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A bstraCt

T h e im P ae to f assim ilatin g Ar go d a ta in to an in itialfi e ld o n th e sh o rt一term fo re ea stin g aeeu ra cy o f te m P er-

ature an d salinity 15 quantitatively estim ated by using a fo reeasting system ofthe w estern N orth Pa cifie, on
th e ba se of th e P rin eeto n o eean m o d elwi th a g en eral ize d eo o rd in ate sys te m (p 0 M ges). T h is sy stem u ses a

seq u e n tial m u ltigrid th ree 一d im e n sio n al va riatio n al (3 D V A R ) a n al y sis seh em e to assim ilate ob serv atio n d a -

ta .1加 0 n u m erieal exP e rim en ts w ere eo n d u eted 州 th an d 俪 th o u tAr go tem P era tu re an d sal in ity P ro fi le d ata

b esid es eo n v en tio n al tem P e ratu re an d sal in ity P ro fi le d ata an d sea su rfa ee h e igh t an o m aly (S SH a) a n d sea

su rfa ee te m P e ra tu re (S ST ) in th e P ro eess o f assim ilatin g d ata in to th e in itial fi eld s. T h e fo re cast erro rs are

est加 ated by using in dePenden ttem Pera ture an d sal inity Profilesduring the fo reeasting Period , ineluding
th e v ertieal d istrib u tio n s ofth e h o rizo n tall y a vera ged ro otm ean sq u ar e err o rs (H 一R M S E s) an d th e h o r沈o n tal

d istribu tio n s o f th e v ertieal ly a vera ged m ean erro rs (M E s) an d th e tem P o ral v ar iatio n o fsP atiall y av erag ed

ro o t m ea n sq u are e rro rs (S 一R M SE s). C o m P ar iso n b etw ee n th e tw o eXP erim en ts sh o ws th at th e assim ila -

tion ofAr go data significan tly im P roves th e fo reeast aeeuracy, 丽th 24% reduetion ofH 一RM SE m 葫 m um
fo r th e tem P eratu re , an d th e sal in ity fo ree asts are im P rov ed m o re o b vi o u sI丫averagely dr o P P in g of 50 % fo r

H 一R M S E s in d eP th sh al low er th an 30 0 m . Su eh im P rovem en t 15 ea u se d by re lativ ely un ifo rm sa m Plin g o f

b o rh tem Pe ratu re an d sal in ity fr o m th e Ar go d rift ers in tim e an d sP aee .
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1 In tr o d u eti o n

D a ta a ssim ila tio n , req u ire d in oP eration al o ee an d ata re-

triev al , h as eo n trib ute d sign ifi ean tly to th e su eee ss o f o eean

P red ietio n . It 15 to b len d m o d eled v ar iab le (x m ) 初 th o b serva -

tio n al d ata (yo ) (C h u et al ., 20 04 ;C h u an d Fan , 20 10: Sh u et al .,

20 11;兀 ao et al., 200 6),

x "= x "+ w [儿一H (x ")2 (l)

w h ere x " 15 th e a ssim il ated v ariab le ;H 15 an oP e rato r th at P ro -

vi d es th e m o d el污th eo re tieal estim a te o fw h a tis ob serv ed a tth e

o b serv a tio n al P o in ts: an d W 15 th e w e igh tm atr议.D iffe re n ee a -

m o n g var io u s d a ta assim ilation seh em es su e h as o P tim al in ter-

P o la tio n (C h u , A n lezag a et al ., 2 007 :C h u , M an e in ie t al., 200 7),

K aln lan fi lter (G al an is et al ., 2 0 11; Sh u et al ., 2 0 11), an d th re e-

d im en sio n al va riatio n al (3D V A R )m eth o d s (L iet al ., 20 08) 15 th e

d iffe ren t w ay s to de term in e th e w e igh t m atrix W . T h e da ta as-

sim ila tio n P ro eess (l) ean b e eo n sid ere d a s th e av era ge (in a

gen e ral ized sen se) of x n: an d yo . T h e tw o P ar ts (x o an d yo ) in

theassim ilation Proeessusuai ly h ave very diffe renteh ar aeteris-
ties in term s o f d ata tem P o ral an d sP atial distr ib u tio n : un ifo r-

m an d d en se in th e m o d eled d a ta (x m ), a n d n o n u n ifo rm a n d

sP arse in th e o b se rv ed d ata (儿). Q u estio n ar ises: W h at 15 th e

im Paetofd ata sam Plin g strategi es in the assi而 lation ofinitial
field on th e fo recastin g aecurae尹 To an sw erth is question , tw o

o b serv a tio n al d ata sets are n ee d ed 雨 th di ffe ren t ty P es o f d ata

d istrib u tio n P a ttern s in sP aee a n d tim e. O n e 15 re lat iv ely u n ifo r-

m , a n d th e o th e r 15 n o t.

T h e glob al tem P eratu re an d sal in ity P ro fil e P ro grann (G T-

Spp), as a eooPerative internati onal Proj eet, has been estab-
lish e d sin ee 1990 to Provi d e glo b ai tem P erat u re (T ) an d sal in ity

(S) reso u rc es. T h e G T S PP eo n ta in s eo n ve n ti o n al tem P e ratu re

an d sal in ity P ro fl le d ata su eh a s N an sen b o ttle, eo n d u e tivi ty -

tem P eratu re 一d eP th (C T D ), an d b ath yth erm o g raP h (B T ), w h leh

are u su al ly eoll eeted fr o m sh iP s. Sin ee th e a rray fo r real 一t而 e

geostr0Ph ie oeean ograPhy (A rgo)15 launeh ed into Praetiee, GT-
Sp p (T , S) P ro fi les in erease raP id ly in b o th q u a n tity an d q u al ity.

