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Abstract The roles of wind stress and surface heat flux in generating the Pacific interannual and interdecadal varia-
bility are examined by using two sets of simulations performed with LASG/IAP climate ocean model named L.ICOM.
It is found that the interannual variability of SST in the tropical Pacific is mainly controlled by wind stress, howev-
er, the simulation of El Nifio is improved significantly when surface heat flux is considered. The interannual varia-
bility of SST in the North Pacific is generated by the effect of surface heat flux, though it can be reproduced partly

in a simulation without interannual variability of surface heat flux. Simulation without interdecadal variability of sur-
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face heat flux fails to reproduce the Pacific Decadal Oscillation (PDO) pattern, which confirms that the interdecadal

variability of SST is governed by surface heat flux.

To reveal the contributions of surface flux, horizontal advection, vertical advection and diffusion (including

horizontal and vertical diffusion) to the variability of winter averaged upper ocean temperature in different areas. the

upper ocean heat budget is examined by using the output of LICOM_HW run. It shows that SST is controlled by

different mechanisms in different regions. The anomaly of temperature trend is determined by both net surface heat

flux and horizontal advection in the central North Pacific. But in the coast off California, only the anomaly of net

surface heat flux is found to be dominant. In the Kuroshio and Kuroshio Extension (KKE) region, the contributions

of net surface heat flux and the oceanic nonlinearity effect are significant, but the contributions of horizontal advec-

tion and diffusion should not be neglected.

Key words North Pacific, interannual and interdecadal variability, OGCM
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Fig. 4 Regression coefficients of surface net heat fluxes against PC1 for (a) LICOM_HW, (b) LICOM_OW. Units are Wem2-K~2, posi-

tive means the ocean gains heat flux from the atmosphere
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Fig. 5 Same as Fig. 1, except for the decadal variability of SST
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24 FAFIRAR . B TR LR SST AR PR AR U AL AR A B AR

No. 2

WU Chungiang et al. The Effect of Heat Flux and Wind Stress on the Interannual and Interdecadal . .. 271

W 1990 AFA TR I AL Ve s AN A o

TE PRI By HAE AR I 228 Z AR 2 iR L
WK 290 — 1. 19°C/ A » B AR L I BE L At Py
A DI R, P EOX VR BT J5E A A
w (—1.58°C/H),

P8 25 ) 2 R B S e A X 3 B kI
FRE ] AR 2. IRl AR H . B BF-
Toh s PGB, ACEP- A B AL B 0
WTEAF P AL RARAPR A R b A5 i B e
HA—E FERX =, Pl AR BB )
HARARRAS ARk 32 S . AR /R R AR
4. Ay PaE TR 1/3~1/2,

Jiohs FEAR IS, e BRI R . i
L9 SRR N2 SR o N O O R I = I i
PRI RARLER . BT B — A5k 2
(Res) o FEACAF-F A B FOIIR 48 JE ML 2 522
TUICVE & Z AR H e 5 W AE AR AN K s HURAE 2R )
e SRR IR 522 4 22471 24 0 5 (LU AR AR
Wl . 2R R s 28 —0. 4°C/H L T iR
ANFIARGE B A 2 Ho B ) (T8 7 45 Ak 25 5 A9 K
N o RTFRZETR ™ A2, — 5 1 AT E-S 12 K i

1.5 (a) — U]
--- [U1IU]
- U

1.2 |

<
o
1

[UUY, [UIIU), [UU'1/1071° N2 -m

<
w
1

0.0

T T T T T T T
1965 1970 1975 1980 1985 1990 1995
Year

A 7% 1 GMOO0 J7 S35 10 1 S5 4 A9 RO 5%
BARA RS2 7 RERS I/ NE iR 22, B
EEHARI MR EAEZN. F—Tiii, E2W
FRATHZEA BT B % BB s .
NI P AT ZE TEBE B . (FOR AR
PEIU , HAE FIANRE 20 . 752 2= B S LA (4
DXk, i TR PEShis s 8. ARZE kA AT AEAR
Ko Rt FATTR AL AT Hh i A S S e A X
SRR H R 1 XU ST SR B Rkl 9 AR LR
PEAER . X TFERERNLTT U, ATLAZRR N -

