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Abstract The features of diurnal variation of sea surface temperature (SST) are simulated in the LASG/IAP Cli-
mate System Ocean Model (ILICOM) by resolving the diurnal variation of solar radiation and the influence of weak
mixing is investigated. Forced by the ideal diurnal variation of solar radiation, some features of diurnal variation of
SST can be captured in LICOM with 10-m vertical resolution in the upper layers. The diurnal variation of solar radi-

ation also results in diurnal variation of currents in the upper layers. The horizontal distribution of diurnal amplitude
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of simulated SST is consistent with that of observed SST and modulated by the diurnal amplitude of solar radiation.

In the eastern Pacific cold tongue, the diurnal amplitude of simulated SST is about 0. 3°C-0. 4°C and 0. 1°C-0. 2°C,

smaller than that of observations. The peak of daily SST variation appears during 1500 = 1600 LST and lags 2 - 3

hours than the peak time of daily solar radiation, which is close to observation. After reducing mixing, the diurnal

amplitude of SST variation increases in the equatorial eastern Pacific cold tongue, closer to observation. This indi-

cates that the features of diurnal variation in the equatorial eastern Pacific cold tongue are mainly controlled by the

diurnal variation of solar radiation and vertical mixing. After reducing mixing, under the modulation of solar radia-

tion, the mean states including the mixed layer depth, temperatures and currents are obviously changed. In the

northern part of the eastern Pacific cold tongue, the reduced mixing causes heat accumulation in the upper layers and

then leads to an increase in SST about 0. 3°C. While in the southern part, the enhanced meridional advection leads to

a decrease in SST about 0. 2°C.

Key words diurnal variation of sea surface temperature (SST), simulation, mixing, eastern Pacific cold tongue
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Fig. 1 (a) The solar radiation (W/m?) used for the simulation forcing; (b) the diurnal variation of solar radiation and net heat flux aver-

aged over the equatorial eastern Pacific cold tongue (2°S—-2°N, 120°W - 110°W)
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of wind stress magnitude divided by square root of absolute value of net heat flux
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Fig. 5 The diurnal variation of (a, b) zonal currents (cm/s) and (c, d) vertical currents (m/d) in the equatorial eastern Pacific cold tongue

[averaged over (2°S-2°N, 120°W -110°W) ]: (a, ¢) Diurnal expt; (b, d) DiurnalMix expt. The daily mean is deducted in the current field;

the dark thick line is for mixed layer depth



2

MG QAT AR T X R T IR H S AR Ak A ULATT 7

No. 2 Lin Pengfei et al. The Simulation Study of the Features of Diurnal Variation of Sea Surface Temperature . . .

267

T WM A AR TIREG)ZE B AsRM,
M\ 06 B FFAR , F T K BH 48 5 2 i n 5, 3R )2 2 A
R, IR EEEAR TR . ok B KUY T 2R )2 sh it im
HEPRKRENZ, BREZEERHERN (12 i A
A1), RIZFIRINEE , PG 12 B RLG 45 1) 3 0 5%
(FERARIE RN a5 . 16 BFF4G . KBH
AT WETERE P 55, IRE R BT,
il o B E W E. 02 I LE . RIZWIT
1R 55 (Danabasoglu et al.,, 2006; Bernie et al.,
2007), FIZFMGE O H) ERIB i OfE .
W H AR AE WNIEYE (Price et al., 1986
Wijffels et al., 1994,

3.2 KMEEHHTZUI Y SSTHEERERER

A1)

FER FRAR S H ARSI T, 5 8A KR4 H
AAEAHEL » 35 SST FEdRiE FIRFEARAY . JRiE SN
T i > (HASARIE EEYIAR /N (<20, 1°C) (Bl 6a) . F
HRGZWE (MLD) EZRAREN, EE BN
(<5m) (] 60). FEFFRA MG, BIFE Diur-
nalMix H1, SST ARt B i A7 F 238 A KP4