It b e eom es P o ssible to m o n ito r th e tem P o rai an d sP a tial var ia-

tio n s o f th e tem P eratu re a n d th e salin ity sim u ltan eo u sl丫L iu et
al . 120 04) sh o w ed th e sign ifi ean t im P rove m e n t of th e te m P era -

ture P re d ietio n in th e een tral Pae ifi e u sin g a g lo b alo eea n m o de l

wi th th e Ar go d ata assim il a tio n .G riffa e tal . (2 00 6) an al yz e d th e

im P a eto fth e Ar go d ata assim ila tio n o n a M ed iterra n ea n P re di e-

tion m o d el 俪 th a set o f ideali z ed exP erim en ts, a n d d ise ussed

th e im P aet of eov erag e d en sity an d loe atio n s of Ar go d a ta o n

assin lila tio n resu lts.

F o u n d a tio n ite m :T h e N a tio n al N a tu阁 S cie n ee F o u n d a tio n o f C h in a u n d er e o n tra et N o s 4 l0 3 0 85 4 , 4 1 10 6 0 0 5 , 4 1 17 6 0 03 , a n d 4 1 20 6 17 8 ; th e N a tio n a l

S e ie n e e an d Te ehn o lo gy S u P P o rt P ro g ra lll o f C h in a u n d e r e o n tra et N o . 2 0 l l B A C o3 B 0 2 一0 1一04 .
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O wi n g to th e lim ita tio n o fsh iP ti m e , th e eo n ve n tio n al P ro -

file data (T , S2are nonunifo rm ly distributed in sPaee and tim e.

H owe ve 瓦th e Ar go fl o a ts dr ift fre ely 州 th oee an cu rre n ts , th e Ar -

9 0 da ta ar e m o re u n ifo rnil y di strib u ted in sP a ee an d tim e th an

th e eo n ve n tio n al d ata. Su Ch d lffo ren Ce in th e d ata d isttib u tio n s

b en 刀een th e eo n ven tion al (n o n u n ifo rm ) an d Ar go (rela tively u -

nifo rm )Profil e data (T , S2Provi desan oPPortunity to study the
effe etofthe sam Pling stra tegi es on th e oeean Pre d ietion aeeu -
ra cy. TO d o 50 , a n u m erieal fo reeastin g system 诚 th 3D V A R in

th e w e stern Pac ifi e reg io n al seas (Fig . l) 15 eo n stru eted M th th e

eaPability to asslnlilate th e sea surfa ee heigh tanom al y (SSH a2
fr o m al tim e te rs an d th e sea su rfa ce te m P eratu re (SST ) fr o m

satell ite rem ote sen sors, as W e llas in situ eo n v en tion al an d Ar g o

(T , S ) P ro fi les in th e d eterm in in g o fth e in itial eo n d itio n s.A 7 d

fo recast15 eo n d u eted 硕 th a n d 诚 th o u tth e assim il atio n o fAr g o

(T , S 2P rofil es in th e in itial fi eld .T h e P red ietio n a eeu raey 15 ver-

ifi e d 倾 th in d eP en d en ttem P era tu re a n d sah llity P ro fil es du rin g

th e P eriod o fP red ietio n (n o tu sed in th e d ata assim ila tio n o fth e

in itial fi eld ). D iffe ren ee b etw een th e tw o fo reeast exP erim e nts

sh o w s th e im P aet o f d ata d istrib u tio n on th e o eean P red ietio n

aeeu ra cy.

T h e fr am e of th e P aP er 15 o u tlin ed a s fo ll ows . S eetio n Z

sh ow s th e b asie fe a tu res o f eo n ven tio n al an d Ar g o P rofi le da ta.

Seetion 3 d ese rib es th e o eean dyn am ie m o d elan d th e o ee an d a -

ta assi而 la tio n seh em e. Seetion 4 g ive s th e eXP erim en t desig n

an d th e q u a n titativ e an al ysis on th e im P rove m en t of oeea n P re -

d ieti o n u sin g th e Ar go d ata assim ilation .Seetion 5 P rese n ts th e

eo n elu sio n s.

5 0

4 0

3 0

20

l0

P rofi le d ata b efo re assim ilatin g th em in to th e in itial fi eld of th e

n u m erieal fo reeastin g . F or th e eo n v en tio n a ld a ta , it in elu d e s

Position/tim e eheek , dePth duPlieation eheek , dePth inve rsion

eh eek, tem Pe ratu re an d sal in ity ran ge eh eek , exee ssiv e g rad ie n -

t eh eek, an d stra tifi eatio n sta b ility eh eek . Fo r th e Al go fl o ats, it
in elud e s du P lieate fl o attest, lan d P o sitio n test, fl o atd raft in g v e-

lo city test, P ressu re ran ge test, tem P era tu re an d sal in ity co h er-

en ee test, P re ssu re leve]d uP llea tion testa n d P ress ure ln vers jon

test, sP ike test, salin ity a n d tem P eratu re gra d ien t test, a n d strat-

ifi eation sta bility test, ere. In ad d ition , th e eal ib ration m e th o d

de velo P ed by W O n g et al. (2 003 ) 15 e m P lo yed to ealib rate th e

se nso r drift o f sal in ity m easu rem en ts in th e Ar go d ata .

