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Fl Wang, 2008), *fTiX—%li4e, WLIM NSIDC
BT b 2 2 B O A B 7, A AT NASA
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(Climate Data Record) £5&8.3%, LM Hamburg K2
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de/en/icdc/data/cryosphere/seaiceconcentration—asi—ssmi.
html[2022-09-261) o 75— ¥ FHRlcilc i S0 31 B 32 22
Sk H 4L 7% AMSR-E  (Advanced Microwave Scanning
Radiometer for EOS) F1 AMSR2 (Advanced Microwave
Scanning Radiometer 2) , & [E /Sty K5 PR 1) 34
5T TUP (Institute of Environmental PhySICs)
TR 4R 5 th 2002 4R T AR 1Y, ASTAR 3k Ak
PRAS B AY SIC S, I AMEA BT NT2 51
NSIDC/NT2 4 vl it tb %, EUMETSAT (European
Organisation for the Exploitation of Meteorological
Satellites) LI H} T 2 Bl TLR A I Bodla 2R 4 1,
2 OSI-SAF Ab 3 (¥ 1K™ i

LT (il 2 BRI 1 S 8 SRV A AE AN W T2
, HETE T R I B R Tz A 5E
[ TR SRR /AT (GSFC) 9 BTk
(Comiso, 1986, 1995) FINT & E (Cavalieri 2%,
1984) , JESEVF 22 00105 1 77 AR B T 00 T 4 1)
#E: WINASA Team2 (NT2) FiykRIENT FE M1
b, BEHIR 89 GHz Ml B FE AR 1 /K P-4l Ak i 2
F MRS B RN, (R A Rz i B 5 3% K
SEMR ) [R]85 E BT ANT 1Y S o0 B 48 SR 554 1,
NSIDC 38 3 255 W 45 0 115 R PR AER A 1 v J32 7 vk
HIEEE, #EH T CDR (Climate Data Record) &3
(Peng %5, 2013); H I Al 345 145 & 502" il
K B BRI 5 TR 0 FH 4141 EUMETSAT ¥ 7 7 vk
WG (OSISAF) , B 454 P 32 KA 0 B /Iy
BB L, JEF BT Al Bristol 75 5 1% 25 45 J& X 38 1Y)
FI oy ECALEE 5 R AL o B M 1 AR B
NT2 #h i 4454 ASI (arctic radiation and turbulence
interaction study sea ice algorithm) , X P A
T 1998 4E (R AU AR R 56 5 i B AH ELAE IS, R
BT 89 GHz HY 4% [ & Hf 5% il 22 S 18 45 £ SIC
(Spreen%¥, 2008), S HAMEHEMLL, EHA R
RS [E] AR, ATRLIAF] 6.25 km, SRS
BT T B i

404K, FEE RERRAENE , PR IR vKAE
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5 Z 0K Lo 5 B B 2 b A (REE

J7AE, 2014) o FE BRI VK R AE 4k 2014 4F Rl BT
e EIE R E, BEJEREIE>, F 2017 R )
PR (EATE %, 2021), UFES4EE, X4
A ok 2022 4E 2 A 25 H AT (1.9 H
Jkm®) (NSIDC, 2022). MK —R5ZE4HY
TR T [R5 O AR S RS2, S [ B 2 RS
(R BIF 5 X v A 8000 1 75 SRR SR A7 A o 38 B
AR — RO, HH AR R A 1 5 o
R BB SR, BT R 18 SRR B T T
VKT ATRG BE 0 PP AS X 5 R AR A LA S
X (Belchansky fll Douglas, 2002). A% X% %4 7=
i AR SRR 2, B A R RO T
J& T Z M, K S5 EE R A TR
LI SIC (A SCHR R FR OBS SIC) DA K =y 43 ¢
6 PM SIC E45 7™ i T L

JU A I DK AR BR AR Ak S T AR M A X T
K, AR T X RS 5 s iR,
B — L E, IHMENREENSE RIS
55 PM SIC 7™ fib O BCHE b3 o TRl 58 vl [ 48 ik
AU B} 27 25 556 e W B, BXRELAF (2014)
X7 Fh PM SIC 4 i 47 PR, A AMSR2/AST £k
P G Z2E AJE/NE (2018) WU 4 X & 43
BEAET 0, 0T TUP AN [l A% 3% UL &5 48 1 SIC 2
AR, KB AMSR2 19 J5 46 55 43 HE 3240 LE SSMIS
WG HKAE 0 15 (2018) FI FHIZ A Xt
T NT/SSMIS 5 ASI/AMSR2 78 B &4 A& At fii il
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BCHE FE UL B A R, [FIEE, AT S
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Z5: 5 T IR VG N7 UK X A e SR, A R
1 IR A% 7E T AL A M XY R T S O R A, (H
AMSR2 45 155 3 HF A% Bt 7= i i) o) i) 7 55 310 1B ¢
Ji, M EERE AR, T B )T
1) L g 3 PR BRI 7 S A B

