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SMBEZHFEENRIIGHEIER, N 80 ERFH, AMNFHEREBK - BHEE
B, ORIk — BRI A A8, RIS REW, vk — R A BT UE HE
B AEAR UK A K AL B B T 2 VK R 2 FAE BR AR AL AL R

Pk afEXmkBROASHGERINT.

1.1 FAHJRRX

KRR FEHD IS BREN, R ANRXEYRKEBHEMF nS5HR R
R, RS g E. WA RER, SHEBAR. AN S FERDHE SRR
FEvK L& R S0 P, AR A KRS MK R ST B J7. vk Y Rz A7 A KOS TE B A
A B E 3. B, dn e 20 R oK B O R, TR E UK R R B A R T A ok
Campbell (1965) KB T HE — MR K BEBER, M TEMESIAEE® T ENIKSES
B FGEEAE A PR, W e R KRR B VK AR 2 R Rl R oK R AE B AR A AL, DO+ E
KM RZST.

70 FEAR, AR UK 3 1 % BE G 1A 58 (AIDIEX) B 7% 4 9 L AR 3F T oK 3h F1 2401 5%, 16 3
TXRMrksh B LE TH. B9 AIDIJEXBFRRAINE, — N ARE KR Bk %
MAN TSR iR BB E SR, AR REVER S — R2AE X R R BRyK 6 H 48 |
YER. BHERT R 4Rk AR, & R e EE, ERE M E
EREER, R RE R TR . AR, B Parmerter % (1973) KRB B R T
R G B FEAE — AR PR, M BB T AR AR AIE , (] B BF 25 9 vk B0 /K T PR AR FE AL A
35 3% B n oK 8 AR K T B R AR L3R, 5 M U PRSI — B, BT A AIDJEX # %%
HIFIE T K EBER AR F B, A1 ke — R, AR YEIBIET =
AL L, Colony %5 (1975) ¥ & T W 465 1%, 3F A T 8L #l Beaufort #§ vK AR 5. Coon
(1980) xf AIDJEX KRR IE T EUFM R L, L PEIRBRB K, I\ AIDJIEX #X
FE DL R A B RE 100km. BY ] R 1d MR R EK 3 1.

AIDJEX %535, Hibler (1979) 3t vk 3 J1 2 B 5T /E th T E Bk, MR BT A B 4%
MAEFFTKER R, Q& AR - B REEE RS, R E
WEFRHITHRERAK. 45R KW, Hibler 1 2 AB B4 181 b AR vk 3F 5 A vk B i) =5 [|] 43
i, B R SWMM TR AR, sh HFEERX LB EESMHKER H 457
JZRNH.

90 £, Gray % (1994, 1995) WEE b3t — B8 T oK TR ArdE. Mol = 40K R E
M BFHEIBIBKERERERS, EER L EIFUBBEERS N 1. 37, ARE S H
R R T EFHBEAMNSEI XML S - RBEXRRWE W, HEHL EIERT i -
MUAMXR, BTRIERMEBBERLEZIERY, ¥EEBSP=EALAELRS, B
IR T BN ARE; HEEA BB EH BT, TFEIAYT B
1.2 #HAER

Fuig kA KA A EER T EA . BOBOK B R SRR KK SR SR o
I 58 5T BB 5 ¥ VK A0 K A TR1IER PORN B B0 AL 38 s 95 vK RV V¥ (B 2 L AT s 1B vKORK
] ) ) A Hes vk EE B L Rk R, TRIET oK 55 P9 Eh B 8 vk AR K D T R A
AEEZWH, EEZRW. LAEZBHAKEN ENE, ERKNHE. XERDERFHK
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fE b T REMNE RS SRR, EREREKEEA. ESRKMERIERSEBIKE
o, g R S B 4 B A D R ANIR A, W vk TR AE B B 58 T i -RIRIKY
MR, A FREFUERAIBEFERFHZN EZNH, HHE XTI
S vk i e K R N Rl R, AT RIK R 2 LR PO EE B AR,

