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Development of Oceanic General Circulation Model for
Climate Change Prediction
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In this study, Ocean General Circulation Model (OGCM) has been developed as a counterpart of
Atmospheric General Circulation (AGCM) for the study of coupled ocean-atmosphere climate system.
The oceanic responses to given atmospheric boundary conditions have been investigated using the
OGCM. In an integration carried out over 100 simulated years with climatological monthly mean data
(EXP 1), most parts of the model reached a quasi-equilibrium climate reproducing many of the observed
large-scale oceanic features remarkably well. Some observed narrow currents, however, such as North
Equatorial Counter Current, were inevitably distorted due to the model's relatively coarse resolution. The
seasonal changes in sea ice cover over the southern oceans around Antarctica were also simulated. In an
experiment (EXP 2) under boundary condition of 10-year monthly data (1982-1991) from NCEP/NCAR
Reanalysis Project model properly reproduced major oceanic changes during the period, including El
Nifios of 1982-1983 and 1986-87. During the ENSO periods, the experiment showed eastward expansion
of warm surface waters and a negative vertical velocity anomalies along the equator in response to
expansion of westerly current velocity anomalies as westerly wind anomalies propagated eastward.
Simulated anomalous distribution and the time behavior in response to El Nifio events is consistent with
that of the observations. These experiments showed that the model has an ability to reproduce major
mean and anomalous oceanic features and can be effectively used for the study of ocean-atmosphere
coupling system.
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Fig. 1. Annual mean distribution of simulated stream function after
100 years of model integration. (Unit: Sv)
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Fig. 2. Time series over the first 20 simulated years of the zonal
mean SST at 40°S, 20°S, the Equator, 20°N and 40°N,
respectively. (Unit: °C)
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Fig. 3. Global distribution of (a) simulated annual mean sea tem-
perature of 25 m depth and (b) difference from observation.
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Fig. 4. Equatorial cross-sections of the simulated annual mean sea
temperatures. The ordinate is the number of vertical levels.
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Fig. 5. Seasonal variation of the simulated 25m sea temperature
along the equator. (Unit: °C)
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Fig. 10. The same as Fig. 1 except for the 50 m vertical velocity.
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Fig. 11. Global distribution of simulated (a) January and (b) July
net downward heat flux. (Unit: W/m®)

Fig. 11& 193} 799 83
opitTol A Aol @

et nge) s 21

(Bunker, 1976), Esbensen and Kushnir(1981)e] Zzje} Hlw
W 2ol 19 By AILs|F F2IA 240 Wm'R 80 W/m’
A% W, 2EAL R2olAE LWAE A RAET
79 9] dolmaly} Foto B E GEAL BEIME Y
Elix] e o= ofd -5 o] Fe 7RIzt ol B
AR S5 ot Bl FolE el Fig Ab)et LA,
gL AYFETE o] AL AsiH 1 2V #
3o glo]A} Esbensen and Kushnir(1981)8] £ A3}9} F-A13}
vhzE A E).

S 2 d7le deas 3 ANARES sl AT
Hzle] A-7tREoR JFS T
Fig. 120 LbehRic. B3l 23
10° Km’e] ¥ 8 299 8ol A 2
o] Aibe= sfvle] WA R}

re
g oL
4t
:()é
ok,
flo
re
of¥
B
e
S
X

o
R
o
ok,
{1
X
rir
e
o,
=Y
p—
w
g
o
:0{:‘1‘
o
i
2o
oyl
N
ol
oX
ox
o
7

6,790 Haghs BAoH, 38 RS ettt i
o) XM 13-19x10° Km'2 Fibte] &0 Mg &
of A% &3] ALRAA AUEE & 5 STk o= E N
wgo] o|Fel &)@ AL o5& meleA & 2l

MODEL ICE EXTENT

90s

60E o 180 _ i2ow 500
¢

Fig. 12. Global distribution of simulated (a) February and (b) Aug-
ust ice extent. (Unit: m)