MAERG T, Worby Fl Comiso (2004) A4
1989 4F-—2000 4 5 # 1 vk i B2 5 A5 35 H ASPeCt
(Antarctic Sea ice Processes and Climate) 5l %k 3
Xf NT2 5 BT 556 76 g B 0K 2 A0 B 0 I T0KS JE E 45
TIHE, DA AR KO T (3 A —
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=2 A0y) MRKAR R4 W FR R A LS E AH PE R
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I FHECHE 7 5 5 Bremen/ASI AT XTI, 45 51
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LG AL TR BEVE I X, SRR AR — K
T, ZIXIE L I BRI AR IS 2 7K 29 e RS 2= K
ZEW A 6%—13% (Ohshima %5, 2013), J&24
T A T R E 9 B A X 8. SIC 2 Mg VK—Ifg 7 —
KA—EBZEZME RGN AT, W2
UKAoL S DX A ) R A 7 A
AN ) TSR HER A B 2KV SIC 1Y AR
b, XTIz X IR i AR A A2 A U I BT
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TAFNTFRE K, X HEIZHBIX SIC Rk B8 I R 12 %
PR AR S B S B (Shi4E, 2021) ., Hofi TR
BHOFE X, HE TR A TS 2 AR T2
W R TG S, SIC It R PR XA T & 4 (R
WHEA T EEHMLE L. B EERE, &
Wrig AR, % L 2% V8 PM SIC 7 f ks BE 4 74 BF
FEATH T AEZ, BT R

KRR IMAEIGG, R 22 A3
S A A (D) o SR SCRAE B2 T
TR, BETERITA PM SIC = Sh e 5/ N Fl X
WIE M. SR ST e S R LA
254 OBS SICEdE, XA [RI [H) RUEE 1 22 15 PM SIC
PR IEAT TR ITAL o ZEWR NP RD B S i A R
ZWFEE R T RS AT E B DS % k
BVKIE . . BIEM 22 54X PM SIC =i
K= AT 2R 2 . R, ASHE 58 W 7F
BEN G S DR T PR T S R S R e N S %

BT PRI ASPeCoRICHE SR i 3 Al CRAERRIC 5 HLZ%
X3, 66°S—70°S,60°E—90°E)
Fig. 1  Distribution of ship—based observation points of
ASPeCt data set around Antarctica (black box marked as Prydz
Bay area, 66°S—70°S, 60°E—90°F)
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(a) Track of Xuelong during the 29" & 30"
Chinese National Antarctic research
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Chinese National Antarctic research

() ASPeCHYLI B L/ FEIA]
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Fig. 2 Track of Xuelong during the 29" & 30" , 37" Chinese National Antarctic research expedition and ASPeCt ship—based

observation route

R S 0 S B 247 ) ASPeC MY (Worby 45
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ANFVKZ ST 55 BRRAE . % bndE H AT E 2208
by SIC L H I iy s 5 %, IR VR 204l 45 R
TIESE ASPeCt SIC VRN P YRE FEAL T 10% (Weissling
4%, 2009; Knuth Fll Ackley, 2006) .
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2R R 53T SSMIS 1Y 6 Rt o FIFa 7= i Al
S HAFEEE s fem 23 [ 40 950K [ Bremen K24
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) OSI401 5 35 7= i (EUMETSAT Ocean and Sea
Ice Satellite Application Facility. 2011) 5 Hamburg
K22 B AR A9 Hamburg/ASI,  H A B0 8 7= i ¥ R
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Table 1 Eight kinds of PM SIC data

¥ 5 EIEITE E RATHE s RS 7 i A3 km FRF ] 718
1 Bremen/ASI Bremen AMSR2 ASI 6.25 2012-07—
2 NSIDC/NT2 NSIDC AMSR2 NT2 25 2012-07—
3 EUMETSAT/0SI401 EUMETSAT SSMIS OSHD 10 2015-03—
4 EUMETSAT/OSI450 EUMETSAT SSMIS Bow&Bel 25 1979-01—
5 Hamburg/ASI Hamburg SSMIS ASI 12.5 1991-12—
6 NSIDC/BT NSIDC SSMIS BT 25 1978-10—
7 NSIDC/NT NSIDC SSMIS NT 25 1978-10—
8 NSIDC/CDR NSIDC/NOAA SSMIS CDR 25 1978-10—
FER AR I