Maykut 25 (1971) ¥ T 3640 Ik % (8 B £ T 9 — 4895 vk i A K, A SR
BICE KK R, U S BEHKARES, BSIATEE. KEE. KA KK B E
P58 B BTN B vk EE M. % AR R, Bl R AR D R 0K E L R
ENmBEMANERES SUMEN—B. ZEXGTEASFRES RRER, BEREEN
BER,HBRAESRHEBHASTEEYEER, TRITRRSKMEBEAREZHRRTEED
RICHOKTE K 2 RAR A, R, #k B 7 4 25 B 7 R BT B ] K, AR H T &
BHZHERA, 5K, Semtner(1976) X RAE T K& fEj4b, HHE S T =88, GEA
() $h 7 2 R K BB 42 7E Semtner TYEZERE E4k%E % B. Parkinson 2 (1979)# 7K #4182
Y BAAARE=ZFHR, 5 Semtner MRS F BT 84 B, FANRFEE T KE
WEH., REKENTERERAE 0.1—10km, HEE - SRBRHBILKER—-TERR,
KEAREURKT RS KERGRL RS ATFHEEEEEER. ZEAFETI—HN
R, HEHE AN KESEA TR, Mk EAEE K ETRMAES T 5=,
A EERAEEEAE. 2HMAR)Z5H.

90 EAR LA, MUK F i BB EEMAE, £F. Ebert % (1993) FHE T k5
K B 1 i S753 AR, Ledley (1991) %2 T 5 35 3 vk i S 5 Wi, 33 56 51 55 0 M 50 8 1K 84
FIBE UK X P R AR L
1.3 #hh - BhARRK

¥ vk i 7 3 AR A T R o 5 ek A vk TR K B 43 AR L G R vk B s K B )
T2 A B A R O vk B A, AT ik it . XA RANRE, HEY
W, Sk ERERMEN. TRAWEAEIBES PR -SEBAFE T ELHE, R)E
PHREM S —B. B 70 ERK, ANFFHERRS S — $ AR, B HR KM
HASR, RERAMBHEFRERERADN TN - RAEK P, BRRUW TR
Hibler 2 (1980, 1982) 71 Walsh % (1985). 4ib i1 Hibler(1979) 3 J1 % it B # Semtner
(1976), Parkinson % (1979) i /1 ¥ H AL A4 —&, £ ' BIK# S AP IR, x4tk
KEUEERIE T 3 — ok, BRI R R, X DU S s sl U AR vk SR B 20 A
7 RAVE T E A R R AR
1.4 i§Kk - BFEREHENK

5 v PR B9 PR W M ok BOR B, W PE R R E S O LR A KRR, AR E
W B 22 ¥ FIIR BR TG, B 1 BT 2k A 0K L ¥ MK B 5 L e R B, 7E 3h ) Ak o B[R] e i
FUS WK ER Sk g B, B 5 W, B ICH I 3h i 18 0 40 5 18 0 vk R AR i v
B TR A HCRBL. Hibler % (1982) ZE VEM KB A BB 76 £ K2 B E BRI vk ZF
FHERDL, URBEEEE LSRR S, LTI ELFKME ZKERDLE RS
HEmEmR, TERAANRASEEEEE. EEURKARTCENHAER, BT
AR AT B vk E R, JLRTE PR K S MUK G AL BRI, BEJS, Hibler % (1987) BUK —
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BHAEFEEANR TEM P RFAEL I LM IKE. Semtner (1984) % [EIK P Eh &
BEpEn, BamR T RTERE KR A,

BVt ALk W HEIAMNELL BER AN EEEES ILNEHRESZRE, £
F1F BRI — TR ) LX) E H MGEE. Pollard 55 (1983) & A — Ml B R —
FREERNEEHE BRABEREXGHEYHEGEE, Hibler % (1987) 58 — KKK, ¥
BB, REBFEXRBITER KN, Bl T HBEZMERIBIKEMNE
PR LR P A ok B AL, iX AN Hibler — Bryan #0 th 4 Fi 348 o 3¢ B 5 5 4 AL RE 4
{8 78 2 L (FNOC) B b %5 Tl iR A5 5%, (BP PIPS, Riedlinger e al, 1991). BIREGEHR TR,
KEKAFRAY TS BRMNM S8, REERBMEE 2K SENE
63t &, Riedlinger A 2 B T KX XI PG Spitsbergen WM EF KAEWM M 2 FEE A48, Hibler %
(1987) ¥k — B/ AEX P B HEEAR 2 EE R, AR TED A ERERK O EFES.
JERIE, H I Semtner (1987) A5 A o i TR 43 &K JR o 58 & MM, i — 4P it
Tk - EREEA,