F igu re 2 sh ow s th e h o rizo n tald istrib u tio n of 1T , S 2P ro file
d a ta . F ro m Jan u a ry to D eeem b er 2 008 , th ere a re 6 0 63 4 tem -

P e ratu re P rofi les an d 5 2 638 sal in ity P rofi les fr o m th e eo n ve n -

tio n al o b serv atio n s , 5 323 tem P e ratu re P ro fi le s a n d 5 2 10 salin -

ity P rofil es fr o m th e Ar go fi o ats. T h a t 15 to sa丫 th e Ar go da ta

ar e n ea r o n e一ten th o fth e eon v en tio n al da ta. T h e eo n ven tion al

(T , S) P ro fi les are d istrib u ted n o n un ifo rm ly in h o rizon tal 诩 th

m ostP rofi les aro u n d JaP an a n d e ast o fTa iw a n Islan d an d m u eh
fe w er P ro files in th e o th er region s, a n d e石sten ee o f so m e d ata -

vo id a rea s. T h e A rgo (T , S ) P ro fi le s are d istrib u ted un ifo rlnl y

(rela ti ve) ove r th e W llo le area . F ig ure 3 sh ow s th e v ertieal d is-

rrib u tion s o f th e n um b ers o f o b se rvation s fo r th e tem P eratu re

an d th e salin ity fr o m eo nv en tio n al an d Ar go d ata .T h e eo n ven -

tio n al tem P eratu re (sal in ity ) ob serv atio n s d eerea se slow ly fr o m
57 597 (48 595 ) d ata P o in ts n ear th e surfa ee to ab o u t 40 00 0 (T

an d s 2d a ta P o in ts at n ear 700 m d e P th , a n d red u ee d rastieal ly to

aro u n d 2 000 (T an d s )d ata P o in ts b elow 70o m d eP th (Fig.3 a).

T h e Ar g o tem Pe ratu re (sal in ity ) ob serva tio n s h ave 5 29 9 (5 18 6)

da ta P oin ts fr o m n ear su rfa ee to ab o ut 420 m d eP th , d eerease

al m ost lin early to 2 0 00 (T an d s ) d ata P o in ts a t ab o u t 1 so o m

de P th , ke eP 2 000 (T an d s ) d ata Po in ts fr o m 1 50 0 to 1 80 0 m

d e P th , a n d re du e e to Iess th an 100 data P oin ts at 2 000 m d eP th

(F ig .3 b).

lw o (T , S 2d a ta sets are u sed to in v esti gate th e im P aet of

th e sa m P lin g strateg ies o n th e oee an P red ietio n aeeu ra ey T h e

fi rst d ata set (e al le d / wi T H 一AR G O 0) eo n tain s A rg o P ro fi le d a-

ta bes止de s th e eo n ve n ti o n al P rofil es, th e SS H a an d rh e S ST an d

re Presen ts h o riZ o n ta >ly un ifo rm (relative) sallll2lin g . T h e se e-

o n d d ata set (eal led /N O 一AR G O 0) eo n tain s o n ly th e eo n ve n -
tio nal P ro fil e d ata , th e S SH a a n d S ST an d reP re se n ts h orizo n -

tal ly n o n u n ifo rm sam P lin g #

N了S
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F ig. l . G e o即a p h y o fth e w e stern n o rth p a e币e. T h e d o ts

in d ie a te th e n u m e rie目 gr id P o in ts #

2 D at a

O cean o b se rva tion al da ta (Jan u ary 一D eee m b er 2 008 ) in -

elu d e th e SS H a fr o m m ulti一satell ite al linleters alld th e S ST fr o m

sa tellite re m o te sen so rs , a n d (T , S ) Profi les (eo nv en tio n al an d

Ar g o 2fr o m th e G TS P P Th e sa tel lite SS H a an d SST data are o n

th e h o r让o n tal re solu tio n o fo .25o 出ld th e tim e in ere m en t o fl d .

Q u al ity eo n tro lis eo n du ete d o n b o th eo n ven tio n al a n d th e Ar go

3 o ce an P re d ictio n sy ste m

3 .1 O cea n m o d el

T h e o eean m o d elu sed in th is stu dy 15 th e P rin eeto n o eea n

m od el w ith a gen eralized eo ord in ate system (P O M g es). T h e

stu dy d o m ai n eov ers fr o m 9 90 to 150OE in Io ng itu d e , an d fr o m

100 to 52ON in latitu d e (Fig. 1), 俪 th a va riab le h o rizo n tal res-

olution star ting fr om (l八2)0 n ear th e eoastal w aters ofC hin a

an d th e Ku ro sh io, a n d teleseoP in g to (l/2 )0 in oth er ar ea s. T h e

v ertieal eo o rdin a te 15 a eo m b in a tio n o f slgln a an d 名一level wi th

a m 葫 m u m d eP th o f 5 0 35 m , disere t主zed b y 35 m o d el le ve l-

5. In th e vi ein ity o fth e u P P e r m ix ed lay er an d th e th erm o elin e,

z 一eo o rd in at e 15 a d oP ted in order to g et a h igh er ve rtieal resolu -

ti o n .In th e sh ai low w ater an d th e ar ea n ea r a b o tto m b o u n d ary ,

