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ABSTRACT

The Mongolian Plateau plysa key role in the geopoliticaland
ecological structure of Northeast Asia. In recent years, the
combined effects of climate change and human activities have
intensified ecological risks in the region, especially land
degradation and sandstorms, which have had significant
impacts on both China and Mongolia. This paper reviews two
decades of woik by the authors’ team on the Mongolian
Plateau, including research on pattem chamcterization,
mechanism analysis, and optimization strategies related to
land cover, ecosystem vulnerability, ecological-economic
zoning, investment environment, industrial structure, and
transport infrastructure. Building on this foundation, the paper
identifies four major priorities for future cooperation: risk
assessment and spatiotemporal evolution pattem of ecological
security risk in the Mongolian Plateau under climate change,
influencing factors and driving mechanism of ecological risks
in the Mongolian Plateau, China-Mongolia joint construction
plan for ecological security shield in the Mongolian Plateau,
and green Development Model and Typical Demonstration of
Mongolian Plateau. These future cooperation efforts aim to
provide essential scientific and technological support for
desettification control, land degradation prevention, sandstorm
risk reduction, and the protection of biodiversity and
ecosystem stability on the Mongolian Phteau. In addition, this
study holds important scientific value for addressing global
climate change, promoting sustainable development in
transboundary regions, and mitigating large-scale ecological
risks.

Ecological security shield construction, Green development

mode, Ecological environmental risks, China-Mongolia
cooperation, Mongolian Plateau
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1. INTRODUCTION

The Mongolian Plateau holds a key position in the
geopolitical and ecological structure of Northeast
Asia. The inland region of Mongolia, which lies at
the core of the plateau, is part of the active wind—
sand zone in northern China. It is characterized by
fragile and sensitive ecosystems and experiences
severe climate change. In recent years, the warming
and drying trend has intensified, and the added
pressure from human activities has further increased
ecological risks. These risks have not only caused
significant ecological impacts within Mongolia but
have also posed serious transboundary environmental
threats to China.

Climate change and sandstorms on the Mongolian
Plateau have had significant impacts on regional
ecosystems and socio-economic development, as
emphasized by a growing body of research.
Observational data show that between 1982 and
2015, approximately 12.6% of the world’s arid
regions experienced ecological degradation, affecting
more than 200 million people [1]. Studies on the
Mongolian Plateau indicate that the rate of warming
in this region has significantly exceeded the global
average, accompanied by a decreasing trend in
precipitation. Since the 1960s, these changes have led
to ecosystem imbalances, water scarcity, and
grassland degradation [2]. One study reviewed a
once-in-a-decade sandstorm event in March 2021,
which caused widespread ecological damage across
Mongolia and neighboring countries [3]. In response
to these challenges, scholars have called for
integrated approaches that couple ecological and
social systems to build ecological security barriers
and promote green development pathways[4].
Collectively, these findings underscore the high
sensitivity of the Mongolian Plateau’s ecosystems to
global climate change and the urgent need to
strengthen regional cooperative governance.

However, due to the complex impacts of climate
change and human activities on the Mongolian
Plateau, there is still no clear conclusion regarding
the causes, transmission mechanisms, and driving
factors of ecological risks such as sandstorms.
Existing studies lack innovative research focused on
the formation, mechanisms, and impacts of
transboundary ecological risks, as well as on joint
international prevention strategies and adaptive
development models. There is also a serious shortage
of practical and verifiable models for China-
Mongolia joint construction of ecological security
barriers and green development approaches that
achieve both ecological and economic benefits. This

gap in innovation and empirical research falls far
short of meeting the wurgent scientific and
technological needs for ensuring ecological security
and promoting green, sustainable development on the
Mongolian Plateau.

Therefore, understanding the ecological risks of
land degradation and sandstomms on the Mongolian
Plateau under climate change, along with their
formation mechanisms, is an urgent priority. It is
essential to scientifically construct a comprehensive
ecological security barrier for the plateau, establish
green development models suited to regional
conditions, and ensure their practical implementation
and promotion. This is a pressing and realistic need
for safeguarding ecological security on the
Mongolian Plateau—especially in northern China. It
is also a key scientific issue of high concern to both
governments and the public, requiring targeted cross-
border cooperation between scientists from both
countries.