3 HdmabrE

E2% 1 W PR b F WA SIC 7= i L8725
(BB 4§, 20145 Beitsch %, 2015; Xiu %,
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Fig. 3 Flow chart of co— location method
(Refer to Beitsch et al., 2015)
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(78°E, 67°S), TMTEM L LikMELIRg, iAF] A
DAAG VRS8R B UK SR 300 % B0 T ARUEG SIC X8k, 1
T SIC 43 A ¥ 5 ABFFT &5 AR — 2. 7 Tk
FIRA VRS WL R M LAAE vk, okl 2
I B RS T i vk R A (i S 45
2003a; Shi%F, 2002; SRk FMLAH, 1997),
VKT8] 77 A AR STC DX sk A4 =5 2 Ji DR T R IS 11
KBRS NIBEK Gl 58, 2002), 1iikF]
FELA S S B L KR A I SIC 4345 W 37 313 X Bl 21
Rt PR ORDE, 2011), 788 FhEMEH,
NSIDC/NT2 Jiz 8 SIC % {5 B i f =5 , NSIDC/NT j*=
i 2 (A B AR T Al 7 P EE S5 2R, P 4 RG]
A EIIE T 31X — 2518, NSIDC/NT2 7= i SIC F
2014 4F 5 BB X 8] Ry 72%—92%, o5 H HiAx 7 Fb
BAHE 29 10%—20% , NSIDC/NT # 4 f /N, i s
2014 4F J5 Bl P 3 A BRI SR S R 54%—T77% .

4 87 PM SIC it U A4 (2012-12—2021-12) {25 [8] 73+ A
Fig. 4 Spatial distribution of climate state average (2012-12—2021-12) of eight kinds of PM SIC data
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Fig. 5 Moving average (excluding seasonal changes) time
series of eight kinds of PM SIC data

4.2 PM SIC 5 CHINARE OBS SIC ¥tk

MRV FE L AMSR2 T2 LRl 2 R A dE 7=
At PG LT 8 i PM STC B4l 76 3 L 24 785 X dsk 11y
W, ASSCRATE 3 R E RS @At B 2%
F18 2 AU A 0 45 SRA D LS R s O R VA, i e
0] B LA 5 B A2 2 B

R2 IRERBEEFEENLZEEH . EE5EEEAR
B RV NEE S5
Table 2 The date, longitude, latitude range, and daily
observation data points of the 29th, 30th, and 37th

Chinese National Antarctic research expedition

passes through the Prydz Bay

75 H HEES  GEVEHECSE B
1 2012-11-27  61.63—63.52 87.57—83.66 18
2 2012-11-28  63.68—65.78  83.50—76.71 47
3 2012-11-29  65.86—69.04 76.65—76.15 19
4 2012-12-17  69.01—66.86  76.32—77.51 15
5 2012-12-18  66.76—64.50 77.55—80.43 40
6 2013-02-03  68.77—69.26  76.38—76.42 7
7 2013-03-08  69.22—68.32  76.27—76.13 11
8 2013-12-19  67.84—66.87 75.91—76.06 32
9 201-12-20  66.84—65.36 76.12—76.24 33

10 2014-02-28  67.34—67.91 73.13—72.99 12

11 2014-03-01  67.87—66.31 73.01—72.13 35
12 2020-12-19  66.27—68.99  72.27—77.00 39
13 2020-12-29  69.00—69.08  76.28—76.43 7
14 2020-12-30  68.30—68.08 76.47—77.53 9
15 2020-12-31  68.17—68.32  76.37—77.12 7
16 2021-01-01  66.68—68.07 74.08—77.35 25

17 2021-01-02  66.00—66.70 72.90—73.93 19
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Kot
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HE R (CC) ¥ H R (RMSE) B4R £ (Bias)