U= [U]+U’, (3)
(UU] = [U] U]+ [U U], (4)

Hep, [UIFRR A, U'FoR& T APz L
sl B GEARLIEAE RN, 2t 5 A
(4 A v P I ARLRS R/, B 2R AN AL 9 PR, w]
WL+ BRI DXIUAUE 7 1 58 55 AN — B AP
B R 17 ne=) TR e 1T e = i B e o N S R o
18 PSR AN P AR RTS8 10 A R B S fi
PRI PRSI/ R = T APy, X
AW T AR T oA A SR B LA AR [X dek

1(b) — [UU]
—
- U

0.024
0.020+
0.016

o012+ | !

[oU], [W1U], [0U1071° N2 -m™

0.008"

0.004

0.000

T T T T T T T
1965 1970 1975 1980 1985 1990 1995
Year

B9 FHE H LR AR AR (LD P [U U], [U] U], [U U TR (@) U (b) F R A X i,
Fig. 9 Comparison of [U U], [U] [U], [U U] in Eq. (4) for (a) the central North Pacific and (b) the KKE region based on the daily

zonal wind stress



P 33 %

272 Chinese Journal of Atmospheric Sciences

Vol. 33

ZTAUM 2 K. Dawe et al. (2003) X X % %}
FIBRFFERIETE A B, P R A fof A DX 3 114 304 T i
Shies AR R AL, VR S R S A

4SSt

AR SCFIFH— AN BRI PR, &k T4l
P SZE:, B LICOM_HW #1 LICOM_OW, 5%
TR 3 R PG T S A O VE AR PR AR AR
PRASZIE S R R . 3K 7 20 52 3 ] ERA40 3%
H i XU S 3K 5, {5 LICOM_HW # SST [i] % H
FRO8 0 9% kLK &2, 1fi LICOM _ OW it SST i)
WOAOL Sy SST & . WA i 2=
Sl FETHTH R IR T RN ) A B2 I8 T HGE &
AERR S B O (R BRI E E  F B TR
JIRIPE R, ik AGH ) A8 b e kA 5 . At
SODA LR XS L, ASSCIF BT 24518

(1) FEAEBRREE |, LICOM_HW e 1
KV SST 19 El Nino 25 [, 7 2518 i Xk 1E i
WS ATV o TR R BERL E
Nifio [ & A FR . SR, AR AC A PEAN ) 1R i
HEXF ENSO {55 By g, #f5 SODA B4 — 3,
FELICOM_OW [l 2h b, 5 El Nino X} I i)
TEMER S SR TP AR DI, RSP PERY B 5
WO R, 54, LICOM_OW #4lf# El Nino J&
WILb BN, FERI 4 FUTHAM, 5
LICOM_HW #fLbis, —FH R El Nino J&#] I
255, B PGl R 8 Al g 252 El Nino J#
HRAEBL N PE RO T 2L F, Wang et al. (2000) 1 43
SCHE . A BH % A e ENSO JE R fe R ) v
R EEMER, A T AP 38 S S K s i
S50L, RGP B R BHER S A 25 4 ENSO YR
SR, B B IR K

(2) $ili S SST AR Br S5 32 27 $h0l 1t 7
W, AR R B, LICOM_HW fEfg
U 1975/1976 AR BRAEHT f5 SST 5% 1 25 [1]
g3, LICOM _ HW B 48/ oK S ¥ 4 A bR 5%
PDO fyBRASEF ] . SODA R, 5% A A3 X
Wi, LICOM_OW A #HLH 5 SODA —E1
ERPRF S s AHAERBS X, AndC ISR, JRRE
WA R IS . L, 08 5 55 v g
TEARRAREE FsZma B AR F- 7 SST ARUBR REAE AR
PN

