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Research on the recharge of the lakes in the Badain Jaran Desert: Simulation study in
the Sumu Jaran lakes area
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Abstract: The Badain Jaran Desert was located at the northwest inland of China with drought and intensive evaporation. In stark
contrast there were dozens of permanent lakes inside the desert hinterland. Water recharge of the lakes in the Badain Jaran Desert
has always been controversial. Based on water balance algorithm this paper investigated the water recharging mechanism of the
lakes. Dynamic observations of precipitation evaporation lake level and groundwater level were conducted in the Sumu Jaran
lakes area. Based on the data analysis a 3D model of groundwater was set up to reconstruct the seasonal dynamic characteristics of
the groundwater level in the lakes area and the water balance analysis was carried out. The results indicated that the precipitation
wasn't sufficient to meet the water loss via evaporation and leakage of deep confined water was important to maintain the lakes.

Both the groundwater level and the lake level showed as a sine curve and the changing range was 18 and 22 ¢cm respectively. The
maximum and minimum value of groundwater level and lake level appeared in April and November respectively. The average re—
charge rate of the Sumu Jaran lakes for many years was approximately 11620 m® /d  to which the rainfall and leakage of the deep
confined water contributed 13% and 87% respectively. The former was high in summer and low in winter while the seasonal vari—
ation of the latter was not obvious. The deep confined water ultimately was probably formed with rainfall in the mountain areas a—
round the southeast Badain Jaran Desert. No obvious water deficit needs to be covered by the groundwater that is transported to frac—
tured zone from the remote area. The results can provide scientific gist for the rational use of groundwater in the Badain Jaran Desert.
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Fig. 1 Remote sensing image of the Badain Jaran Desert and Sumu Jaran lakes
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Fig. 4 The curves of the groundwater level and lake level in Sumu Jaran lakes area
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Fig. 5 Hydrogeological profile of the conceptual model in Sumu Jaran lakes area
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Fig. 7 The contour map of groundwater level in Sumu Jaran lakes area
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Fig. 9 Dynamic curve of the recharge and discharge of the Sumu Jaran lakes area

1261 mm

18 cm.

11620 m’* /d 13%  87% N

Ren Wei Jin Sheng. Applying audio-magnetelluric method to the study of megadune structure and formation in Badain
Jare Desert Inner Mongolia. Geoscience 2011 25(6): 11674173.
2011 25(6): 11674173.
Huang Tianming Pang Zhonghe. Groundwater recharge in Badain Jaran Desert and Gurinai Oasis based on environmental
tracers. Geoscience 2007 21(4): 624-631.
. 2007 21(4): 624-631.
Li Mingsen. Visit the Badain Jaran Desert. Chinese Journal of Nature 2007 29(5): 300-302.



