation (D17016), Natural Science Foundation of Guizhou Province (Grant
No. Qiankehe Jichu -ZK[2022]317).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Vitousek, PM.; Mooney, H.A.; Lubchenco, J.; Melillo, ]. M. Human domination of Earth’s ecosystems. Science 1997, 277, 494-499.
[CrossRef]

2. Chen, T.-L.; Cheng, H.-W. Applying traditional knowledge to resilience in coastal rural villages. Int. ]. Disaster Risk Reduct. 2020,
47,101564. [CrossRef]

3. Meng, L.; Huang, J.; Dong, ]. Assessment of rural ecosystem health and type classification in Jiangsu province, China. Sci. Total
Environ. 2018, 615, 1218-1228. [CrossRef] [PubMed]

4. Cumming, G.S.; Buerkert, A.; Hoffmann, E.M.; Schlecht, E.; Von Cramon-Taubadel, S.; Tscharntke, T. Implications of agricultural
transitions and urbanization for ecosystem services. Nature 2014, 515, 50-57. [CrossRef] [PubMed]

5. Huesemann, M.; Huesemann, J. Techno-Fix: Why Technology Won't Save Us or the Environment; New Society Publishers:
Gabriola Island, BC, Canada, 2011.

6. Farley, J.; Voinov, A. Economics, socio-ecological resilience and ecosystem services. |. Environ. Manag. 2016, 183, 389-398.
[CrossRef]

7. Otero, L; Farrell, KN.; Pueyo, S.; Kallis, G.; Kehoe, L.; Haberl, H.; Plutzar, C.; Hobson, P; Garcia-Marquez, J.; Rodriguez-Labajos, B.; et al.
Biodiversity policy beyond economic growth. Conserv. Lett. 2020, 13, €12713. [CrossRef]

8.  Tomczyk, A.M.; White, P.C.L.; Ewertowski, M.W. Effects of extreme natural events on the provision of ecosystem services in
a mountain environment: The importance of trail design in delivering system resilience and ecosystem service co-benefits. J.
Environ. Manag. 2016, 166, 156-167. [CrossRef]

9.  Raheem, N.; Cravens, A.E.; Cross, M.S.; Crausbay, S.; Ramirez, A.; McEvoy, J.; Zoanni, D.; Bathke, D.]J.; Hayes, M.; Carter, S.; et al.
Planning for ecological drought: Integrating ecosystem services and vulnerability assessment. Wires. Water 2019, 6, e1352.
[CrossRef]

10. Tran, L.; Brown, K. The importance of ecosystem services to smallholder farmers in climate change adaptation: Learning from an
ecosystem-based adaptation pilot in Vietnam. Agrofor. Syst. 2019, 93, 1949-1960. [CrossRef]

11.  Willis, KJ.; Jeffers, E.S.; Tovar, C. What makes a terrestrial ecosystem resilient? Science 2018, 359, 988-989. [CrossRef]

12. Wang, Z.P; An, P. The concept and characteristics of village ecosystems. Chin. J. Ecol. 1995, 14, 43-48.

13.  Yue, Y.Y.; Peng, Z.W. Research on the resilient development of rural settlement social-ecological systems. South Archit. 2018,
187, 4-9.

14. Huang, G.Q. Functions, problems and countermeasures of rural ecosystems in China. Chin. ]. Eco-Agric. 2019, 27, 177-186.

15. Li, H.B. Insights from rural settlement research in the perspective of resilience theory. Sci. Geogr. Sin. 2020, 40, 556-562.


http://doi.org/10.1126/science.277.5325.494
http://doi.org/10.1016/j.ijdrr.2020.101564
http://doi.org/10.1016/j.scitotenv.2017.09.312
http://www.ncbi.nlm.nih.gov/pubmed/29751427
http://doi.org/10.1038/nature13945
http://www.ncbi.nlm.nih.gov/pubmed/25373674
http://doi.org/10.1016/j.jenvman.2016.07.065
http://doi.org/10.1111/conl.12713
http://doi.org/10.1016/j.jenvman.2015.10.016
http://doi.org/10.1002/wat2.1352
http://doi.org/10.1007/s10457-018-0302-y
http://doi.org/10.1126/science.aar5439

