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Fig. 1 Distribution of rocky desertification in Yunnan Province
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Table 1 Changes of rocky desertification area in Yunnan

Province in recent 20 years

T A EAL T Y hm?
20004F 20104F 20204F
BRI 3849.05 4402.55 2438.54
PR AL 5644.20 4976.98 5140.92
EREARL 27458.00 24354.24 17242.36
At 3695125 33733.77 24821.82
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Fig. 3 Environmental hydrogeological map of Heilongtan underground river, Mengzi
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Table 2 Meteorological and hydrological characteristics of typical karst regions in the Yunnan plateau
Hy T fRER ey R 1 R H REF %% (e RS N R KAR AL
o (1) /m /mm /mm /h /mm EY¢ /L-skm”
A s WYL 2360 970.7 1799.3 2405.3 200 0.42 13.44
VTR 7 b FBT 1886 1011 1867.7 2197 150 0.37 13.18
AV R BH 1450 1743.9 1020.6 1685.8 100 0.42 10.97
A IEEERS FAt& 1500 1162 1298.9 1898.3 80 0.20 11.64
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Table 3 Comprehensive evaluation results of expected effects of rocky desertification control

in typical karst regions of the Yunnan plateau

RFELG) BE/m ERHB/mm 2ZAkE/mm HENHL BREFEmm ABRE MW FKERER/Ls 'km® ZE51E50

RN 0 0 0.08 0
BT 0.52 0.05 0 0.29
B8 1 1 1 1
|9 0.95 0.25 0.67 0.7
BAAALE  0.163 0.129 0.149 0.154

0 0 1 0.145
0.74 0.23 0.89 0.390
0.52 0 0 0.671
0.22 1 0.27 0.590
0.144 0.127 0.133 -

BVFSr e, BRI, AR LR 3.
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Analysis of geological problems and difficulties in restoration and treatment of
karst environment on the Yunnan plateau
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Abstract The karst region of the Yunnan plateau is characterized by high altitudes, diverse landforms, variable
meteorological and hydrological conditions, and strong internal and external dynamic geological processes.
Additionally, the rapid increase in human activities and the detrimental effects of unsustainable development have
resulted in many issues on karst environmental geology closely related to natural resources and the environment. The

main issues are rocky desertification, waterlogging and drought, groundwater pollution, spring drainage, deterioration
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of wetland ecological environment, and karst geological disasters.

According to the data on relevant remote sensing surveys, the total area of rocky desertification in Yunnan
Province in 2020 reached 24,800 km’, accounting for 26.41% of the karst area. Among them, the area of severe rocky
desertification accounted for 69.46%, 20.72% for moderate rocky desertification, and 9.82% for mild rocky
desertification. Rocky desertification is contiguously distributed in the karst mountainous areas of eastern and
southeastern Yunnan, and in karst regions of western Yunnan, it is mostly distributed in sheets and bands. The severe
rocky desertification area is mainly concentrated in the middle-height mountains, high-height mountains and valleys of
the plateau karst. The distribution of waterlogging and drought in the karst region of the plateau shows obvious local
characteristics. Drought disasters mainly occur in the mountainous and hilly areas with higher terrain, while
waterlogging occurs more often in the valleys, basins and depressions among the mountains with lower terrain. There
are 2,658,400 acres of arable land susceptible to waterlogging in karst regions of the Yunnan plateau. The degree of
groundwater pollution varies greatly due to different types of groundwater, pollution protection properties and
pollution sources. Generally, pore water is the most polluted with the lowest water quality. Medium to heavy pollution
is mainly distributed in the middle of the basin, and the elements exceeding the permitted level mainly include nitrite,
ammonia nitrogen, iron, manganese, etc. The heavily polluted areas include Kunming, Qujing, Kaiyuan, Mengzi, Gejiu
and other places, mostly rated as serious or most serious pollution areas. The drainage of spring water in karst stone
mountains typically results in a decline of regional groundwater levels. This decrease mainly occurs in basin areas,
mining areas and the vicinity of engineering tunnel excavation, which is mainly caused by human engineering
activities such as tunnel excavation, mine drainage and over-exploitation of groundwater. The wetland of the Yunnan
plateau is mainly distributed in the lakeside. Due to the combined effects of ecological changes and human activities,
the temporal and spatial distribution of water sources and the water cycle processes have been altered. The wetland
area is shrinking, and its ecological service functions are increasingly degraded or even lost, resulting in a series of
ecological and environmental geological problems. Karst geological disasters on the plateau primarily consist of karst
collapses, which are mainly found in karst fault basins, trough valleys and platform areas. These collapses are mainly
the result of external forces such as rainfall and earthquakes.

Due to the fragility and complexity of the geological environment in karst regions of the plateau, addressing and
managing various environmental geological issues is challenging, and the outcomes of restoration and control efforts
are inconsistent. The main reasons can be summarized as the complex and changeable natural and social factors,
resulting from issues related to the karst geological environment, the low carrying capacity of natural resources, the
limited capacity of the geological environment, and the challenges in balancing survival, development and
environmental protection. The economic and technical requirements for the restoration and treatment of karst
environmental geological issues are increasingly demanding. Guided by the theories of hydrogeology, environmental
geology and ecology, and based on a large number of detailed investigation data, this study systematically summarizes
and analyzes the issues on karst environmental geology such as rocky desertification, waterlogging and drought,
groundwater pollution, spring water drainage, deterioration of the wetland ecological environment, and karst geological
disasters on the Yunnan plateau as well as the difficulties and causes of restoration and control of these disasters. The
countermeasures and suggestions to address these issues have been put forward, which can provide the orientation and

scientific basis for ecological protection and restoration.
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