11

12

13

16

17

20

21

22

23

— 477

2007 29(5): 300-302.
Chen JS Li L. Wang JY et al. Groundwater maintains dune landscape. Nature 2004 432(7016): 459-460.
Dong ZB Qian GQ Lii P et al. Investigation of the sand sea with the tallest dunes on Earth: China’s Badain Jaran Sand
Sea. Earth-Science Reviews 2013 120(120) : 20-39.
Wang Tao. Formation and evolution of Badain Jirin Sandy Desert China. Journal of Desert Research 1990 10( 1) : 29-
40. . . 1990 10( 1) : 2940.
Dong ZB Wang T Wang XM. Geomorphology of the mega-dunes in the Badain Jaran Desert. Geomorphology 2004 60
(1/2): 191203.
Edmunds WM Ma JZ Aeschbach HW et al. Groundwater recharge history and hydrogeochemical evolution in the Mingin
Basin North West China. Applied Geochemisiry 2006 21(12): 2148-2170.
Gates JB Edmunds WM Ma JZ et al. Estimating groundwater recharge in a cold desert environment in Northern China u-
sing chloride. Hydrogeology Journal 2008 16(5): 893910.
Ma JZ Ding Z Gates JB et al. Chloride and the environmental isotopes as the indicators of the groundwater recharge in
the Gobi Desert northwest China. Environmental Geology 2008 55(7): 14074419.
Ma JZ Edmunds WM. Groundwater and lake evolution in the Badain Jaran Desert ecosystem Inner Mongolia. Hydrogeol—
ogy Journal 2006 14(7): 12314243.
Ma JZ Edmunds WM He J et al. A 2000 year geochemical record of palaeoclimate and hydrology derived from dune sand
moisture. Palaeogeography Palaeoclimatology Palaeoecology 2009 276( 14): 38-46.
Ma Jinzhu Huang Tianming Ding Zhenyu et al. Environmental isotopes as the indicators of the groundwater recharge in
the south Badain Jaran Desert. Advances in Earth Science 2007 22(9) : 922-930.
2007 22(9): 922930.
Ding Hongwei Wang Guiling. Study on the formation mechanism of the lakes in the Badain Jaran Desert. Arid Zone Re-
search 2007 24(1): 149. . . 2007 24(1): 1-
7.
Wu Yanqing Mu Fugiang He Yixian et al. Analysis of the transformation path between stream flow and groundwater from
Dingxin to Shaomaying in Hei River Catchment West China. Journal of Glaciology and Geocryology 2000 22(1): 73—
77. . . 2000
22(1): 73497.
Wu Yanqing Zhang Yinghua Wen Xiaohu et al eds. Simulation on hydrologic cycle and water resource in Hei River basin
in northwest China. Beijing: Science Press 2010: 101431.
: 2010: 101431.
Sun Deqin Tian Ronghe Li Zhongxue et al. Geological and hydrogeological survey report in western Inner Mongolia Plat—
eau( 1: 500000) . China Geology Department 1961: 15-41.
— (1: 50 ). 1961: 1541.
Chen Jiansheng Wang Jiyang Zhao Xia et al. Study of groundwater supply of the confined aquifers in the Ejin Basin
based on isotopic methods. Geological Review 2004 50(6): 649-658.
2004 50(6): 649-658.
Chen Jiansheng Zhao Xia Sheng Xuefen et al. Geochemical information indicating the water recharge to lakes and im—
movable megadunes in the Badain Jaran Desert. Acta Geologica Sinica( English Edition) 2005 79(4): 541-546.
Chen FH Wei W Holmes JA et al. A mid-Holocene drought interval as evidenced by lake desiccation in the Alashan
Plateau Inner Mongolia China. Chinese Science Bulletin 2003 48( 14) : 14014410.
Chen Jiansheng Fan Zhechao Wang Jiyang et al. Isotope methods for studying the replenishment of the lakes and down-
stream groundwater in the Badain Jaran Desert. Acta Geoscientica Sinica 2003 24( 6) : 497-504.
2003 24(6): 497-504.
Chen Jiansheng Zhao Xia Wang Jiyang et al. Meaning of the discovery of lacustrine tufa and root-shaped nodule in Ba—
dain Jaran Desert for the study on lake recharge. Carsologica Sinica 2004 23(4): 277282.
2004 23(4): 277282.

Zhao L] Xiao HL Dong ZB et al. Origins of groundwater inferred from isotopic patterns of the Badain Jaran Desert



478

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

J. Lake Sci. ( ) 2017 29(2)

Northwestern China. Ground Water 2012 50(5) : 715425.
Shao Tianjie Zhao Jingbo Dong Zhibao. Water chemistry of the lakes and groundwater in the Badain Jaran Desert. Acta
Geographica Sinica 2011 66(5) : 662-672.
2011 66(5): 662-672.
Zhang Hucai Ming Qingzhong. The evolution of hydrology and lakes in the extreme arid west of China and the formation of
the megadunes in the Badain Jaran Desert. Advances in Earth Science 2006 21(5) : 532-538. .
2006 21(5): 532-538.
Zhang Huaan Wang Naiang Li Zhuolun et al. Features of hydrogen and oxygen isotopes in lakes and groundwater in
southeast Badain Jaran Desert. Journal of Desert Research 2011 31(6) : 1623-1629.
2011 31(6): 16234629.
Zhao Jingbo Shao Tianjie Hou Yule et al. Study on moisture content of sand layer and its origin in a mega-dune area in
the Badain Jaran Desert. Journal of Natural Resources 2011 26(4): 694-502.
2011 26(4): 694502.
Liu Jiangang. Recharge mechanisms of lakes and groundwater in Badain Jaran Desert. Water Resources Protection 2010
26(2): 1823. . . 2010 26(2): 1823.
Zhang Jin Li Jintie Li Yanfeng et al. The Cenozoic deformation of the Alxa Block in central Asia-Question on the north—
eastern extension of the Altyn Tagh Fault in Cenozoic Time. Acta Geologica Sinica 2007 81(11): 14814497.
. : 2007 81
(11): 14814497.
Yang Xiaoping. Water chemistry of the lakes in the Badain Jaran Desert and their Holocene evolutions. Quaternary Sci-
ences 2002 22(2): 97404.
2002 22(2): 97404.