1.5 58KEXBXHHERAR

151 KEXFARFEHLBRMBRLITRTHKESX  JIRKEEEEEETAE
W, K WBEAESE S, BHEXER R ERERS R RREZITREEEMRE,
BIR A TF ok G BT R T R KR B e R X, 8] B, Jb uk v A 8 1 vig 48 A AR A
HEE KN EZ, M HEDESKEE D, LkEMRANESERXAKER LRFRER
ER § HIEE, B ER S8 % XA BE KT M, B 2R R 0ok i i
i P KR O M 3h it 72, 4B B X XU 2 I 5 R4 O O ) B AR kAR R — A
MERE, Rk A RR X kA R R RR A 1 B O ALK R B AN
Bk (Hibler et al, 1982; Walsh et al,” 1985)J5 & &K (Oberhuber, 1993), AL & T X
FERIMERR, T BL3D %5 [8 b vk A J 1 i 3 ] ) A BRE A2, g KRB T 3 — 2B Bt

WA, FEREMBEARRERNEBLARLFER TN, 5 THXERR RBEE
KRG, KEREIRRE TR RR AL ER. Oberhuber (1993) X T BT R T 1k
B, ZEX5RERE - SFEEEEBEFNERXME. Holland % (1993) W HEX/ET X
iR, IEHH Oberhuber 2 AT L& MR K 35 M Z L KR, BEEMEE S
FERE.

1.5.2 BKEXGURES T  KEXHEPEXRESH BN BAEUEEZEXE
BEREM. MEXESHENYEEEMEMER S RE SR BURME, iTAET XKEIE.
Holland % (1993) X} Oberhuber (1993) # X AE T K B HURM /47, WA B #ER
MEBER MG &EMG BEBFE(NEBERS R BE. BE)FHESHR
Chapman % (1994) fl — N FLiHE R £ 904 13 DS BURYE, &R 58, ()EBLE Rt
KIEE 5 BME B B R R RS MG R R BE N Q) IKER % # 6
REWKESERREEQETERE K, Wi R IKBEEEFRELP R - Kk E R ERE
TRFZER, WA KRBT T UK TEE B D, B Tk A DT A S5,
i HL o K S A5 38 th 4 54U, Y Fischer % (1994) 318 7 B AR B S AR HERLLIAR L
RMZEARBIE 10% B, KRB HHEXSHEF AFNIRE, BIMERE. 1)KERT
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IR FUK T RS A FE R 3 R R U (2) B 2ok 2 91 B A R AR ZUAR R T sl
HHRBESR, AR 2MEE W AEE, I3 KBRS LT X X5 A gk, m
KRERBEMERBRKBTFAAOERXEBETHNEE; Q) KEEILEML THEAS
¥, T oK 25 AR R A R S B0 AR AL+ A R, B oK JE ORI 3 B X S B AL B A AL
153 ZRKEKERX KEEE S HEh MM BEIMEL. ERIIFEL, K
A B A R B K R BRI A, %l —E, KREES
A A2, B H A 0HE S K SBOKIEM B4, /AR BUSfER Tk R EK, B
A EEE; B —JFE, KEX s R WA R, Bk EEAER KN R, BB i
B Fl, A AR B AL 3 B UK R S, T KA 8 R B AR, K s R A A . B, vK
B 5k, sh i B EFME, BTk EH R R R maE B TIACR.
B S AR (U0 Hibler, 1979) AR KR, LBl & — MR A R A W AR E R
K, — R R — B R K, — R K, T KB INAE SEK—RE M s R
VKALFE, TLEE X R vk B R AR . HIAE R E TS TR A ik B B # i,
Walsh % (1985) , PIPS (Riedlinger er al, 1991) i 7 ZyKEH#ERX. Thorndike 55 (1975) #2
H T vKJE4 45 338 , Hibler (1980) K7 3 5z F B vk AL =, E 2B RUK B3 13, s vk AR X
BT it — 35 B,
1.5.4 R KA R BERD WREKHE S KEKGERHE ZANKEGHFENTEE
W, R KA A R, A EE M AR R AR, TR IKGMEESI K T iE Mk g £t
WOBHEE. BERKE. KEGEBESRSEKXHAR, W T K K& A EMF KD
A, IX 8 B 5 AR A B e R (AR TR R UK R SO AR AR BE 0K 2 b O E 9 I ME. Shen
2(1987) 8 APk — ERAW X R RBBH K I F58ME, BB T A% K EKEL,
Kantha % (1989) Z [E MG MR EIT R, KB T BB A ZKE K — BESHK.
2 IERABERAPH—LEFIAURRKNERE