th e te rrain 一fo ll o州 n g 口一eo o rdin ate 15 u se d . Se a su rfa ce fo rein g

fi eld s eon sist o f 雨 n d s , air tem P eratures h u m id ity an d cl o ud s

fr o m th e N ation al C en ters fo r E nvi ro n m en tal P red ie tio n (N C E P )

rean alysis.Se a su rfa ee h eatfl u xes ar e eal eu la ted by a b ul k fo r-
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n g. 2. SP ati al d istri bu tio n oftem p erature (a) an d salinity (b) profil es fro m GT Spp d unn g jan uary , D eeem b erZoo s (Th e re d d otis
th e eonve ntio nal data an d b lue dot 15th e ar 只0 d ata).
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Fl g #3 . ve rti eai distr ibu ti ons of num bers ofo bserva tion s fo r tem p erature (re d) an d sal in ity (blue) fr o m eonve n ti onal (a) an d Ar go

d a扭山).

m ul a ,an d oPen boundary eondi tion sar e Pro vi ded by th e sim u-
lati o n resul ts o f a M assaeh u sett s ln sti tu te o f介 ch n o lo gy g en er-

ai eircul ati on m o d el (M 仃 gem , M ars h all et al ., 199 7), in elu di n g

d ail y sea leve l, tem P eratu re , sal ln lty, an d eu rren ts.T h ese o P en

b o u n d a巧 d ata ar e in te 甲 o lat e d to th e g ri d an d tim e ste P of th e

fo re castin g system #

3. 2 0 伪 a n -如扭 -. 自0止翻打协n sd 泌翔昭

T h e o eean d at a asslm ila ti o n seh em e u sed in th e sy stem

15 a se q u en ti ai th re e~d im en sio n al var iatio n al (3D v A R ) an ai ys is

se h em e d esig n ed to asslm ila te th e tem P erature an d th e sall n i-

ty u sin g a m ulti gr id fr am ewo rk (Li et al #, 200 8). T h is seq u en ti al
3D v A R an al y sis seh em e ean b e P erfo rm ed in th re e d im en sio n ai

sP ac es an d ean retr ieve re so lva b le in fo rm a ti o n fro m lo n ger to

shorter wa ve len gth s fo r a glven observ atlon ne勺四ork an d贝el d
m ul tise al e an al ysis. T h e b asie id ea o f th is dat a assim ilati o n

seh em e e an b e refe rred to U et al .(20 08) an d U et ai . (20 10).

T h e d at a assllll8lation 15 ear rie d o ut in th e u P P e r 1 0() 0 m .

Th e basie idea ProPosed by Tr oeeolietal .(2002)isem Ployed to

m ak e sali n ity adj ustm ent fo rth e baekgr ound field aft ertem Per-



6 0 F U H o n g ll e t al . A cta O ce a n o l. S in 2 0 1 3 .Vo l. 32 , N o . 7 , P 5 7一6 5

at ure data ar eassim ilat ed.The area ext entofadj ustln entislim -
ited b e tw een th e la titu d e o f 3005一3 0oN an d d eP th s o f 50一1 00 0

m . It n eed s fir stly to estab lish a T 一 5 re latio n sh iP b y u sin g an

in terP olation al go rith m b ase d o n th e in stan tm o d el T 一5 tab le.

Then th e baekgr ound field ofth e sal inity isadj usted on the ba-

515 of th e T 一S relatio n sh iP an d th e tem P eratu re a n al ysis re su lt#
In ad d itio n , an id ea o f eo n ve rtin g satell ite al tim eter SSH a in to

T 一S /P seu d o P rofi les ,, b ased o n th e 3 D VA R seh em e 15 ad ap te d

((Z h u an d Ya n , 200 6: H e et al ., 2 0 10 ).

F ig u re 4 sh ow s th e fl ow eh art fo r d ata assim il atio n P ro ee-

d u re : (l) B ase d on th e 24 h fo reeastin g (T , S ) val u es, o b tain th e

T 一 5 rela tion sh iP at every grid P o in t th ro u gh u sin g th e T 一S

relatio n sh iP m o d u le: (2) eo n vertaltim eter SS H a in to th e /P seu -
d o P rofil es 0 of th e tem P e ratu re an d th e sal in ity : (3 ) a ssim ila te

the tem Perat ure data to obtain the tem Perature an aly sis field;
(4)adiust24 h fo reeasting sal in ity field on the base ofthe T 一S

relationshiP an d th e tem Perature analy sis result, and tak e the

adj usted sal inity field astheb aekg roun d field fo rthe sal ini ty as-
sim ila tio n : (5) assim ilate th e sal in ity d ata to o b tain th e sal in i-

ty an al ysis fi eld : an d (6) th e tem P era tu re an d sal in ity a n al y sis
fi eld s a re u sed as th e in iti al eo n d ition s o fn ex1 7 d fo reeast.