Table 3 CC, RMSE, and Bias between PM SIC and
CHINARE OBS SIC

Z5 51 AR TR CC  RMSE/%  Bias/%
Bremen/ASI 0.75 27.14 -3.21

NSIDC/NT2 0.77 24.14 +4.12
EUMETSAT/OSI401  0.69 27.30 -9.79

o EUMETSAT/OSI450  0.67 26.28 ~7.40
Hamburg/ASI 0.71 26.58 -6.69

NSIDC/BT 0.71 2437 -3.01

NSIDC/NT 0.70 26.77 -10.43

NSIDC/CDR 0.72 25.10 -4.39

R CCME , LLAMSR2 TR a8 N HERt
AP FhECHE = 5 (Bremen/ASI 5 NSIDC/NT2) #43k
7075 b, HE B EA A A M i
%, X—45 R0 RS X AP B L BE L 84 GHz & 4l
T E AR R S BERAR G (U0 4F, 2013), fH
Bremen/AST E03E 45 5 i RMSE {8 158 112 803 7= S AE
e B 9% X UG AR TR B R AR R e M 5 %
T RMSE Ge {8, (R TV ¥I1{H 26%, BRI AH X 51 £%
FE 3 B B 4 43 51 & NSIDC/NT2, NSIDC/BT 5
NSIDC/CDR; M Bias ZEiHE W, NSIDC/NT 4 78
8 A B T 5 LB M 2= B K, TS OSTEIE £ A
AR RIIMZEE . ZZETA IR RE, 3FhiE
B T AR X RIS 09 £ >4 NSIDC/NT2 1 SSMIS/BT
Ba, R R>0.7, RMSE<25%, [Biasl<5%.

g B A HE 43 BT OBS SIC 5 8 #h PM SIC A
%, b R Bremen/ASI 5 NSIDC/NT ., % Ff OSI
VL TP S AR IZ X AR A5 S i R, AR SRR
P 1970 4= WMO Xt SIC 5 vkl Z [6] 56 R B fiik, I
%% Shibata % (2013) X 1 VK7 35 5 A A0ALAT IR
MEZ [F] 56 R 5E X, # OBS SICHE 7 A% (OBS
SIC<30%) , 1 (30%<O0BS SIC<70%) , & (OBS
SIC>70%) 3 M EERE O, X T 5 T Shniz
B (mild), 1IE% (normal) LA SHE LS A nY ™ &
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Fig. 6 RMSE and Bias between PM SIC and CHINARE OBS SIC under three kinds of SIC conditions
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Fig. 7 Long—term variation of SIC difference between PM SIC
and CHINARE OBS SIC in Prydz Bay
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F4 HEN(4IEE CHINARE OBS SIC 5 8 PM SIC
HIEMIEXRE(CC) 7R E (RMSE) X 4R % (Bias)
Table4 CC, RMSE, and Bias between CHINARE OBS
SIC and PM SIC after Co—location processing

el PG TN cC RMSE/%  Bias/%
Bremen/ASI 0.89 16.34 -6.68
NSIDC/NT2 0.93 12.30 +2.43
EUMETSAT/OSI401  0.84 15.92 -6.16
EUMESAT/OSI450  0.80 15.64 -4.07

JLRENE
Hamburg/ASI 0.88 17.58 -8.91
NSIDC/BT 0.86 12.87 -0.63
NSIDC/NT 0.85 17.45 -9.69
NSIDC/CDR 0.83 16.56 -4.07
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P 2 55 by 359 1l b 0 A 7E +40% Z (8], BR 2014 4F
228 H ., 20144E3 H 1 H ., 20204E 12 A 31 H |
2021 4E 1 H 2 HAMS PM SIC = i 22 18] ()1 22 22 S 1
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Fig. 8 Ship—based observation route of the occurrence date of the abnormal Bias between PM SIC and CHINARE OBS SIC (black

route in (a), (¢), (e), and (g)). The color shows the SIC inverted by NSIDC / NT2 products on that day, which is schematic with

the data time series along the route ((b), (d), (f), and (h)). The horizontal axis represents the number of observation time point
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Table 5 CC, RMSE and Bias between PM SIC and

ASPeCt OBS SIC
20 BAGEL TR cC RMSE/% Bias/%
Hamburg/ASI  0.657 28.163 -11.367
NSIDC/BT 0.665 25.276 -7.973
JEy oL
NSIDC/NT 0.625 31.690 -19.316
NSIDC/CDR 0.667 25.252 -8.020
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Fig. 9 RMSE and Bias between PM SIC and ASPeCt OBS SIC under 3 kinds of SIC conditions
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F6 HEMALIEF OBS SIC 545 PM SIC HIERHEX R
#(cC) WA #RE (RMSE) &R 2 (Bias)
Table 6 CC, RMSE, and Bias between PM SIC and
ASPeCt OBS SIC after Co—location processing

