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Table 1 Seven PM-SIC products of sea ice concentration released by mainstream institutions at hone and abroad

i) BRAEA RATHLH IR Bk RS TR I B 43 BF2E km

1 UB-AMSR2/ASI 8 NS 2 AMSR-E/2 ASI 85V, 85H 6.25

2 NSIDC-SSMIS/NT 2 FE VK S Hd 0 SSM/I-SSMIS NT 19V, 37V, 37H 25

3 NSIDC-SSMIS/CDR 2 FE VK S Hd 0 SSM/I-SSMIS CDR 19V, 19H, 37V, 37H 25

4 NSIDC-AMSR2/NT2 2 FE VK S Hd 0 AMSR-E/2 NT2 19V, 19H, 37V, 85V, 85H  12.5

5  OSI-SAF/BR-BST  BAUN G TURMJHALU I SiK LR L SSMIS  Bristol & BST 19V, 37H, 37V 10

6  NSOAS-SMR/NT R 5 LRI L oL SMR NT 19V, 19H, 37V 25

7 NSMC-MWRI/NT2 ERDEI G0 MWRI NT2 19V, 19H, 37V, 85V, 85H 12.5
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MODIS #& Terra( EOS-AM) Fll Aqua( EOS-PM) & JERY™ MR .

EIJEE%E@IEWB" I, A7 36 AN BE . MODIS 5%
BEA SEXNE L OGS T B OL ., iz T s
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Fig. 1 Spatial distribution of MODIS validation data and Sentinel-1 validation data used in this study
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F 4PN . TR PM-SIC I 5 8] A AH 56 R B0 KT
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AR BRI, M 0.99; NSIDC-AMSR2/NT2 5 NSOAS-
SMR/NT, NSIDC-SSMIS/NT FI NSIDC-SSMIS/CDR H
AH K R B /N, 4 0.81, NSOAS-SMR/NT 5 NSIDC-
AMSR2/NT? () fiit 22 B K, N 14.41%, NSIDC-SSMIS/
CDR 5 NSIDC-SSMIS/NT [ { 22 f¢/1N, 4 0.08%. NS-
OAS-SMR/NT 5 NSIDC-AMSR2/NT2 #f] 3¢ £ % f /)
] i} i 22 fix K, 1 NSIDC-SSMIS/NT 5 NSIDC-SS-
MIS/CDR # 5 52 %55 K [ B g 22 B /), R Ot 8 1k 22

St I K Wi Ff PM-SIC J& NSOAS-SMR/NT F1 NSIDC-
AMSR2/NT2, 2% 5 f5c /N P Flt PM-SIC /& NSIDC-SS-
MIS/NT HI NSIDC-SSMIS/CDR ., 4k, ELAT A [E]44 21
NSOAS-SMR/NT 5 NSIDC-SSMIS/NT, NSMC-MWRY/
NT2 5 NSIDC-AMSR2/NT2 ¥ B4 & 0 A 55 2 8%,
X 2 B TR D % A BB AR R i B SIC 25 R R

7 Ff PM-SIC % H V-4 165 vk %5 48 5 g oK i dn ] 2
FEL 3 FroR o 7 Fiifg vk o 41 BE 0 A28 fh e B A — 5
6-8 J1 4% 1™ dilt 11 16 Pk %% 45 B 35 B B KA 9-11 A
TE UK B B H N 122 H I UK 4R A e/ IME
3=5 J gy A BB WG 0 o 7 AR Dk B R 7 R
A K F)/ MK R NSIDC-AMSR2/NT2, NSMC-MWRY/
NT2, UB-AMSR2/ASI, NSIDC-SSMIS/CDR, NSIDC-
SSMIS/NT, OSI-SAF/BR-BST, NSOAS-SMR/NT.
7 B PM-SIC TH58.45 51| 1 ¥ pK 3 Bl R /N 5 16 0K %5 4
— B, AR SCHER [13] PRSI — 3, FE
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Table 2 31 validation datas and its ice-water pixel statistics

