_-!-_:’j‘: —].j v,

& E kK £ I HATYER B

1989—20184F R il Al =SSR /R ARG KB 2 AR (L S A
s, Wk, RECT

Spatial-temporal variation of sea ice in the Bransfield Strait, Antarctica from

1989 to 2018
ZHUO Mengting, HU Song, ZHU Guoping

TELR ]I View online: https:/doi.org/10.12024/js0u.20201003194

T BERGEBR B H A S FE

Articles you may be interested in

R P27 IS 20 1 64F K Z A1 22 TR AR Dok g W i AT A e i RS s i SR e PR 3%

Diel vertical migration of Antarctic krill (Euphausia superba) swarm in the Bransfield Strait during austral autumn 2016 inferred from

acoustic data and its relations to environmental factors

IKF=244R. 2018, 42(10): 1541  https:/doi.org/10.11964/jfc.20170810919

1989—20104F AR LW (A A B A e 25 AP RE 5 75 e/ RKF b
Spatial-temporal characters and pollution level of Zn in oysters from Guangdong coastal areas from 1989 to 2010

IKFEEEAR. 2011, 35(8): 1217 hitps://doi.org/10.3724/SP.J.1231.2011.17348

F T B TR ) Pl A~ 5 AL R AR AR 7 4 o s AR )
Spatial-temporal variation on Euphausia superba fishing ground in the northern Antarctic Peninsula based on point pattern model

IKF=244R. 2018, 42(3): 356 https://doi.org/10.11964/jfc.20161110607

2001-20024F 8] F B 8K HL UK ALK ) 23 [8] 73 A 5 2= A8 Ak
Spatial distribution and seasonal variation of ice shelf water between 2001 and 2002 at Amery Ice Shelf, Antarctica

VTR R AR 2016, 25(5): 753  https://doi.org/10.12024/js0u.20151201622

201744 i Bl 15 o A W R 25 R AR B T 5
Variation in population structure of Antarctic krill (Euphausia superba) in Scotia Sea in winter 2017

R AR, 2019, 28(6): 953 hitps://doi.org/10.12024/j50u.20190302561

PR T DKL Sl X DY g DR A B AR A B 52 £ B0 B e 25 () A A 5 )
Influence of Antarctic sea ice variation on abundance and spatial distribution of Argentine shortfin squid Illex argentinus in the

southwest Atlantic Ocean

IKFEEAR. 2021, 45(2): 187 hitps://doi.org/10.11964/c.20191112074


http://www.aquaticjournal.com/article/doi/10.12024/jsou.20201003194
http://www.aquaticjournal.com/article/doi/10.11964/jfc.20170810919
http://www.aquaticjournal.com/article/doi/10.3724/SP.J.1231.2011.17348
http://www.aquaticjournal.com/article/doi/10.11964/jfc.20161110607
http://www.aquaticjournal.com/article/doi/10.12024/jsou.20151201622
http://www.aquaticjournal.com/article/doi/10.12024/jsou.20190302561
http://www.aquaticjournal.com/article/doi/10.11964/jfc.20191112074

N . N ‘\\ AYY AN Y
%30 %5 6 W W HEREER Vol. 30, No.6
2021 4F 11 H JOURNAL OF SHANGHAI OCEAN UNIVERSITY Nov., 2021

MEHRS: 1674-5566(2021)06-1113-10 DOI;10. 12024/jsou. 20201003194

1989—2018 F mth i =Hi SERIEBIRBKF =ZL S0

BHE, W OB, REP

(L. IRk e Rl oo, B 2013065 2. BIRHEIE RS PR R S HEOR SR Z 2R b b, B 2013065
3. LR RS BB TE L, B 2013065 4. KPR G I Al R T K 207 i B i S g S R v 7 AR S R AT
%, LifF 2013065 5. WL FEHl TRV L, EifE 201306)

i E. LT 1989—2018 AR5 [ K Lo DK S BE KU, 70T I 30 4F R Al A7 22 A AR I e K S Vi
HE ok AT R S A S o S5 A 22 i FE A T e A R KR T 1 AR K DR AR BE T 2 AR B R AR,
8 F R E e, Iy 2 E SR O R JE VA 15 12 DX 8T I B AR R AR A A7 A I B X DG AR o X 30 4R DK 2K
AL R BIAE PR A gk N A5 KT 13088 SE 3R , 4R 45 0Kk H B LIS o o 3 AUl i 0 T v SR T
OIMTE R R IR A S R UK A S R T APAE TR B 3t a5 A AR SRR, 159k 11 A g S A
JRIFIX I C ol ) AR G5 o (R PR 22 100 2 A5 TR ] F 03000 01 23 W e o o 4 B2 ) ) PP A8 A, e H 3 5
VKA FEARA AR P 7347