2. RESEARCH METHODS

2.1. Study Area

The Mongolian Plateau encompasses Mongolia,
southern Russia, and parts of Inner Mongolia, Gansu,
and Xinjiang in China. In recent years, the region has
undergone intensified warming and drying trends,
further exacerbated by human activities, leading to
heightened ecological risks. As a transboundary zone
of active aeolian processes across northern China and
Mongolia, it poses significant ecological challenges
to both countries. In response, our research team has
conducted a series of studies focusing on spatial
pattern, mechanism analysis, and optimized
regulation for ecological safety and sustainable
development in the typical regions of Mongolian
Plateau.

2.2. Methods

Over the past ten years, we conducted a
comprehensive study of the Mongolian Plateau using
a range of analytical methods. It included ecological
environmental quality dynamic index, human—
environment coupled system vulnerability evaluation
index, two-tier ecolo gical-economic zoning scheme,
integrated impact index evaluation model,
geographically weighted regression model,
Geodetector model, two-way fixed effects model, and
so on. These models have provided us with advanced
technical methods for conducting in-depth analysis
on spatial pattern, mechanism analysis, and optimized
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regulation for ecological safety and sustainable
development in the typical regions of Mongolian
Plateau.

3. RESULT

In the past two decades, my research team and I
have carried out a series of studies on the Mongolian
Plateau. These studies focus on the spatial pattern,
mechanism analysis, and optimized regulation for
ecological safety and sustainable development in the
typical regions of Mongolian Plateau.

3.1. Spatial Pattern

The Mongolian Plateau, as a typical arid and
semi-arid ecological zone in the Eurasian continent,
is a key area for understanding the evolution of the
reconstruction of regional human—environment
relationships. To better understand the spatial
characteristics of ecological and economic structure
changes and the coupling between ecology and
economy, we have carried out systematic study on
the spatial pattern characterization of the Mongolian
Plateau and its transboundary areas from different
scales and perspectives.

Based on global remote sensing and socio-
statistical data from 1992 to 2020, we analyzed the
land use change and its eco-environmental effects in
435 counties across the Mongolian Plateau. The
results revealed complex trends of grassland
degradation, desertification spread,and the expansion
of agri-pastoral transition zones (Figurel).

21992 b.2020

B High quality-Low risk Higher quality-Lower risk

Lower quality-Higher risk [Jll Low quality-High risk

Figurel. Spatial pattern of eco-environmental quality
index on the Mongolian Plateau

We have developed an indicator system based on
climate, topography, soil, and socio-economic data.
Using this system, we quantified the spatial
distribution of ecological vulnerability in Mongolia
(Figure 2.), along the China-Mongolia-Russia cross-
border transport corridor[5], and in the Heilongjiang—
Amur River Basin.

Figure 2. Vulnerability spatial pattern of China-
Mongolia-Russia cross-border transport corridor

Taking into account factors of terrain, climate and
development intensity, we analyzed the combination
of resource endowments and economic characteristics
in different regions of the China-Mongolia-Russia
economic corridor, as well as their spatial
differentiation patterns [6].

We used the ESE-PRT model to analyze the
investment environment of 22 provincial-level units
in Mongolia, and revealed the ecological and social
factors were the key factors on the regional
investment environment [7].

In terms of transport infrastructure development,
we built a regional economic—social-ecological-
transport assessment model (ESET model) to
quantitatively evaluate the development levels of the
four subsystems [8] and the degree of coupling
coordination between tmansportation infrastructure
construction (TIC) and ESE development (Figure 3).
We also developed an Integrated Impact Index
Evaluation Model (IIIEM) to assess the impact
indices of various influencing factors related to the
construction of the China-Mongolia-Russia high-
speed railway, and revealed their spatial distribution
patterns [9]. In addition, we constructed an ecological
risk assessment model for cross-border railways,
highways, and oil and gas pipelines along the China-
Mongolia-Russia economic corridor, dividing the
area into high, medium, and low ecological risk zones.
The results showed that ecological risks in the
corridor are distributed along "two belts and one line":
the China-Mongolia-Russia cross-border transport
belt is a high-risk zone for desertification, while the
China-Russia cross-border transport belt and the
China-Russia oil pipeline corridor are high-risk zones
for permafrost degradation [10].
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Figure 3. The degree of coupling coordination
between TIC and ESE development

3.2. Mechanism Analysis

The evolution of spatial patterns reflects complex
natural and human-driven mechanisms. The
transformation of the social-ecological system on the
Mongolian Plateau is the result of multiple
interacting factors, including policy orientation,
resource exploitation, infrastructure development,
and climate change. A deeper analysis of these core
mechanisms helps identify key driving factors and
understand system response processes, thereby
improving the scientific basis and precision of
regional development strategies.

