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Fig. 1 Geomorphologic zoning of Yunnan Province
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Fig.2 Climate types of Yunnan Province
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Fig. 3 Contour map of runoff depth on the Yunnan plateau
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Fig. 4 Types and distributions of main fragile eco-geological environments in Yunnan Province
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Table 1  Statistics of meteorological and hydrological characteristics of typical karst rock mountains
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Table 2  Statistics of nine plateau lakes in Yunnan Province
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Data Source: Study on ecological restoration model of mountains, rivers, forests, fields, lakes and grasslands in typical lake basins in Yunnan Province (2022).
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Table 3  Statistics of meteorological and hydrological characteristics of typical dry-hot valleys
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Types and characteristics of vulnerable eco-geological environments on the Yunnan
plateau and countermeasures for ecological restoration

LIQin"*’, WANG Yu'**, ZHANG Hua"*’, CHAI Zhengjiao'*’, XIONG Bo’
(1. Key Laboratory of Geohazard Forecast and Geoecological Restoration in Plateau Mountainous Area, MNR, Kunming, Yunnan 650216, China;
2. Yunnan Key Laboratory of Geohazard Forecast and Geoecological Restoration in Plateau Mountainous Area, Kunming, Yunnan 650216, China;
3. Yunnan Institute of Geo-Environment Monitoring, Kunming, Yunnan 650216, China; 4. Yunnan Geological Survey, Kunming, Yunnan

650051, China; 5. Yunnan Institute of Land and Resources Planning and Design, Kunming, Yunnan 650216, China )

Abstract The geological background of the Yunnan plateau in the study area is complex, with significant uplift
caused by the Himalayan orogeny, intense neotectonic movements, and pronounced variations in fault block elevation.
The long-term shaping of internal and external dynamic geological processes has formed a modern ecological
geological environment pattern with significant regional differences, diversity, and vulnerability. Therefore, the study
of ecological vulnerability in high-altitude mountainous areas has always been an important issue facing the
construction of ecological civilization in Yunnan Province. Currently, there are limited achievements in vulnerability
research for specific regions within the province, and there is a lack of regional, comprehensive, and systematic
research and analysis throughout the province. In order to improve the scientific compilation of national spatial
planning and ecological restoration planning, as well as the feasibility and effectiveness of various restoration and
governance projects, it is necessary to strengthen the investigation of ecological geological environment. Additionally,
it is essential to enhance the identification and diagnosis of ecological problems, highlighting the importance of
understanding these problems through the lens of nature principles, local conditions, and systematic restoration efforts.
This article aims to systematically analyze the vulnerability characteristics of the ecological geological

environment on the Yunnan plateau from the perspective of land and space protection and restoration in Yunnan
Province. The manifestations of vulnerability are thoroughly analyzed, including geology, geomorphology, surface
material composition, meteorological and hydrological characteristics, ecological patterns, etc. Based on the sensitivity
of the ecological geological environment to external interference and limited self-recovery ability, four typical types of
vulnerable ecological environments are identified: karst rocky mountains, plateau lakes, dry-hot valleys, and high-
altitude mountainous areas. The karst rocky mountains experience severe soil erosion and water leakage, characterized
by slow soil formation, limited growth, a scarcity of suitable tree species, simplistic communities, and a widespread
shortage of surface water. The selection of ecological restoration models should be based on in-depth investigation and
evaluation, as well as tailored plans. The plateau lakes exemplify a basin economy characterized by low carrying
capacity for both resources and environment, and by both waterlogging and drought. Any adverse environmental
effects resulted from ecological damage and pollution in the surrounding areas can be directly transmitted to plateau
lakes through runoff, resulting in a focusing effect. The dry-hot valleys experience drought and water scarcity, with
prominent water-heat contradictions. The ecological geological environment is vulnerable, and natural disasters occur
frequently. There are intense soil erosion, soil degradation, and low productivity, leading to economic backwardness.
Besides, agricultural, animal husbandry, and mining activities are extensive. In the high-altitude mountainous areas, the

mountains are steep with intense erosion and denudation, resulting in thin and scattered soil layers. The biological
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conditions for plant growth are poor, and there is a strong trend towards desertification in the natural process. The
ecological geological environment is vulnerable, with a high incidence of geological disasters. Human restoration is
difficult and lacks sustainability.

By analyzing and understanding the complex geological background, intense neotectonic movements, and the
resulting vulnerability characteristics of the ecological geological environment, as well as addressing common
problems and deficiencies in ecological restoration practices, we have proposed the following steps for the protection
and restoration of plateau ecosystems. Firstly, we should conduct thorough research and investigation, adhering to
natural and economic laws. We should carry out comprehensive and scientific research to identify the ecological
geological environment and resource conditions, starting from the diversity of the ecological geological environment.
We should also reveal the inherent connections and succession patterns of the ecosystem, accurately identify ecological
problems, and enhance the specificity and effectiveness of ecological restoration. Secondly, we should plan the
restoration in an integrated and coordinated manner and carry out the planning systematic, fully considering the
differentiation of ecological geological environment. Taking the watersheds as units and considering the resources,
environmental factors, and economic and social conditions of the restoration areas, we should implement
comprehensive planning. This planning must align with the inherent connections among ecological elements and the
principles governing material and energy transformation. Our goal is to ensure overall protection, integrated
management, and systematic restoration. Thirdly, we must adhere to the principle of prioritizing protection while
focusing on natural restoration. Given the vulnerability of the ecological geological environment, we should prioritize
effective ecological protection by minimizing interference and destruction to vulnerable ecosystems, thereby avoiding
situations that are difficult to remediate. Fourthly, we should enhance the overall coordination and guidance of national
land space planning. Grounded in the principles and methods of earth system science, sustainable development
theories, nature-based solutions, and relevant applied sciences, we must improve the evaluation of resources and
environmental carrying capacity, as well as the suitability of national land space development within national spatial
planning. This process involves thoroughly identifying the distribution and extent of ecologically vulnerable national
land space, with the comprehensive consideration of factors such as precipitation distribution, vegetation cover, human
interference, the significance of biodiversity conservation, and soil and water conservation to conduct resilience
evaluation.

Furthermore, this article proposes that while the analysis of ecological geological environment vulnerability
primarily focuses on geological factors, vulnerability is closely related to human activities such as land development
and utilization, climate change, and environmental pollution. Research on vulnerability should be an interdisciplinary
collaboration to enhance its systematic nature and comprehensiveness. In future endeavors, the integration of ecology,
geography, and geology can further broaden the content and indicators of research, thereby providing a scientific

foundation for formulating more targeted policies.

Key words ecological vulnerability, karst rocky mountain, plateau lakes, dry-hot valley, alpine area, ecological

restoration, the Yunnan plateau
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