Z e cC

RMSE/% Bias/%

Hamburg/ASI 0.78 21.74 -12.75

S fi NSIDC/BT 0.81 16.69 -8.00
NSIDC/NT 0.77 25.23 -19.40

NSIDC/CDR 0.81 16.72 -8.06

10 3t 52 KA @ 437 2 15 79 PM SIC 5
ASPeCt OBS SIC fi 2= i B 8] 2 51 e op Bl LA & B0
PM SIC # {4/ F ASPeCt OBS SIC, B[l 4 ff PM SIC
77 b TE A B H N AR A B SE L B KR E
T 22 09 H WAUA 19924 11 A 13 H, 1998 4F 11 A
17 H, 19994512 H 28 H, 199943 H 20 H 4754
P T 60% 1 R MR 7 22 .

100

S ol
g'v? 50 /1\
28 o N=a=mry \
0 v N NARAT
7 E -50 \ VV\%

0 RS PRPNS h oS e

\q\\,\\o,o’\qq \09 \q% \qq \\,\ Qﬁ)ﬁ, \qplq’QQ

o,'\; o"b' QQ' qq'

N $ &S

A3
Hamburg/ASI — NSIDC/BT — NSIDC/NT
— NSIDC/CDR — abnormal day

10 4750 PM SIC y™ i Jz 15 A BL 25 75 SIC 5 ASPeCt OBS
SIC Z(H ARk

Fig. 10 Long—term variation of SIC difference between PM
SIC and ASPeCt OBS SIC in Prydz Bay
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Accuracy of microwave remote sensing products in evaluating sea ice
concentration in Prydz Bay, Antarctica
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Abstract: We use the point-to-point method and Beitsch’s co-location comparison method to conduct a series of evaluations on the passive
microwave remote sensing products (PM) for observing sea ice concentration (SIC) in the Prydz Bay, Antarctica by using two kinds of ship-
based observation datasets. Considering the difference in ship-based observation data, we divide the comparison into two parts. First,
according to the ship-based observation data of China’s 29th, 31st, and 37th Antarctic scientific expedition in the period of 2012—2021,
eight remote sensing SIC products are classified and quantitatively compared according to the size of SIC. Results show that NSIDC/NT2
product assesses the highest correlation and the best stability in all cases. In the co-location comparison, the correlation coefficient can reach
0.926, the Root Mean Square Error (RMSE) is 12%, and the average bias is only 2%. Second, to make up for the lack of historical data of
AMSR?2 sensor series products, we evaluate the seasonal cycle and long-term variation signals of four remote sensing data products by using
the ASPeCt ship-based observation dataset from 1992 to 2000 in the same way. The inversion accuracy of this period is lower than the case-
by-case comparison result from 2012 to 2021, and a tremendous seasonal difference is observed. The bias of the four products increases
from the melting period to the freezing period. During this period, the overall inversion results of CDR and bootstrap algorithms based on
SSM/1 sensors are better, with correlation coefficients of more than 0.8, RMSE of 16%, and bias of approximately 8%. However, a large bias
remains in the low SIC region. This study shows that the accuracy of PM SIC products in a small sea area is insufficient, and it fluctuates
greatly with the difference in SIC type, season, and algorithm. Therefore, the necessary considerations are to modify the resolution, use
multisource data as much as possible, and classify data according to the ice conditions. Referring to Beitsch’s idea of Antarctica partitioning
and comparison, we further obtain the accuracy of remote sensing products under different ice conditions in a local region. We add China’s
scientific research ship-based observation data to increase the sample numbers for investigating the Prydz Bay area, which covers rich
surface ice types. The regional comparison provides a reference for understanding the limitations of PM SIC products in micro-area
inversion and also guarantees ice prediction and navigation safety. Considering the rapid reduction in Antarctic sea ice in recent years and
the appearance of a 40-year minimum Antarctic sea ice range in February 2022, high-precision real-time PM SIC products need to be
developed to determine the causes of sea ice anomalies and simulate sea ice changes in the future. Knowing the inversion accuracy of
various PM SIC products under different conditions will help improve the subsequent PM SIC products and fusion algorithms. In the future,
more factors that affect the accuracy of PM inversions, such as ice thickness, ice type, and other factors, should be considered to evaluate
PM SIC products in other regions of the Antarctic in detail.

Key words: Prydz Bay, sea ice concentration, passive microwave remote sensing, ship-based observation, data quality assessment
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