Int. |. Environ. Res. Public Health 2022, 19, 6664 15 0f 17

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.
34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Thomas, E.; Bradshaw, A.; Mugabo, L.; MacDonald, L.; Brooks, W.; Dickinson, K.; Donovan, K. Engineering environmental
resilience: A matched cohort study of the community benefits of trailbridges in rural Rwanda. Sci. Total Environ. 2021, 771, 145275.
[CrossRef]

Zhang, Y.; Zhou, D; Li, Z.; Qi, L. Spatial and temporal dynamics of social-ecological resilience in Nepal from 2000 to 2015. Phys.
Chem. Earth 2020, 120, 102894. [CrossRef]

Liu, Y.S.; Li, Y.H. Revitalize the world’s countryside. Nature 2017, 548, 275-277. [CrossRef]

Miller Hesed, C.D.; Van Dolah, E.R.; Paolisso, M. Engaging faith-based communities for rural coastal resilience: Lessons from
collaborative learning on the Chesapeake Bay. Clim. Change 2020, 159, 37-57. [CrossRef]

Adger, W.N. Social and ecological resilience: Are they related? Prog. Hum. Geog. 2000, 24, 347-364. [CrossRef]

Cabell, J.F.; Oelofse, M. An indicator framework for assessing agroecosystem resilience. Ecol. Soc. 2012, 17, 66-74. [CrossRef]
Ramankutty, N.; Mehrabi, Z.; Waha, K; Jarvis, L.; Kremen, C.; Herrero, M.; Rieseberg, L.H. Trends in global agricultural land use:
Implications for environmental health and food security. Annu. Rev. Plant Biol. 2018, 69, 789-815. [CrossRef] [PubMed]

He, L.; Aitchison, J.; Hussey, K.; Wei, Y.; Lo, A. Accumulation of vulnerabilities in the aftermath of the 2015 Nepal earthquake:
Household displacement, livelihood changes and recovery challenges. Int. ]. Disaster Risk Reduct. 2018, 31, 68-75. [CrossRef]
Bedeke, S.B.; Vanhove, W.; Wordofa, M.G.; Natarajan, K.; Van Damme, P. Vulnerability to climate change among maize-dependent
smallholders in three districts of Ethiopia. Environ. Dev. Sustain. 2020, 22, 693-718. [CrossRef]

Albizua, A.; Corbera, E.; Pascual, U. Farmers’ vulnerability to global change in Navarre, Spain: Large-scale irrigation as
maladaptation. Reg. Environ. Change 2019, 19, 1147-1158. [CrossRef]

Li, Q.; Shi, X.; Wu, Q. Effects of protection and restoration on reducing ecological vulnerability. Sci. Total Environ. 2021, 761, 143180.
[CrossRef] [PubMed]

Salvia, R.; Quaranta, G. Place-based rural development and resilience: A lesson from a small community. Sustainability 2017, 9, 889.
[CrossRef]

Sietz, D.; Feola, G. Resilience in the rural Andes: Critical dynamics, constraints and emerging opportunities. Reg. Environ. Change
2016, 16, 2163-2169. [CrossRef]

Payne, P.R.; Kaye-Blake, W.H.; Kelsey, A.; Brown, M.; Niles, M.T. Measuring rural community resilience: Case studies in New
Zealand and Vermont, USA. Ecol. Soc. 2021, 26, 2. [CrossRef]

Gonslaves, ].; Mohan, P. (Eds.) Strengthening Resilience in Post-Disaster Situations: Stories, Experience and Lessons from South Asia;
Academic Foundation & International Development Research Centre: Ottawa, ON, Canada, 2011; pp. 245-253.

