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Abstract

Based on the trend analysis and correlation analysis of sea ice concentration provided by the Na-
tional Snow and Ice Data Center and AD index extracted from the ERA-Interim sea-level pressure
and monthly mean sea level pressure data, it is concluded that the average AD index from Decem-
ber to February is positively correlated with the range of Arctic sea ice in February, and the aver-
age AD index from May to August is negatively correlated with the range of Arctic sea ice in Sep-
tember. In order to confirm the influence of thermal and dynamic forcing on sea ice concentration
under the influence of AD atmospheric circulation in winter and summer, series of simulation ex-
periment were carried out using CICE sea ice model. The study shows that the model can repro-
duce the main characteristics of sea ice distribution under positive and negative AD phases, and
the simulation ability of arctic sea ice meets the research needs. In winter, the Arctic sea ice con-
centration is not sensitive to the change of AD type wind field. Under the forcing of negative phase
AD, the sea ice concentration in the marginal sea of the Atlantic sector decreases through thermal
effector forcing beyond wind drive. In summer, under the influence of positive phase AD, sea ice
concentration in the sea area outside east Greenland decreases, which is mainly caused by the
dynamic action of wind field, thermodynamic effects also contributed to the smaller of sea ice
concentration in the marginal and Barents Seas of the Atlantic sector.
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1. 5|18

FIM 20 22 70 SEAR LR, SRS R, SRR L MNA S EESL, 7F SRR AR
KERT, )L HERIR A% R G RAE T A X T B2 ARk, R DU UK AR b G A B 5
g K LR B TR [ 1] [2] [3]+ VKIS ZAEUKIRAN[4] [S5]. —HE0KELEI3E In[4] [6]. mlfkit
FER[ 7] VKGEIEIN[8] [9] [10155 o UKL P8 5 KA MBI 2 R #vE . shE MK 12e e, DLRTE
R E ALy, EHERSE P RIS ZOCHEEMEM[11].

TEARATEE BRI A A, Tol BN AU R FEAS X35, UK Bl 1738 4 #0552 21 K AR IR 20 7 5 7D 5k
FISZ, SR AR — S H BE KA R [12]. JERERR AR A AR R 3 AT b5 3 (Arctic
Oscillation, AO) [13], JbKPEVEHR (North Atlantic Oscillation, NAO) [14]F116 M 48 4% 5 % (Arctic Dipole
Anomaly, AD 5{ DA) [15]. 1% 26 RS IAGAS A AT DL 73 AR RE AN [RI B[] RUBE | A [R] B 3A (0 oK R A2 4k

AO —E XN 20°N LA AU%E EOF 7R3 — 1A, RAb ek kR R M ERA, 2)m 1
G E KRR G EE KR AR B FEE A AR 13]. 24 AO AT IE/ SR AIRT,  AbAR T 1 AE PR/
ThiE, PR X SR TR/ BRR[13]. VP dail, RN RUE[16]BI4EARFR RE[17] [18] [19]
AO XTI UKER A 52 o X LEHF 7L di tH AO IEALAE 5 35U M 1 JRST 85, 3l 37 7 A A AR R I i
kISR FI FEIE o 7F Ekman SRS HEF R, IR REUKEAEE, TRCE KBTI K, ZEKEE—FEIK
AR o T R T A= P PR K 7 B D R BB, DR T UK T s BE R ) IE S AR, AT S BT 2 m
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PEAAFIE A R UK 2D o — S8t 50 R IUAE BNl 90 AR )G AO HH IEALAH ) v it 35 6 A AR AR AL B
JERHFUKATTE IR D [4] [14] [20]. TRV FN RIFURTSE AO HilgUKIAE &L R, I h 90 AR S H44E,
JEWFK S AO IEALT “IBHE” FrBt. %4h, 2009/2010 E4Z H B G 7B 1) AO, (AR FEBE K B2 4
UK NV SRR A AE B 250, X S 1 DKLERE 5 (2= DL 2L i Rk, R AO S AH LA T
WK D, X5 2 AT R [21]. Wu Z5(2006)F2 HH 70°N LLAILHE-FIHIA KA 1) BEOF 25 3 - Jbtk
B F-(AD) IE3E 5 N IR BN UK AR A B SRR B B2 R F[15]. 4 AD Ab-FIERIAHRS, k& RE 22 B0 KR
BySET A, R — SRS, 25 R BT AR B ST R, IR AR, 5E 2K SRR AR
e, SEU IR, BRI BRI AR AD SRR, BRSSO S AR R,
WS R — SRR, FARERIRGS, 2K EME R N[15] [22]-[28]. Wu FFQ012)HE &
255 1EZ MA(CVEOFR)F 7t T 2 22(7~9 A)XI% 5 9 AiluKIaE % R, &t AD BRI 30 J1AE X
VK Bl (A% IME AN A TR, /N 9 AR KYE R 5 B 2= A7 AH ) AD KMIZAHER R ([22]. Hegyi %5
(2017)48H, 11~2 A4 AD 8805 IEM M G S KBEaES —2, Fod 7 A R B AR S - Wi
MUK, H 12~2 H 97 AD #5805 IR 7 W 10 =58 5 VR R 1) R A S AH A Bl 29

