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ABSTRACT :　A free surface quasi2global ocean circulation mod2
el , Princeton Ocean Model ( POM) , was adopted to simulate the

climatological circulation. The horizontal resolution of the model

was 1/ 2°×1/ 2°with 16 vertical sigma layers. The initial tem2
perature and salinity fields of the model were interpolated from

the Levitus data , and the COADS(Comprehensive Ocean2Atmo2
sphere Data Set) monthly mean SST and wind fields were used as

the surface forcing. The integral time length is 6a. The main

general circulation components such as the equatorial current , the

equatorial undercurrent , the south and north equatorial currents ,

the Antarctic Circumpolar Current (ACC) , the Kuroshio and the

Gulf Stream were well reconstructed. The volume transports of

PN section and ACC agree well with the estimations on field sur2
vey. Up to now there is no global or quasi2global circulation mod2
el results using POM in literature. Our results demonstrate that

POM has sound ability to simulate the coastal circulation as well

as the general ocean circulation. And this result can provide open

boundary conditions for fine resolution regional ocean circulation

models.

KEY WORDS : 　ocean circulation , numerical model , Princeton

Ocean Model ( POM)

1 . 　INTROD UCTION
Ocea n ci rculation is t he core of p hysical o2

cea nograp hy. To imp rove t he unde rsta ndin g of o2
cea n ci rculation has si gnif ica nt inf lue nce on huma n

activities such as navi gation , milit a r y , a nd f ishing.

The re a re mainl y t h ree met hods in t he stud y of o2
cea n ci rculation : t he f i rst is f ield surve y , t he sec2
ond is t he t heoretical stud y using t he simplif ied

gove r ning equations a nd t he t hi rd is numerical

modeling. The rap id develop me nt of comp ute r

tech nology ma de it p ossible t o simulate t he global

ocea n ci rculation usin g t he t h ree2dime nsional p rim2
itive equation ocea n numerical model wit h f ine

horizontal resolutions . L i et al . [ 1 ] discussed t he o2
cea n resp onses t o dif f e re nt exte r nal f orcin g on

L 30 T63 . Fujio et al . [ 223 ] calculated t he global dia g2
nostic ci rculation wit h t he horizontal resolution of

2°×2°so t he ma rginal seas were not well disti n2
guished. Wei et al . [ 4 ] ra n a global dia gnostic ocea n

ci rculation model ( MO M2) wit h 1°×1°horizontal

resolution , t he main ci rculation p at te r ns were well

simulated in t he result a nd t he wate r mass , a nd

heat a nd salinit y f luxes t h rough rep rese ntative sec2
tions were a nal yzed but wit h ri gid surf ace app roxi2
mation . Alt hough t he f ree surf ace PO M costs much

more CPU time t ha n t hat of ri gid surf ace app roxi2
mation , t he PO M has still bee n widel y used in t he

coastal ci rculation modelin g , a nd one of t he im2
p orta nt reasons is t hat t he Mellor2Ya ma da [ 5 ] t urbu2
le nce closure model ca n supp ly t he ve rtical kine2
matic viscosit y/ dif f usivit y. Qiao et al . [ 6 ] studied

t he p at h a nd t he ori gin of t he Yellow Sea Wa r m

Cur re nt ( YS WC) wit h t he PO M . However , The

PO M was successf ull y app lied t o la r ge2scale ocea n

ci rculation modelin g rece ntly. Ka gimot o a nd Ya m2
agata [ 7 ] app lied t he PO M t o t he ci rculation model2
i ng of t he w hole Pacif ic . Eze r a nd Mellor [ 8 ] simu2
la ted t he climat ology ci rculation of t he w hole At2
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la ntic . Guo [ 9 ]studied t he ef f ects of dif f e re nt hori2
zontal resolutions a nd J EBA R on Kuroshio usin g a

t rip ly nested model based on PO M , a nd t he maxi 2
mum model domain included almost all t he Pacif ic .

As know n t o t he aut hors , up t o now t he re is no

global or quasi2global ci rculation model results of

t he PO M in lite rature . Herein a quasi2global ci rcu2
la tion model based on t he PO M wit h horizontal

resolution of 1/ 2°×1/ 2°is set up t o simulate t he

global climat ology ci rculation . It ca n p rovide op e n

bounda ry conditions f or f ine resolution re gional o2
cea n ci rculation models [ 10214 ].

