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Fig. 1 The spatial distributions of OIB airborne measurements (a), ASPeCt shipborne observations and AADC in situ measurements (b)
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The longitude lines show the boundary of six sea sectors in Antarctica
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Table 2 The regression coefficients of the penetration depth
estimation equations based on OIB airborne measurements

in different years
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Fig. 5

The comparisons between the snow freeboard estimates from Envisat and ICESat
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Fig. 6 The comparisons between the snow freeboard estimates from CryoSat-2 and ICESat-2
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a. Corrected for the penetration depth, b. no correction for the penetration depth
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Fig. 8 The detailed comparisons between the sea ice thickness estimates from radar altimeters and sea ice

thickness estimates from ICESat (based on two methods)
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The estimation of Antarctic sea ice thickness from
multi-source satellite radar altimeters

Shen Xiaoyi“?, Ke Changging®, Li Haili®

(1. School of Earth Sciences and Engineering, Hohai University, Nanjing 211100, China; 2. School of Geography and Ocean Science,
Nanjing University, Nanjing 210023, China)

Abstract: Antarctic sea ice is a crucial component of the polar climate system, with profound implications for glob-
al climate. Sea ice thickness, as one of the key properties of sea ice, holds significant importance for understanding
and predicting the influences of climate change by revealing its spatial and temporal distribution patterns and vari-
ation trends. However, current monitoring of Antarctic sea ice thickness is constrained by limited ground observa-
tions with restricted spatial and temporal coverage or short-term satellite observations, long-term sea ice thickness
data remains elusive. To address this issue, this study utilized the continuous satellite radar altimetry data from En-
visat and CryoSat-2 and constructed a consistent dataset of radar freeboard of Antarctic sea ice. Then, the penetra-
tion depth of radar signals through the snow covers over Antarctic sea ice was quantitatively estimated, and a meth-
od applicable to various sea ice-snow scenarios for estimating Antarctic sea ice thickness was developed. The estim-
ated sea ice thickness shows an average absolute bias of approximately 0.28 m compared to in situ measurements
from the Australian Antarctic Data Centre, and an average absolute bias of approximately 0.65 m compared to

ICESat laser altimeter with a high correlation coefficient of 0.71. Analysis of the spatiotemporal variations of Ant-
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arctic sea ice thickness from 2002 to 2023 reveals that thick ice is predominantly concentrated in the western Wed-
dell Sea and Bellingshuan/Amundsen Seas, while ice in other sea sectors is relatively thin. Antarctic sea ice thick-
ness exhibited a slight decreasing trend before 2011, followed by an accelerated decline after 2011 (—0.03 m/a). The

distribution and trends of Antarctic sea ice thickness exhibit distinct seasonal and regional characteristics.

Key words: sea ice thickness; sea ice freeboard; radar signal penetration depth; radar altimeters; Antarctica
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