EFolghe 4 A ARE AHEEA7] wiEolo)

EXP2 AE2a} 9 BY

EXP 20 4:= NCEP/NCAR Reanalysis Project 1982~91:d7}
2ol WY FFAEE olgste] 104 ¥ FXH P o
1 BARE FUS AR § J4E<] EXP 19] Aitele] Ho
E oA 17 B djok olxE E AW Rt &
o} 7] 9] ol-2e| g EXP 20] 3¢ Zho A EXP 19 100d 9
3 GGt g W grol P ,

Fig. 13(a)= 3 =4S o2 SSTE 104 F$H1980~89) A 7¢
A7E Aol by EAME 1% 2 ofnLeE BoFT) 7)

T HSE 2 oL (Fig. 13)%} vlistd g o %
g2

W

NN
X

ofzl dh7)Ar gl & WHgEIAS S & ¢ Atk A=
Y 7 Ll

or

o
12

60 120 180 240 300 360

19831,

1982

Fig. 13. Time-longitude plots of the equatorial anomalies of (a)
observed SST and of (b) simulated 25 m sea temperature.

(Unit: °C)

1992

19814

19894 - -

19874

19851

1982 360

Fig. 14. Time-longitude plot of the equatorial anomalies of the
simulated 25 m zonal current. (Unit: cm/s)

veplz et & 2@ FHHE AL seE g HA
1982~83 33 1986~87ddl] 4=&9] ko] olWE Ho|m
ged], 53] 1982~83d E9h& AA At o] ERUAAM
MZo A Azt 229 o ol rt FH FELR olF
sto] 1982 Aol FYEE Gl A olge] ZEE B
ol A&siM L5go] FE2ow olBHirh T3 1988~89d
La Nina 7}7+ 5¢te] &9] opite]l g A BY & HH3] BA}
a1 dth Fig 142 AUAZ SAFY oD & A7
& Zojth. WeFe dFgez MNISE FAFE BE]
1982~83ui 7 1986~87 A0t TE 0 7 Fsle] ofe] o
AE Btk $AF Wl 3 AFRERY ol R
o 7Ag 4= 9J=1) ENSO 7|7} ¢t HEZo] ¢kslgo] gy
2 FARY oyt 4 B HAxAHdME st
Ekman &02 #§57} st AAERE ofneEs &9

& 2HA e E A=)

74 73a du) ot Baget 1982312 ALH wig L, &

205

3 7 % 7w o
Fig. 15. Distribution of the monthly anomaly of simulated 25 m
sea temperature for December 1982. (Unit: °C)



prangya
2

X8

RS it

Ty egrd

€05

1
Frevvic

1208

120E

§0E

20

F, wHRGE F& PAAEY Fig 15t 10823 129¢)
13 %8 oheel g RelZoh 2 9% A nrks A=A
o oh=melv} am HENES weh YAy
FHRPAN 529 F9) ol APl AL 9]
&

Fig. 16914 2 =4S weh dru 44
o oheBelB ¥ glizdl Aulx 717 Fo
RS ekt olef me} Q45 ohedal-
& BAR o=t §52 okahiA dASE:
92 YA (YA AU DUx BE S

H

2
=

setaitt
AzNo st s ohwdyl Feje A3t
o WgAdel thE OGCMe] A se e

2
o
KtS
3

2
u}
o,
o2
fo oy H

bt
o off o |
o

=

of 7h3t 9189 wedF A,

NCEP/NCAR Reanalysis Projecte] 1982~91y19] €4 aFx&
O18% 1007he) ohwme] AReld DEADE 1982~83,
1986~873 AURBY 5 £I Qe ) A 2
2AK Tk 3 B gel A FHBFOR Aa3 SR

(= 3ie]
Se ohwielsh olg BT AR BAF ohewelsl A
5N T AT 29 AHLE ohree] 5L Mk}

ApleLge) 23
PG ARA APWSE 1 2v]sh TNH Bl glojA
A o) ghialA mabeta glgiTh
olef e Aol AR )Y FEREEY AP ALS
Ht B OGCMo] 713 dF ATe] S48 AHeE 5
[#)

A& wolFn ek,

Ab A

Huol A Alsehs AE7| SN ARI(GT Z2A)
E)e) Mgdoz ozolHon ATe) FH AE Aid T
o

e

b, v, ol &N, o] ¢4, A, 1997. vzl B sk f
w8 2go vehd 71§ ZF B8 A5 @5v)det
], 33: 509-520.

