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1 Introduction 

It, ·, ,-1"~1 ·p1t•ml r ~O. 

b tract "'umman of n•,ulh from a h1i:h - r,·~ol11ti1111 p.111 \r .-t11· 1n - '" • 11 n"•ld 
un· prr,t'nh·d for 1111· 1101th1•111 \rnth 1'.u-i l11 . II, r niv. I 11111...-111. 111,I II, nrfurt 
Tlw 111uin f, 11, i, OIi till' 1111',111 1·11,·111,1111111, ,·111111111111..-.1111111 hum thl' (,ulf of \I 8 

a<'ro-., tlw Bt'rini: ::-n1 into tlw ,,.-,11•111 \rc ·tu I >c, ,11 1 .111.! 1111 11w._.,,... 111• ,~1,1, • tint, 

11 ithin ,l'ii•ral importunl ,.,.,"' ,t1·11i-. \l rnl,·1 ,,·,ult, lr11111 1979 - ::!004 1111• rom1111n~I to 
oh,t-nution, 11 lwnt-11•r po-.1hl1·. 1'111· h1 i:h ,p.1ti,1I 111od,•I 1,, ... ,111111111 11 1/ l _o ( or - 9 -
km ) i11 tlw horizuntul und 45 l,·11·1, 111 till' 11·rt11· d cl111·1 ti1111 ,11111" fur re-pre ·nl tion 
of t-ddie, 11i1h diunu-lt'r-, th ,,null ,._ -36 l..111 . I l111 .. ·11 ·r. 111· lwl11·11• that u1"·0111in n 11 

model intei:ratio11, ul e1t•11 l11i:l11·r 11•,ol11tw11 11ill ,dim, 11, tu .,.,..,)1,, 1·11·11 ,nwlltr 1 1-
clit',. ·n1i, j., t'"fll'(' iulh importu11l ,II th,· l11 i: l11·,1 l,11i111d1·- 1-lu·n· th,· Ho--h~ r diu of 
d1'for111alio11 i~ u, ,11mll t h IO l..111 111 11•-.. 
Key ,,ords nunwm·ul modt•h ni:. hi i:h la1i111tl1 · 11<·••a1111i:r,1ph1 . \11rth I' rifir . llt·rin 
: a. huk<'hi • ,,,. • Bt•uufor1 I-a. 

Th a al Po tgraduate ' ch I ( 
lation mod I ( 

further cle~<'ription, inh•rcompari-.011. and ... nllw ... i-. f mul-
igure I ) . The n·~ional m11<lt•l domain 11wl11de-. all f th 
r>d c·ean~ and -.t>a-.. It <·onlain-. tlw -.uh- \ n·tt<· \ orth Pa-

a f Japan and th ."ea of O1...hot-.l... ) a-. ,wll a-. llw orth \ tlanli · ( in-
a and ulf of ."t. 1..a,Hen<·e ) . tlw \ n·ti< · ( <·t·an. 1lw 1.111adtan .\rc-

ordic ' ea . . Tlw moclt>l ~id i:- <·onli~m·d al I I_ ( r -
n, \\ i1h le, t>l-. in tlw uppt•r 0 m. J'h1-. horizontal grid 

p rmits alculation of now through th , narr " and / or -.hallo" pa-.-.ag ,.., <·ommon and criti-
cal t ub-polar margi nal . a 'COh ·tem~. 

Th an mod I , a. initializ cl "ith climatologi<·al, - linwm,ionul tt>mp •ratur and 
alinit fi Id ( P Jar ·i n e nt r H)dr graphi<' ' Jimatoloro: r II ·) and int gmt d r 

