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Tablel Information of meteorological stations
Z3 f=a =] =29 RF 2 RE f=x =] S=A=N
¥ ﬁEf'L": Lﬁt}fie/ Loni}:ide/ Ele’jjéon/ Sl:l%ovgvfjl/ ¥ ﬁEf'L": Lf‘jt’iie/ Lojjg:it&;de/ Ele’jjéon/ Sl:l%ovgvfjl/
No. Stations oN °F n mm No. Stations oN °F n mm
1 (TSI 45.18 82.58 286 222 26 ey B 43.97 81.53 771 97.1
2 AR 44.9 82.07 533 29.9 27 T 43.47 82.23 776 54.5
3 IR 44.97 81.02 1354 403 28 B 43.45 83.3 929 85.8
4 bip] 44.62 82.9 321 20.8 29 A5 43.15 81.13 1855 72.0
5 535 44.43 84.67 478 38.0 30 T 43.18 81.77 1211 46.0
6 AT 4432 86.05 444 526 31 EEmAER  43.03 84.15 2459 45.0
7 Wi 4433 85.62 523 50.6 32 (XS] 42.73 86.3 1738 7.8
8 22 442 87.53 441 35.7 33 58 42.08 86.57 1057 6.8
9 I P 44.13 86.82 522 44.6 34 FiIhst 4225 86.8 1087 9.9
10 B 44.02 87.43 579 48.8 35 5t 41.22 79.23 1397 11.7
11 HARBE R 44.02 89.17 735 43.7 36 BT 52 75 41.17 80.23 1105 8.1
12 e 44.02 89.57 794 44.6 37 =37 41.78 81.9 1230 152
13 BEARSE 43.78 87.62 919 782 38 A 41.53 82.62 1015 7.1
14 INET 43.57 87.1 2161 140.9 39 e 41.78 84.25 978 6.0
15 R KA 43.1 86.83 3544 295.3 40 =2 41.72 83.07 1083 7.7
16 Kith 43.88 88.12 1935 146.0 41 IR #) 41.75 86.13 933 53
17 T, 4335 88.32 1104 6.4 42 IR ZRRE 40.52 75.4 3507 153.0
18 PN 43.83 90.28 1271 79.4 43 B A 39.72 76.17 1299 159
19 [ L i 43.6 93 1651 46.7 44 LG 39.72 75.25 2178 35.0
20 R 43.27 94.7 1730 15.5 45 Ay 39.5 76.73 1213 75
21 IR A 442 80.42 774 66.5 46 w4t 39.47 75.98 1291 13.1
22 Eh 44.05 80.85 641 64.6 47 B &5 7 40.93 78.45 1986 24.6
23 BAFTIR 43.85 81.15 601 57.8 48 Fa 40.5 79.05 1163 6.1
24 feye 43.95 81.33 664 74.9 49 i 42.82 93.52 738 73
25 Je#h v 43.8 82.57 1106 80.7

e PEEEN 1961—2018 SE LI T &, AN mm K 4HE .,

Note: Snowfall is the annual average snowfall during 1961 to 2018, the unit is mm water equivalent.
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Variation characteristics and future trends of the snowfall/precipitation
ratio in Tianshan Mountains in recent 58 years

Qin Yan'?, Zhao Qiudong?, Meng Jie*, Ding Jianli**
(1. College of Resources and Environmental Sciences, Laboratory of Smart City and Environment Modelling of Higher Education Institute,
Xinjiang University, Urumqi 830046, China; 2. Key Laboratory of Oasis Ecology, Ministry of Education, Xinjiang University, Urumqi
830046, China; 3. Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences, Lanzhou
730000, China; 4. Water Resources Bureau of Xinjiang, Urumgqi 830000, China)

Abstract: Water resources in arid region of Northwest China depend heavily on mountain precipitation and snowmelt runoff.
The precipitation falling as snow or rain has different hydrological effects. As a meteorological indicator reflecting
snowfall/precipitation conversion, the ratio of snowfall to precipitation (S/P) is quite important, because even small changes in
S/P may influence the runoff processes and available water resources. However, the long-term trend of S/P in Tianshan
Mountains, China, which is critical to the future water management in the context of climate change, has been unclear. Based
on the daily meteorological data from 49 stations during 1961—2018, this study conducted a parameterization scheme to
desociate the snowfall from precipitation and analyze historical spatial-temporal variations of snowfall, precipitation and S/P
during cold season (from October to April) within the above timeframe. Meanwhile, considering of the impacts of climate
change on S/P, five GCM models of the fifth phase of the Coupled Model Intercomparision Project (CMIPS) at RCP4.5
emission scenarios were selected to project the future change of snowfall, precipitation and S/P by bias-correction with
Quantile Delta Mapping (QDM). The results demonstrated that the S/P in Tianshan Mountains was affected by the topography.
The S/P was larger in the mountain area than that in the basin, greater on the northern slopes than that on the southern slopes,
which was significantly and positively correlated with the altitude. During the past 58 years, the snowfall and precipitation
increased significantly, and the distribution of regions with the obvious changes were concentrated in the central region of the
northern Tianshan Mountains and Yili River valley. Due to the synchronous trend of snowfall and rainfall, the S/P in Tianshan
Mountains was found to fluctuate between 0.35 and 0.67, revealing a slight decrease trend at a rate of 0.016%/10a. A negative
correlation was also noticeable between the average wet day air temperature and S/P, and air temperature change is an
important factor for S/P change. Under the RCP4.5 climate scenario, it is estimated that the snowfall in cold season will
increase slowly before 2040 s+5, and then gradually decrease, showing a slow declining trend overall. In contrast, precipitation
will increase significantly in the future, reaching its peak around 2080s + 5. In this case, S/P presents a continuous declining
trend during the 21%century, which is expected to decline from 0.52 in the 2010s to 0.43 in the 2090s. In comparison with the
base period (1986—2005), snowfall in 70% sites in the Tianshan Mountains will reduced by the 2050s, with the average
regional snowfall in cold season decrease by 8.9%; Whereas the precipitation of 80% stations increased, with the average
regional precipitation increased by 10.1%. Affected by the amount of snowfall and precipitation, S/P of 47 out of 49 stations
will decrease, and the average S/P in the 2050s will decrease by 14.7% comparing to the base period. Despite of the
uncertainty in the projection results of the model, the quantitative analysis of future S/P in this study is helpful in
understanding the changing process of different forms of precipitation and is of great significance to the regulation of regional
water resources in relation to global warming.

Keywords: climate change; snowfall; precipitation; Tianshan Mountains; future trends; spatial-temporal change
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