1E 2°S LAt SST FFiEn4y 0. 35°C, i 2°S PARg SST
FEAKZY 0. 2°C (& 6b), [AlB) MLD 483 , FE £
HFARAERE (140°W~110°W) A8, #id 10 m (&
6d) . RZRGWNG ., £IZ SST Fhim, B2
1~2 JZRIM 245 IntE . RG240 (Bl 6d),

BR TR EEASEAN, WA R, B 7 4
HE T ASEALL Y RV 8 J2 28 [ RN 28 ) Y A T Nodi-
urnal P25 4. BR THE 5°N [Mffvz, 130°W L 4R 4,
SR MU 17 P . 7E 2 T8 A R LR 5°S BRIk,
SR RIZE MR TEAR AT 58
B TEARICPPERSS , PR, W/ NRZIRG
SRR NI e b e 2 /1 1 -y N 4 [ e o VA
ToRIE 110°W BiF 3, [m] s 28 ) gk ) 728 4k B KA Aor
TRIE 110°W B, FLAt A B A 25 1) I W A I ik
(ER N

H YT ER A SST 728 4k 5 B i X 48, 4%
A X S SST 24k iy A B H A X (178~
2°N, 110°W~90°W) I B X (6°S~3°S, 110°W~
90°W), AN N AT E S SST AR 10 A 25 A
I

(b) DiurnalMix—Nodiurnal SST

I=2A
o

20°N 20°N "C
0.4
10°N- 10°N s
02
0.1
00_ 00_ 0
—0.1
10°S 10°S —02
=)
—03
20°8 N 20084220 —H
160°W  140°W  120°W  100°W  80°W 160°W  140°W  120°W  100°W  80°W
., _(¢) Diurnal —Nodiurnal MLD __ (d) DiurnalMix—Nodiurnal MLD
0N R ONTF 5 == m
| S , e : 20
L = 3 L.
ie)
1N <, 10°N 15
= 10
09 GBO
QA . 5
0°- ) 0° 452 5
_’};\C' > N =5
10°5 - 1008 —10
000~ ) . 0. —15
B R —20
20°8 — e T ¥ pes A e
160°W  140°W  120°W  100°W  80°W 160°W  140°W  120°W  100°W  80°W

K 6

(a, b) P SST CANL: C. FHLZIEIE 0. 1°C) FI (cv ) FEREGZIE CGAAL: m. FEKEE 5 m) BIZEESM: (ay o) Diurnal—

Nodiurnal; (b, d) DiurnalMix—Nodiurnal, A; X (1°S~2°N, 110°W~90°W); B: Xk (6°S~3°S, 110°W~90°W)
Fig. 6 The differences of annual mean (a, b) SST (contour interval is 0. 1°C), (c. d) mixed layer depth (contour interval is 5 m): (a, c¢) Di-

urnal—Nodiurnal; (b, d) DiurnalMix—Nodiurnal. A: (1°S-2°N, 110°W -90°W); B: (6°S-3°S, 110°W - 90°W)



X " B ¥ 36 4
268 Chinese Journal of Atmospheric Sciences Vol. 36
EZ _ Qnel 7 Qpen o ﬁz o ﬂ—‘ : oy ﬂ ) .
R 7{0()C,,H+poC,,H+( uaI)+( 'vay)Jr( uaz)+ress
(D (2) (3) 4 (5 (6) D)

- . 0
Hrp, ££% ¢ ) = %f ¢ dz H MRS 2R

FE, T Rilgit, ¢ BT, w AL mGE, o HEm
M, w AHEEEE, Qe AHRIHAEE, Qul
H bR a0 3t . o0 MK, H o=
1029 kg/m; ¢, MHE, H ¢,=3996 J-kg ' - K,
Mg ERA, HHE TR A 1B #5611 (2)~