RBIA: VKA RE s AT W R PRI Mtk @RRAEAL; PRI RLE; ENSO

HESES: P728.2 SBRAREED: A

125 30 Aok, R ERAR IR A5 52 U mR & T
THAH(0.61 £0.34) C SRR, J& 23R HK
V3 f5Lt . VERAERE KUK, Bk 1 vk
AW R L H R S R K, i
VG UK B A R O 55 o T A kA TR B A%
b, S MR IF T e B B I

X TR K, B 2o R, BT
UKAFAE S A R 2 A8 4k, EL R vk 3 28 K F 45
vk T SRR vk B R R TR AR VK
X AR A Wz %) v 1 55 Ry A 2 (HORS b ik 2 3
A 5% B K A R B B B, 1973—
2002 4F pg A v vk T AL A B i A (HAT R
L PR, 1992—2008 AF R AR I DK Tf] AR MR 5L 1
AR U S HOR N B RS . R A
COMISO %1 % B, B W 10 vk V8 Bl — b T 2218
HWOPIRAS , FFF 2014 47 9 H ik 3 1978—2015 4F
TF) A VK Y R %) e 1 ZKF, 1 R 3 2 x 107 km®
TR HE— 25 3 B A [ 2 U vk ) A Ak
BRI 19972017 4F- Ml b X 2 4R vk 2 /D

IFEs B4 2020-10-15 &E B 2021-03-17

M —AF VK G i #e; H 2015—2017 425k
TEK 224 DK A —4F oK 04 T R R e B ik 2D o
IRHFSE 2 LLEEAS mE AR AE S E 5T X35 o A
TS AL (R SERR b R AR I oK ) AR A 3R A7 AE B W)
5 P DX s St . MGE IR A E LR, R
&\ W 7% 15 e 0 e S e R IR 53 753
VKRS M A AN [ o DR B T K 1) 4 A 1 100
H, LIRS WE T S, T UK G X 25
SRR, Forb g AR 2 5 A0 v X A AR B B Y
PRGHRAE . TR BF, A7 K 7 265 % B, D4 R A 40 A1
(VK 22 T 7R P A 5 T K 5 4 R v {1 IX B TP 7
T IR RN 27 p Mg, HL 22 45 57 35 1 0K %% 42 B Ak T
80% LA o MNEEARIEE VK AR 4L a3 R, BB AR
2SS AT UE B T R AR A ) 28 B B3 VKA TE
A [ A fb 4R fE. MATEAR 470
STAMMERJOHN 25"V ffF5¢ %% B, B2 1 04 3 Al
SRR =7 T e T T 1 VA K %% B B RN T K SR 22 B
(B9 /0, T % il A BT 5E 2R i ) A T 5
STAMMERJOHN 25" BjF 52 22 1, P AR5 K 114 1X 35

ELWB: ERIE AT (2018 YFC1406801 ) 5[5 58 H SR Bl 22 4 (41776185)
EEE T 5B (1999—) , 20 BP0 T AL o E-mail : mizhuo@ 163. com

BIS1EE: ¥ M, E-mail :shu@ shou. edu. cn

http: //www. shhydxxb. com



1114 o\ w7 ok % ¥ R 30 &

PRI 25 5 BB AR A (] T DX DK ) 45 DIORT Rl oK
PAFAEI R 2 5, B2 T UK A S T 4 L 11 o 3
Al

TEFAAN > 5 DX, e A 7B K A4 728 Ak 23
i, HR 520 S ) LR B DA A S R S
S5, U e A T AR S R G B B
Fh——Ra B B EF ( Euphausia superba , D4 T T8 FR i
HR) AORPRELS AL o R AR F B DX B2 W A 8 U ) 2
T X ] I 2 1 1] B3 v ol ) 32 AR M X
A (R ([ N ot UR N AR e SR o B
R T BEIR ML 1 D b, EE
WEE R, Rl 5 T i AR %) T A 25 40 2272, T 3X
P A] B S KSR R A L, BMEMR
SR KON BT B T A L A 2R
W7, I M52 e 3 W AR A I 25 o A, P, JE
TR AT 2207 3E R A Ik ] 300 X8 v K A2 Ak S
PR AR B A% g HA S R S B
FEIMF UK A A T T A B 097 EAR
TR,