g5 LRTR, AD I IS 5 TN &R E 20K AERR AR (A B, JRAR K P AR ik
A TFAOR R E U 5, EAURR SR B RS+ AD MR HE, AD 51tikiEgik
TIVEHBER, AT CEE 4R T AD SRk E E R, HEANFZET AD BN
PRI UK 2 B FE P AR S I R R Bl g I SRIEAE F 1 B ARSI IE A R AR IR . R, A SOk
2% AD BUEN J1 AIIE FIRHE UK B FE (s e JE i 7

2. BAENSHIE, 75E

CICE & 3% [ i 437 55 Hi(Los Alamos) Bl 58 S0 58 R R IR, BAERNSHLERE, £5
ik RGPS 2] 7T Z N, AR — RIS 3T CICES.1 JBFF[30]. CICE A LA JLMHE
HAEHRA S R, St E TR T REL S R R E & DL S S B0 S UK
SR WK BN ) FAE A, ARHE UK LA R B A B TR T UK BRI 3 — PR X e 4 P
Wi VKRR A AR B KPS RS DL T B 5P A R AR 28 A 55 AN UKCR ) 2 T A fan vk 1 s 1
HZH77% . CICE KB RMMIRAE: K3 11K H EVP/EAP #FUKRAS S g IKHLIR 710
BRECE NS, HRE T IR FOE e LR S 72 s #8025 R FH T 43 ok I 1 2 )30 42 DA
FRRERISEL s 5IN T ARYE UK JE A UK T H T i kit 2 B0 5, AR B 1 R 78 75 2R 5 Al R
FEIURSH ;AR 4R SR A Delta-Eddington 84k 77 %, BRI TH E UK ZRMIF T G5 WWSORn U 1%
Bt

CICE AR R A gx1 BRI, KPR KL N 1° x 1°. FEF 45 2K, 1 2H5. 84
1% B UIAR AR VKA [F) /T LSS N FLISK . ARSI AHE M7 m A ) i, SR K.
BB, AR SCAN RN R BLAUL T B0 FH 38 1) R o e 5 A R FH B 1 R A i ECMWEF R 1) ERA-Interim
SR EEE A RS T SR AL B K [31]: M RRIE A4S CCSM il 50 M AR H 1) U2
HF g R A RN, RS ERMGE R PHC (2 M5 A 0 2 5 [32)%% . WKimahith 2
B R FE topo R . BLACRABNRE ) F R - & Rtk - a0 )55 KB 2 . IRk E
JAHA 30 Ko BRI SRS R AR R 8, AFREYIEY, HARRHEAE — A E
WHES « SAME S i SU5 A KR RIS BRLE AT 30 Rk, A5 AR IFRE . RS M.
R . BRBUCEERE . TG UKIERA . TERTHAER, TRUKUKES . FRUKIKR IR . HRIEIK
(R 7 55 2% . TS UK AR B 25
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ASAFH 1979~2016 4F 11 F 1255 vk % £ P (SIC) & dfs 1 38 [ vk 25 £ 4l rh L (NSIDC) 2 i [33], R4t
3tA https:/nsidc.org/data/NSIDC-0051/versions/1 . ZE0HE 5 F DA B S0 A% B3 SR A5 10 e P e P 2 e
S F]: Nimbus-7 $93 2 BIER RS HSMMR). [HEFS % P2 iHR(DMSP)-F8. -F11 flI-F13 % 4%
JRES T AR A (SSM/is) M DMSP-17 % FH A B8 S0 BB A/ RAX (SSMIS) o ASCAEH Y 1979~2016
SR H P25 UK %Rt i 36 [ K S BOE b0 (NSIDC) #2486 [34], AT #E fip://sidads.colorado.edu/ R [
DATASETS SCfFJe BUE # N 3. UK S DA S okl g BEil,  Rile 1 AT DGR bR vKOE 55 22 S8 8L
o HorRAE TR R TR ROW ) H 2%, UK B NCEP/NCAR 10 m MGEEHE AL TS . vKGH S 8 (7]
Fah 1R, 2R3 HE%A 25 km.