Sun, J.; Wang, J.; Yang, X.]. An overview on the resilience of social-ecological systems. Acta Ecol. Sin. 2007, 27, 5371-5381.
Turner Ii, B.L. Vulnerability and resilience: Coalescing or paralleling approaches for sustainability science? Glob. Environ. Change
2010, 20, 570-576. [CrossRef]

Li, YH. Development of the connotation of karst and ecological protection of karst. Carsologica Sin. 2000, 19, 64-71.

Li, Y.B.; Wang, S.J.; Li, R.L. Differences in natural characteristics of karst ecosystems in different geological contexts—Mao Lan
and Hua Jiang as examples. Earth Environ. 2004, 32, 9-16.

Xiong, K.N.; Chi, Y.K. Problems and countermeasures facing karst ecosystems in southern China. Ecol. Econ. 2015, 31, 23-30.
Xiong, K.N.; Mei, Z.M.; Peng, X.W. A typical study on ecological integrated management and demonstration of karst desertifica-
tion in the Huajiang Karst Gorge, Guizhou. Guizhou For. Sci. Technol. 2006, 34, 5-8.

Chen, J. Vulnerability-Resilience Integration Study on the Evolution of Human-Land Systems in Arid Villages; Northwest University:
Xi’an, China, 2018.

Gomez, M.L.A.; Adelegan, O.].; Ntajal, J.; Trawally, D. Vulnerability to coastal erosion in The Gambia: Empirical experience from
Gunjur. Int. ]. Disaster Risk Reduct. 2020, 45, 101439. [CrossRef]

Yang, Q.Q. Vulnerability Evolution of Rural Habitat System and Rural Transformation in Semi-Arid Areas of Loess Plateau; Northwest
University: Xi’an, China, 2019.

Ullah, F; Shah, S.A.A ; Saqib, S.E.; Yaseen, M.; Haider, M.S. Households’ flood vulnerability and adaptation: Empirical evidence
from mountainous regions of Pakistan. Int. ]. Disaster Risk Reduct. 2021, 52, 101967. [CrossRef]

Chen, Y.; Xiong, K.; Ren, X.; Cheng, C. An overview of ecological vulnerability: A bibliometric analysis based on the Web of
Science database. Environ. Sci. Pollut. Res. 2022, 29, 12984-12996. [CrossRef]

Zhou, ]. H.; Huang, X.X. A review of ecological vulnerability assessment methods. Yunnan Geogr. Environ. Res. 2008, 20, 55-59, 71.
Yu, T.T. Study on the vulnerability of rural landscapes in severe cold regions. Harbin Inst. Technol. 2019. [CrossRef]

Pandey, R.; Jha, S.K.; Alatalo, ]. M.; Gupta, A.K. Sustainable livelihood framework-based indicators for assessing climate change
vulnerability and adaptation for Himalayan communities. Ecol. Indic. 2017, 79, 338-346. [CrossRef]

Berrouet, L.; Villegas-Palacio, C.; Botero, V. Vulnerability of rural communities to change in an ecosystem service provision:
Surface water supply. A case study in the northern Andes, Colombia. Land Use Policy 2020, 97, 104737. [CrossRef]

Yu, O. Quantitative Assessment of Livelihood Vulnerability of Farmers and Herders in the Eastern Tibetan Plateau Sample Zone; Southwest
University: Xi’an, China, 2010.

Zhang, Q. Social vulnerability of pastoralists to climate change: The case of a gacha in the desert grasslands of Inner Mongolia.
Sociol. Stud. 2011, 26, 171-195, 245.