(3) FEACAF- &6 . A AE e W0 0 2
FEARR X IR, ZAR4Z T 5 2t AGE
S s PRI, AP PR —E
SO, AN HGE R A 1/3, i H Al A X stk
A B MK (YRR VI o S K Qi d o [y A S b O
ok 3 R A S o R A I A R KPP T
K B AEAR PR S 1 % TR B a3 i AR Qb
WHAEETR. MR E W, BN R
FEOR [ G . 7E R SR A R X, )
L R A R B AR A R PG i, 5 R,
IS FR Y BUAAE IR 2 53 4h, TEX A
X, AR GRZETD Rk, HE 5 HGE R
HIVE AR 2, BT LI A DI 3 2 A 7T 2B
ARG E S I B ILRIE S . 555
(2005) HLH A B, FE N A48 8 WU R AL R OF- 7
HR, P SST 4R L A — 3, (H2
oA B LI AR DX, AT I R BBR T 75 2
FEHGE R KRR RO E AN, AR
FHRASTT Z AL 52 7

SZ 3k (References)

Alexander M A, Blad I, Newman M, et al. 2002, The atmospheric
bridge: The influence of ENSO teleconnections on air — sea inter-
action over the global oceans [ J]. J. Climate, 15 (16): 2205 -
2231.

Auad G, Miller A J, White W B, 1998. Simulation of heat storages
and associated heat budgets in the Pacific Ocean I; El Nifo-South-
ern Oscillation timescale [J]. J. Geophys. Res., 103 (C12):
27621 - 27636.

Bjerknes J. 1969. Atmospheric teleconnections from the equatorial
Pacific [J]. Mon. Wea. Rev., 97 (3); 163 -172.

Carton A, Giese B. 2004. Simple ocean data assimilation (SODA)
reanalysis effort [CJ. CLIVER Workshop on Ocean Reanalysis,
Natl. Cent. for Atmos. Res., Boulder, Colo.

Cayan. 1990. Variability of the latent and sensible heat flux over the
oceans [ D]. Ph. D. dissertation, University of California, San Di-
ego, 199pp.

FRRER) . R, 24850, 5. 2004, P EGE 80 ARk R AR AR (L AFAE
FFIE L [J]. KB4, 62 (5): 634 - 646, Chen Longx-
un, Zhou Xiuji, Li Weiliang. et al. Characteristics of the climate
change and its formation mechanism in China in last 80 years []J].
Acta Meteorologica Sinica, 62 (5): 634 — 646.

FR3C. 2002, El Nino A1 La Nina FEAEXS R4 . B 22 XUIE R Y 52 10
[l REFI, 26 (5): 21 -36. Chen Wen. 2002. Impacts of

El Nifo and La Nifia on the cycle of the East-Asian winter and



2 FRAFIRAE . PG ST RFACREPE SST ARPRAIARAUPRAL 3R A B R

No. 2

WU Chungiang et al. The Effect of Heat Flux and Wind Stress on the Interannual and Interdecadal . .. 273

summer monsoon [ J . Chinese J. Atmos. Sci. (in Chinese), 26
(5): 21 - 36.

Chu P C, Chen Y C, Lu S H. 1998. On Haney-type surface thermal
boundary conditions for ocean circulation models [ J]. J. Phys.
Oceanogr., 28 (5): 890 -901.

Dawe J T, Thompson L. A. 2007. PDO-related heat and temperature
budget changes in a model of the North Pacific [J]. J. Climate,
20 (10): 2092 - 2108.

Foltz G R, Grodsky S A, Carton J A, et al. 2003. Seasonal mixed
layer heat budget of the tropical Atlantic Ocean [J]. J. Geophys.
Res., 108 (C5), doi: 10.1029/2002JC001584.

Gent P R, Mcwilliams J C. 1990. Isopycnal mixing in ocean circula-
tion models [J7]. J. Phys. Oceanogr., 20 (1); 150 - 155.

