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Arctic winter sea ice loss and moisture dynamics revealed by precipitation deuterium excess

WEI Xin, DANG Shaohua, LIU Zhongfang"
State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China

Abstract: Background, aim, and scope The persistent reduction in sea ice under global warming is altering the
Arctic hydrological cycle, especially in the Barents and Greenland Sea (BGS) where the strongest winter sea ice
loss coupled with warming has increased local evaporation and precipitation. However, the relative importance of
local evaporation and moisture advection from lower latitudes in BGS precipitation is still debated. In this study,
we take deuterium excess (d) in BGS precipitation as a clue to explore how sea ice loss affects Arctic atmospheric
water cycle. Materials and methods Monthly sea ice concentration (SIC) and sea ice extent (SIE) are obtained
from the National Snow & Ice Data Center (NSIDC). Monthly precipitation d, calculated from §'*0 and oD, is
obtained from Global Network of Isotopes in Precipitation (GNIP) dataset. Monthly data of geopotential height
and meridional wind at 500 hPa is obtained from the European Centre for Medium-Range Weather Forecasts

(ECMWF) ERAS reanalysis dataset. Our analysis focuses on winter season (from December through February,

2023-02-27; 2023-04-14; 2023-05-05
Received Date: 2023-02-27; Accepted Date: 2023-04-14; Online first: 2023-05-05
42025602 41876039
Foundation Item: National Natural Science Foundation of China (42025602, 41876039); Fundamental Research Funds for the
Central Universities
, E-mail liuzf406@gmail.com
Corresponding Author: LIU Zhongfang, E-mail: liuzf406@gmail.com
BT, siAe XIS . 2023, Bk R AR YU A ZRI DRI Rl MK VR AR AL (). HUERER G 29K L 14(4): 425433,
Citation: Wei X, Dang S H, Liu Z F. 2023. Arctic winter sea ice loss and moisture dynamics revealed by precipitation deuterium excess [J]. Journal
of Earth Environment, 14(4): 425—433.



426 Mo ERFREE-A 4 $14 %

DJF) during the period 1990 —2020, when the GNIP stations in the BGS have the longest and continuous
precipitation d records. Some statistical methods including linear regression, correlation and composite analyses
are used in our analysis, and a two-sided Student’s #-test is used to check the statistical significance. Results We
found that the BGS precipitation d values are strongly positively correlated with SIE, but negatively with the BKS
anticyclonic index. Discussion Changes in the BGS precipitation d values are controlled by both local evaporation
due to sea ice loss and enhanced poleward moisture transport. The BKS anticyclonic circulation which accelerates
sea ice reduction through adiabatic warming by subsidence is the dominant driver of BGS winter sea ice loss,
and enhances poleward heat and moisture transport. The precipitation d values result mainly from enhanced
local evaporation due to sea ice loss, rather than the poleward moisture advection that is characterized by higher
precipitation d values. Conclusions The BGS winter sea ice loss is mainly driven by the BKS anticyclonic
circulation through adiabatic warming by subsidence and enhanced poleward heat and moisture transport. The
enhanced local evaporation due to sea ice loss is the major contributor to BGS winter precipitation, resulting low
precipitation d values, while external moisture that features higher d values contributes less to BGS precipitation.
Recommendations and perspectives This study provides isotopic evidence that the ongoing sea ice reduction is
altering the Arctic hydrological cycle through enhanced local evaporation and precipitation. The results presented
here contribute to a better understanding of how Arctic precipitation isotopes change in response to sea ice loss,
and may have some implications for the past Arctic hydroclimate studies.

Key words: Arctic sea ice; precipitation deuterium excess; local evaporation; atmospheric circulation
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a: linear trend of Arctic winter SIC (per decade); b: BGS winter SIE
time series and linear trend. BS, GS and KS in Fig. la denote Barents
Sea, Greenland Sea and Kara Sea, respectively. Dash line in Fig. 1b
denotes the linear trend of BGS winter SIE.
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Fig. 1 Characteristics of Arctic winter sea ice loss
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Fig. 2 Scatter plots of winter precipitation d values in Ny Alesund and Danmarkshavn against BGS winter SIE
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a: linear trend of winter 500 hPa geopotential height (Z500) over the Arctic; b: time series of BKS anticyclonic and BGS-SIE anomalies;
¢, d: scatter plots of winter precipitation ¢ values in Ny Alesund and Danmarkshavn against BKS anticyclonic index. Blue box (40°—90°E,
55°—85°N) shown in Fig. 3a is used to calculate the BKS anticyclone index.
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Fig. 4 Scatter plots of BKS anticyclonic index and RH (a), SST (b) in BGS (20°W —60°E, 75°—85°N); scatter plots of station
precipitation d and RH (c), SST(d) in BGS
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a: the strongest positive (BKS anticyclonic index > 1, 2005, 2006, 2012, 2016 and 2018); b: negative (BKS anticyclonic index <—1, 1992, 1993,
1997, 1998, 2003 and 2017) BKS anticyclonic circulation year composite meridional wind anomalies during the study period. The anomalies are
calculated as the departures from the winter means between 1991 and 2020. The positive and negative anomaly values represent anomalously
southerly and northerly winds, respectively.
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Fig. 5 Influence of BKS anticyclonic circulation on meridional wind anomalies at 500 hPa
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