ade in a 'pinup mo le. [ uring the :-pinu1 \\e initialh li-.t•d claih-m m d 
annual climal lo ical atm 'pheri · rcing I riv cl fr m I 7 - I 3 rt-'a~ah,i-. fro~ th 
p an nlr fo r di um -Rang \ ath r r ca~t,- ( E ' \1\\ F ) r _ 7 ) l:an... \'\ th n r-
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fo m1t J an aclditionul run u...,i n~ n•pt>utcd 197 -1 I i nl<•rannuul r. Id · r th la L 21 ar f 
,pinup. Tiu .... upprom·h i .... <'...,I t·c·iull) important lo ·tahli ·hin~ rcaJi ti · oc an ir ulati n r p-
re, ntuliH• of th• tinw I t•riod al tht' lw~innin~ of tlw at· tual int rannuaJ int !rali n. Thi fi-
nal nm 11ith rPali .... tic · daih-n •ru~t·d EC 1\\ I· int runnual rc·ina ·tart in 1979 and ·ontin-
ut> ... thnnwh - . I t·,ult-. I rom thi ... inlt>~rul ion ( _6-) ean, ) ar u cl for th anal · in thi 
papt•r. ) ul-.on ( and otlwr \ n·tic·) ri1er runoff i:. inl'lud .cl in th m cl I a · a irtuaJ fr h, a-
lPr nu ill tlw ml'r mouth . I l1m ' \(' r. 111 tlw <~ulf of \la ·ka th fr lrn at r nux fr m run ff i 

·limat I i al ( PH ) m nthly 
m ·un lt•m1 •mtun• und -.ulinit, ,uhw .... o,er a month( tim an 
IP,el I dimutolo~wul Lt•mpt•rulttr • und alinil) 1aluP. at"l,-, m, a orr ·ti n t rm to th xpli -
it l~ l'ul ·ulutt>d nu 1·-. lwt111•1·n the 11·1•un and o, rl ing alm ph r or a ic dditi nal cl 
tail -. on tht modt'I trl('luclin~ -..ea it·t•. ri, •r run ff . and r ,-,tori nu ha\' b n pro1 id d J -
11lwn• 1-~ • 

'llw 
( hla · 

/ / 

mcHlt •I domu111 ( hut In 111t•tn 111 nH•ter-,; rolor ~hading ) 
l,o r, 1111 lucl t>c l III a ,111~11' mo<l!'I domain . 

2 Th orth rn orth Pacific O an 

r...landin~ of th• m an < ·ean circu lati 

UU) - I . 

ho"ing 
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j,1(•1\11 U1•1111•11t i-..111111·, and \\ w-.lu" \1u-.lm,-.l..i 

I I ) I ·r, .0 tlw H•lo<'il, <'on· . .._, u1ionun nwa ur•m ·nl 
· ff I r ( or -.oul 1\Htr< .., 11 1 I 

C\ .r ther ·~ an O - 10 I . I ·r , ·, ·011 ()\('I tlw -.lopt· 1f tlw1r ••Olli 1 ·m-1 . I le lo deleel l ,i-. :- 11 l in p ,..,, • . 
instrument;, ma) nol a> . I I I I ' fl I II' 111 an t•dch Thi-. 1n.n n•..,ult 111 r · 

I . <l . n I c-oineid<• ,,111 I H C'Urr<•n -.11 ct . 
111 l oc·allon . I n Tlw 1111•-.o-.1·,tlt· 1·ddi1•-. al-.o huw Iron I' f . k cl or ·omel t mt'.., re, er-,e< m, · . 
core ,ng o a'' . a ne I n 1l1rot1fl l1 tlw I\\O m , 1111 i·a-.1t·m 11111I c•t•ntnil \ l ·ultan 

f~ h I am propt>rl \ uxt•;, r-
. eel o~ l U:rrru7:.rea, t' in ,1,;, nortlrnard ,olunw. lt t>ul. und -.,111 nut·-. 1ltmu~h \ mu ta 

e~nwl~itka pm,::- o ·curred durinp; th , pn•..,t• nt ·t• of un t•dch in 1111' \ l,1-..ka11 tn•am 

so 
-15 
-10 
35 
0 

25 
:w 
15 
10 
5 

0 

Fig. 2 Tht> 26·) t'll r mt'an ( 1979-2004) upp.-r 6 111 r 1rC'lllat1on ( \t•t· lnr-.) illl(I totul l..irwlit• 1·111·~ ( -.h ,hn11 ), 
\l ag nta ontour line-. repw-.1•nt huth,nwtl") ( m l. I··"'!") fourth \l't·tor j.., -.hm,n. 