2 . 　MODEL DESCRIPTION
The model domain is betwee n 78°S265°N . 16

sigma levels a re used in t he ve rtical di rection

( Ta ble 1 ) , a nd high ve rtical resolution is f or t he

upp e r ocea n . Cyclic bounda ry condition is used in

t he west2east bounda ry a nd t he solid bounda r y con2
ditions a re used f or t he nort h a nd sout h bounda ries

f or simplicit y. The t op ograp hy of t he model is in2
te rp olated f rom t he global 5′×5′Et op o5 wit h t he

f ollowing two modif ications :

(1 ) Set ti ng t he minimum of 10m a nd maxi2
mum of 3000 m in t he model .

(2 ) Smoot hing t he t op ograp hy satisf ying t he

f ollowing crite ria (Mellor et al . [ 15 ]) :

| Hi +1 - Hi |
( Hi +1 + Hi)

≤α (1)

w here Hi +1 a nd Hi a re t he dep t hs at two a djace nt

grids a ndαis a slop e f act or a nd set as 0 . 2 he re .

Table 1 　Vertical layers of the circulation model

layer σvalue layer σvalue

1 0 . 00000 9 - 0 . 30000

2 - 0 . 00313 10 - 0 . 40000

3 - 0 . 00625 11 - 0 . 50000

4 - 0 . 01250 12 - 0 . 60000

5 - 0 . 02500 13 - 0 . 70000

6 - 0 . 05000 14 - 0 . 80000

7 - 0 . 10000 15 - 0 . 90000

8 - 0 . 20000 16 - 1 . 00000

　　The initial te mp erature a nd salinit y a re set t o

be t he L evitus a nnuall y mea n values , t o reduce t he

e r ror of t he horizontal ba roclinic p ressure gra di2
e nt , t he horizontal mea n de nsit y is subt racted be2
f ore t he calculation of t he horizontal ba roclinic

p ressure gra die nt a nd t he horizontal mea n de nsit y

is set t o be t he a nnuall y mea n de nsit y f ield . The 1°
×1°COADS mont hl y mea n SS T f ield a nd wind

st ress ( A rlindo de Silva ) a re used as surf ace f orc2
i ng. Simila r t o Fa n g a nd Wei’s wor k [ 16 ] , t he mod2
el is i ntegrated f or 6a a nd t he mont hl y mea n results

of t he last yea r a re used t o stud y t he quasi2global

climat ology ci rculation .

3 . 　MODEL RESULTS
3 . 1 　The st ream f unction

The def inition of st rea m f unction ψis

u = -
5ψ
5 y

, v =
5ψ
5 x

w here u , v is t he easte r n a nd nort he r n cur re nt

velocit y comp one nts , resp ectively. The value of t he

st rea m f unction alon g t he nort h bounda r y is set t o

be ze ro . The calculated a nnuall y mea n st rea m

f unction is show n in Fi g. 1 . This dist ribution is

simila r t o t he results of Fujio et al . [ 2 ,3 ] a nd Wei et

al . [ 4 ] . The cha racte ristics of t he st rea m f unction in

t he nort he r n he misp he re a re : t he st rea m f unction

is p ositive in t he middle a nd low latit ude a reas a nd

t he maximum value is locateds at t he ce nte r w hich

suggests a clockwise ci rculation . The st rea m f unc 2
tion is ne gative in t he high latit ude a reas wit h min2
imum value at t he ce nte r w hich su ggests a n a nti2
clockwise ci rculation . I n t he sout he r n he mis p he re

t he ci rculation betwee n 40°S - 60°S is t he A CC , t he

st rea m f unction cont ours a re almost p a rallel a nd

inte nse . Betwee n t he A CC a nd t he e quat or t he

st rea m f unction is ne gative a nd t he minimum value

is locateds at t he ce nte r w hich su ggests a n a nti2
clockwise ci rculation .