HRTS H it i (UTC) EINE S TUKIEOTEL B E /AR AT 2
1 20194F12H4H 04:05 4191 29 909 0.10
2 20204E1H 1H 19:15 9307 58 643 0.14
3 20204E1H2H 10:10 9671 24 455 0.12
4 20204E1H2H 11:50 27 749 28 751 0.13
5 20204F1H3H 09:15 6914 8586 0.13
6 20204E1 7 4H 10:00 10 429 4293 0.14
7 20204E1H5H 02:25 10 160 18 090 0.12
8 20204F1H7H 15:20 324 18576 0.15
9 20204F1H 17H 07:40 26 465 50512 0.16
10 20204F2J] 6 H 10:35 16 369 45532 0.10
11 2020437 15H 11:35 12 865 18 597 0.15
12 2020%E2H 1H 08:35 19 388 17 068 0.12
13 20204E22H 07:40 1019 9129 0.13
14 20204F2 3 H 05:05 763 6637 0.16
15 20204F2 5 6 H 05:35 1424 10 204 0.12
16 20204E2719H 06:05 3362 6736 0.12
17 20204F2 1 10H 05:10 2209 8 960 0.13
18 20204372 H 00:35 4397 4844 0.12
19 20204E3 7 4H 23:25 8 736 9988 0.10
20 20204E3 8 H 23:00 6554 38237 0.14
21 20204E3 18 H 10:35 7531 37 160 0.11
22 20204E3 H9H 23:45 2051 7948 0.18
23 202044729 H 22:46 4274 358 807 944 HH
24 20204E5H 24H 15:12 1047201 7515182 HV
25 20204E6 5 H 14:24 772 900 6 115 240 HH
26 20204E7H 4H 12:53 9984 758 1771155 HH
27 202048 J127H 04:40 2 649 462 8128382 HH
28 202049 29H 00:57 6275747 3355105 HH
29 20204104 30H 21:24 3357233 4605976 HH
30 20204£1130H 15:30 7930413 2891 746 HV
31 2020412 24H 17:29 4 465 685 5690 823 HH

T HHER KA, HVERIR SR AL .

WK B4 7E 9 H ik B i KA, 76 2 A ik 3 H/IME . (NSOAS-SMR/NT. NSMC-MWRI/NT2) 5H: Al PM-SIC
3.2 N % # PM-SIC 5 H fth PM-SIC R FEZF 21 RYiZ A A BB 22 . #& /K [, NSOAS-SMR/NT,
4 F LS 43 50 Sk TR P TR AR DK AR R P NSMC-MWRI/NT2 5 HiAth PM-SIC (#)3% H #H 5 2 50k
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*3 THPM-SIC BiF=R —HXRH
Table 3 Seven PM-SIC overall difference: correlation coefficient
AHRFR B
NSOAS- UB- OSI- NSMC- NSIDC- NSIDC- NSIDC-
SMR/NT AMSR2/ASI SAF/BR-BST MWRI/NT2 AMSR2/NT2 SSMIS/CDR SSMIS/NT
NSOAS-SMR/NT 1 0.82 0.97 0.92 0.81 0.95 0.95
UB-AMSR2/ASI 0.82 1 0.83 0.91 0.88 0.82 0.82
OSI-SAF/BR-BST 0.97 0.83 1 0.93 0.83 0.95 0.95
NSMC-MWRI/NT2 0.92 091 0.93 1 091 0.93 0.93
NSIDC-AMSR2/NT2 0.81 0.88 0.83 0.91 1 0.81 0.81
NSIDC-SSMIS/CDR 0.95 0.82 0.95 0.93 0.81 1 0.99
NSIDC-SSMIS/NT 0.95 0.82 0.95 0.93 0.81 0.99 1
*4 THPMSICEGER THRE
Table 4 Seven PM-SIC overall difference: Mean Bias
Tz %
NSOAS- UB- OSI- NSMC- NSIDC- NSIDC- NSIDC-
SMR/NT AMSR2/ASI SAF/BR-BST MWRI/NT2 AMSR2/NT2 SSMIS/CDR SSMIS/NT
NSOAS-SMR/NT 0 -9.32 —1.08 -11.06 -14.41 -5.56 -5.57
UB-AMSR2/ASI 9.32 0 8.24 -1.74 -5.09 3.66 3.74
OSI-SAF/BR-BST 1.08 —8.24 0 -9.97 -13.32 —4.57 —4.49
NSMC-MWRI/NT2 11.06 1.74 9.97 0 -3.35 5.40 5.48
NSIDC-AMSR2/NT2 14.41 5.09 13.32 3.35 0 8.75 8.83
NSIDC-SSMIS/CDR 5.65 —3.66 4.57 —5.40 -8.75 0 0.08
NSIDC-SSMIS/NT 5.57 -3.47 4.49 —5.48 —8.83 —0.08 0