T A PR DT AP A A8 388 o, (LAY 22 B R /R
P e A AR T DK T AR ) A A A Y, HL A A I ]
EF5 B /R JE & J7 % 3 ( El Nifio-Southern
Oscillation, ENSO) Y 5 & , LA M AE =5[] |- 55 i
VI ) IR S A e i — 2P ST, AR TR EE AR
A B ER A 1 D0 AR P AR 8 07 T BAT 80k
AR S o BTk 2822 3 S T Y ) L, T 5 o A 2R
FE AT A 22 i ZR DR e J] 30 DX IR KA R ALE
T 30 AR 1 T UK o3 A LA D) S 2 A
B, I 2212 HIE P i 22 1) 246 o) vl K o8 56 2 i AT
BN TN A L o

U BPRS ik

1.1 38

fF 9 DX I3k A1 22 307 S R s g ke S 3 DX 3, Y
FEl -k 50°8 ~70°S F130°W ~80°W (& 1), HFff
TR I3 A P BB R A T B R 0
Sl 25 Y A Sl (63°037S,60°31'W) (T
BEJEHE B 3l 5 (60°56'S ,55°08' W) Flifgk g 5 C
U5 (63°00'S ,52°30'W) b A A kb T AR 22 T
FEIR TR U PG AN, 122 DX 35k 3 5 ply DA IR 0 v 1 T
WA YR 7K LA B2 A DA 22 3 85 A6 AR A 1Y) T
TRIE AR XA g, BRI wh i B b TR
WA 55 B2 0], 32857 74 [a] i R A il

http: //www. shhydxxb. com

Ui VA B AR T 0E NP BB 20K T I 308 52 T 5
uti it CUPAE T A 2 S AR A ik 7R N , 5 30T A
JRTEF PG AL AN, 1He Ak T 2 vl AV 10 R 20K v K 4
o P, 31X 3 SRRl s A B AR T A 22 0
SE IR BEER R v ) B ER B, by et Pl dE i X 3
Al m B UK 2B A E— 28 T il A == 3 R AR 1
DR NIR (s

WFFE DI N 3 A i i 1 v K A2 A 2
K % E E % vk T e (NSIDC, hitps://
nsidc. org/data/G02202/versions/3 ) , 1% B 5 5 ¢
AR 56 [ [ St 5 R U R (NOAA) X
BRI 7 ( CDR ) 2 e b ) 45 1 A JC VR B isk
UK BN SRR . A SO AT 1989—2018 41
A I DR AR BE R , 23 [A) 23 B 25 km, 1)
(5107 2 S S B 3 k. S a2 TR A Ik 4
SRR A 23 BUE N 0 ~ 10 SR E N AMIFSE
BRI 0. 15 i 0K AR BE (AT D i SFHE X
SYAT VKK ATEVKIX

ENSO 3 £ L) ¥t ¥ JE i 78 X ( oceanic nifio
index , ONT) i i, B4k R P T~ NOAA A i vh
> ( CPC, https://origin. cpc. ncep. noaa. gov/
products/analysis _ monitoring/ensostuff/ONI _ v5.
php) , LAKSE¥E Nifio 3.4 [X (5°N ~5°S, 120°W ~
170°W ) it 2% 1 I 5 W R 3 S H SR E R
fIE*" . ONI [R5 51 5 1 Dk o 4 B 1 6] 7
SAHIAE] , S 1989—2018 4F
1.2 HiEshiE
1.2.1 AmEX

H T R AR I UK 45 vk Rl vk i 225 1, LA g 2
oG P& AR SR — A, LRAE 1 A B SEit
S — Ao GEvklh H & Lo —4E
HIRE KA H Ay, B4R 2 A BRAFE 1 H P E A
KL RFHEF 0.15 A By, FL50kH
BOE SUR—4F PAELEE UK 3 A%, BIRRAR 2
HEYAE 1 A i R TEHET 0.15 1)
S
1.2.2 ¥

R Pearson AHEHESHHT X A B LC 3 A
il j5 AT AR S 4 B (P < 0.01), R A
MATLAB trend e %% Xt 548 2E47 #5540 H7 , 1%
BRECR L M /b — 3k . SRIBUUG RERAIE N
ARG H X 1989—2018 4Rk 45 vKkGE 46
Oy AELSUK A Bttt Z AR a3 ot D IRIEE 3



