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Fig. 1 Projection of glacier meltwater runoff changes until 2100 (data source: Reference [48 ], Reference [6])
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Table 1 The possible change of the glacier meltwater and
mountain runoff of some rivers in Chinese arid areas
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Fig.4 Analytic diagram of cryospheric hydrology change effect and adaption in arid inland river basins
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The future changes of Chinese cryospheric hydrology and their
impacts on water security in arid areas

DING Yongjian"*?, ZHAO Qiudong'®, WU Jinkui’, ZHANG Shigiang"’, WANG Shengxia’,
CHANG Yaping®, LI Xiangying®, SHANGGUAN Donghui', HAN Haidong’,
QIN Jia’, HAN Tianding'
(1. State Key Laboratory of Cryospheric Science , Northwest Institute of Eco-Environment and Resources, Chinese Academy of
Sciences, Lanzhou 730000, China; 2. Key Laboratory of Ecohydrology of Inland River Basin, Northwest Institute of
Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China; 3. University of Chinese
Academy of Sciences, Beijing 100049, China; 4. Shaanxi Key Laboratory of Earth Surface System and
Environmental Carrying Capacity, Northwest University, Xi’an 710027, China; 5. College of Urban and
Environmental Sciences, Northwest University, Xi’an 710027, China; 6. College of Hydrology and
Water Resources, Hohai University, Nanjing 210098, China)

Abstract: Continuously affected by climate warming, the hydrological processes are undergoing significant
changes in Chinese cryosphere. Based on the summaries of the past changes of cryospheric meltwater, this paper
focuses on the analysis of the future change characteristics of the cryospheric meltwater runoff, especially the tip-
ping point of glacier meltwater and possible trend of glacier meltwater corresponding to an air temperature rise
threshold of 2. 0 C by the middle and end of the 21st century. Furthermore, we study the impacts of cryospheric
hydrological changes on water security of river basins, especially in arid inland river basins. The results show
that the glacier meltwater runoff will decrease in most catchments of China. The future changes of glacier runoff
will show three types: continued decrease, reaching peak in the near future and sustainable increase in catchment
scale. The meltwater of single glacier will likely reach tipping point in future. And there are good relationships
between the occurrence time of tipping point and the rising temperature rate and glacier size. The glacier runoff
will still increase steadily until 2050 in the high glacierized basins consisted of large glaciers. While the glacier
runoff has reached the tipping point in small glacierized basins. For other glacier catchments, the glacier runoff
will reach peak point or show no significant change until 2020 — 2030. Overall, the glacier meltwater will de-
crease by 34% — 74% in northwest arid regions corresponding to an air temperature rise threshold of 2. 0 ‘C under
RCP global emission scenarios by the end of the 21st century. The cryospheric hydrology changes will lead to
the decrease of water supply, conservation and regulation capacity, the increase of variation coefficient of annu-
al runoff and drought/flood risk, and the advance of spring flood, which can further affect the water utilization
system.

Key words: cryospheric hydrology; glacier meltwater; future change; impacts; water security
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