Co r1V ert 幼 tellite S S H a to

(T , S) pse u(10 proflles 阳tellite S S H a

T ;G T S P P ,

阳tell ite SS T tem 译 ratu re ass im ilation 24 h fo le c ast

拐只乙k日P卜廿日口

k七一口习习一侧翻卜口口

p se ud o T P rofil es

d e rive d fro nl

55 壬{a

get 5 from T (ba ,以1 on (T ,S) 浏 ation )
(T ,S) relation

Punok汉切"门q的

P se u d o 5 P ro fll 韶

d eri v ed fro m

S S H a

S :G T S P P sa l而 ty ass inlilatio n

5 ir ti ti al fie >d fo r n ex t

7 d fo r以习St

Fi g #4 . Flow eh art ofm ultig rid 3D vA R opera ti on alp roeed ure.

3.3 云甲eri m entd es电n
彻 0 fo recas t exP er而 e n ts are d esign e d . T h e fi rst exP er-

im en t (eall ed /N O 一A R G O ,,) assim ilate s al l av ailab le ob serv ati-

o n s (eon v en tio n al T , 5 P rofi les an d S SH a an d SS T ) exc eP t

th e Ar go P rofi le d ata. T h e seeo n d exP erim en t 1eall ed /wi T H -

八R G O ,,) assim ilates all av a ilab le o b serv atio n s in elu d in g th e AT -

90 P ro fil e d at a . T h e sam e sea 一sur fa ee fo rein g fi eld s an d o P en

b o u n d ary eo n d iti o n s w ere u se d in b oth exP erim en t. T he C hi -

na oeean rean aly sis (C O RA ) fields of Jan uary l, 2008 (H an et
al ., 2011, httP://www. cora .net.en)are used asinitial eonditions#
F irst, a 7 d fo ree ast 15 P erfo rm ed fo r b o th exP e rim en ts. See on d ,

th e d a ta ass而 il ation 15 P e rfo rm ed u sin g 24 h fo re east val u es

as th e b a ekgrou n d fi eld . 几 k ln g th e a ssim ila ted fi eld s as in i-

tial eo n d itio n s , th e n ext 7 d fo reea st 15 P erfo rm ed . T h is P ro ee-

d u re (fo re ea st一a ssin lilatio n 一fo reeast)15 cy eled 365 tim es to ob -

tain 2 4 , 48 , 72 , 9 6 , 12 0 , 14 4 , 16 8 h fo reeastv al u es o ftem P eratu re

an d sal in ity fi eld s ev ery d ay in 20 08 T h e tim e 初 n d ow o f as-

sim ilatin g S ST an d S SH a d ata in b o th exP erim en ts 15 set to l d ,

n am elyl assim ila tin g satellite d a ta wt th in 1 d b efo re ini tial fo re -

eastin g tim e. S in ee th e sP atial d istrib u tio n s of th e eo n ven tio n -

al ob serv atio n s an d th e Ar go da ta are sP ar se , b o th ex P erim en ts

a d oP t th e 3 .5 d tim e 初 n do 琳 n am el丫 assim ilatin g th e oe ean (T ,

S ) P ro斑 e d a ta 初 th in th e 3 .5 d be fo re in itial fo re eastin g tim e.

S in ee all tem P eratu re an d sal in ity ob serv atio n al d a ta d urin g th e

P e rio d 0f fo reCa stin g a re n o tassiInj lated in to b a ckgrou n d fi eld s

(th e in itial fi eld o f th e n u m erieal fo re castin g) , th ey ar e tak en a s

in d eP en d en t d ata to b e u sed to eh eek th e fo reeast resu lt.B ased

o n th ese in d eP en d en t o b serv ation d ata , th e e rro rs of th e 24 , 4 8 ,

7 2 , 96 , 120 , 144 , an d 16 8 h fo reea st v al ue s o f th e tem P eratu re

an d th e s曲 n ity at eaeh g rid P o in t every d ay in 2 008 ean b e es-

tim a ted .T h e ve rtiCal d istrib u tio n s o fth e fo reea st errors are o b -

tain ed b y avera gin g th e e rro rs in th e h o rizon tal d ireetio n . T h e

horizontaldistributions of th e fo reeast errors ar e obtailled by

avera gin g th e errors in th e ve rtieal d irectio n . T h e d iffe ren ee o f

th e fo re east e rro rs b etw een th e tw o exP erim e n ts sh o w s th e e卜

fe et o fsam P lin g strateg ies o n th e o eean P re d ietio n a eeu racy.

4 E ffe cto fAr g o d at a

4.I M /h ole 3一D d o 0孟a in

TO qu antify th e im Paet of assim ilating Ar go data on th e

oe ean P red ietion erro rs, th e h o rizo n tall y av erag ed roo t m ean
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sq u are erro r (H 一R M S E , eh一rm s) be tw een th e P red ieted a n d o b -

se rv e d val u e s fo r th e w h o le h o rizo n tal region at d eP th z ! a n d

tim e to 15 eal e ulated b y

e胜认115(z!,;")=

而乙 Lv,ptx一y一/ /,tm J一劝/ -x一y,, , / /, t,nJ]-
(2 )

w h ere x ,: an d y " in dieate th e zo n al an d latitu d in al eo o rd i-

n a tes o f th e n th o b serva tio n P o in t, resP eetive ly :z ! is th e de P th

o f th e k th lev el: to 15 th e mt h fo reeastin g tim e; N 15 to tal

n u m b er o f o b serv a tio n P o in ts a t th e to tim e an d z ! d eP th :

劝p(x ",y ",z* ,tm ) and 劝o(x ",y ",名!,tm )resPeetively denote the

P re d ieted a n d gro u n d 一tru th va lu es at th e t,,: tim e an d z ! d e P th
fo rthe Point(x ,:,y ").In the stud丫劝indieates th e tem Perature

(T)orthesalini钾(s).e拦}ms(z*,:m)eanbeused toevaluatethe
o verall o e rfo rm a n ee fo r th e w h ole d en th s.