The st rea m f unction nea r t he west bounda ries

of each ocea n is inte nse , so t he west inte nsif ication

cha racte r is clea r . Comp a red wit h t he results of

Fujio et al . [ 2 ,3 ] a nd Wei et al . [ 4 ] , t he simulated

widt h of t he west bounda r y cur re nts such as t he

Kuroshio a nd t he gulf st rea m is na r row a nd t he

cor resp onding maximum velocit y a re la rge r , t hose

cha racte rs a re insiste nt wit h obse rvations . The
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Fig. 1 　The simulated annual mean stream function (unit :Sv)

simulated a nnual mea n t ra nsp ort t h rough t he P2N

section of t he Kuroshio in t he East China Sea is

25Sv w hile t he obse rvation deduced f rom te m p era2
t ure a nd salinit y is 25 . 4Sv by Hinata [ 17 ] , however ,

t he simulated Kuroshio cur re nt s p eed is wea k a nd

t he widt h is la r ge r t ha n t he obse rvation because t he

1/ 2°×1/ 2°horizontal resolution is still t oo coa rse .

The simulated t ra nsp ort of t he gulf st rea m is 40Sv2
50Sv w hich is close t o t he results of Fu jio et al . [ 223 ]

a nd Wei et al [ 4 ] .

3 . 2 　Mean sea level dist ribution

The simulated a nnual mea n sea level is show n

in Fig. 2 ( a ) ( t he cont our inte rval is 0 . 1m ) . The

simulated a nnual mea n sea level of t he O CCA M

(t he Sout ha mp t on Ocea nograp hy Ce nt re , U K) is

show n in Fig. 2 ( b) wit h t he horizontal resolution

of 1/ 4°×1/ 4°( draw n using t he data f rom t he O C2
CA M web site ht tp :/ / www . soc . sot on . ac . uk/

J RD/ O CCA M/ welcome . ht ml ) . The p at te r ns of

t he two results a re much simila r . The main cha rac 2
te ristics a re t hat in t he sout he r n he mis p he re , t he

sea level of A CC betwee n 40°S270°S is negative a nd

becomes lower t o t he hi gh latit ude . I n t he nort h2
e r n he misp he re in t he a rea betwee n 40°N260°N t he

value of sea level is also ne gative wit h t he mini2
mum value at t he ce nte r w hich cor res p onds t o t he

a nti2clockwise ci rculation in t his a rea . Exce p t t he

a reas me ntioned a bove , t he sea level is p ositive . I n

t he Pacif ic t he sea level dist ribution p at te r n is

somew hat li ke a“W”w hich rotates 90°clockwise ,

a nd t he re a re two2maximum a reas besides t he e qua2
t or w hich coincides wit h t he clockwise ci rculation

in t he middle a nd low latit ude a rea in t he nort he r n

he misp he re a nd t he a nti2clockwise ci rculation in

t he middle a nd low latit ude a rea in t he sout he r n

he misp he re. The sea level dist ribution in t he At 2
la ntic is simila r t o t hat of t he Pacif ic . The sea level

cont ours a re ve r y inte nse in west bounda ries of t he

Pacif ic a nd Atla ntic ocea ns , w hich su ggests t he

west inte nsif ication of t he ocea n ci rculation . The

horizontal resolution of t he O CCA M is 1/ 4°×1/ 4°,

so in st rong cur re nt a reas such as t he Kuroshio t he

sea level gra die nt is la r ge r t ha n our results .

3 . 3 　The upper ocean ci rculation

3 . 3 . 1 　The Pacif ic Ocea n

Circulation in t he N ort h Pacif ic Ocea n :

The simulated a nnual mea n horizontal cur re nt

at dep t h of 20m is show n in Fi g 3 . I n t he high lati2
t ude a rea ( 40°N260°N ) t he re is a n a nti2clockwise

ci rculation gyre w hich includes t he O yashio , t he

N ort h Pacif ic Cur re nt a nd t he Alaska cur re nt . I n

t he middle a nd low latit ude a rea (10°N240°N) t he re

exists a clockwise ci rculation com p osed of t he

N ort h Equat orial Cur re nt , t he Kuroshio , t he

Kuroshio Exte nsion , t he N ort h Pacif ic Cur re nt a nd

t he Calif or nia Cur re nt . The N ort h E quat orial Cur2
re nt f lows f rom t he east t o west betwee n 10°N220°N

a nd it sp lits i nt o two bra nches w he n it reaches t he

west ba nk of t he Pacif ic . O ne p a rt of t he sout h

bra nch
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Fig. 2 　The simulated annual mean sea levels (unit :m)

f lows int o t he N ort h Equat orial Counte r Cur re nt ,

t he ot he r p a rt of t he sout h bra nch e nte rs t he I n2
donesia n Sea , f lows int o t he I ndia n Ocea n a nd