Chelleri, L.; Minucci, G.; Skrimizea, E. Does community resilience decrease social-ecological vulnerability? Adaptation pathways
trade-off in the Bolivian Altiplano. Reg. Environ. Change 2016, 16, 2229-2241. [CrossRef]


http://doi.org/10.1016/j.scitotenv.2021.145275
http://doi.org/10.1016/j.pce.2020.102894
http://doi.org/10.1038/548275a
http://doi.org/10.1007/s10584-019-02638-9
http://doi.org/10.1191/030913200701540465
http://doi.org/10.5751/ES-04666-170118
http://doi.org/10.1146/annurev-arplant-042817-040256
http://www.ncbi.nlm.nih.gov/pubmed/29489395
http://doi.org/10.1016/j.ijdrr.2018.04.017
http://doi.org/10.1007/s10668-018-0215-y
http://doi.org/10.1007/s10113-019-01462-2
http://doi.org/10.1016/j.scitotenv.2020.143180
http://www.ncbi.nlm.nih.gov/pubmed/33131860
http://doi.org/10.3390/su9060889
http://doi.org/10.1007/s10113-016-1053-9
http://doi.org/10.5751/ES-12026-260102
http://doi.org/10.1016/j.gloenvcha.2010.07.003
http://doi.org/10.1016/j.ijdrr.2019.101439
http://doi.org/10.1016/j.ijdrr.2020.101967
http://doi.org/10.1007/s11356-021-17995-1
http://doi.org/10.27061/d.cnki.ghgdu.2019.000283
http://doi.org/10.1016/j.ecolind.2017.03.047
http://doi.org/10.1016/j.landusepol.2020.104737
http://doi.org/10.1007/s10113-016-1046-8

Int. |. Environ. Res. Public Health 2022, 19, 6664 16 of 17

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

65.

66.

67.

68.

69.

70.

71.

72.
73.

74.

75.

76.

77.

Zhang, R. Study on Spatial Structure Optimization of Traditional Villages in Southern Sichuan from the Perspective of Resilience Theory;
Southwest Jiaotong University: Chengdu, China, 2019.

Dai, L.L. A Study on the Vulnerability of Social-Ecological Systems in Rural Tourism Sites Based on a Survey of Rural Households: The Case
of Qingtianhe Village in Jiaozuo City; Zhengzhou University: Zhengzhou, China, 2017.

Yadava, R.N.; Sinha, B. Vulnerability assessment of forest fringe villages of madhya pradesh, India for planning adaptation
strategies. Sustainability 2020, 12, 1253. [CrossRef]

Ghosh, M.; Ghosal, S. Climate change vulnerability of rural households in flood-prone areas of Himalayan foothills, West Bengal,
India. Environ. Dev. Sustain. 2021, 23, 2570-2595. [CrossRef]

Peng, Y.; Gu, X.; Zhu, X.; Zhang, F.; Song, Y. Recovery evaluation of villages reconstructed with concentrated rural settlement
after the Wenchuan earthquake. Nat. Hazards 2020, 104, 139-166. [CrossRef]

Cramer, W.; Guiot, J.; Fader, M.; Garrabou, J.; Gattuso, J.-P; Iglesias, A.; Lange, M.A_; Lionello, P; Llasat, M.C.; Paz, S.; et al.
Climate change and interconnected risks to sustainable development in the Mediterranean. Nat. Clim. Change 2018, 8, 972-980.
[CrossRef]

Lee, M; Villaruel, M.L.; Gaspar, R.E. Effects of temperature shocks on economic growth and welfare in Asia. Resour. Environ.
Econ. 2020, 2, 158-171. [CrossRef]

Dasgupta, S.; Badola, R.; Ali, S.Z.; Jiju, ].; Tariyal, P. Adaptive capacity and vulnerability of the socio-ecological system of Indian
Himalayan villages under present and predicted future scenarios. J. Environ. Manag. 2022, 302, 113946. [CrossRef]

Jara, H].; Tam, J.; Reguero, B.G.; Ganoza, F,; Castillo, G.; Romero, C.Y.; Gévaudan, M.; Sanchez, A.A. Current and future
socio-ecological vulnerability and adaptation of artisanal fisheries communities in Peru, the case of the Huaura province. Mar.
Policy 2020, 119, 104003. [CrossRef]