Bryan, K., 1969. A numerical method for the study of the
circulation of the world ocean. J. Comput. Phys., 3: 347-376.

Bryan, K. and L.J. Lewis, 1979. A water mass model of the
world ocean. J. Geophys. Res., 84: 2503-2517.

Bunker, AF., 1976. Computations of surface energy flux and
annual air-sea interaction cycles of the North Atlantic Ocean.
Mon. Wea. Rev., 104: 1122-1140.

Esbensen, S.K. and Y. Kushnir, 1981. The heat budget of the
global ocean: An atlas based on estimates from surface mar-
ine observations.

. Godfrey, J.S. and T.J. Golding, 1981. The Sverdrup relation in
the Indian Ocean, and the effect of Pacific-Indian Ocean
through-flow on Indian Ocean circulaion and on the East
Australian current. J. Phys. Oceanogr., 11: 771-779.

Han, Y.-I, 1984. A numerical world ocean general circulation
model. Part II. A baroclinic experiment. Dyn. Atmos. Oceans,
8: 141-172.

IPCC, 1996. Climate Change 1995. The Science of climate
change. In: Intergovernmental Panel on Climate Change,
edited by I.T. Houghton, L.G. Meira Filho, B.A. Callander,
N. Harris, A. Kattenberg and K. Maskell, WMO/UNEP,
Cambridge Univ. Press, Cambridge, 540 pp.

Kalnay, K., M. Kanamitsu, R. Kistler, W. Collins, D. Deaven, L.
Gadin, M. Iredell, S. Saha, G. White, J. Woollen, Y. Zhu, M.
Chelliah, W. Ebisuzaki, W. Higglins, J. Janowiak, K.C. Mo,
C. Ropelewski, J. Wang, A. Leetmaa, R. Reynolds, Roy
Jenne and Dennis Joseph, 1996. The NCEP/NCAR 40-year
reanalysis project. Bull. Amer. Meteor. Soc., 77: 437-471.

Kim, J.-W. and W.L. Gates, 1980. Simulation of the Seasonal
Fluctuationof the Upper Ocean by a Global Circulation Model
with an Imbedded Mixed Layer. Rep. No. 11, Climatic
Research Institute, Oregon State University, Corvallis, OR,
60 pp.

Levitus, S., 1982. Climatological Atlas of the World Oceans.
NOAA prof. paper, U. S. Govt. Print Office, Washington D.C.



24 gk -

Levitus, S., 1986. Annual cycle of salinity and salt storage in the
world ocean. J. Phys. Oceanogr., 16: 322-343.

Meehl, G.A., W.M. Washington and A.J. Samtner, 1982. Exper-
iments with a global ocean model driven by observed atmosp-
heric forcing. J. Phys. Oceanogr., 12: 301-312.

Nowlin, W.D. Jr., T. Whitworth III and R.D Pillsbury, 1977.
Structure and transport of the Antarctic circumpolar current
at Drake Passage from short-term measurements. J. Phys.

ol &l

Oceanogr., T: 788-802.
Parkinson, C.L. and W.M. Washington, 1979. A large-scale

numerical model of sea ice. J. Geophys. Res., 84: 311-337.
Peixoto, J.P., 1992. Physics of Climate. American Institute of
Physics, New York, 520 pp.
Sarmiento, J.L. and K. Bryan, 1982. An ocean transport model
for the North Atlantic. J. Geophys. Res., 87(C1): 394-408.