3 Bering ea 

lnOow from th Pa ific inlo tlw Bering ·ea , ia tltt> \ln1tian 1:-land pa,-.. • .., ha.., air O) 
b en hown Lo b aff l cl b mt•;,o;,c·alt• edcli t>~ among other inOut•nt·t> -.. ( a ... d1-. •u-.-.e<l • 
bove). Thi inflow form tht' ba;, is for tlw \ lt>ulian \,orl It .'101 <' ' um·nt. ,, hilt' outO \\ from 
th B ring a · ·ur · primaril , ia " amc-hatka 'urrt>nl n<•a r the :iberian l'Oa..,t. \\ ar ur· 
r nil amining th B ring a eirntl a l ion OH'r the cl '<'P hu..-.in. \\ h1 c-h ,.., <') ·lomc· in th 

hown in Fig. 2. I lo\\ e, er, animation~ < f me del r uh.., o, r tim a)., -.h ,, fre· 
qu nl dcl a ·L1 11 throughout thi ;, area. For in~lant·t• , al lt>a t 14 nw..,o;,,c-al ddi are 
pr nl in lhe B rin° ea during June 19 7, a h wn in Figur 3. llalf < f th .... ar anti)· 
cloni and th oth r half ar• l' l' lonic. Dianwl<'n, of 1lw;,e ecldi<'.., ar<' I_ km and l r 
and lo ·ili ar up Lo 40 ·m/s . Lif tim s of th t>s<' f'ddit'S ar , L) pit·all~ a ft>\\ m nths. Th 
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. m h rizontal r -,olu1 ton of our I I II 

,mall 36 k I moc t• a m,-.. u-.. lo minimally rei:>ohe e lcli 
m' im, ,., t·r ,, t• ·in• I 1 k ·I I . h R b . • t \ 1101 rl';.o ' ' np; I he i,,mall< SI deli 

with diamel 

a ) rad111 of d1•fomiu11on of ~ 12 2 k .' 199 ) 7, - m ac·C'orcl 1ng lo 
. Th B ring 
helton et al. 

3 Jun 19 7 uppn 65 111 1·m·ulu11011 ( ,1•1·tor-. ) ,rnd totul kinetic· ent'~ (,hadi ng) . ,re n c-ontour lin r • 
prt' nt both) mt•II) ( 111 ) • llw mu~t'nlu lint' 111clic·u1t•~ tht• poi.it ion of a cro,~ M'<.' tion ~hm,11 in Figur 4. 
EH,I') th ird ll"t'lor i- -.hmw 

a. b na-ddi ar a common ft>ulun• thrc>U hout the cl p r part f th 
•ion~ f ddi Im , ht• n mud, b ok I t et al. ( 1996 ) 

1993) 9 ) , am ng otlwr;, ( •. ~- • 
0

10111011 an I hlna J 97 , IO ; 

Palu,zki , i z and ielmuer 19 4 12 ) • In tal iliti • along th 8 ring lop and KamC'ha1ka 
Curr nl and inl ra lion \\ilh ·an) n;, and mba m nt · at th landi,ard dg of th ur-
"llb and inll w throu~h the \ leutian h,land Pa · ma b r p n ibl for dd g 11era-
1on Lab n and H.eed ( I ) 9 obi:> r d s raJ ddi and m and r within th 

m hatka urr nl and the t•a. l •rn Bering . ea b utilizing at flit -Ira k d drift ral 
llt·)c·I ni deli -, \\('rt' oh..,er. cl in th ,,e ·t rn · id of th 

l mrLi n of th am ·haiku : urr nl \\ ith lOJ graphi · atur 
l that th atur ,., ar •mi-p m1an nt, inc th app ar cl in drift r traj tori 

fi tUrt>. 
. \ 

h w lw anti y loni · ddi cial d \\ ith th am-
c· I ni dd ( part fa <' unl r-rotatina pair ) i al o 

tha t Lim . tab n and R d ( 1993) 9 al o oh-
that had a diam l r of ~ 200 km and v loc·iti f 

and I it lo th e from ur mod I ho" n in Fig. 
I •iti up l 40 ml ) . 'okelet et al. 

dd_ h r and u l it may be a re ·urrin 
anti Joni deli h ,, n in Figur<' 

) i carri d in the c nt r f th ddy. Th 
0 m. tron v rti al di pla ( > 

•cur in th pr en · f th dd). Th di pla m nl i hi h t on the \\ ;.,l rn :.ide 
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of th 
0 en 