6 ] ARG 2 1 1989—2018 AF g Bl Ay 22 SYr /% P Wik vk I 25 A2 A 7 B 1115

3 HTRRTRERE | X T UK &5 UK S B H 1) 1) i itk AT
G3HT B BRAFAE AR T UK LR I DX 358

15 ¥ 1 28 W 2% ( recurrent neural network,
RNN) HA7 58 K i 3E 2R V40L& F ] 32 12 RE
YNZRECE b B U5 B Y RE D 808 , BE A5 AT b
SHERFIE] 7 91 AT 000 32 ] 1989—2018 4F

3L360 A~ H iyt vk 2 BB, FEPLBE UL 2/3 #F
AAE RV GRFEAS, TR 1/3 (R REASAE Sy 000 B
AR R 3 Ak A T DK AT R T . R
FHI T MR 1% 2% (mean square error, MSE ) /F M 115E
T A5 RAN 45 O FR e o

Bl AREERERSHE
Fig.1 Map of the study area and stations

2 5

2.1 iketEF 5o M

F B TE] 7 51 ] (& 2a) BT LABH S8 H v Py
HRFNERURE T ARG (A (B 3k f50) ¥ VK% 4 B AR bR
AL — B, AR5 . R Pearson AH Gk
PRI 6 A B LC 3 ANl s AT AR G4y
B 452 A B 3l S AHOC R B 0.80, B C i i3
MIFE O R 0. 37, AL C o S B HH D R BN
0.42, H¥REWE & P <0.01 (8 KR %,
PRI, A VB sl s 3 (R OC R AR % V), S IEAE G,
H WA, BA RS2 L, B R
E LA S B K EEEE RS, B
PR LT ST B R B[R] — 3R, X P Al
£ 1989 AEM], H K% 48 B 482508 0, 7 1995 4F:
B, 7 i UK % A B 435 B 30 4R 1 e R K F .
A, B 3l SO DR B RE S B AIR, T UK % AR

JEREA EIMRT A whinio A B gy C ol (i
W T AN RN ) 2 18] A AH Sk LB 22, C ol a5 i) Vg
VKA LA SEE A 3l R B 3l R BIBR
ATJLAR, C ol m R DK S SR BE B, A0 T v vk A, Vg
UKEARESEACIYTE 0.8 DL b i 2 I ] ) 471 [
AR, A B LC X 3 ANl i B vkl — 4R 0K
A B 3 AFAE 4 DFRFIRAEDY, 2090 0 1993 1999
2008 F12010 4F, fE3X 4 DAEAY, A B 3 51 116
UEER BESAE 0. 1 LUR, B i jiEASAEE UK,
30 4F A i 0K 4 T B IR I AR By o X R 1989—
2018 47 ONIZZ 4k (& 2b) AT, BR T 2008 4F-5h,
HAR 3 AR (1 2a [ X 80) 24k TR /R Je i
REREWFD Z G —4F 7540, 5 B 1K JE R
JE BRI o S B E] o JEHAE AR — 4R 12,
2015—2016 4Fd kA T W F AR LR B B4R,
ONI 5 %udme e, L A (B il 5 E0 Rt BL 58 2 JC vk
T OU , Bd W32 DX S8R ) 7K PAT 235 4 el ol A AR mT

http: //www. shhydxxb. com



1116 S TV = S N S SR 30 5
AEFE Z A RS Bl VK G & A= 5 A ol A8, W vk ik ENSO [y & A4 T 284k, X miAnds it — 5% o

1.0

YUK B LR Sea ice concentration

3.0
o 2.5
=
e
= 2.0
Q
k=
—~ 1.5
o
=
Z 1.0
Q
T 0.5
[}
O
= 0
:
-0.5
?i!;
E& -1.0
B
-1.5

LA IR L

0 A
1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011

4 Year
— A R — B — Cuh i

(a) #E/KBZBHE Sea ice concentration

SZENSORY MK HI4FE A7

2013 2015 2017 2019

15/16

F4y Year
(b) ¥ B VETE S ONI

FBARE KAk E R 32 ENSO B4 K M40
The shaded areas in the figure represent the years that were greatly affected by ENSO.