AD FEEUTITHH R A ERA-Interim F 3335 F [ S (SLP) L E~F 5 4 EOF 7 Al HUEE 1Sk, %
BHEE R 1979~2016 4F, THETE I 70°N BAb . SCH P KRGt b ik e & 5 o b L o,
FHORAE 3 T A1 G A AT 85 3 B T 7k . AU B4 =48 12~2 H, HZF45 5~8 .

3. AD 5Kk BEETHURHXR

FEAZEATH) AD B 1 5mBEAARAh, BEES 02 (R B AR Bl A [R) R B AR [35], AT EW T ## AD B4R
SIS FEZE N R, FA15 AN Z T T T UM EOF 2. AL 1 FTLAE H, AFEZET
T AD TR B RE TTEMRRERA MR ZFIEFRE PO LS AW 1T 2Rk
) 60° (EITED), HZRIEFRE O S RERBUS AV FrEES. 42 AD FUERI 58 O T

1980 1985 1990 1995 2000 2005 2010 2015

Figure 1. Spatial and temporal coefficients of the second mode of EOF analysis of sea level pressure for winter/summer
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RERE = B ARM, XAR P RE S UK B AR IRE I A D¢, ZR P BRIV R b0 AR 2R B ST 7 KRR i v] g5 0
MEERIFEIA G B2 AD VPRI R E O TR 2 5, nIREZ MR 22 m R . S A
MRIR LS, 42% AD %o M7 ZfRE i, HZE AD 8. BT REPT LA H, 1980~2016
SEAZE AD TREUEBE N T AR A B E R, B 21 a2 RRP SR
1979~2016 FH 2= AD FREME:BEIG K I H L AELE I B 1 RS AR AR, 2005 )5 DA AL IE
PAH R, HAREHRIEE K.

AD XK 520 . AD $i8 205 0K BBl (8] 75 271 B A O R4S 2B 5] 2 O 1979~2016 FFEAZFIE
Z= AD 8405 2 A 9 Aok rFERRAE . 47 AD #5505 2 AluKEmE M S R ECh 0.42, B/
11 AD 5igUKJE B/ MEERR, HRTAMAT L2 RS [29]. BeAk, P A AL AR RN,
KGR ME A S AD $8EU/MEARXT R, H 28 AD fa55 9 H gk AR C RECN-0.72, K
) AD 5505 9 H¥vkIEER/MEEE R, 5 Zhang (2015) I 5T 4518 HHIL[28]. IbAh, WE A BBIK
AL, AL 90 SRS P RSO R, HE (AR BR AR AL AR % B B )5 SO
(BL 2005 4y B 2T ).