B4/ . NSOAS-SMR/NT 5 Hi Al PM-SIC #Y 3% H #
K ZBUE 0.75~1.0 Z i), NSOAS-SMR/NT 5 OSI-SAF/
BR-BST 7£ 2020 4 12 H (Y AH & REER K, 4 0.98; 5
UB-AMSR2/ASI 7 2020 4F 9 A iy M & R B/, Hh
0.75. NSMC-MWRI/NT2 5 H Al PM-SIC & H #H 5%
ZBUE 0.85~0.95 Z ], NSMC-MWRI/NT2 5 NSIDC-
SSMIS/CDR Al NSIDC-SSMIS/NT f£ 2020 4F 12 A )
HHIEREER K, 1 0.94; 5 NSOAS-SMR/NT 7£ 2019 4 8
H #0562 B/, 4 0.86. NSMC-MWRI/NT2 A %}
NSOAS-SMR/NT 5 H: fii PM-SIC f4 #& {& #H 56 ¥ &
i o NSOAS-SMR/NT 4 OSI-SAF/BR-BST 7£ 2020 4F
4 H W90 22 B2/, M 0.48%; 5 NSIDC-AMSR2/NT2 7£
2020 4F 12 H By 25 B K, H—22.72%, NSMC-MWRI/
NT2 5 NSIDC-AMSR2/NT2 7£ 2020 4F 8 H ) s 2=
I, S —1.74%; 5 OSI-SAF/BR-BST 7 2020 4 3 A A9
25 e K, R 17.30%. & N I Fl PM-SIC 5 H At PM-
SIC F=fh % A WZE7E 6-11 A NEE, £ 12 A&

WAE S A shie ok, I BAE 1-3 A A ¥ 22 @ T3
b T Ay, D DR SR A2 [) B3 Sy e A i X1 B 2 0 2, Vg
VKA T fil Ak B B, B 22 VK 3R 0 5 YRR E Rl
AT 552 M) 80) 5 S8 e 22 WA ) S04 5 252
3.3 ER®F PM-SIC 5H A PM-SIC TEZER S
T 43 BT NSOAS-SMR/NT #il NSMC-MWRI/NT2
55 HAh PM-SIC 7 B RVE 45 1 B 22 55, 0 o8 1
NSOAS-SMR/NT FI NSMC-MWRI/NT2 5 H: fi PM-
SIC 7F R R 45 b XA O 22 . 2% i 22 . ¥ iR 22 5=
FAH G 2R B CULRE s 1 FRRRE 5% 2) . 16 6 FIEL 7 S
Wi &l PM-SIC 5 H il PM-SIC (44 3¢ R 501E /S R E &
V38 1) 23 1] 23 A . NSOAS-SMR/NT il NSMC-MWRI/
NT2 5 HAth PM-SIC 75 %' 7 s X ff 25 fe /)N F) [] B A
% 2B K, I, NSOAS-SMR/NT il NSMC-MWRI/
NT2 5 HAth PM-SIC 7£ 2 Wi b X ) 25 55 /v o NSO-
AS-SMR/NT 5 OSI-SAF/BR-BST # NSIDC-AMSR2/
NT2 76 BB B X0 s 22 55K, 5 HoAth 4 % PM-SIC
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Fig. 2 Time series of seven PM-SIC daily average sea ice concentration

1.75 1
1.50
1.25 A
1.00 ~

—— NSOAS-SMR/NT
0.75 1 —— UB-AMSR2/ASI

—— OSI-SAF/BR-BST
0.50 A —— NSMC-MWRI/NT2

—— NSIDC-AMSR2/NT2
025 1 NSIDC-SSMIS/CDR

’ —— NSIDC-SSMIS/NT

&@&&@&@&@@@@@@@&@@@&
> QAN > > > >
L q‘ﬂ”g \‘ﬂ”\m‘?’ RS ,;%s &&& RS SR cS”Q “?’ o