Figuressaandb show ,hever-iealdis-ribu,ionofe;琴nl!fo r

tx= 24 h a n d tZ = 168 h fo reeasts 币 th an d wi th ou t Ar go P rofi les

assim ilatio n . Sin e e th e h igh re solu tio n a n d th e h o r往o n tall y u -

n ifo rm satellite rem o te sen sin g th e SS T da ta ar e assim ilated , th e

in elu sio n o fth e Ar g o d ata do e s n o t im P rov e th e aee u raey o f th e

SS T P re d ic tio n .

e念 !attim er, an d乓increases祠th山edep小from 山e
su rfa ee to its m 葫 m u m val u e at aro u n d 15 8 m de P th , w h ere 15

th e m e an th erm o elin e loe atio n , re d u e e d ra stieal>y to 0 .5 /C at

ar ou n d 1 000 m deP th , an d re d u ee grad u al ly to 0.25 /C to 2 00 0

m depth.The low val ue ofe念 !below l 000 m depth fo rall
eases m av be eau sed by th e 10 !v v ariab ilitV.

For24h fo reeast(Fig.sa), them葫m um valueofe溉 "15
2.1 /C wi th o u t th e Ar go d a ta a ssi而 la tio n an d l #6 /C 初 th Ar go

d ata th e assim ilation (24% e rro r re d u etio n ). T h e im P rov em en t

o f th e o eea n P red ie tio n 15 v ery evi d e n t u n til 1 0 00 m d eP th . S -

ineethev己ueofe;鹜m!below 1000m depth 15dready sman
(0.2 5刁 .5 OC ) , th e im P rov em en t诚 th th e Ar go d ata is n o tn o tiee -

ab !e . Su eh im P ro vem en t in u P P er 1 0 00 m esP eeiall y at ar ou n d

15 8 m d eP th 15 stillevi d en t in 168 h fo reca st (F ig. sb ).
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述
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Fi即ressean ddshow thevertieal distributionofe理rm , for
tl= 24 h an d tZ = 168 h fo re easts wi th an d wi th o u t th e Ar g o P ro -

fil e d ata assiln ilati o n .51而 lar to th e te m P era tu re P redi etio n , th e

eh一rm !ofsali nity fo rall eases re dueesevi dentiy fr om th esurfac e
to th e d eP th aro u n d 1 200 m , an d red u ees grad u ally b elow l 2 00

m .仆eIow valueofe袋rm , below 1200 m depth 15related to
山elow variaboi你彻thoutthe !godataassimoation, e袋rms
at tim e tz an d tZ 15 ve ry lar ge , wi th m ore th an 0 .50 fo r d eP th s

sh all ow e r th an 300 m .帕 th th e Ar go d ata ass如 ilation , th ey d e-

ere a se dra stieall y to less th an 0.23 fo r 2 4 h fo re east an d 0.25 fo r

16 8 h fo re Cast 诩 th th e e rro r 沈 d u etio n m ore th an 50 % . B elow

1Zoom dep小, e望rm , att加er, an d如isquitesm an 诚thsligh 卜
ly lar ger val ues in th e /W ITH 一ARG O ,, exP erim ent th an in the
/N O 一AR G O 0exP e rlin en t. T hi s m ay b e rela te d th at th e d eP th of

assim ilatin g d ate 15 lim ited to uP P e r 1 00 0 m .A fu rth er stu d y 15

n eed ed to exP la in su eh P h en o m en a .

4 .2 四诊a r 路记麟 o cl in e

T h e m ean err ors (M E , 云)wi th in th e lay ers b etw ee n z !l an d

z !2 attim e t, iseal eul ated using Eq.(3)to identify th e fo reeast
system P erfo rm an ee #

巨"飞21一卜会客:劝p1#一 "-
Eq.(3)劝o(x ",夕",z !,t阴)2

w h ere all lette rs exP re ss th e sam e m ean s a s th e o n es in th e

(2):k l an d kZ reP resen ts th e k lth an d kZth level, resP eetively :K

e qu al s to k 一 k 2.H e re , to eval u ate th e fo re eastP e rfo rm an ee n -

ear th e m ea n th e rm o elin e , th e d eP th s o fth e k 一th a n d k Zth lev el

are 10 0 m an d 30 0 m , resP eetiv d y, an d th e tm is 2 4 h .