Yao, J.; Ai, N.S.; Ding, J. Research progress on ecological vulnerability and its evaluation in China. J. Lanzhou Univ. 2003, 39, 4.
Pennekamp, F.; Pontarp, M.; Tabi, A.; Altermatt, F,; Alther, R.; Choffat, Y.; Fronhofer, E.A.; Ganesanandamoorthy, P.; Garnier, A;
Griffiths, ].I; et al. Biodiversity increases and decreases ecosystem stability. Nature 2018, 563, 109-112. [CrossRef] [PubMed]
Reyers, B.; Biggs, R.; Cumming, G.S.; Elmqvist, T.; Hejnowicz, A.P; Polasky, S. Getting the measure of ecosystem services: A
socia-ecological approach. Front. Ecol. Environ. 2013, 11, 268-273. [CrossRef]

Steffen, W.; Richardson, K.; Rockstrom, J. Planetary boundaries: Guiding human development on a changing planet. Science 2015,
347,1259855. [CrossRef]

Vorosmarty, C.J.; Green, P.; Salisbury, J.; Lammers, R.B. Global water resources: Vulnerability from climate change and population
growth. Science 2000, 289, 284-288. [CrossRef]

Headey, D. Rethinking the global food crisis: The role of trade shocks. Food Policy 2011, 36, 136-146. [CrossRef]

Tessema, K.B.; Haile, A.T.; Nakawuka, P. Vulnerability of community to climate stress: An indicator-based investigation of Upper
Gana watershed in Omo Gibe basin in Ethiopia. Int. ]. Disaster Risk Reduct. 2021, 63, 102426. [CrossRef]

Biswas, S.; Nautiyal, S. An assessment of socio-economic vulnerability at the household level: A study on villages of the Indian
Sundarbans. Environ. Dev. Sustain. 2021, 23, 11120-11137. [CrossRef]

Easterling, D.R.; Meehl, G.A.; Parmesan, C.; Changnon, S.A.; Karl, T.R.; Mearns, L.O. Climate extremes: Observations, modeling,
and impacts. Science 2000, 289, 2068-2074. [CrossRef]

Williams, P.A.; Crespo, O.; Abu, M.; Simpson, N.P. A systematic review of how vulnerability of smallholder agricultural systems
to changing climate is assessed in Africa. Environ. Res. Lett. 2018, 13, 103004. [CrossRef]

Chen, T.L.; Lin, Z.H. Planning for climate change: Evaluating the changing patterns of flood vulnerability in a case study in New
Taipei City, Taiwan. Stoch. Environ. Res. Risk Assess. 2021, 35, 1161-1174. [CrossRef]

Jurjonas, M.; Seekamp, E. Rural coastal community resilience: Assessing a framework in eastern North Carolina. Ocean Coast.
Manag. 2018, 162, 137-150. [CrossRef]

Ahmad, D.; Afzal, M. Flood hazards, human displacement and food insecurity in rural riverine areas of Punjab, Pakistan: Policy
implications. Environ. Sci. Pollut. Res. 2021, 28, 10125-10139. [CrossRef] [PubMed]

Begg, S.S.; De Ramon, N'.; Yeurt, A. Integrated flood vulnerability assessment of villages in the Waimanu River Catchment in the
South Pacific: The case of Viti Levu, Fiji. Reg. Environ. Change 2021, 21, 83. [CrossRef]

Liu, Y.H.; Li, X.B. Fragile Ecosystems and Sustainable Development; The Commercial Press: Beijing, China, 2007.

Mutabazi, K.D.; Sieber, S.; Maeda, C.; Tscherning, K. Assessing the determinants of poverty and vulnerability of smallholder
farmers in a changing climate: The case of Morogoro region, Tanzania. Reg. Environ. Change 2015, 15, 1243-1258. [CrossRef]
Poudel, S.; Funakawa, S.; Shinjo, H.; Mishra, B. Understanding households’ livelihood vulnerability to climate change in the
Lamjung district of Nepal. Environ. Dev. Sustain. 2020, 22, 8159-8182. [CrossRef]