2 1989—2018 F = HrFE/REBEBIRAN 3 N 2h ik &SR ER 187 5 E & ONI B FEL

Fig.2 Time series of sea ice concentration at three stations

.0
1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019

in the Bransfield Strait and temporal variation in ONI from 1989 to 2018

http: //www. shhydxxb. com



6 3] LA, 45 1989—2018 4 Hy il A 2 i /R P Wk i vk it 23 28 A o A 1117

2.2 BEASHREREUEEST
2.2.1 I UKAERRST A B

1989—2018 4F G4 | g vk 73 A 1 60°S LA
19, R 1) AL 2 8 0 2, 2 09 i s 4 T s (1R
3) o 30 4F N ST 25 9 DK B2 i 65°8 JF
f, AU 2 57°S BT, SRkl o A 22 4R K
(R Al SR s B €2 RO N o
A3 22 AR R e Ak 98 KR A Y 1 B X,
PR L vk 4R LB 1 UK AR P2 B IR A 1
KHEAE2002 422 H URER K (18] 3 2/ Ek) fE R
= 5 D0 00 30 A R o T DK R B R
(4 H 3 S HEAE 1995 4R 8 H, vk 2k il 320 A1 (18]
3212k) JF T 45°W ~ 65°W 3t [l N Bk 1] L 5%
o

PAH g FA, GEt 1989—2018 AF-A15 22 f7E /R
Tk DX I AT 24 DK 45 KA R 30 4 A &
UKAAER (1 4) o DRSS DK v ) Lz el
12 AA4ME 0 N Ho Vs £ EFEK
GBI UK ES DK I B 2R A B R B0 B
HATEBG & EoA . o, 24 F kG4
523 A H i85 vk e i s B2k 2 il AR —
B PR KG R BON AR R, o nT DUSEIRT, 45
UK DX IRAFF R 45 R SE AR T 3 S A L E 30

FHEGKA $/ A

climatological freezing month number averaged

— FIIKG LR

ARZEVKAR R e 1) AL 2 M 30 AR D 2 0 4R
I 3 AN DK DX S A0 T g ok R 2 e,
LEUKAFRUEACBOR Y IR BE AL T 55°8 2 65°S
PR AT RAZ B, A 2 S0 AR 1l ik (1 Vg K 45 UK
RO ERAE 2 ~ 6 A H 745,30 4 A A 45 UK I 4F
WAET 24 ~30 FEZ ]

0 0.2 0.4 0.6 08 1.0

MUK E R

Sea ice concentration
SPIIVKGER
—BRIKZL: 19955:8H
— /MRS 2002452
3 19892018 £ EIiBKEEEN T RIKELL

Fig.3 Distribution of average sea ice concentration

and ice marginal line from 1989 to 2018

55°

o 60° 2
70° 75° 45 sl —
0 6 12 18 24 30

SO UKL/

freezing year number in 30 years

— FIEIKGL

4 1989—2018 F FHFE Lk AHF 30 ELEKEHTES T
Fig.4 The spatial distribution of climatological freezing month number averaged
from 1989 to 2018 and freezing year number in 30 years

2.2.2 UK A

WFFE XS it vk s B 1,2 H R B ik, 8 A
REN R (B 5) o 2—3 H W5 X0 vk 2 4 )
LA, B A e 5 P 3 2% UK 2% 46 S AR I 30

2 UKV RN 5 1 DK B L AE T—9 H 4 fy
TE LR 7K, 763X 3 A4S H i R IK G AT AE
—RE AL, T H IR RS LA 1 20, 17 8.9 H
FRRVKG A AL X I A P e R ) 22 R 4y o

http: //www. shhydxxb. com



1118 S TV = S N S SR 30 5

1A January 2 HFebruary 3HMarch

£ 0.,
75° 30
SPIIVRG LR P UKk SEIIKE LR
— KUK ER: 20034 — RARVKLL: 20034 — B 20154
— B/MKGLR: 20024F — B/MKGER: 20024 — B/IK%ER: 20024F
4HApril 5 AMay 6H June
S
50° 50°

70° 7ge 70°7750 60° 70° V5o 60

30° W ’ 30° W 30° W
RRENE Rg2le SEBIVKE LR
— BRUKGLR: 19924 — BRUKEL: 19924 — BARUKGL: 19914
— B/PKZLR: 19994 — B/VKSER: 19994F — B/MNKZLR: 19994
7TH July 8 HAugust 9 September