F igu res 6 a an d b sh ow th e h oriZ o n tal d istrib u tio n s of th e

ve rtieal ly (10 0~300 m ) ave ra ge d tem P era tu re m e an erro rs in 24
h fo reea st 雨 th o u t an d wi th th e A gro d ata assim ilatio n , re sPe e-

tiv el丫 Wi th o u t th e A gro d ata assim ilatio n , th e P red ieted tem -

P eratu res are low e r th an th e o b serv ation s in m o st ar eas. In th e

eastare asofjaPan ,th e Pre dieted tem Pera ture sar e0.8OC high er
th a n th e o b serv atio n s.Wi th th e Ar go d ata a ssim ila tio n , th e P re-

di e ted tem P eratu res a re sig n ifi ea n tly im P rov ed , a n d rh e fo re-

ea st erro rs ar e 0 .loC o r less in th e w h ole area s. T h erefo re , th e

a ssi而 la tion o fAr g o d ata ean re d u ee errors of tem P eratu re fo re-

ea st d ram atieally n ear th e m ean th erm o elin e #
F igu re s 6 e an d d sh ow th e h o riz on tal d istrib ution s o fth e

ve rtieal ly (10水30 0 m ) av era ged sai in ity m ean errors in 2 4 h
fo re ea st 俪 th ou t an d w ith th e A gro d ata assllllilatio n , resP ee -

tively. Wi th o u tth e A gro d ata assim ilation , th e P re dieted sal in ity
15 sig n ifi ean tly low er th an th e o b se rv a tio n s in m ost ar eas. F or

exa m P le, th e P redi eted sal in ity 15 ove ro .50 low erth a n th e o bser-

vatio n in th e ar ea o flso一 SON .H ow eve 1 th e P re d ieted sal in ity is

signifieantly higherth an the observation in the sm al leastare a
of JaP an . It in d ieates th at an ob vi o us b ias e劝sts fo r th e sal in ity

fo reea st 初 th ou t th e Ar g o d ata assi而 latio n . Wi th th e Ar g o d a-

ta assim ilatio n , th e P red ieted sal in ity 15 signi fi ea n tly im P ro ved ,

alld th e fo re Cast erro rs a re 0 .20 o rless in th e w h ole area s.T h ere-
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fo re , th e a ssim i>atio n o fAr g o d ata ean red u ee err o rs o fth e sal in -

ity fo reeast d ram atic ally n ear th e m ean h al o elin e.

4. 3 E 打勺r e砂o lu t勿n

Th e sP atlal >y av eraged ro o t m ean sq u ar e e rr o r (S 一R M SE ,

es一rm -)b e "衬ee n th e P red iete d an d o b se rve d v a1u es fo r th e w h o le

hor蛇ontal regi on 初th in the lay ers betw een z -, and zkZan d at
tim e tm ,

e笠. "*.,!(r, )=
七 N

E q .(4) exP re ss th e sam e m ean s a s th e o n es in E q . (2).

T h e S一R M SE s o f tem P era tu re are eal eu lated u sin g E q .(4 )

fo r th e u P P e r (0 -50 m ) an d 10 !ver (5于 1 00 0 m )lay e rs to an al yZ e

山eerrors 盯owt h(Fig.刀.仆e ";孺 "15罗nerallylageran d盯ow s
fa ster in th e u P P e r lay er th a n in th e lowe r lay er. F o r th e u P P er

一av e"初thouttheArg "data assim i一a/on,山e "{孺 "i: 1.33 Oe
fo r 24 h fo re ea st, an d 1.5 1 / C fo r 168 h fo re east (14% in erea s-

ingj , 拈th theArg "data asssm ilation, the此孺 "15 1.26 Oe fo r
24 h fo reeast, an d l.49 OC fo rl68 h fo re east(18% incre asing) .For

山e一ow e:l即e"初山outthe Arg"data assim uation, the 弓焦.
t (3 %

N K 艺艺[动p(x",!,z*, -m)一劝"(x一二,z*, -m)].
k = k一n = l

(4)
15 1.15 OC fo r 24 h fo reeast, an d 1.18 OC fo r 168 h

inere asing] . 晰 th th e Ar go data assim ilation , the

fo reCaS

e;孺:i:
15 0 .9 3

15 al so u se d fo r th e ev al u a ti o n . Iu st a s E q. (3), all letters in th e

OC fo r2 4 h fo re east, an d l.03 OC fo r l68 h fo reea st (1 1% in ere as -

in 图.

b 一 . ) .
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一- 一 rlo一A rg o
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I尹o r民a st tim e/ .d F o r代a引 tim e d

n g. 7 . Te m p ora lvariati on of tem p erat u re s一R M sES (o C ) fo r the

俪 th o u t th e Ar g o d a ta as sim il涵 o n .

枯 th th e Ar go d ata a ssim ila tio n , th e a eeu ra cy o f tem P er-

a tu re fo ree asts 15 sign iliean tly im P ro ved . H owe ve r. ir 15 w o r一h y

n o te th a t th e fo re east err o rs in th e /V 月刀 1一AR G O ,. exP eri m en -

t gr ow a 11川 e fa ster eo m P ar ed wi th th o se in th e /N O 一A R G O 0

exP erim en t. T h is 15 b e eau se th e ass而 ilati o n of th e A gr o d ata

justim Prov esth e aecu ra cy ofinitial eonditi on san d ean noteor-

re et th e m o de l Sy stem ati e b ias. As a resul t, th e fo reeast err o r

ar ou n d th e in iti al fo re east ti m e in th e / v 月0 I一AR G O , . exP eri -

m ent15m ai nly determ ined by th e aeeura cy ofinitial eonditions
an d m u eh low er th an th e on es in th e / N O 一A R G O ,, exP eri m en t,

an d wi th th e in ere as e of th e fo reeast ti m e , th e fo re east err o r is

m ai nly a月免eted by th e m odelSys tem ati e bias 50 th at th e fo re-

la ye rs

C a s t

o fo一50 m (a) an d s卜 1 000 m (b 2in 24 h fo re eas twi th an d

err or诫th th e assim ilation ofAr go data in ere ases sharp ly.
T h e sam e a s th e tem P e ra tu re, th e s一R M SE s o f sal in ity ar e

