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Abstract: Sea ice is an important indicator of global climate change, and its accurate monitoring is essential for
climate research, polar navigation, and marine resource management. Spaceborne microwave scatterometers,
with their all-weather, day-and-night, and wide-swath observation capabilities, are critical remote sensing tools
for monitoring polar sea ice. In this study, scatterometer observations from three Chinese satellites (HY-2B,
CFOSAT, and FY-3E) were used to develop Arctic sea ice extent detection and classification models for first-
year and multiyear ice using a support vector machine. All models were created using a unified projection grid,
shared sample labels, and a consistent classification framework. Daily sea ice products were generated using
observations from March 2022 to February 2023. The scatterometers’ performance differences were
systematically evaluated by comparing them to the Ocean and Sea Ice Satellite Application Facility (OSI SAF),
the National Snow and Ice Data Center (NSIDC), Moderate Resolution Imaging Spectroradiometer (MODIS)
sea ice extent products, and synthetic aperture radar imagery. The findings show that the FY-3E dual-band
approach performed best for ice-water discrimination, with annual mean overall accuracy and Kappa coefficient
values of 99.11% and 97.39%, respectively. The results for CFOSAT, FY-3E Ku-band, and FY-3E C-band were
all comparable and outperformed HY-2B. The FY-3E dual-band approach achieved the highest accuracy for sea
ice type classification during the nonmelting period; using the OSI SAF sea ice type product as a reference, the
mean overall accuracy and Kappa coefficient were 97.40% and 92.42%, respectively. Further cross-validation
with the NSIDC sea ice age product revealed that the FY-3E dual-band approach performed the best, with an
overall accuracy of 87.26% and a Kappa coefficient of 69.65%. CFOSAT, HY-2B, and FY-3E Ku-band all
performed well at distinguishing sea ice types, whereas FY-3E C-band alone produced relatively low accuracy.
Although different reference datasets affected the absolute accuracy of sea ice type classification, the relative
performance of different methods remained consistent, indicating that the FY-3E dual-band results reflect
genuine classification rather than merely fitting to the OSI SAF training labels. Overall, the FY-3E dual-band
approach showed greater stability and consistency in annual sea ice extent detection and nonmelting-period sea
ice type classification, highlighting the complementary benefits of dual-frequency scatterometer observations for
polar sea ice monitoring. This study provides a reference for the operational application of Chinese

scatterometers and multiband joint sea ice retrieval.

Key words: Multisource spaceborne scatterometer; Arctic sea ice; Sea ice extent; Sea ice type; Support Vector
Machine (SVM)
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Fig. 2 Flowchart of sea ice monitoring using the SVM classifier
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Fig. 4 Sea ice extent results from different scatterometers on 15 March, 15 June, 15 September, and 15 December 2022
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Fig. 5 Evaluation metrics of ice-water classification results over the Arctic region from March 2022 to February 2023
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Tab. 3 Mean accuracy values of ice-water classification based on different scatterometers data over the
Arctic from March 2022 to February 2023 (%)

T OA Kappa UA_OW UA _Ice PA_OW PA_Ice
HY-2B 97.86 93.54 97.78 98.17 99.53 91.84
CFOSAT 98.55 96.04 98.69 98.09 99.40 95.92
FY-3E Ku 98.90 96.76 99.24 97.66 99.35 97.27
FY-3E C 98.89 96.72 99.26 97.53 99.32 97.34
FY-3E dual-band 99.11 97.39 99.47 97.80 99.39 98.11
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Fig. 6 MODIS sea ice extent product and sea ice distribution near the Canadian Archipelago on 6 September 2022
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Tab. 4 Evaluation metrics of different scatterometers’ sea ice extent results against MODIS water/ice results on 6 September 2022 (%)

J7i: OA Kappa UA_OW UA_Ice PA_OW PA_TIce
HY-2B 88.78 77.62 87.92 89.73 90.55 86.91
CFOSAT 87.24 74.64 85.78 88.95 90.05 84.29
FY-3E Ku 86.73 73.50 89.42 84.24 84.08 89.53
FY-3E C 90.05 80.11 92.19 88.00 88.06 92.15
FY-3E dual-band 90.05 80.12 92.63 87.62 87.56 92.67

(d) FY-3E Kuil Brifg vk 7Y
(d) FY-3E Ku-band sea ice type
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(e) FY-3E C-band sea ice type
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(f) FY-3E dual-band sea ice type
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Fig. 7 Sea ice type distributions from different scatterometers in March, April, and October to December 2022,

January and February 2023
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Fig. 8 Evaluation metrics of Arctic first-year ice and multi-year ice classification during the non-melting periods of March—April 2022 and

October 2022-February 2023 using the OSI SAF sea ice type product as reference
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Tab. 5 Mean accuracy values of Arctic sea ice type classification based on different scatterometers during the non-melting periods of
March-April 2022 and October 2022-February 2023 using the OSI SAF sea ice type product as reference (%)

Jrik 0A Kappa UA_ FYI UA_ MYI PA_ FYI PA_ MYI
HY-2B 96.07 87.65 96.59 93.89 98.53 86.60
CFOSAT 96.79 90.46 97.64 93.59 98.26 91.45
FY-3E Ku 95.32 85.83 95.55 94.34 98.57 83.84
FY-3E C 88.93 62.65 89.46 85.79 97.39 57.83
FY-3E dual-band 97.40 92.42 98.21 94.50 98.45 93.68
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Fig. 9 Evaluation metrics of Arctic first-year ice and multi-year ice classification during the non-melting periods of March—April 2022 and

October 2022-February 2023 using the NSIDC sea ice age product as reference
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Tab. 6 Mean accuracy values of Arctic sea ice type classification based on different scatterometers during the non-melting periods of
March-April 2022 and October 2022-February 2023 using the NSIDC sea ice age product as reference (%)

Fik: OA Kappa UA_ FYI UA_ MYI PA_ FYI PA_ MYI
HY-2B 85.12 62.55 83.59 90.79 97.12 59.83
CFOSAT 83.99 61.57 82.19 89.94 96.45 60.33
FY-3E Ku 84.08 60.70 82.04 91.68 97.35 57.80
FY-3E C 78.40 39.54 76.92 89.08 98.07 34.88
FY-3E dual-band 87.26 69.65 86.09 90.70 96.42 69.13
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Fig. 10 SAR image and distribution of first-year ice and multi-year ice near the Canadian Archipelago on 19 March 2022
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Tab. 7 Evaluation metrics of different scatterometers against SAR FYI/MYT results on 19 March 2022 (%)

WiRZS OA Kappa UA_ FYI UA_ MYI PA_FYI PA MYI
HY-2B 70.90 42.28 70.19 71.75 74.90 66.71
CFOSAT 71.31 43.04 70.67 72.07 75.03 67.42
FY-3E Ku 71.93 44.12 71.59 72.31 74.77 68.96
FY-3E C 62.80 30.65 60.97 65.98 75.70 49.30
FY-3E dual-band 72.48 44.98 74.09 70.93 71.01 74.02
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