Salam, R.; Islam, A.R.M.T,; Shill, B.K.; Alam, G.M.M.; Hasanuzzaman, M.; Hasan, M.; Ibrahim, S.M.; Shouse, R.C. Correction to:
Nexus between vulnerability and adaptive capacity of drought-prone rural households in northern Bangladesh. Nat. Hazards
2021, 106, 529. [CrossRef]

Kim, G.W.; Kang, W.; Lee, ]. Knowledge structures and components of rural resilience in the 2010s: Conceptual development and
implications. Sustainability 2020, 12, 9769. [CrossRef]

Roy, R.; Gain, A.K.; Samat, N.; Hurlbert, M.; Tan, M.L.; Chan, N.W. Resilience of coastal agricultural systems in Bangladesh:
Assessment for agroecosystem stewardship strategies. Ecol. Indic. 2019, 106, 105525. [CrossRef]


http://doi.org/10.3390/su12031253
http://doi.org/10.1007/s10668-020-00687-0
http://doi.org/10.1007/s11069-020-04241-z
http://doi.org/10.1038/s41558-018-0299-2
http://doi.org/10.25082/REE.2020.02.002
http://doi.org/10.1016/j.jenvman.2021.113946
http://doi.org/10.1016/j.marpol.2020.104003
http://doi.org/10.1038/s41586-018-0627-8
http://www.ncbi.nlm.nih.gov/pubmed/30333623
http://doi.org/10.1890/120144
http://doi.org/10.1126/science.1259855
http://doi.org/10.1126/science.289.5477.284
http://doi.org/10.1016/j.foodpol.2010.10.003
http://doi.org/10.1016/j.ijdrr.2021.102426
http://doi.org/10.1007/s10668-020-01085-2
http://doi.org/10.1126/science.289.5487.2068
http://doi.org/10.1088/1748-9326/aae026
http://doi.org/10.1007/s00477-020-01890-1
http://doi.org/10.1016/j.ocecoaman.2017.10.010
http://doi.org/10.1007/s11356-020-11430-7
http://www.ncbi.nlm.nih.gov/pubmed/33164109
http://doi.org/10.1007/s10113-021-01824-9
http://doi.org/10.1007/s10113-015-0772-7
http://doi.org/10.1007/s10668-019-00566-3
http://doi.org/10.1007/s11069-021-04537-8
http://doi.org/10.3390/su12229769
http://doi.org/10.1016/j.ecolind.2019.105525

Int. |. Environ. Res. Public Health 2022, 19, 6664 17 of 17

78.

79.

80.

81.

82.

83.

84.

85.

86.
87.

Lwin, K.K;; Pal, I; Shrestha, S.; Warnitchai, P. Assessing social resilience of flood-vulnerable communities in Ayeyarwady delta,
Myanmar. Int. |. Disaster Risk Reduct. 2020, 51, 101745. [CrossRef]

Lin, K.; Lee, H.C.; Lin, T.H. How does resilience matter? An empirical verification of the relationships between resilience and
vulnerability. Nat. Hazards 2017, 88, 1229-1250. [CrossRef]

Guo, B.; Zang, W.; Luo, W. Spatial-temporal shifts of ecological vulnerability of karst mountain ecosystem-impacts of global
change and anthropogenic interference. Sci. Total Environ. 2020, 741, 140256. [CrossRef] [PubMed]

Epting, J.; Page, RM.; Auckenthaler, A.; Huggenberger, P. Process-based monitoring and modeling of karst springs-linking
intrinsic to specific vulnerability. Sci. Total Environ. 2018, 625, 403-415. [CrossRef] [PubMed]

Guo, F; Jiang, G.; Polk, J.S.; Huang, X.; Huang, S. Resilience of groundwater impacted by land use and climate change in a karst
aquifer, South China. Water Environ. Res. 2015, 87, 1990-1998. [CrossRef]

Kates, RW.; Clark, W.C.; Corell, R.; Hall, ].M.; Jaeger, C.C.; Lowe, I.; Svedin, U. Sustainability science. Sciernce 2001, 292, 641-642.
[CrossRef]

Xiong, K.N.; Li, P; Zhou, Z.F. A Typical Study on Remote Sensing-GIS of Karst Desertifification in Guizhou Province; Geological
Publishing House: Beijing, China, 2002.