Yang XP Liu TS Xiao HL. Landscape evolution and precipitation changes in the Badain Jaran Desert during the last 30
000 years. Chinese Science Bulletin 2000 45( 11) : 1042-4047.
Ma Nina Yang Xiaoping. Environmental isotopes and water chemistery in the Badain Jaran Desert and in its southeastern
adjacent areas Inner Mongolia and their hydrological implications. Quaternary Sciences 2008 28(4): 702-712.

. 2008 28
(4): 702507.
Wang Xusheng Hu Xiaonong Jin Xiaomei et al. Interactions between groundwater and lakes in Badain Jaran Desert.
Earth Science Frontiers 2014 21(4): 9199.

2014 21(4): 9199.
Lu Huiting. An investigation on water balance in the area of Sumujilin lakes in Badain Jaran Desert Dissertation . Bei—
jing: China University of Geosciences( Beijing) 2014: 24-42.
( ) 2014: 2442.
Wang Naiang Ma Ning Chen Hongbao et al. A preliminary study of precipitation characteristics in the hinterland of Ba—
dain Jaran Desert. Advances in Water Science 2013 24(2): 153-460.
2013 24(2): 153460.
Ma Ning. Observation of energy partitioning and lake evaporation in the Badain Jaran Desert Dissertation . Lanzhou:
Lanzhou University 2012: 59-60.
2012: 59-60.
Yang XP Ma NN Dong JF et al. Recharge to the inter-dune lakes and Holocene climatic changes in the Badain Jaran
Desert western China. Quaternary Research 2010 73( 1) : 1049.
Qi Zexue. Study on the water evaporation salinity effect and the influencing factors Dissertation . Xian: Changan Uni—
versity 2015: 35-47. . . : 2015: 35-47.
Hu Shunjun Lei Jiagiang Xu Xinwen et al. Theory analysis of evapotranspiration extinction depth of sandy phreatic in
Taklimakan Desert. Chinese Science Bulletin 2008 53(s2): 107411.
2008 53(s2): 107411.

Shen Shiping Wang Naiang Ma Ning et al. Study on the comparison of evaporation of saline water and fresh water and the



41

42

43

44

45

46

47

48

- 479

influence factor. Symposium on natural geography and ecological security 2012.

- . 2012 2012.
Wang Min Yin Yueping Wen Dongguang et al eds. Handbook of hydrogeology( Second Edition) . Beijing: Science
Press 2012: 680-683. . ( ). : 2012: 680-683.
Sheng Baoyin Li Jiabin Zhang Zhe et al. Survey report of regional hydrogeology in China( 1:200000) —Map of Yabrai
saltworks. China Geology Department 1982: 10-33.

(1:20 )— . 1982: 10-33.
Deng Huisen. Study on the horizontal and vertical hydraulic conductivity of soil layers. Exploration of Science and Technol—
ogy 1992 (4): 19=20. . . 1992 (4): 19=20.

Anderson MP  Hunt RJ Krohelski JT et al. Using high hydraulic conductivity nodes to simulate seepage lakes. Ground
Water 2002 40(2): 117422.
Zhang Jing Wang Xusheng Hu Xiaonong et al. The macro-characteristics of groundwater flow in the Badain Jaran Desert.
Journal of Desert Research 2015 35(3): 140.
2015 35(3): 140.
Zhang Jing Wang Xusheng Jia Fengchao et al. New insights into the flow directions of groundwater in western Alxa In—
ner Mongolia. Geoscience 2015 29(1): 213-219.
2015 29(1): 213219.
Chen Jiansheng Wang Jiyang. Study on the effect of the discovery of the underground reservoirs in the Badain Jaran Desert
on water diversion plan in the west of China. Journal of Economics of Water Resources 2004 22(3): 28-32.
2004 22(3): 2832.
Chen Jiansheng Zhao Xia Sheng Xuefen et al. Research on the formation of the lakes group and sand dunes in Badain
Jaran Desert. Chinese Science Bulletin 2006 51(23): 27892796.
2006 51(23): 2789-2796.