oK B A AR R R R F K. KR, XARRF — BRI, [ e R A TlEMAKHM
PR AR AR Rl Bt s R R I — N2, FERE R R RS AIEh it 88, B AL A
Z BRI EE M A,
21 KEXHNTERE

KERREMEBHENAE, £F THNARMZE RERRE, KKEsk, mHEEME
&, LR M ET R R E ER R KL, Mg NE N EE, FREBRAEBRKREAEFHA
TERE, MEBEMFTEL., A5 KIBERBUN, BHRA, MBHEREFRR, AREKH
PICAZEE S, R RS R AR R EEE. KA THBEMRKKZE, 5KIMEHE
FEERRA 3 AP EAER, BT AR vz shis, LK, 8. S|E17h, U
R, SR E T vk 8 W B 067 & B i B S R Ahasa et s ROBE. AT, KRRy &
5—ASMEEEXMAEN, BAEMFITE L MUBHESMI 25/ %28
AR i s RO AR E, T B, AR S REY RAR WY HEENH, B AEAK
KXAFRH TS REW KR AT, ER B WM AL KL, AR ERE.

ik 2 B0 R x4 e R BE 100km. B[R] RE 1d B 0KIE sh Fl o A LR A B4 0 .
SHHERSERENKYEAR, EEXLUEXCLEETHALTHYENE, AELAS
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REE, B0 RME I S5 A A58
2.2 FEAELIMIZRHGH

KAREWKS EEH 8%, THEX MR AR R P A X MM BT A L
il B AR R BE R S A B AR N ok T R B B Bl MR R AT oK 3 R A B h AR e T A
WRARETMESMHEIKEBN, BIHEW A =4 R HEARAEKE, BRXEYH
EEMBRKYHEAR M EERE R HEN, ELRXERRE=ENER BT
BEBRIXREKZZINERN, S5/ ISR, XEERIERFTERKER P EH
BAEBE, EMNERLRAR TR EEEA, APL = RETUHHEIE, MEFE—H5%.
2.3 EEMETNEEN

KBERB TN, REE KENHENSENRE T BN ERRKERNES
ik, REBBMHEINMNE L EEHBMRERT ok, RAmxt KR ES| HESEER, Az
R ERETHNEFME. mEEX AR B IEN, FE TR X b, x| f % gk
BRI B M vK AR, AR S B 1 P 1 B W At 4 AR 98 K 1 R B AR AIE , [ B A, T AR R —
BRI /MR BB R HELEMERIR T IR E L BSLA fFi—5 R,
24 KPMAK. HFEPNRESIEURILRKNESHRSETHHRR

SRAELERIMEEEXERES, FREESHE S B AR P IR & HYET
B, RE, FEHEE MK B SEFEBARNANRNEREMEIEREER -
Bkl AR MR, REEMUABOIFABSEAHA—CREBR LERsHR
FHHER BN M2 ELHERBARRESS - ELTESEARAEE. o
Washington 5§ (1980) Bl i R HI MG vk /0 6, LLIEM ARSI G R E., REWI. k5
KR BHEELSISMERAREBY —NEEF . 5575052 35 55 28 A0AR 5 0 19 4F R AE
AN AR AL HAR, I St iR e B o ER AL B R MR H, PRIk 4 A6 fiz sh R A4
e RIEEUNEME - B R TR BTENRE, K -8 - KBS EMIX—F
B EERR., WITK - BREEA BRI, MK - 8 - KSELSBEENEHFH T
—$ K&,
25 KEIRETESKE