Chen, Y.; Xiong, K.; Ren, X.; Cheng, C. Vulnerability comparison between karst and non-karst nature reserves—With a special
reference to Guizhou province, China. Sustainability 2021, 13, 2442. [CrossRef]

Jones, L.; Constas, M.A.; Matthews, N.; Verkaart, S. Advancing resilience measurement. Nat. Sustain. 2021, 4, 288-289. [CrossRef]
Prentice, I.C.; Cramer, W.; Harrison, S.P.; Leemans, R.; Monserud, R.A.; Solomon, A.M. A global biome model based on plant
physiology and dominance, soil properties and climate. J. Biogeogr. 1992, 19, 117-134. [CrossRef]


http://doi.org/10.1016/j.ijdrr.2020.101745
http://doi.org/10.1007/s11069-017-2916-1
http://doi.org/10.1016/j.scitotenv.2020.140256
http://www.ncbi.nlm.nih.gov/pubmed/32887008
http://doi.org/10.1016/j.scitotenv.2017.12.272
http://www.ncbi.nlm.nih.gov/pubmed/29289788
http://doi.org/10.2175/106143015X14362865226798
http://doi.org/10.1126/science.1059386
http://doi.org/10.3390/su13052442
http://doi.org/10.1038/s41893-020-00642-x
http://doi.org/10.2307/2845499

	Introduction 
	Methods 
	Results 
	Annual Distribution of Literature 
	Content Distribution of the Literature 
	Distribution of Study Area of Literature 
	Institution Distribution of the Literature 

	Discussion 
	Main Progress and Landmark Achievements 
	Indicator System 
	Monitoring and Assessment 
	Mechanism Research 
	Strategy Research 

	Key Scientific Issues to Be Solved 
	In View of the Lack of Research on the Combination of Vulnerability and Toughness of Karst Ecosystem, a Research Framework Suitable for the Combination of Vulnerability and Toughness of Karst Ecosystem Should Be Established 
	There Is no Uniform Standard for the Selection of Vulnerability Assessment Indicator of Village Ecosystem: Appropriate Assessment Indicator System Should Be Constructed According to the Natural Geographical Background Characteristics of Villages and the Threat Factors Faced by Village Ecosystem 
	In View of the Problems of Different Levels of Rocky Desertification Control Village Ecosystem Vulnerability, Unclear Vulnerability Factors and Lack of Research, we should Strengthen the Rocky Desertification Control Village Ecosystem Vulnerability and its Influencing Factors 
	In View of the Lack of Research on the Control Strategy of Ecosystem Vulnerability in Karst Rocky Desertification Control Villages, the Control Strategy of Ecosystem Vulnerability in Karst Rocky Desertification Control Villages Should Be Discussed on the Basis of Vulnerability Assessment, so as to Provide Scientific Reference for Rocky Desertification Control 
	In View of the Weak Application of Village Ecosystem Resilience Research in Practice, we should Combine the Theory of Resilience Research with Practical Application, and Give Full Play to the Practical Significance of Resilience Research 
	In View of the Lack of Research on Ecosystem Resilience Enhancement Strategies for Rocky Desertification Control, the Research on Resilience Enhancement Strategies Should Be Strengthened According to the Ecosystem Resilience Level and Driving Factors of Rocky Desertification Control 
	The Innovation of Research Methods and Technical Means Needs to Be Strengthened, and Multi-Disciplinary and Multi-Technical Means should Be Used to Analyze the Vulnerability and Resilience of Ecosystems 
	In View of the Different Characteristics and Driving Factors of the Vulnerability of Rocky Desertification Ecosystem at Different Times, the Time Scope of the Study Should Be Further Expanded 


	Conclusions and Future Research 
	References