B L 0 ) L S B B W WL WL
R=0.42 |-+ SIE(Feb) —=—ADI(DJF)| R=-072 |~ SIE(Sep) ==~ ADI(MJJA)|
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Figure 2. AD index in winter and summer from 1979 to 2016 and interannual variation of sea ice extent in February and
September

2.1979~2016 SEAFME 2 AD 15405 2 A 9 H sk EH K E R

HENFIBEFEAE . A&Z% AD WU oK™ A2 S i) X3 32 R ARG Sl K X, 11~ 2 H 4
KA AD §2M T EAG SO - M duig L KIRERER, ) R I AR S 4 2 S B0k s i UL BT AUk
Kgz[29]; HZ, LMK AD Xt E ACUKFE D Gtk i/, /AN 9 Ak S 7~9 H 1% AD
RIAHER F2, R (1130 74 F 0K B TR AR/ ME RN 356 DTRR[22] . B TT AR RIZE ST AD Xfifgok
PR AR LA AN R, 225 AD ROK AT B 22 RO 5 0 7K A a8 503 Jy A4 e P AV T Oka A
HZ AD BRSO 2 A IE R SR 22 [ R 3 J0 4 ORI 0 AT o ik — B AD XS
AR RE P . OB ZE S, 6 B R U E TE AL AR UK AR A R A R T B

4. AD S51tR5E kLR BER IR I

CICE #%5 & MK S B IR BON B 2%, RZ SR RS8N 2 (M8 CICE 1E 8 R4t
(IfEUk 75, ASCRI A CICE JRIT— R 5Bt — PR TE AD X ALK R o 7R IR U AD 2
RAFRNS AEARHE VKA I S F A D EER PR REA — B 1) 1. SERRARAL AR omaa R Aok
R AT DR AT A A AR 7T, i 2 FOULIN (R W00 ) ) R B T AL L PR V0K A5 0 I )i DK A
BORTEAE R 8] 3 T 9 IR WK T AR B NI R] LU Y, CICE #5845 3 5 WLAR B2k,
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P AR RN 0.94, BB TIGUKIRARKIHAR Sy, X — SeRp R AR A S i (0 - UK TE T
B/ 2012 4F).
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Figure 3. From 1979 to 2016, the observed and model sea ice area in September (Not calculate the area north of 84.5°N)
B 3.1979~2016 MM S51EX 9 B KEIMELE(84.5°N UL IHE)

BB UKE RIRRB IR G AR, TR N, AT T4l AD B XU 58E 5 (TS~T8).
SRS AIZIRIR(TI~T12), JEL X AR 5 SE S AR AR (TO) AD B 318 R (T1~T4) M UL,
BT S AD A2 1 3h T X AL VAR RS2 . BREAR IS AR S B L 1. TO~T12 #P
NAEAEA KA RIS, PR AR E 0, FH—E R E KRS TR R, 531 %— RS
LUK AR R AR A, R AT DAER B M 0K 5 A RO AR BL I AR BE R

Table 1. Configuration information of climatic state test

=1 SERSRENEERR

i 2 KA E 7
ARERTEE 1980~2000 4 A5 A5 VR, BT 30 4
*ﬂ‘/ﬁlﬁg&
I K75 AD IERTM B4 PR R i
T A28 AD R 5 AR PRI RO e IBAT 20 47, WIEHHELA TO B
Ali?’; o W — K A4 T2
HE(T1~T4) T3 H7F AD IF A &35 T IRl TO Z5 B FHHATHIRLS
T4 7 AD S 54T S B
s &7 AD IEAAI 824 TN, HAeKSAB RS To HIF
EAT 20 4F, WU TO i
4l AD A RUFR T6 A&7 AD SAIAR R Z TR, HAKRSEES T AHFH Jg:;i): EFE’JIED{JJ( 1 TO 3
#(T5~T8) 7 B2 AD IEAABEETHING, KaKTERS To MR AHHIXY @fﬁﬁ AD B {1 R,
/J
8 HZ% AD A B4 THIN, HARKAB RS To MIF
9 NGRS, RARAERS T AR
B EAT 20 4F, WA TO it
sEmRmRE 10 RIRAURS, HRR LR T2 Yo K, I AD 1
(T9~T12) T11 RIZRHARS, HeksBes5 T3 A KA RIS I
SAEASI(TO 1R 37)
T12 KIHRAAES, HARSAES T4 MHF
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4.1. IES: AD BRSIRESHRERE IR