AR 38 DK P R R AN T BB UK P R T R VKA AL — N HERL.  Campbell (1965) #LvK
RS P TR, AIDJEX B2 20K ok fF 9 3 — 381 34K (Coon, 1980), Hibler(1979) A A5 —
B K BB 1 UK B9 S AR, Flato 28 (1992) #RVK A 28 SRR, 1 86 i AR 2 388 X vk it
AR 2R A T 2 4b. ks — BV ¢ R R B T iR AR 8 T i fR1 AE fL R i 4
B, FBUA W B A — B, B BE AR R, IR T AR A VK R A s A XK AR
BOERRHEERS, AT ERPBER DA, HE, KE —-MEERREE, EEA
] 8953 6] RUBE B, BB R [ S 2, B MR A R T, B 1 R — BB MR RN 2 7 dk
FAEAT B — A K RIMA T RE ST 2 H R VKB X R AR, SRR — MR BN A X
RERGBENS=ERBEA, SIEEXREASTE (Gray e al, 1995), R iHEE
Z, HRITEVE HZ; M /7RG XA KBS EABEANEEN R R EE
5, B LA 75 Bt vk i AR 2 B,

EEMELT¥ELPHIIA—-BBR., WEDAFHATER 100km RE L@ KiE R
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B KE NS, SIAE B RERIR, W AERET AN A ERRR: kkE—B il
B 100km RE FH R4, 25 FRFEZIKE, Bk 2 A BIKSTET 100km RE _E#Hr
71, BTABIABRIR: vk AL e, R EMBEAHEE. b, SR HEHEKEL T
FHEMEES BN RBEEUNNE, A THE, XLBIR & Mo RE KRR
AL, FURTTSENKREXHEL, BUHBRKENSI I BIRRE L REY
—NEEITM.
2.6 KPNFEMANEBEL

KEX P RBFE N ¥R FSHL, T EESBEAE T RMGEERSHK
(EAFTEB KB, 5 5 R B 0K P9 Ry s At 56 AR B R B, VK 3R B9 TT BRI VK 5 /KGE #43 #e
FRNSEANTHARTIE. AIDIEX HEBILRIE WL, kB2 B KRB A5 %
BEMER, NEEKEN A BRREER TRKNEMHEEMER,. [, RE Parkinson
% (1979) MR R E BT KESEL, BIITKES - s B FK — BEHEA b3t
KEMEEBMEGKER N SBYEREIEFEF L, BN FEEIAZRKEHRRK
M P9 oK 4 A, DA RR PO AR 9 AT, T & Fh 5 UK SR AR A B 0 0K 3R 55 R R DR RN oK I B R
P, ZE R A BUE 1R 58 7 AR T8 2 53T, (8 X Se R (A1 56 38 A S vk JEE 43 A of LA ) 3% T
HTPLWMEREL, BREIHENSEUT R EATH LB RE.
2.7 BERKERBERERL

WRKEMDLEBEFEEKSENHRIEAERR, FEENKE ST B L —&
AREKEXER., & B TRKEGUEFE. BRKFEFEEENKEZ LEAR. 20, &
. IAFESE RM KO 58 2, XE XIS K ARG, KREMGEFESEBRINHKL
e, BT KGN B MY EE NS 58 =, BRI AR AR & R E A K
3 S AR I AR BB Y, W R K A M AR R i B AT 1 A (] A R, B K AR B
BN, X W EBIFE/NRESR, B R K BER R 8L 04 7E KE A BUM M
WAL R, SRR R BN —NEETH.
2.8 HFHHEM

1 vk R K SRV 25 S 3R 8 BORHE Uk, T BT R I 0 i T IR B L 9 T v
BEXG. BH.BESE. ECWE. RSEULZESKERHREEAHE, BEAR—.
Ak B SAZRER, A KR B BREN, A 8k B BUE TR &, EE R TR KB
ZR. A, HEATEKE KKEEENWHERH, BTEA DBy —EEMEEEME
JWME, XTCEE R W T vk BB, BT AR B M B K W UK R 4R T A YR, e A A A
PEBRBAFEFELHREEKES A RE, LEBGEE Y — P E.
3 45iE