I I d-. af)f>r<>a<·h 4 c·rn .., . ,, 11111 · ... outll\\ard ,p,•t ti 111· ~n•,1tc-r th clcl). \ rt rnarc ,-p 

50 

150 

250 

350 
0 50 100 

Fi 11. 4 'ali11il) ( ,hadi1111) und , t'lcwil) ( ronlour,) aC'm,, u11 ,·d1h 111 1h,· lkr i11~. ,•.1 clurin Junt I 9 1 • lb I 
~i1io11 of 1lw t>dd) 1·ro,,-,c•c·1ion i, ~ho,,11 u~ o 111u1w111u l11w 111 f'i~111I' .'\. 

ur-r>nt 001\!:, along Jlw Bt•rin~ ,-lwlOm·uk. l11m1•, 1·1 \H' find that thi, 
curr nl i , mor m of lcli ratlwr Jhan a c·onlinumi... n,l\\. Pw, 1mi...h . it \HI.., I ·lit•\t'tl 
that the B rin lope urr•nt 'plit into two hrarH'IH'.., ( 0111• 110rtlrnanl and tlw oth~r .... outh-
,, ard) a it n ar cl the eoa t of ii ria npar 'apt• \m unn. I lmH'\ t•r. our rnodt•I rt·,uh, 
ho,, th v t maj ril _ of the ,,atN folio,, . tlw l>atlnnwtn and tum, ..,outll\\t11d and that 1t'n 

littl wal r from th B rin I p um•nt mal-.1•,- tlw nortlrnard tum rlt'ar tlw ilwnan roa,t. 
Thi i in a r m nt with a r cent .., ·h matic· c·irndt1tion prnp1.....i•d II\ tJh •no t'f al. 
( 1999). An important qu ;,tion for tlw B ring :1•t1 ha-, lit•t>n: I ltm dm·, ,,att•r n aC'h th B · 
ring h If from th cl p ba in'? irst of all, it ha-. llt't>n kno\\ 11 for quilt· ,onw tim that Jh 

la ka oastaJ urr nl i re n;,ibl • for car~ in~ t lw lt•a..,t d1•11-.1• ,hallcm ,, lt'r-. f mm th 
\I ulian pas al ng the coa,-t of \ la-,l,,a und onto t lw ,lwlf U . llmu•, •r . for 

,, find that ,,at •r i-. pc•ri dic·all) pu--lwd onto tlw ,lwl .1l1111~ tilt' t·Pntral aml 
t m B rin man} tim " h) mc•-.o;.c· tilP t>dch al'll\ ii\. :am ori-. .... tl<'h ii"' tlw BPrin 

and Zh m hug can n ' , ha1 larg<'r nortlrnard 10lunw Ouw, than do otlwr plat l'-. alon" thr 
h libr ak. \Vat r i th n ac ·umulatPd m, tlw llWilll c-in·ulatron on tlw ,lwlf , ... din•<·t d to tlw 

n rth, ' l. Th maj rit) of th nortlrnarcl nc)\\ 1·11•11tuall~ n·m·l1111µ; Ht nnµ; trait oc: ·ur--
thr ugh th narT w r, but cl p r \nae!) r ' trait to th{' \\ , . ..,, of, t. L.rn n•nt t• t ... land, ,, ith th 
re t movi n n rth , arc! throu h ' phanherg ,'trait t•a,-t of , t. l.a11rt·m•p (-,land 1 . 'In nel 
volum Iran port of Pa ·ilic·-cl riwd ,,at •r Ocl\\ in~ nortlrnard thrnu~h Bt•nn,, trait i-. 0. 
in th m an, ,,hi h inC'lucle · a small c·omp inc·nl of ;,outlwrh Om,. On a ... t'a-.onal I .... .,, 
high r alu tend to ·ur in ;,umm rand Im, r Hilu .., in "i,;lt'r. Oh-. •nation,. l)\ Roa<'h l'I 
al. ( 1995 ) and o cl at' et al. ( 20 5) pr id• a imilar e,-timalP of O. , , fo~ them an 
northward lran port through B ring ' trait 14.15 

4 Chukchi ea, Beaufort a , and anada Ba in 
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orth of B1 rini,: l111i1. mo<IPI 11•-,1111-, -, 1111\\ 1110 muin lirnn ·h lhal ar, bath m 
<lt-t rt •d ,Ille! j,(1'111'1,llh nm,111g 11or1lnq1nl, 011( ' 1111,,~ 1, I n I tri aJI 

