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The shrinking mechanism of typical lakes in Hunshandake Sandy Land
of Inner Mongolia Plateau

ZHAO Lefan"™’, YANG Zhenjing™’, MA Rong™, NING Kai*’, CHEN Peng”**, WU Jun**’, LI Yang’

( 1. School of Earth Science and Resources, China University of Geoscience (Beijing), Beijing 100083, China; 2. Institute of Hydrogeology and
Environmental Geology, Chinese Academy of Geological Sciences, Shijiazhuang 050061, China; 3. Fujian Provincial Key Laboratory of Water Cycle
and Eco-geological Process, Xiamen 361021, China; 4. School of Earth Sciences, Hebei GEO University, Shijiazhuang 050030, China; 5. School of

Energy and Environmental Engineering, Hebei University of Engineering, Handan 050069, China; 6. Hebei Province Shexian Water Conservancy
Bureau, Shexian 056400, China )

Abstract: As an integral part of the terrestrial hydrosphere, lakes play an indispensable role in regional water cycle,
water balance and water resources regulation. Due to the different climatic conditions and human activities, the
causes of lake shrinkage in different time and space are significantly different. The Hunshandake Sandy Land is
located in the eastern part of Inner Mongolia. Due to its unique geographical pattern and climatic characteristics, the
predecessors have carried out a lot of research on this area. However, most of the previous studies focused on
climate change and ecological stability, and only a small amount of research focused on lake area and water volume.
And the studies are mainly concentrated before 2015, and there is a lack of research on the recent Hunshandake in
the current new state. In particular, there is a lack of research on the changes of water balance factors based on the
water balance model and the quantitative analysis of human activities and climate change on lake evolution.
Therefore, it is of great significance to reveal the mechanism of shrinkage and degradation of lakes in Hunshandake
Sandy Land of Inner Mongolia Plateau for the protection and restoration of lakes in Hunshandake Sandy Land.

Based on Landsat TM / ETM +, the lake area of Junma Lake from 1991 to 2021 was extracted. Combined with
DEM data and field elevation point test, the water depth-area-volume curve of Junma Lake was established to
calculate the lake water volume. Based on the meteorological data, the water balance model of Junma Lake from
1991 to 2021 was established. The variation characteristics of water balance factors such as precipitation,
evaporation and runoff are quantitatively analyzed, the interaction between income items and expenditure items and
their impact on lake water volume changes is analyzed, the impact of climate change and human activities on lake
water volume changes at different stages is analyzed, and the main control factors of lake water volume changes at
different stages are determined. The research results can provide basis and support for regional lake evolution and
ecological protection.

The results show that the lake water volume decreases from 1 450 x 10" m’ in 1991 to 380 x 10* m’ in 2021,
with an average annual change rate of —34 x 10" m’/a. The regional precipitation, evaporation and groundwater
recharge all show a decreasing trend, with an average annual change rate of —10 x 10* m’/a, =7 x 10" m*/a and —5 x
10" m’/a, respectively. Before 2006, the lake recharge and discharge showed a weak negative equilibrium; after
2006, due to the significant reduction of groundwater recharge, the negative balance of lake water increased and the
shrinkage rate accelerated.

The results show that: before 2006, climate warming and drying was the main factor leading to lake shrinkage;
after 2006, the large-scale exploitation of groundwater resources affected the lake recharge, and human activities
became the main controlling factor of lake shrinkage. Rational development and utilization of groundwater
resources and improvement of water resources utilization efficiency can alleviate the shrinkage and degradation of
lake wetlands in Hunshandake Sandy Land to a certain extent.

Key words: water balance; water quantity; evaporation; climate change; human activity
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