2533 30 EM R, ARSI BEERC NEFH R IR IER, RKBRREE %
B NMBAERB ST - BAEX, EABRBEABZNE MR, BRAKK
BAsEE, ST RREGKE S ERE, AR R SREN R KRR AT - 2
PR JURAARSR IR, B E AT AL, ¥ vk O B A B AY DR 7 3 A 40L& P 2 B vk A
fie, Wi ELAT DA g v i e P R MG K LA, BE & 0K — SR A AR, kK AR X
BETHFHER.
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5 VK B AR, T/ IEAE 1) DA T JLAN T 1 5 R (1) it — 25 g JB oof vk IR 20 4 P ) 20 30
M —FJ AR 2R 10 2 WARE T &R, RN EREX LR @E RKEN T E X
B. QREXEWEGEKEMERIEFBRBTENEE, BRRFE - LREBAK
ZRG S HFEER BRI EFARBTREANR. AN EAHHFEZSHATREA
ARAZE G TT, ARt — Bk, () BA B vk 8 . oK )8 BOKGE BT R
BATE FTENKEEXEXBHEAZ RN JAERIEFERLE. ) ERIK
— BAEAERAK - - SHEAER, UEF AR E. Bk SRR ZEMHEEEM,
B KRB G K BT A E R A B 7818 2 %0 ) Fxd Je AR vk B9 AR RE . T R IR

g EBTR, e AR R A S i) B, JEAR vk BB R 1D 3 B A R R AR B ) s B A
REME, S EHRERHEAMBAN LR, B EFHSHATT %, F iRk EERBER R
ML LB EE, H SHEMRIEXBES.
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A REVIEW OF ARCTIC SEA ICE NUMERICAL MODELS

GUO Zhi — chang, ZHAO Jin — ping

(Institute of Oceanology, The Chinese Academy of Sciences, Qingdao, 266071)

Abstract Arctic sea ice plays a key role in the global climate system. A sea ice numerical
model is useful for forecasting the status and varation of sea ice distribution and its effect on the
global climate system, and is an important tool in study of ice drifting, distribution of ice thickness
and concentration, and the relevant dynamic and thermodynamic processes. In the past few decades,
many kinds of numerical models have been developed for studying the behavior and distribution of
arctic ice cover. In this paper, the current development of the arctic sea ice models is reviewed, the
main ideas of these models are presented, and the successes and failures of these models in
improving understanding of the dynamics and thermodynamics of arctic sea ice are evaluated. At the
same time, a large number of works and problems that concern the sea ice, atmosphere, ocean and
their interactions, as well as the effects of arctic ice in the global climate system using these models

are discussed in detail.



228 B ¥ 5 WM B 29%

Thermodynamic processes in arctic ice are mainly considered in numerical models of Maykut et
al (1971), Semtner(1976), Parkinson er al (1979), etc, to describe important thermodynamic factors.
Meanwhile, great progress of arctic ice models has been made in improving the dynamic description
of arctic sea ice behavior by Campbell (1965), Coon (1980), Hibler (1979), etc. Based on the
studies mentioned above, Hibler (1980), Walsh (1985), Semtner (1987) and Oberhuber (1993)
developed dynamic — thermodynamic models and coupled ocean — ice models for realistic simulation
considering dynamic and thermodynamic processes of arctic sea ice. Up to now, the dynamic —
thermodynamic ice model can reasonably simulate the drifting pattern, ice cover extent and thickness
distribution in arctic ocean. But it is still beyond the ultimate goal to couple these models with
atmospheric and oceanic models.

The further improvement on arctic ice model can be expected in the following research directions.
(1) The ice model’s parameterization schemes for thermodynamic processes are not enough to model
these processes in marginal ice zone as well as between water and sea leads, but, we can expect to
get further improvement. (2)Developing variable thickness ice models to study the dynamic and
thermodynamic effects of varying thickness of the ice cover. (3)Developing more reasonable rheology
to improve the modeling of the internal ice stresses. (4)The coupled ocean-ice model can improve
the results of calculation on the location of ice edge and other ice cover properties such as mean ice
thickness and concentration. Development of air-ice-ocean coupling model will be an important future
direction in studying the role of the Arctic in the global climate.
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