constit utes t he main p a rt of t he Pacif ic2I ndia n

Through Flow . The Pacif ic2I ndia n Through Flow

will not be discussed he re since t he horizontal reso2
lution of t he model is not hi gh e nough . The nort h

bra nch of t he N ort h Equat orial Cur re nt tur ns nort h

along t he west coast a nd f or ms t he Kuroshio . A

small p ortion of t he Kuroshio e nte rs t he Sout h Chi 2
na Sea w he n it p asses by t he east of L uzon St raits ,

t he rest la r ge r p a rt i nt rudes t he East China Sea

f rom t he east of t he Taiwa n Isla nd a nd f lows

nort heast app roximately along t he t op ograp hy con2
t our of 200m . The Kuroshio tur ns int o two p a rts in

t he nort h of t he R yukyu Isla nds : a small p a rt e n2
te rs t he Sea of J ap a n t h rough t he Tsushima St rait ,

t he rest la rge r p ortion tur ns clockwise a nd f lows

out of t he East China Sea t h rou gh t he Toka ra

St rait . The Kuroshio tur ns nort heast alon g t he

sout h J ap a n Coast a nd f low int o t he N ort h Pacif ic

Cur re nt eastwa rd nea r 38°blocked by t he sout h2
wa rd O yashio . The sp eed of t he cur re nt reduces

gra dually as it f lows t o t he east of t he Pacif ic . It

t ur ns sout hwa rd nea r Calif or nia blocked b y t he

east ba nk a nd e nte rs t he N ort h E quat orial Cur re nt

again , so it f or ms a la r ge clockwise ci rculation ci r2
cle .

The Equat or Ci rculation S yste m :

Figure 4 (a) shows t he simulated zonal cur re nt

of t he 155°W section , a nd combined wit h Fi g. 3 it

is show n t hat in t he upp e r la ye r of 02100m a nd be2
twee n 5°S a nd 5°N t he st ron g Equat orial Cur re nt

f lows f rom t he east t o west wit h t he maximum

sp eed up t o 0 . 7m/ s20 . 8m/ s . Betwee n 5°N a nd 10°N

is t he N ort h Equat orial Counte rcur re nt w hile t he
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N ort h Equat orial Cur re nt is locateds betwee n 10°N

a nd 20°N . The N ort h Equat orial Counte rcur re nt

a nd t he N ort h Equat orial Cur re nt f or m a n a nti2
clockwise ci rcle . The zonal cur re nt alon g t he 155°
W section de rived f rom measured te m p erature a nd

salinit y data ( Wyrt ki a nd Koblinsk y [ 18 ] ) is show n

in Fig. 4 ( b) , comp a red wit h t he simulated results

i n Fig. 4 (a) , The dist ribution p at te r n of t he Equa2
t orial Cur re nt , t he Equat orial Counte rcur re nt a nd

t he Equat orial U ndercur re nt is simila r t o each ot h2
e r , but t he simulated widt h of t he E quat orial U n2
de rcur re nt is still la r ge r a nd t he sp eed is lower t ha n

t he obse rvations , w hich ma y be due t o t he low

model horizontal resolution . Com p a red wit h t he

up dated simulation ( Fig. 3 of Fa ng et al . [ 19 ] ) , t he

simulated Equat orial U ndercur re nt is mainl y locat2
eds 80m240m a nd t he nort h Equat orial Counte rcur2
re nt 02180m . Our simulation f its well wit h obse rva 2
tions ( Fig. 4 ( b) ) .

Fig. 3 　The simulated annual mean velocity field at the depth

of 20m between 10°S260°N of the Pacific Ocean (u2
nit : m/ s)

Circulation in t he Sout h Pacif ic :

The simulated a nnual mea n horizontal cur re nt

at t he dep t h of 20m in t he Sout h Pacif ic is show n in

Fig. 5 . I n t he Sout h Pacif ic , t he re exists a n a nti2
clockwise ci rculation ci rcle includin ge t he Sout h E2
quat orial Cur re nt in low latit ude , t he East Aus 2
t ralia n Cur re nt alon g t he easte r n Aust ralia n coast ,

t he A CC in t he Sout h a nd t he Pe ru cur re nt alon g

t he east coast of t he Sout h Pacif ic .