30 75° 500w 707750 607 45° 30° W
SEHYRG LR PR G SEIVKG LR
— BRIK&LR: 19924 — BKvK%k: 19954 — BRUK%4k: 19954
— B/PNKZLR: 19894 — B/NKZLR: 19894 — BUMNK%E: 19894
10 HOctober 11 HNovember 12 A December

e 0% 155 5. o
FIkG L
— BoKUK&4k: 19974 — BRKGL: 19974
— B/MKG%E: 20014 — BMKS%E: 20014 — B/MKG%S: 20014
[
0 0.2 0.4 0.6 0.8 1.0
i €Y

Sea ice concentration

5 1989—2018 & A ik T EEE

Fig.5 Monthly distribution of mean sea ice concentration and ice marginal line from 1989 to 2018

http: //www. shhydxxb. com



6 ] ARG 2 1 1989—2018 AF g Bl Ay 22 SYr /% P Wik vk I 25 A2 A 7 B 1119

2.2.3 KRS

Kl 6a M &k vl H (AL HE  EHEIE
(BB , Ui B 45 DK HE SR 1Y Sl g 2%, (B ]S,
AWIAE vk B2 A A FB W o A 22 i R R 18
e DX 3 ) 245 DKL 4 H A B (AR T - 0. 0531 0.
05 H /4 2Z [, Rl & v 0 DX S DA SE R O 3=, g
A I AR DX I AR T O o A R B B AR
45°W ~60°W ,60°S ~65°S Z [a] , 7 7E i A~45 vk i
Hifd o . 35 1 RV R DX, #a (B AR - 0.03 H/
ARLATR o W50 DX, K HE 38 4y 8 =55 1) DX A
P A S5 G 0 O T 1 7, A TE P /N Y DX,
BAEIXE] 0. 04 A/4FLL Lo 10X P/ X K
] T X S 1 S 8 15 0t A A

€] 6b Sy AF-45 vk H BUE f i $8] $EIE
{EDBOR, U VA AT 445 DKk A 808 T 1) 34t 2
F L PO, UL BTAR 45 7K A B0 /b 19 i
o SE5 KRR A BHE AR, AR
SN VKA LS K H B2 A JCH a3, RV K
ARLE UK H BOE 30 AN AN IX e, A7 22 7 4E/R
TR DX (AL T - 0. 08 3] 0. 08 H/4F
Z 8], S BRI B BE AL T - 0. 04 3] 0.04
H/EZ ] 1E60°S DIJLIXIIEA bR ik ARss
KR 008 1A DX S8R, A R A 5 e A PN A 246K
#873 DX I T DR AR 45 UK O] B e A 22 7 4R /R 18
PRI DX ST IR 45 UK R B8O i e e 2 1 IXC 3, 7
R B e AR A A M, K E O S0°W ~ 55 W,

-0.04 -0.02 0
A Advance

(a) ZhUKih H riEsh

Trend of beginning month of sea ice freezing

0.02 0.04 (HA/%4)
ZEIR Delay

63°S ~65°S [X I, #aFE 4L F0.04 ~0.08 H/4
Z 18] 1o Y 22 k)

1989—2018 4F- R A~ 7 AT 5% X I8 14 25 D
[BIAZAEAE 1.5 A H Z 9, e vKAR 45 Uk 3 B e e
24 MAZWN. FE PIREHE S5k 4
BERITT UK B, 2 a5 iUk o A A — 2 1A
Ko WFUKESUKE IR Ay B (E BN T DKAFE4G
VKA BOESAEBOR, WA M T KA A K. 7
B B A 60°S LURe Y T UK 25 vKkE 4 H 09 D 2
RS, HARSE ok A 8O %, X6 ) T i
PRI s R i P DI K 45 DGR R H B A
ORI R 3 D IRAR 25 vk A BRI i
Tilo XA 22 e =l 2% i v e [X SeR ) 45 UK 550 #r
R RLAC W, T e 45 DGR I 3 5 3l A IR AR 25 DK
R
2.3 iukIN

1P 7 AU i, RNIN RS F) 0 45 2R 5 52
PRtk A BE ) R S EAR AR R] , XoF T v ] 388 0 14
BERENS B 04T O, B 5 N H2 0, BE
TE B S5 Ak F ] 8 73 T i o 2 3 5l O AL
FAT B BIRT B o SR, X 40 F 8wk
AR AP 1) T D % 4 38 03l , TOUIMRS 2 L 4K
Ao X T g DK A B S £ TN, O 4 2R
i 5 XoF T 1K T vk 2 2 J3E 0B F) TN, 0000 4
A o

-0.08 -0.04 0 0.04
A7 Advance

0.08 (H/%)
ZEIR Delay

(b) SEE5UKH By

Trend of annual icing months

B o, APAEARZE VKIS XI55 b WE VKA S5 DK A 078 30 4E AR A I IX I8

White area: a. the area where no ice occurs; b. the area where annual icing months remain constant within 30 years.