Kl 4 45 T &2 AD BURAGRIE R ORI T1 A T2)AbARHE 0K 2 82 1 40 A (5 A oWl i) SIC A EL), M
BRI CAE H, S AD BEIE R TGRS X UK 3 4L DR/ v 32, TEATAH AD 338 R K PG X i
VKBRS UMK N o 145 RSN SE REEA—3(E] 4(a). Kl 4(b)), %ZE AD BRSNSk
I FRER R AR FE A . B AL &2 AD BUKSIAU R AUk 3L A 0 A, 7T AR
BE— P LA ZE AD BURSR T ALK IR 2% S BE AR A

AD+ Ano . AD+ minus AD-

Obs

CICE

Figure 4. The simulated (d, e, f) SIC of AD type atmospheric forcing tests and the synthesis of observation SIC (a, b, ¢) in
winter (a and d are positive phase abnormal fields; b and e are negative phase anomaly fields; ¢ and f are the difference fields
of positive phase and negative anomaly)

& 4. £F AD BIXSFRE TEAEME(A, e ) SIC HSEHMMEI(av by ¢) SIC (a. d AIEMBFE; by e A
(HERES; oo THEMESAMENEET)

Bl s iR E 2 AD BRI GEE T (5 T3 A T4) RS 1 B Z=ilg vk B 42 B o A (5 & oL
T SIC AHLL), MEFRTTEAAE Y, IEAZAR AD 538 T AU 1A UKAE Py DX R AR A% B 2 il i R LI, 5
W &5 RAFAERBOR 2200, ATRERG /R T B2 2= AT DIOIR DU B =g ok AR A B2, Hrpal e v
HIMERISENT . AR AD SIRIE T AU T R AR B 2 IS AE OS2 DO UK AR B K, 0K 2>
AHNG IR AT X REE 2, S EE REONAIL. B3R AD 25542 Al AD 45 1R
R UK S LR T ISV R AHS B 2 W I AN AR AR R /b, T T IERLAH AD XK B2 IR, 50
SR B ARt — B U Z AD BRI T AU B KPR 25 4R B A8 1t 2 T HA

4.2. AD BXSHR PR KIAzhH38E 3 E KR
6 45 AR AT AD BRI EE . AURESRIZ S . AD AR oI 360 MUK AR L 0 AT
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MR LLE H, FEIE LA AD BURIZ 58, I 0KE SR AR AR AR (K] 6(a). ] 6(e)), #BE
IRTEMFIK M AT HME R EIEE L Rk R 220 BRSO AL M X UK T /D, X I & 2K
HHEXT AD BRI A BUR . ¥ AD RO IE R R B RS RIS G, BIKEEE TS
B AD BRI RIBAIE R, T IEAAH(E 6(h). &l 6(g)id 2 A AHE 6(b) Bl 6(c)#fumtt, kL

AD-

AD+

AD+ Ano AD- Ano AD+ minus AD-

Figure 5. Same as Figure 4 but for summer tests

E 5. 2 AD #AS®EB MERNERA(d. ev DEZ SIC 5EABEMM(as by )iy SIC (5E 4 2MN)

full - uvCli
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(k)

AD+ minus AD-

SIC (%)

-10 -5 0 5 10

Figure 6. SIC distribution in AD type wind field test, climatic wind field test and AD type atmospheric forcing test in winter
(uvAD means that only the wind field is AD type, that is, AD type wind field test; uvCli means that only the wind field is
climatic, that is, the experiment of climatic wind field; full indicates that all the atmospheric forcing variables are AD type,
namely AD type atmospheric forcing experiment)

6. 3 AD BRI . SERSNIAALE . AD BASEEIRI T SIC B3 (uwAD FRRRABNIAZE AD BA,
Bl AD BURIFIREE ; uvCli RIRRBRIHRSUESH), BISIRZSKIAIRLE ; full /RRFIBASRBEELZE AD 2,
Bl AD BXS3REIRL)

B I RS UK 2 S B A A R AR /N . 35 2, A28, AD B KA RGN gk 2 4 B 7= AR 5 i g A
BRI TTERA R H . Ak, 1B 6(d) 55 6(a), Kl 6(h) 5Kl 6(e)i 2 R R M IIER B J11EH 28 E
E—EEH, X3 BB R S0 T #4074