3 . 3 . 2 　The I ndia n Ocea n

The simulated upp e r ocea n ci rculation p at te r ns

in sum mer a nd winte r of t he I ndia n Ocea n a re

show n in Fi gs . 6 a nd 7 resp ectively. The

bat hymet ry of t he I ndia n Ocea n is dif f e re nt f rom

t hose of t he Pacif ic a nd t he Atla ntic , its horizontal

scale is much smalle r , a nd t he upp e r ocea n ci rcula2
tion is cont rolled by t he I ndia n monsoon . In sum2
mer t he re is a clockwise ci rculation in t he nort h

Fig. 4 　Simulated zonal velocity field (unit :m/ s)

Fig. 5 　The simulated annual mean velocity field at the depth

of 20m between 60°S210°N of the Pacific Ocean(unit :

m/ s)

I ndia n Ocea n (10°N220°N) but in winte r t he re is a n

a nti2clockwise ci rculation due t o t he I ndia n mon 2
soon , a nd t he clockwise ci rculation ci rcle onl y ex2
ists i n t he Ba ngla deshi Ba y. A n a nti2clockwise ci r2
culation exists in t he sout he r n I ndia n Ocea n all

yea r a round.

3 . 3 . 3 　The Atla ntic Ocea n

The simulated a nnual mea n cur re nts at t he

dep t h of 20m in t he N ort h Atla ntic Ocea n a nd t he

Sout h Atla ntic Ocea n a re show n in Fi gs . 8 a nd 9 ,

resp ectively . The simulated results a gree wit h com2
mon understa ndin g of t he ci rculation p at te r n of t he

Atla ntic. I n t he sout he r n subt rop icals a rea , t he re

is a n a nti2clockwise ci rculation includin g t he Sout h
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Fig. 6 　The simulated boreal winter ( Feb. ) velocity field at

the depth of 20m in the India Ocean (unit :m/ s)

Equato rial Current in t he no rt h , t he Brazilian Cur2
rent in t he west , t he ACC in t he sout h and t he

Benguela Current in t he east . In t he no rt hern sub2
t ropics area , t here is a clockwise circulatio n in2
cluding t he No rt h Equato rial Current , t he Gulf

St ream , t he No rt h Atlantic Current and t he Ca2
naries Current alo ng t he east coast of No rt h Aat2
lantic. Similar to t he Pacif ic , t here also exists t he
Sout h and No rt h Equato rial Currents and t he Equa2
to rial Countercurrent in t he t ropical area .

Fig. 7 　The simulated boreal summer (Aug. ) velocity field at

the depth of 20m in the Indian Ocean (unit :m/ s)

3 . 3 . 4 　The A CC

The A CC is t he onl y meridia n boundless cur2
re nt in t he globale ocea n wit h 15000km lon g ,

st rong a nd deep , a nd t he widt h of A CC exte nts t o

2500km . D rive n by t he p owerf ul west wind it f lows

f rom west t o east f rom t he sea surf ace t o t he dee p

ocea n wit h t he dep t h a bout seve ral t housa nd me2
te rs. The A CC occup ies t he most of sout he r n o2
cea n , a nd is t he most p owerf ul ocea n cur re nt in t he

globe . The simulated a nnual mea n t ra ns p ort of t he

A CC t hrough t he D ra ke St raits is 195Sv , w hich a 2
grees well wit h t he result of t he F RA M ( website

ht tp :/ / www . mt h . usa . ac . uk/ ocea n/ f ra m . ht ml ) .

4 . 　CONCL USIONS
The climat ological ocea n ci rculation has bee n

simulated based on t he f ree surf ace PO M wit h t he

horizontal resolution of 1/ 2°×1/ 2°. All t he main

Fig. 8 　The simulated annual mean velocity field at the depth

of 20m in the North Atlantic Ocean

Fig. 9 　The simulated annual mean velocity field at the depth

of 20m in the South Atlantic Ocean

ci rculation syste ms have bee n well rep roduced. Al2
t hough t he sp eed of some simulated st ron g cur re nts

such as t he Kuroshio a nd t he Gulf St rea m is smalle r

a nd t he widt h is la r ge r t ha n t he obse rvations , t he

main t ra nsp orts of Kuroshio , A CC , t he Gulf

St rea m a re still reasona ble . This su ggests t he PO M

has sound a bilit y t o reconst ruct t he global ci rcula2
tion . The simulation of t he t rop ical cur re nt s yste m

has bee n much imp roved. The result of t his p ap e r

ca n p rovide reasona ble bounda r y conditions f or

f ine2resolution regional ci rculation models [ 10214 ] .
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