ZEjEE . TR, 1999, JEEAE ENSO Xt 48R i 5% v = K 19 5%
m (1. BlFmdR, 44 (3): 399 - 407.  Gong Daoyi, Wang Sha-
owu. 1999. The Influence of ENSO on global and Chinese precipi-
tations during the last 100 years [J]. Chinese Science Bulletin (in
Chinese), 44 (3): 399 —407.

Graham N E. 1994. Decadal-scale climate variability in the tropical
and North Pacific during the 1970s and 1980s: Observations and
model results [J]. Climate Dyn., 10 (3): 135-162.

Haney R .. 1971. Surface thermal boundary condition for ocean cir-
culation models [J]. J. Phys. Oceanogr., 1 (4): 241 - 248.

Harrison D E, Giese B S, Sarachik E S. 1990. Mechanisms of SST
change in the equatorial waveguide during the 1982 - 83 ENSO
[J]. J. Climate, 3 (2): 173 -188.

AR, T 0, 4. 2008, 4 T4 2= KU ENSO 554 (1 i i
FE (1], KRR, 32 (2) ; 335~344.  He Xicheng, Ding Yi-
hui, He Jinhai. 2008. Response characteristics of the East Asian
winter monsoon to ENSO events [ ] ]. Chinese Journal of Atmos-
pheric Sciences (in Chinese), 32 (2): 335~344.

TR, TR TLL, JEERE. 1999, ' [EE B R BRE L L 4E
et (1] mEg, 18 (O 4-15.

Xu Yuhong, Zhou Liantong. 1999. The interdecadal variations of

Huang Ronghui,

summer precipitations in China and the drought in North China
[J]. Plateau Meteorology (in Chinese), 18 (4): 4 - 15.

Huang R H, Wu Y F. 1989. The influence of ENSO on the summer
climate change in China and its mechanism [J]. Adv. Atmos.
Sei., 6 (1): 26 - 37.

Huang BY, LiuZ Y. 2002. An OGCM simulation of seasonal and
interannual variabilities in the surface-layer Pacific of the equatori-
al band [J]. Adv. Atmos. Sci., 19 (2): 219 - 235.

Jin X Z, Zhang X H, Zhou T J. 1999. Fundamental framework and
experiments of the third generation of IAP/LASG world ocean
general circulation model [J]. Adv. Atmos. Sci., 16 (2); 197 -
215.

Latif M. 1987. Tropical ocean circulation experiments [ J]. J. Phys.
Oceanogr., 17 (2): 246 - 263.

Latif M, Barnett T P, 1995. Interactions of the tropical oceans []].
J. Climate, 8 (4): 952 - 964.

ZRSH, B, TR, 4. 2008, ENSO M3 R L AF5E [J].
KA FH, 32 (4); 761 - 781. Li Chongyin, Mu Mu, Zhou
Guangging, et al. 2008. Mechanism and prediction studies of the
ENSO [[J]. Chinese Journal of Atmospheric Sciences (in Chi-
nese), 32 (4) . 761 -781.

?L@ JARZE, FUNEE. 2007, FI R A B AL K P9 i

SERTRIBNARL [T KRB, 31 (D 561 - 579,
Zhou Tianjun, Yu Rucong. 2007. Atmospheric response to the
North Atlantic SST anomalies in CAM2 [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 31 (4): 561 -579.

XS, 2002, (R 43 FEAR G PR PR RN R KTV L R PRI A5
ST (D1, b ERR 2 B S0 3 58 97 1 - 2 6 18 3¢, 178,

Liu Hailong. High resolution oceanic general model and the simu-

Li Jian,

lation of the upper ocean circulation in the tropical Pacific [D].
Ph. D. dissertation (in Chinese), Institute of Atmospheric Phys-
ics, Chinese Academy of Sciences, 178pp.

XHEIE . ATKER. 450K, 4. 2003. LASG/TAP 16 7 Gt ifg v A
(LICOML. 0) Z%Ft [R]. KRR SR T 2 HUE )
FERERLRE (LASG) i ARMA R R ot Bt
107pp. Liu Hailong, Yu Yonggiang, Li Wei, et al. 2003. Ref-
erence manual of LASG/IAP climate system ocean model (LI-
COMI. 0) [R]. The Special Issue of LASG Technical Report (in
Chinese) .