Based on the systematic analysis of land use
change and eco-environmental effects in 435 counties
across the Mongolian Plateau, we found that the
influencing factors of eco-environmental quality
change are ranked as follows: natural factors >
economic factors > social factors. The combined
influence of natural, social, and economic factors has
shaped a multi-dimensional driving patten
characterized by a dynamic interplay of forces, which
continuously reconstructs the spatial pattern of eco-
environmental quality on the Mongolian Plateau
(Figure 4).

2010, Inner Mongolia, China 2020, Tnner Mongolia, China maverage value of Tnner Mongolia, China

2010, Mangolia maverage value of Mongolia
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Figure 4. Mechanisms driving changes in ecosystem
quality on the Mongolian Plateau

Based on the provincial-level spatial analysis of

vulnerability in Mongolia, we examined the

ecological vulnerability patterns under different

scenarios of change in three key factors: population,
GDP, and livestock numbers. After completing the
vulnerability analysis of the China-Mongolia-Russia
cross-border transport corridor, we systematically
analyzed and identified the key risk factors in
different regions [5].

In terms of ecological-economic zoning, we
systematically identified the influencing mechanisms
of factors such as landform, climate, and industrial
structure on regional differentiated development
through the zoning process [6].

We used the ESE-PRT model to explore the
formation  mechanisms of the investment
environment from the perspectives of institutions and
resources. We identified four types of investment
zones and further revealed the priority industries for
investment and the main investment risks in the
priority investment areas [7].

We used a two-way fixed effects model to
systematically examine the relationship between the
mining sector’s share of GDP and the Human
Development Index (HDI). The results show that the
development of the mining industry has promoted
economic growth, job creation, and infrastructure
development, which in turn has improved education,
healthcare, and living standards (Table 1).

Table 1. The mechanism analysis of mining and the
Human Development Index

Variable (1 (2) (3) “)
HDI Life Edu Eco
mining 0.0854™" 0.006 0.0341°" 0.206™
(0.008) (0.0056) (0.0119) (0.0200)
urban -0.0103 -0.0003 0.0421" 0.0098"
(0.0226) (0.0014) (0.0090) (0.0041)
tele 0.0172"* -0.0004 0.0192° -0.0051
(0.0027) (0.0012) (0.0101) (0.0057)
library 0.0059" -0.0032 0.0153 0.0561°"
(0.0035) (0.0048) (0.0158) (0.0186)
doctor 0.0259"" 0.0177 -0.0783 0.00701
0.0074) (0.0127) (0.0493) (0.0424)
cons 0.410™ 0.764""" 0.315™ 0.226™
(0.0427) (0.0259) (0.108) (0.0991)
N 440 440 440 440
R 0.938 0.983 0,961 0.958

3.3. Optimized Regulation

Based on a systematic understanding of patterns
and mechanisms, proposing region-specific and zone-
based policy recommendations is key to supporting
green development and cross-border cooperation in
the region.

Based on the analysis of vulnerability patterns and
driving factors in the China-Mongolia-Russia cross-
border transport corridor, we proposed an ecological
risk prevention and control zoning plan, along with
region-specific policy recommendations for different
risk zones [5] (Figure 5). For the Heilongjiang—Amur
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River Basin, we conducted an in-depth analysis of the
Mongolian part of the basin and proposed
cooperative strategies among China, Mongolia, and
Russia to mitigate ecological vulnerability.
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Figure 5. Vulnerability prevention and control
zoning in China-Mongolia-Russia cross-border
transport corridor
In terms of ecological-economic zoning, we
divided the China-Mongolia-Russia  economic
corridor into 19 sub-zones (Figure 6), and conducted
comprehensive comparative analysis of their
ecological, economic, and social characteristics, as
well as their spatial differentiation patterns.
Following the principle of green and sustainable
development, we categorized the sub-zones into three
types:  optimized development zones, key
development zones, and conservation development
zones. We then proposed green development
strategies tailored to each zone type [6].