NS 0 DX UK 2 B P PR BT DA HE XU IR . ANEARET, ] 6(a)~E] 6(c)MHELE AT LA H, AD
BURASRIA T AW B 2578 R 3 25 4 10 /s 3 22 o X3 (R 5 T BT i s RS AHESS, 1] 6(e)~1E] 6(g)
F LA AT LS 5 0 SE AR T T R 1R A 45 18 5 A IEASE ARk 25 47 (S AF 0 45 A |l LA HL (] 6(i)~1 6(K)),
AD B RS ERIE Bk & 76 A6 A % AR B /D B S R E T I s . ka1 e() 515 e()ARH L, *
WY IEA AR 5 SR AARR S, 2 1 8 e S 3D E I BREE 5653, st Sy 1 A AH Bl 4 A AR 52 0
NITTRIB) SRR G AE I, TR S AHAR DR AT DAV BR RS B4 A RUORE o

AL ETR, AZE, AR AD BUIRRRZIE R T A R I UK 3 A R I Ah LR X VK
AR DN B AR EIFE R AR A BRSO A AIREIREE), IXFRRLN 3 i X 8 12 A
(R A BB AE BRI FHIGE s, X373l 77 1E F R s ma AR /N JR) R T35 40 B2 AR S 11 4 e 351

K7 R EZE AD ARG . AURS KIA IR . AD BRI iR U0 0 UK % B FE (1 0 A
M AD BRI IR, IEAAAHIE TG N IR R R o A A e R 22 (4] 7(a) 5 ] 7(e)), HAE AD B!
KA BRI H 1) R B 3 R SRS BRI 5 TE UL AR T 0K % 48 B I R IR A A B B 22 (B 7(d) S5 1
7(h)), #FZ, EEINGIKELEEN AD BRI IR BURIT . B 70)~ 5] 7()#S B AR I (1 vk 2% 4
FEr A, W=ANETTOAE, ERIEMMR AD BUR37 50 Fi1E RN A% R Ll ks SR ek, H
RUGXUFUKE L /D, B 8 (4 FARREIE I IEAIAH T AD 235 3h 7 E B . & 76)~E 7(kHI L
BORREATFH, RT3 Bl DX 0 250 R A S VA DK 35 4 B (1 i /N [ B 52 21 40 ) AR 30 70 R 4R, TEA A
(1) AD IS ZR s B =2 W 050K B B O oK 2 37 (11801 3/ T s el (FA 04 S B0 DK 3 R FE AR /N ), ABUKEE N X
T UK B FEE IR kN T L 55 2 A (R

8 AD BRI B o UES IR G, KRR A ek E 5B AD X
FEARALR,  IE SN T RIS 2 itk (E 7(b)s B 7)1 70 K 7(g), xR, BFHRIMERN
W UK A SR FE R S 2 W R 1K), IERLARS T N #0J0 /E FH A 8 0 AR o e 1S R A S 9 X 3 UK 2% 5
N TG)). AD BRUAIREE S AD HE KA 58 RS 1) LRt A U8 B F 1 UK 35 42 FE IR 2 (P 7(a)
5K 7(c) K 7(e)5 K 7(2) R X3 2 M ).
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0 5 10

Figure 7. Same as Figure 6 but with focus on summer tests

7. BZE AD BIRAIAE ., SIRSKAKE . AD BASIRIBIRIEF SIC WA (5E 6 £MN)

AD+ minus AD-

Figure 8. Ice velocity distribution of summer AD type wind field tests (a) and AD type atmospheric forcing tests (b) (both a
and b are results of the positive phase of AD minus the negative phase of AD)

8. B2 AD BIXI7iX (2)5 AD BIXSIRIBIXIE(b)KERM I (s b EZE AD IERIHER AD FAIEEILER)

EREFrIR, 27, AD IEALAH I RKGEZI AR RR 2RV MR 2 22 2 AN X IR UK AR LR, 1A
FHET AD PR RT3 P 7 A R i 1 2 B DTk S 22 ok R PR, AR B =2t B Dkt
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