Liu Hailong, Zhang Xuehong, Li Wei, et al. 2004. An eddy-permit-

Beijing: Science Press, 107pp.

ting oceanic general circulation model and its preliminary evalua-
tion [J]. Adv. Atmos. Sci., 21 (5): 2-17.

Mantua N J, Hare S R, Zhang Y, et al. 1997. A Pacific interdec-
adal climate oscillation with impacts on salmon production [ J].
Bull. Amer. Meteor. Soc., 78 (6): 1069 - 1079.

Miller A J, Cayan DR, Barnett T P, et al. 1994, Interdecadal vari-
ability of the Pacific Ocean: Model response to observed heat flux
and wind stress anomalies []J]. Climate Dyn., 9 (6): 287 - 302.

Miller A J, Schneider N. 2000. Interdecadal climate regime dynam-
ics in the northern Pacific Ocean: Theories, observations and eco-
system impacts [ J]. Prog. Oceanogr., 47 (2-4); 355~ 379.

Pacanowski R C, Philander S G. 1981. Parameterization of vertical
mixing in numerical models of tropical oceans [ J]. J. Phys.
Oceanogr., 1981, 11 (11); 1443 - 1451.

Qu T D, Meyers G, Godfrey J S, et al. 1997. Upper ocean dynam-
ics and its role in maintaining the annual mean western Pacific warm
pool in a global GCM [J]. Int. J. Climatol., 17 (7). 711 -724.

Rahmstorf S, Willebrand J R. 1995. The role of temperature feed-
back in stabilizing the thermohaline circulation [J]. J. Phys.
Oceanogr., 25 (5). 787 - 805.

Rayner N A, Horton E B, Parker D E, et al. 1996. Version 2. 2 of
the global sea-ice and sea surface temperature data set. 1903 —
1994 [R], Climate Res. Tech. Note 74. Unpublished document
available from the Hadley Centre for Climate Prediction and Re-
search, Meteorological Office. London Road, Bracknell, RS12
28Y, U. K.



X " B ¥ 33 4
274 Chinese Journal of Atmospheric Sciences Vol. 33

BH5E. HIERE. 2005, RERIGEEIFRA 12 109X R RE
f e o AR TLARACPRAE S [T, WAk, 27 (3): 20 - 31,
Rong Xinyao, Yang Xiuqun. 2005. The upper-ocean response and
adjustment to surface forcing in an ocean general circulation mod-
el. II. Decadal-to-interdecadal variability [ J]. Acta Oceanologica
Sinica (in Chinese), 27 (3): 20 - 31.

Schopf P S. 1983. On equatorial waves and El Nino. II: Effects of
air — sea thermal coupling [J]. J. Phys. Oceanogr., 13 (10): 1878
-1893.

Stephens C, Antonov J I, Boyer T P, et al. 2002. World ocean atlas
2001 volume 1; Temperature [ CD]. NOAA Atlas NESDIS 49
[EB/OL], Washington, D. C. U.S. Govt. Printing Office.

Trenberth K E. 1990. Recent observed interdecadal climate changes
in the Northern Hemisphere [J]. Bull. Amer. Meteor. Soc., 1
(7): 988 -993.

Uppala S, Gibson J K, Fiorino M, et al. 1999. ECMWF second
generation re-analysis ERA40 [CD]. Proceedings of the Second
WCRP International Conference on Re-analyses, Wokefield Park,
Reading.

Wang B, Fang Z. 2000. Impacts of shortwave radiation forcing on
ENSO: A study with a coupled tropical ocean — atmosphere model
[J]. Climate Dyn., 16 (9): 677 - 691.