[ | .Eastern European Plain EEZ
[ |1, West Siberian Plain LLZ
[0 1. Central Siberian Plateau FEZ,
B IV.Far East Mountain EEZ
BV Northeast China Plain EEZ
3 V1. Mongolian Plateau EFZ.
— China-Mongolia-Russia Lconomic Corridor
— National Border

Provincial Border

Figure 6. Eco-economic zones (EEZ) and sub eco-
economic zones in the China-Mongolia-Russia
economic corridor

Based on the assessment of the vulnerability of
the human-land coupling system in each province of
the Mongolian Plateau from 2002 to 2022, we
predicted the vulnerability of the human-land
coupling system in 2030 wunder different
development scenarios of population and animal
husbandry. We also comparative analyed the three
different development scenarios and proposed the
countermeasures for future optimization and
regulation (Figure 7).

\/} Population and Livestock

N j (1) Low Developmeni Scemario of

(a) Vulnerability in 2020 S

s

N
~ i,ﬁ\ﬂ._.._. .

(d) High Development Scenario of
Population and Livestork

(¢} Moderate Development Seenario of
TFopulation and Livestock

Figure 7. Provincial-Level Vulnerability Assessment
and Simulation Prediction of the Mongolian Plateau

4. DISCUSSION

Based on a comprehensive scientific expediton
and continuous research over the past two decades on
the Mongolian Plateau, we proposed the key research
prospect for ecological security shield construction
and green development of Mongolian Plateau in the
future.

4.1. Risk assessment and spatiotemporal
evolution pattern of ecological security risk
in the Mongolian Plateau under climate
change

Based on comprehensively utilizing 3S
technology and big data mining, combined with site
monitoring and scientific expedition, it will
systematically analyze the chamcteristics of climate
change, the spatiotemporal patterns and evolution
laws of ecological environment elements in the
Mongolian Plateau over the past 30 years.

Scientifically evaluate the main types of
ecological security risks in the Mongolian Plateau
(such as land degradation, sandstomms, etc.) and their
impact degree. Reveal the formation process,
spatiotemporal evolution pattern, regional
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differentiation laws of major ecological security risks
such as land degradation and sandstorms.

4.2. Influencing factors and driving
mechanism of ecological risks in the
Mongolian Plateau

Using econometric models such as Factor
Analysis Approach, Granger Causality Test Model,
and Logistic Regression Analysis, it will analyze the
impact of key natural factors (such as climate,
hydrology, biology, natural disasters, atmospheric
circulation, etc.) and key human activities (such as
urbanization,animal husbandry development, mineral
resource development, residential lifestyle, etc.) on
the regional ecological security risks.

Determine the key influencing factors of major
ecological security risks such as land degradation and
sandstorms in the Mongolian Plateau. Reveal the
driving mechanisms of various influencing factors on
the major ecological security risks.

4.3. China-Mongolia joint construction plan
for ecological security shield in the
Mongolian Plateau

Construct a system dynamic model for the
evolution of ecological security risks in the
Mongolian Plateau, simulate the trend of ecological
security risk evolution, and define the different
prevention zones for ecological security risk, such as
sand and dust source zones, transmission channel
zones, secondary dust emission zones, disaster
undertaken zones, etc.

Focusing the actual prevention and control needs
of the different prevention zones for ecological
security risk, propose China-Mongolia joint
construction plan for ecological security shield in the
Mongolian Plateau, through the construction of
barriers, corridors, protected areas, sampling points,
monitoring stations, etc.

4.4. Green Development Model and Typical
Demonstration of Mongolian Plateau

In order to respond to climate change and achieve
sustainable development of the Mongolian Plateau, it
not only need to jointly construct the ecological
security shield, but also improve human production
and lifestyle, and propose a green development mode
for the Mongolian Plateau. Adopt a circular economy
development mode in mining areas, an ecological
urban construction mode in residential areas, and a
co-future mode of humans and nature in nature

reserves areas. Propose a construction plan for the
typical demonstration site of ecological security
shield construction and green development mode in
the Govisumber Province of Mongolia.

5. CONCLUSION

This study aims to address pressing ecological
and developmental challenges in the Mongolian
Plateau through a transboundary perspective.

Reveal the spatiotemporal evolution pattern,
regional differentiation laws, and driving mechanisms
of major ecological security risks such as land
degradation and sandstorms in the Mongolian Plateau,
and propose a plan for jointly constructing ecological
security shield between China and Mongolia.

Propose a China-Mongolia cooperation mode for
green development on the Mongolian Plateau
responding to climate change, and construct a typical
green development demonstration on the Mongolian
Plateau.

The findings are expected to provide scientific
support for regional ecological governance and
sustainable development cooperation between the
two countries.
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