eal cu lated u sin g E q . (4) fo r u P P er (0一3 00 m ) an d 10 !ver (30卜

1 ooo m )一ave rs t"identify th e erro rs 9owt h (Fig. aa. e黔 "
15 gen eral ly lager in the uPP erlayerthan in th e 10!ver layeL FO r
theupper一ave r, wi thout山eAi godataassim uat ion, the "15)rm sis
n ear 0 .50 fo r th e w h o le P re dietio n P erio d . 惭 th th e A rg o d ata

assim uation ,山ee;驾 "150.17 fo r24 h fo reeast,an d o.Zzfo rl阳
h fo re east, m u eh less th an 50 % o f th atwi th o u tA rgo d ata a ssim -

il a ti o n . Fo r th e low er lay er. wi th ou t th e Ar go d a ta assim ila tio n ,

山ee森 , 15near 0.15 fo r山e汕olepre die6on pedod.铂山山e
龙90 dataassi耐ation,th ee念 "iso.o7an d 0.0, fo r 72h an d
0 .2()
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longerfo reeast, an d th e e{!)rm :re dueesar ound 40% re lativ e to
th a twi th o u t th e A rgo d ata assim ilatio n . 50 , wi th th e Ar g o d ata

a ssim ilatio n , th e aeeu raey o fth e salin ity fo reeasts is sig n ifi ea n l-

ly im prove d.

4 .4 磅 材拓以 -r "--心e以初ns
A set o f C TD tem P er a tu re m easu rem e n ts (n o t b ein g u sed

in th e d a ta assim ilati on] are u sed fo r th e ev al u atio n .T h ey w ere

eo n d u eted on 23 F eb ru a巧 Zoo s al o n g l29 OE so u th o flap an .F ig -

u re g a g ive s th e d istri b u tio n of th e o b serv at io n ai tem P eratu re s

fo r th e 129OE ero ss一seetio n , w llU e F igs. g b an d e sh ow th e re-

su lts o f 24 h fo reea st fo r b o th exP eri m en ts. Th e te m P eratu re

fi eld wi th th e Al go d ata assim ilatio n 15 elo ser 10 th e o b serv a-

tio n s th an th at wi th ou t th e A rg o d ata a ssim ila ti o n .

T h e seeti o n al on g 38 .5oE east o fjaP an d u ri n g 8 M ay 2 008

15 u sed fo r ili u stratio n . F igu re 10a giv es th e d istri b u tio n o f o b -

serv atio n al sal in i娜 w h il e F ig s. 10b an d e sh ow re su lts o f 24 h
fo reeast fo r b o th exP erim en ts. Ju st as th e tem P era tu re seeti o n ,

salin ity l飞eld wi th Ar go d a ta a ssim ilatio n 15 elo ser to ob serv a-

ti on s th an th at wi th o u tAr go d a ta assim U ati o n .
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5 C o n elu sio n s

A fo reeast sy ste m b ase d o n th e Pr in eeto n o eean m od el

wi th g en eral 枕ed eo ord in ate sy ste m (P O M ge s) an d th e seq u en -

ti al m ultigri d 3D VAR an alysissehem e15deve loPed fo rthew est-

e rn pac ilic m argin a lseas to in v estiga te th e im P ae t o fsam P lin g

str at egi eson th eoeean P redi etion th rou gh using tw o (T ,s)Pro-
file d a ta se ts. T h e fi rstd a ta se teo n tain s b o th eo nv en tio n ala n d

Ar go P ro lil e d a la (called / WI T H 一AR G O ,.) an d reP resen ts h o ri-

zon tally u n ifo rm (rel a tive) sam P lin g . T h e seeo n d d ata set con -

tain s o n ly th e eo n ve n tio n al P rofile d a ta (eal led /N O 一AR G O 0)

an d reP re sen ts h o riZ on ta l>y n o n u n ifo rm sam P lin g .

Wi th ou tth e Ar g o d ata a ssim ilatio n (i.e., n o n u n ifo rm sam -

Plin gJ , th e tem perature an d sali nity fo reeasts hav e obvi ous bi-

ases. E sP e eial ly in th e ar ea o f 150一 soN th e P redi eted te m P er-

a幻Jre an d sal inity ar e obvi ousfy sm all er th an th e ob serv ations#
珊 th th e Ar go d at a assim U atio n , th ese b iase s are eo rr e eted .

B ased on th e d etall ed eo m P ar ison o fh o r蛇o n ta lly av era g ed ro o t

m ean sq u ar e err o r (H 一R M E S )b etw een th e 勺拟0 exP erim e n ts, it is

kn own th atth e tem Pera tu re H 一RM SE m 翻 mu m droPs by 24%

an d th e sal in ity H 一R M SE s in d eP th sh all o !ver th an 3 00 m d ro P

av eragely 勿50% if th eAr g0 dat a ar eassim ilated in to th e in itial
fi eld s , an d 一h e aeeu raey o f一h e salin ity fo re eastis im P rov ed m o re
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th ou g h th e fo re east erro rs wi th in ass加 il atio n d eP th (sh al low er

than 1 00o m ) ean be sharp ly redueed th ough assim ilating th e
Ar go d a ta in to th e in itia lIiled , lh e erro rs b elow 1 0 00 m d eP lh
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