· , 1• '' l'l'll n rang<> Island and H raid hoa l rnd 1111' olllt'r "' l1w111<•d ,.,..,., ol I lt·ruld 'ho ii I I 1· · I I • • • i . n uc < 111011 l 1 r art> 1110 coa tal cur-
r, nt : I u· I 1,1 11>1 narr ( ou,i.11 um•111 nm,-, rrortlrne-,111urd' but P\ n, ., p riodicall and 
1I' \I ,kun <.0.1,1 ii <.11m•111 '1111l1111w-. i1-, 11ortll\\1.1rd journt') ulong th ' \laskan coa l. •huk-

l11 ,, I< r In .... •• l111 of lw111 lo 1lw .111110-.plwn· and to c•a il' • formation as it trav , th 
I ,11,m ,l11·lf. Our n11_1tl1·l ,• ... ti111.rl1 •-, 1h111 7_0, of llw oc·1•u11ic· ht>at i. lo l I tw n B ring 
lrut md lh'. <.hul..du ... lwllhrt ·a l... all hough lhi-, c·ul<-ulu1ion is c·ompli •a l<>d b tlanti wa-

h-r h1•ll 11111111,i,: fr11111 1lw ,,,.,1. 11hwh ,., 11111 111c·ludt•d. · 

I 8 
I 7 

I 5 
1.-l 
I. 
I 2 
11 8 C 

1.0 
0.9 o 
0.8 :i e 
0 7 g_ 

E 
0.6 
0.5 
0.4 

0. 
0.2 
0. 1 

0 
1 • · I q>lh nn ,.,f ( 65-1-11 111) 1t-1111wruhirt' d1fft•rt>rn·1• ( ll'mfWnllure minu~ freezing l1•111p ralure) and 

H·lo, it~ ( •m l , ) durin,-: \prtl _()()( Bliw 1·111111,111 li1w, n•pre,!'nl huth)1111' ll') ( m). Ev1'1 s1·cond veclor 

'"'""· 
orth of - 70 . llw •t•rwml c·ir('ulation I •gi n l h ad t, ard and mi in with Ea l 

''" n II a \\Ul(•r-, I)( nrr . rh,., a-,1,,ar I no,, C'Om rg 
t· ,t ,urd 11bow tlw Bt·,wfort c•a -,fwlf and -,I I •. To th 
BJ rn, ,,lwn• oli,1•natro11-. hmt• 1d1•ntified., ,eral ub 'urfac 
antrt·)<· loni<• rolalion-. 1"· 17 • 1 )ur mod I r•sull'i al - h \\ th pr 
t• ample• of un anti,·) dorw ... fum 111 rgur . 111 r of th anti 
thr· owrl)in, ,,•a in• 1f ,01111• of this h ut e. ·ape into th cl lay r. W 
mod It d c ddit•-. 111•n· mud, lurg<·r ( I) pi ·all) 0-150 km) than th b 
lm) ( 191. 'f11i ... j.,_ du1• to 1h lirnih f ur 9-km horizontal r lution and th 
d1·fonna1ion ut tht'-.t' hi~h latitude, . \~ b Ii , that ur n ing ffort to in 
zontaJ r ,lu1ion of thi ... rnod<·l II ill impro, th r pr ntation of maU r ddi 
lo I <·ritil'al for n•pre-.t>nting th<' ·i rC'ulati n prop rl 

, with an 
n ma) affi l 

that th 
( 10-20 

mall radiu of 
1h hori -

m 
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thank the ati nal : ·it•n<·<' h111nd.1tio11 ht lf-B "'Ill lntn-

ram r priman •upp< rt of thi ... n",t'ar<·h. \ dd1t11111al ... upporl h be ·n 
. ()() Foun lati< n ffi<·t' of Polar I'm 'fJlll ( 0 nl • 

hange I redi C'I ion I ro~rum ( .<.PP ) . nd th· a-
dmini truti n <•ean and kt· Pro,.:r.1m .0111p111t•r r .... ,urr -

up rc-omputing C<•nlt'r ( \I . ) thm111,:h tlw l 
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