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Abstract: Ice thickness is an important physical parameter of a lake in the freezing period. It is of great theoretical and practical
significance to understand the spatiotemporal characteristics of lake ice, which helps study how lake ice responds to climate under
the background of global warming. Based on the ERAS Climate Reanalysis temperature dataset, MODIS MOD09GQ data product,
and ice borehole and radar thickness measurements in 2019, the thickness of lake ice in Lake Qinghai between 2000 and 2019 was
reconstructed and the spatial-temporal variation characteristic was analyzed. The results showed that the average growth rate of ice

thickness in March (0.30 em/d) was faster than that in February (0.12 cm/d) based on the field survey data. The average growth
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rate of ice thickness in Lake Qinghai from November 2018 to March 2019 was 0.34 ¢m/d simulated by the degree-day model, with
the ice thickness error of £2 ¢cm compared with the actual observation data. However, the error was large at the entrance of the river
and the south side of Lake Qinghai. Meanwhile, the simulation of ice thickness was overestimated before the mid-March but under-
estimated later. The annual average ice thickness of Lake Qinghai was 32-37 cm, in which, it fluctuated dramatically in 2008 -
2016, showing the tendency of thickening first, then stabilizing and finally thinning. At the beginning of lake freezing, the ice
thickness increased rapidly with the growth rate of 0.45 cm/d in December and 0.41 cm/d in January. After February, the rate
slowed down, and it was 0.29 em/d in February and 0.14 ¢m/d in March. On the whole, the ice thickness of Lake Qinghai showed
a spatial pattern of being thicker in the north and east, whereas being thinner in the south and west, years of spatial change were
more stable in the west than in the east. The average thickness of lake ice was positively correlated with complete freezing duration
and the freeze-up period.
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Fig.1 Lake Qinghai and distribution of regions and samples of lake ice thickness measurement
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Fig.2 Field survey photos of Lake Qinghai ice thickness measurement and flight routes of UAV
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Tab.1 Measured ice thickness data of Lake Qinghai from January to March in 2019

SEIREX LLN MK/ km H SN PRIE/ em
1 37.021°N, 100.593°E — 2019-01-30 41.5
37.014°N, 100.578°E 3.95 2019-01-30 43.8
2 37.109°N, 100.370°E — 2019-01-30 42.5
37.106°N, 100.366°E 4.72 2019-01-31 43.0
37.101°N, 100.368°E 4.78 2019-03-01 50.6
37.105°N, 100.362°E 2.60 2019-03-24 59.3
3 37.188°N, 100.118°E — 2019-01-30 52.0
37.186°N, 100.115°E 4.95 2019-01-30 43.5
37.187°N, 100.120°E 5.17 2019-01-31 43.6
4 37.196°N, 99.804°E - 2019-03-01 51.5
37.191°N, 99.808°E 4.92 2019-01-30 35.8
37.196°N, 99.810°E 4.72 2019-03-01 40.6
37.189°N, 99.805°E 3.30 2019-03-24 44.4
5 37.168°N, 99.762°E — 2019-01-30 42.0
37.168°N, 99.765°E 5.18 2019-01-31 41.4
37.171°N, 99.761°E 5.24 2019-02-01 41.0
37.172°N, 99.770°E 4.59 2019-03-01 46.0
37.165°N, 99.769°E 3.2 2019-03-24 48.4
6 36.978°N, 99.904°E — 2019-03-01 35.0
36.972°N, 99.906°E 4.86 2019-03-02 42.0
36.968°N, 99.905°E 3.51 2019-03-24 51.5
7 36.957°N, 99.833°E — 2019-03-01 52.5
36.958°N, 99.845°E 4.16 2019-03-01 45.9
8 36.952°N, 99.701°E 4.32 2019-03-02 55.4
36.950°N, 99.697°E 4.70 2019-03-22 61.2
9 36.947°N, 99.631°E — 2019-03-02 42.3
36.936°N, 99.636°E 4.75 2019-03-02 48.2
36.940°N, 99.626°E 5.46 2019-03-22 54.2
10 36.898°N, 99.640°E — 2019-03-02 45.2
36.902°N, 99.652°E 4.46 2019-03-03 47.6
36.906°N, 99.649°E 4.42 2019-03-03 49.8
36.894°N, 99.653°E 5.40 2019-03-03 45.5
36.894°N, 99.651°E 5.14 2019-03-22 54.3
11 36.846°N, 99.713°E — 2019-03-02 28.0
36.850°N, 99.720°E 4.92 2019-03-02 31.0
36.850°N, 99.720°E 5.40 2019-03-22 37.5

12 36.745°N, 99.795°E — 2019-03-02 36.2
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