20204F N

[ 20194¢ >
i )

B 3 7 PM-SIC % H 5 vk 7t Bl B[] 7 31

Fig. 3 Time series of daily sea ice extent calculated based on seven PM-SIC
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Table 5 Correlation coefficient between seven PM-SIC and validation derived SIC

(EPSES 1
AR NSOAS- UB- OSI- NSMC- NSIDC- NSIDC- NSIDC-
SMR/NT AMSR2/ASI SAF/BR-BST MWRI/NT2 AMSR2/NT2 SSMIS/CDR SSMIS/NT

1 0.54 0.76 0.61 0.68 0.89 0.61 0.61
2 0.67 0.84 0.65 0.84 0.83 0.64 0.64
3 0.89 0.87 0.90 0.91 0.92 0.89 0.90
4 0.75 0.67 0.72 0.80 0.74 0.75 0.75
5 0.70 0.86 0.77 0.83 0.82 0.76 0.78
6 0.70 0.73 0.62 0.79 0.73 0.65 0.65
7 0.65 0.74 0.57 0.64 0.66 0.45 0.43
8 0.81 0.94 0.80 0.89 0.76 0.79 0.79
9 0.74 0.92 0.82 0.75 0.77 0.82 0.82
10 0.71 0.84 0.63 0.74 0.51 0.77 0.77
11 0.58 0.87 0.66 0.71 0.49 0.57 0.56
12 0.77 0.93 0.84 0.91 0.92 0.79 0.78
13 0.74 0.79 0.80 0.73 0.84 0.76 0.71
14 0.69 0.91 0.67 0.89 0.92 0.65 0.56
15 0.71 0.84 0.67 0.87 0.79 0.64 0.62
16 0.62 0.97 0.71 0.84 0.88 0.68 0.68
17 0.89 0.95 0.94 0.97 0.89 0.90 0.86
18 0.90 0.92 0.84 0.92 0.92 0.90 0.93
19 0.87 0.91 0.80 0.93 0.46 0.49 0.32
20 0.72 0.74 0.74 0.70 0.73 0.61 0.59
21 0.81 0.87 0.81 0.85 0.66 0.85 0.85
22 0.87 0.93 0.44 0.77 0.87 0.26 0.24
23 0.77 0.84 0.77 0.87 0.92 0.74 0.74
24 0.71 0.53 0.79 0.82 0.86 0.77 0.77
25 0.55 0.75 0.52 0.68 0.73 0.41 0.41
26 0.91 0.91 0.91 0.92 0.93 0.90 0.91
27 0.97 0.96 0.98 0.98 0.97 0.98 0.98
28 0.95 0.99 0.95 0.98 0.99 0.97 0.96
29 0.59 0.61 0.63 0.56 0.60 0.63 0.63
30 0.79 0.70 0.84 0.78 0.74 0.79 0.79
31 0.71 0.69 0.72 0.75 0.71 0.73 0.73
1y 0.75 0.83 0.75 0.82 0.79 0.71 0.70

5, IR 0.70, @320 A 22 7] L, NSOAS-SMR/NT., %4 JF ik, NSMC-MWRI/NT2, NSIDC-AMSR2/NT2.
UB-AMSR2/ASI F1 OSI-SAF/BR-BST I iF 4038 vk NSIDC-SSMIS/CDR Fl NSIDC-SSMIS/NT [, K 1iF %% 12
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Table 6 Deviation, absolute deviation, root mean square error and correlation
coefficient between seven PM-SIC and validation derived SIC
NSOAS- UB- OSI-SAF/BR- NSMC- NSIDC- NSIDC- NSIDC-
SMR/NT AMSR2/ASI BST MWRI/NT2 AMSR2/NT2 SSMIS/CDR SSMIS/NT
2 /% -7.41 —6.88 —7.40 5.00 11.74 1.68 1.61
Y 25/% 17.23 15.22 17.90 13.40 15.29 15.70 16.05
BIOriRiR 2% 21.56 19.50 21.71 18.23 21.55 20.60 20.80
LIP3 0.75 0.83 0.75 0.82 0.79 0.71 0.70