E6 1989—2018 FL5kiEIs AN MELE K AYENERE

Fig.6 Trend of beginning month of sea ice freezing and annual icing months from 1989 to 2018

http: //www. shhydxxb. com



—
1}
S

(SR VNI B

30 &

§ § §
-g 1.0 -;g 1.0 -g 1.0
B B B
g 0.8 § 0.8 § 0.8
g
§ 0.6 § 0.6 § 0.6
8 3 8
= 0.4 — 0.4 = 0.4
3 3 3
0.2 e 0.2 0.2 H
ﬁ 0 & A HK 0 A iﬁ 0
§ 0 20 40 60 80 100 120 g 0 20 40 60 80 100 120 g 0 20 40 60 80 100 120
& BFEAFS Sample number & FEAFS Sample number & PEAFS Sample number
—Lhrfd  —BME —SehME  —WE —hrfE  — WA

(a) Wi FiA Station A

(b) ¥ 5B Station B

(c) ¥ fC Station C

B7 WESTET 1989—2018 F 7 ZHiFE/RBB IR i Gk B EER 7 E
Fig.7 Time series of observed and predicted sea ice concentrations for
stations in the Bransfield Strait from 1989 to 2018

HiZ¢ 1 alH, A (B \C X 3 Al sl I ZREEA 1Y
MSE {H43-5) 4 0. 036 ,0. 033 .0. 075, Fi i £ A 1Y)
MSE {H 43 %]} 0. 031.,0. 025.0. 101, 2% % 43 1
RINN A5 70 A7 25 3t T 96 vk 5 2 E A A A e 4
H1 MSE {ELR] 1, A B o s iig vk B AR B2 A B 1L C
uil i O ERS , TR B2 S R, W LA
X3 RNN AR B3 ] X0 PR 78 oK o 4R X Jek
PEAT I I3 A

F1 BEHRHERL(RNN) EHH) 1989—2018 £
B RIGKEEEREFTIHARIRE (MSE)
Tab.1 The MSE values produced by RNN simulation
for time series of sea ice concentration

at stations from 1989 to 2018

U A, B S PRIREA
Station Training sample Predicted sample
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The polar expression of ENSO and sea-ice variability as

Spatial-temporal variation of sea ice in the Bransfield Strait, Antarctica
from 1989 to 2018

ZHUO Mengting' , HU Song'*, ZHU Guoping'**?

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai ~ 201306, China; 2. Experimental Teaching
Demonstration Center for Marine Science and Technology, Shanghai Ocean University, Shanghai 201306, China; 3. Center for
Polar Research, Shanghai Ocean University, Shanghai 201306, China; 4. Polar Marine Ecosystem Laboratory, Key Laboratory
of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306, China; 5. National
Engineering Research Center for Oceanic Fisheries, Shanghai 201306, China)

Abstract; Based on the sea ice concentration data from the US National Snow and Ice Data Center, the
distribution and trend of sea ice in the Bransfield Strait in recent 30 years are analyzed. The results show that
the sea ice in Bransfield Strait is dominated by one-year ice, reaches the lowest in February and reaches the
highest in August. There is obvious correlation between the years with low sea ice concentration and the strong
El Nifio years in the historical years. The trend of sea ice concentration in the Bransfield Strait in recent 30
years shows that the freezing month of sea ice was generally delayed and the sea ice concentration was mainly
reduced. The analysis on ice concentration in three typical stations shows, the correlation between the sea ice
in Bransfield Strait ( Station A) and the sea ice in the north of the Strait mouth (Station B) is strong, while
the correlation with the sea ice in the south of Bransfield Strait near the Weddell Sea ( Station C) is weak. The
recurrent neural network ( RNN) model can be used to predict and analyze temporal variation in sea ice
concentration, particularly in the years with low ice concentration level.

Key words: sea ice concentration; Bransfield Strait; Antarctica; global change; recurrent neural network ; ENSO
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