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Fig.2 Simulations of monthly sea ice concentration for model during the historical period
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Fig. 3 Average distribution (a) and annual variation trends (b) of snow ice growth mass in historical periods
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The black lines are the average sea ice edges, and shaded areas represent passing 99% M-K significance test
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Fig. 4 Annual variation trends of sea ice concentration (a) and sea ice thickness (b) in the historical period of model simulations
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Shaded areas represent passing 99% M-K significance test
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Fig. 5 Average distribution (a) and annual variation trends (b) of the ratio of snow ice growth thickness to average ice thickness

in historical periods
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Fig. 7 Time series of average snow ice growth thickness and average sea ice thickness in full periods
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Simulation and projection of Arctic snow ice by the
EC-Earth3 climate model

Yang Xinrui"?, Zhao Jiechen>**, Wang Shizhu*, Xu Minghuan"?, Zhang Zixuan"?,
Chen Yuhan"?, Wang Jingjing"?, Jiang Chen"?

(1. Qingdao Innovation and Development Base of Harbin Engineering University, Qingdao 266000, China; 2. Laboratory for Regional
Oceanography and Numerical Modeling, Qingdao Marine Science and Technology Center, Qingdao 266000, China; 3. UN Decade Collab-
orative Centre on Ocean-Climate Nexus and Coordination Amongst Decade Implementing Partners in P.R.China, Qingdao 266000, China;
4. First Institute of Oceanography, Ministry of Natural Resources, Qingdao 266061, China)

Abstract: Snow ice is the product of the transformation from snow into sea ice, which plays an important role in the
change of sea ice structure. Studying the spatial and temporal variations of snow ice can provide deep insights into
the “snow-ice” transformation process and help understand the evolution of sea ice and polar climate changes. This
paper utilizes the EC-Earth3 model to analyze snow ice and its influencing factors in both historical simulations
(1990—2014) and Shared Socioeconomic Pathways SSP245 projections (2015-2100). The spatiotemporal evolution
of snow ice growth in historical and future periods was investigated by statistical methods such as ensemble aver-
aging, regression analysis, and Mann-Kendall trend test. Compared with the satellite observation sea ice density
data of the National Ice and Snow Data Center, the results indicate that the EC-Earth3 model performs well in re-
constructing the observed sea ice, and hence provides confidence in projecting the future ice variation. Snow ice
primarily forms in winter and spring, with distribution in the Davis Strait, the Nordic Seas, and the northern Bar-
ents Sea. The average decrease trend of snow ice growth is 7.4 x 10® kg/a; the change of the average sea ice outer
edge line is about 1 kg/m?® in spring and winter; the highest proportion of snow ice is in the southeast of Greenland
with an average of about 2%. Increased snowfall, rainfall and rising temperatures are important factors affecting
snow ice formation. Future projections suggest that the generation of snow ice is still mainly concentrated in spring
and winter, and the total amount of snow ice growth will decrease by 2.6 x 10° kg/a on average; due to the increase
of precipitation and temperature increase, the maximum increase trend of snow ice annual in March in the study
area is 0.7 kg/m?, and the proportion of snow ice in ice thickness increases year by year. The analysis of future scen-
ario experiment results has important scientific reference value for the development and utilization of Arctic water-

way and the design of icebreaker capacity.
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