T UK %% B B i e, 3K 55 SCR [15] F1 [19] H R 45 R —
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ji32 X Lt UK B FE BE T i TW2/% 20 i 22/% BT 5% AHR R B
JRAE IR T X NSMC-MWRI/NT2 -11.41 11.53 14.12 0.89
NSIDC-AMSR2/NT2 -13.67 13.88 17.84 0.79
NSIDC-SSMIS/CDR -7.12 7.60 9.88 0.93
NSIDC-SSMIS/NT -6.97 7.70 9.91 0.93
ENBEVE R X UB-AMSR2/AST -9.25 13.43 16.51 0.81
OSI-SAF/BR-BST -3.13 4.49 5.88 0.98
NSMC-MWRI/NT2 -12.00 12.1 13.79 0.94
NSIDC-AMSR2/NT2 -19.02 19.35 21.95 0.82
NSIDC-SSMIS/CDR —4.20 5.23 6.70 0.96
NSIDC-SSMIS/NT —4.15 5.28 6.76 0.96
PHRG- A X UB-AMSR2/ASI -9.38 12.63 16.11 0.82
OSI-SAF/BR-BST 0.66 3.74 4.96 0.97
NSMC-MWRI/NT2 -11.39 11.50 13.59 0.93
NSIDC-AMSR2/NT2 -15.36 16.28 19.51 0.82
NSIDC-SSMIS/CDR -3.03 5.35 6.78 0.95
NSIDC-SSMIS/NT —2.84 5.52 7.00 0.95
B Wit X UB-AMSR2/ASI —6.34 7.70 10.37 0.88
OSI-SAF/BR-BST -0.21 224 3.20 0.98
NSMC-MWRI/NT2 -8.98 9.00 10.45 0.95
NSIDC-AMSR2/NT2 -11.58 11.75 14.85 0.83
NSIDC-SSMIS/CDR -4.73 5.16 6.47 0.96
NSIDC-SSMIS/NT —4.72 5.18 6.48 0.96
SRR T 5 SV BT 558 T B X UB-AMSR2/ASI -14.24 15.56 17.88 0.83
OSI-SAF/BR-BST -1.33 3.44 439 0.97
NSMC-MWRI/NT2 -13.99 14.25 15.30 0.95
NSIDC-AMSR2/NT2 -17.87 18.32 20.18 0.85
NSIDC-SSMIS/CDR ~7.99 8.09 9.72 0.95
NSIDC-SSMIS/NT -7.99 8.09 9.72 0.95
Ff3k 2 NSMC-MWRINT2 5 EM#H K EKEEE-REERSEENER
Appendix 2 Differences between NSMC-MWRI/NT2 and other PM-SIC products in different Antarctic seas
a3 a2l e il fii22/% U Rl 22/% BITRES% HIRFREL
AR T A X UB-AMSR2/ASI 1.18 8.37 0.87
OSI-SAF/BR-BST 9.70 12.13 0.91
NSOAS-SMR/NT 11.41 11.53 14.12 0.89
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L3R 2
T} MUK R E T T2/% YR i 22/ % Y7 R % HHRFREL
JAERE B IX NSIDC-AMSR2/NT2 —-2.26 3.19 7.09 0.92
NSIDC-SSMIS/CDR 429 4.99 7.84 0.93
NSIDC-SSMIS/NT 4.44 5.14 7.93 0.93
E[EEVE R X UB-AMSR2/ASI 2.76 6.06 9.81 0.92
OSI-SAF/BR-BST 8.88 9.37 10.73 0.95
NSOAS-SMR/NT 12.00 12.10 13.79 0.94
NSIDC-AMSR2/NT2 -7.01 7.81 11.10 0.89
NSIDC-SSMIS/CDR 7.81 8.60 10.64 0.92
NSIDC-SSMIS/NT 7.86 8.66 10.72 0.92
PYRSFE S X UB-AMSR2/ASI 2.01 5.63 8.86 0.93
OSI-SAF/BR-BST 12.05 12.23 13.56 0.94
NSOAS-SMR/NT 11.39 1.5 13.59 0.93
NSIDC-AMSR2/NT2 -3.97 5.66 8.81 0.92
NSIDC-SSMIS/CDR 8.36 8.89 11.59 0.92
NSIDC-SSMIS/NT 8.55 9.06 11.85 0.91
B i X UB-AMSR2/ASI 2.64 4.02 6.67 0.93
OSI-SAF/BR-BST 8.78 8.86 9.84 0.96
NSOAS-SMR/NT 8.98 9.00 10.45 0.95
NSIDC-AMSR2/NT2 -2.60 3.34 6.91 0.91
NSIDC-SSMIS/CDR 425 4.63 6.45 0.95
NSIDC-SSMIS/NT 426 4.64 6.49 0.95
ST i AR R 52 R B [X UB-AMSR2/ASI -0.24 533 8.54 0.90
OSI-SAF/BR-BST 12.66 13.16 14.3 0.94
NSOAS-SMR/NT 13.99 14.25 15.3 0.95
NSIDC-AMSR2/NT2 -3.87 5.02 8.66 0.92
NSIDC-SSMIS/CDR 6.00 8.07 9.72 0.92