Wang W, Mcphaden M J. 2001. The surface-layer heat balance in

the equatorial Pacific Ocean. Part II: Interannual variability []J].
J. Phys. Oceanogr., 30 (11): 2989 - 3008.
FRIrte. 2006, ZETT B AR R RUBE L B BE 7 28 1) i ik 10 UL 5T
(D1 EBk2 B R BT 5T B 1 122 A8 3¢, 108pp. Wu
Fanghua. 2006. Simulation study on meridional heat transport in
the northern Indian Ocean at the seasonal-to-interannual times-
cales [D]. Ph. D. dissertation (in Chinese), Institute of Atmos-
pheric Physics, Chinese Academy of Sciences, 108pp.

Yasuda T, Hanawa K. 1997. Decadal changes in the mode waters in
the midlatitude North Pacific [J]. J. Phys. Oceanogr., 27 (6):
858 — 870.

Yu L S. Jin X Z, Weller R A. 2006. Role of net surface heat flux in
seasonal variations of sea surface temperature in the tropical At-
lantic Ocean [J]. J Climate, 19 (23): 6153 - 6169.

Zebiak SE, Cane M A, 1987. A model El Nifio-Southern Oscillation

[J]. Mon. Wea. Rev., 115 (10): 2262 - 2278.

FRAEEE, ATAER. XIME. 1998, & ZEdU IOV VI R HGE & 5 5
SHEAER— BT — A2 BRF A B AR 5 1912 W43
1] KREB#, 22 (4): 511 - 521, Zhang Xuehong, Yu
Yonggiang, Liu Hui. 1998. Wintertime North Pacific surface heat
flux anomaly and air — sea interaction in a coupled ocean — atmos-
phere model [J]. Chinese J. Atmos. Sci. (in Chinese), 22 (4);
511-521.

Zhang Y, Wallace ] M, Battisti D' S, 1997. ENSO-like interdecadal
variability; 1900 - 1993 [J]. J Climate, 10 (5): 1004 - 1020.

Zhang X B. Sheng J, Shabbar A. 1998. Modes of interannual and
interdecadal variability of Pacific SST [J]. J. Climate, 11 (10):
2556 — 2569.

B 43, XIE K. 2002 K%ﬁ?ﬁ(%@ﬁ’/@ﬁfﬁﬁﬁ’}ﬁ%&

HRAEFHE [J]. METRE B, 25 (5): 22-29. Zhong
Shanshan, He Jinhai, Liu Xuan-Fei. 2002. Decadal variability
and abrupt change of upper-ocean temperature in the Pacific []J].
Journal of Nanjing Institute of Meteorology (in Chinese) . 25 (5)
22 - 29.

JARE, G, FAE, 45, 2004, ENEEVEXT ENSO 54 11 5 7 «
MM SR [T]. KBk, 28 (3): 358 - 373, Zhou Tianjun,
Yu Yonggiang, Yu Rucong, et al. 2004. Indian Ocean response
to ENSO: Observation and air — sea coupled model simulation []J].
Chinese J. Atmos. Sci. (in Chinese), 28 (3): 358 - 373.

JARE, FMm, FAEE, 4. 2005 KEFRER SAMIL K 45
FkEs FGOALS s [M1. dbat: <A 4t 288pp.  Zhou
Tianjun, Yu Rucong, Wang Zaizhi, et al. 2005. Atmosphere cir-
culation model SAMIL and the full coupled model FGOALS s (in
Chinese) [ M]. Beijing: China Meteorological Press, 288pp.

Zhou T J, Yu R C, Li Z X, 2002. ENSO-dependent and ENSO-in-
dependent variability over the mid-latitude North Pacific: Obser-
vation and air — sea coupled model simulation [J]. Adv. Atmos.
Sci., 19 (6): 1128 - 1147.

Hean B BIERE. 2003, ROPIEAERBR IR 5 b B B SRR
[J]. 5454k, 61 (6): 641 - 654. Zhu Yimin, Yang Xiuqun.
2003. Relationship between Pacific decadal oscillation (PDO) and
climate variabilities in China [J]. Acta Meteorologica Sinica (in

Chinese), 61 (6): 641 -654.