NSIDC-SSMIS/NT 6.00 8.07 9.73 0.92
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Comparison and evaluation of seven commonly used Antarctic passive
microwave sea ice concentration products

Guo Hao', Ji Qing"?, Pang Xiaoping"?, Shi Lijian®, Yan Zhongnan', Luo Chongxin'

(1. Chinese Antarctic Center of Surveying and Mapping, Wuhan University, Wuhan 430079, China; 2. Key Laboratory of Polar Surveying
and Mapping, Ministry of Nature Resources of the People's Republic of China, Wuhan 430079, China; 3. National Satellite Ocean Applica-
tion Service, Ministry of Nature Resources of the People's Republic of China, Beijing 100081, China)

Abstract: Focused on the differences and accuracy of passive microwave sea ice concentration products (PM-SIC)
released by domestic and foreign institutions, the sea ice concentration retrieved by MODIS and Sentinel-1 is ana-
lyzed. The products of University of Bremen (UB-AMSR2/ASI), National Snow and Ice Data Centre (NSIDC-SS-
MIS/NT, NSIDC-SSMIS/CDR, NSIDC-AMSR2/NT2), European Organization for the Exploitation of Meteorologic-
al Satellites (OSI-SAF/BR-BST), National Satellite Ocean Application Service (NSOAS-SMR/NT) and the Nation-
al Satellite Meteorological Center (NSMC-MWRI/NT2) were conducted. The results show that: (1) The sea ice con-
centration of NSIDC-SSMIS/NT and NSIDC-SSMIS/CDR has a high consistency (mean deviation of — 0.08%, cor-
relation coefficient of 0.99), and the difference between NSOAS-SMR/NT and NSIDC-AMSR2/NT?2 is the largest
(mean deviation of —14.41%, correlation coefficient of 0.99); (2) The variation trends of the seven PM-SIC are con-
sistent, and the deviations of NSOAS-SMR/NT and NSMC-MWRI/NT2 show obvious seasonal differences with
other PM-SIC; (3) The absolute deviation between NSOAS-SMR/NT, NSMC-MWRI/NT2 and other PM-SIC sec-
tors is large in the Indian Ocean sector, Bellingshausen Sea and Amundsen Sea sector, and the difference is the
smallest in the Ross Sea sector. The area with large deviation is mainly distributed in the sea ice margin area and
near the land sea, and the difference is small in the high sea ice concentration area; (4) Seven PM-SIC are validated
by the MODIS and Sentinel-1 retrieved sea ice concentration, and the consistency between NSMC-MWRI/NT2 and
validation data is the highest. sea ice concentration of NSOAS-SMR/NT, UB-AMSR2/ASI and OSI-SAF/BR-BST
was low, while the sea ice concentration of NSMC-MWRI/NT2, NSIDC-AMSR2/NT2, NSIDC-SSMIS/CDR and
NSIDC-SSMIS/NT is high. The comparison and evaluation of different sea ice intensity products can provide the
basis and reference for the development of remote sensing inversion algorithm, the development and application of

high-quality sea ice intensity products, and the better monitoring of Antarctic sea ice changes.

Key words: sea ice concentration; passive microwave; remote sensing products; MODIS; Antarctic
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