(6) TR ST (U e Gl i I 508
Sl LU BRI . (7)) ik 2E
T, 5RANFE 1 PR

g% s IR A 1A QA% DiurnalMix) J&,
R PHAR S 3 . R IZE 5P BV, IRAZZHK,
RIZW PR E T TAEdER R, SST T,
TEDRIBE VT X, HE 22 B fin $A Tt 32 6 SST ) 2. 7

x1 XBA BEAENEBETUHNAWZER (Bi: C/A) REMEMNESERE (B4L: m)
Table 1 The heat budget terms (‘C /month) of temperature in the mixed layer for regions A (1°S-2°N, 110°W -90°W) and B
(6°S-3°S, 110°W - 90°W) and their corresponding mixed layer depths (m)

X3 A (1°S~2°N, 110°W~90°W)

X3 B (6°S~3°S, 110°W~90°W)

NoDiurnal Diurnal DiurnalMix NoDiurnal Diurnal DiurnalMix
ORI 0. 65 0. 69 0. 80 —0.15 —0.14 —0. 14
B [ R —0.50 —0.63 —0.83 —0.97 —1.01 —1.26
EE T —1.13 —1.18 —0. 66 0. 09 0. 03 0.03
R 5.02 5. 14 5.96 1. 81 1.87 2.15
I IRAJE 1K BH 8 5 —2.05 —2.13 —2.71 —0.47 —0. 50 —0. 69
RE R 15. 37 15. 00 12. 93 31. 63 30. 62 26. 65
20°N (a) Diurnal—Nodiurnal u (cm/s) 20°N (b‘?L DiumalMi)f—NodiumaI“z\t (Cm/i),,l

10°S+

20°S T

160°W  140°W  120°W  100°W 80°W

(c) Diurnal—Nodiurnal v (cm/s)
20°N

< Sy

00
10°S

20°S T T T T T T T T
160°W  140°W  120°W  100°W 80°W

(d) DiurnalMix—Nodiurnal v (cm/s)
v

20°N

10°N

0°

10°S A 10°S A
/—\'K:\-\_ ,"‘. \V\Q\ W ; Yo,
20°S e B e 20°S R e T e e e
160°W 140°W 120°W 100°W 80°W 160°W 140°W 120°W 100°W 80°W

K7 FZ (a. b) SiAl (c. D) FEFHEMEDA (FEZLEPFE 1 em/s): (a, o) Diurnal—Nodiurnal; (b, d) DiurnalMix— Nodiurnal
Fig. 7 The differences of annual mean surface (a, b) zonal and (¢, d) meridional currents (contour interval is 1 ecm/s): (a, ¢) Diurnal—

Nodiurnal; (b, d) DiurnalMix— Nodiurnal



24 MG QAT AR T X R T IR H S AR Ak A ULATT 7

No. 2 Lin Pengfei et al. The Simulation Study of the Features of Diurnal Variation of Sea Surface Temperature ... 269

o MF T AT, JRIEAALAY A DX 32 B Al
(7 NoDiurnal H) Shiffiii i, Rl iEA )2 KR
FEE, A, LB AN P . BR T G &
M - oh . HAbI A SST FEfkny. A H
g g (Diurnal) o 28 ] F- 3 A8 4776 B S o
AT SST R » EL VARG BN FAHRTE 1 X Ah R
SST 284k /N, 1RE W /NG (DiurnalMix), f KAR
e TR G 2 AR G i s py 3G, [m] i i B o7
P . P Y SST Tk, £hila ik SST Jt
A BUNTTIR . EARELIR B X, EHRE)Z
W Y251k (Nodiurnal) FE iyl e, i
TR A )2 B R BHAR S DA R 8 ) Ptk e o e ) FH 2 0]
SERAE RIS . /MRS 5 b DiurnalMix #1 Di-
urnal) J5, A2, HHGE SN, BER
HREXRRRES D (2, #H T S RaE Em
e, ZmPERUmeR . Xt SST R SRR .

BRI PER AR IR i R (SEBs B4R
HE 7R AR LED . SST M As Ak gk il HAE R i
I LK, SST PR AN BUR T RIZ R A o FE22
k.

Ak, IREW/NE . TEARE UL, BE 2
AR B PR R I SST Tk SZ e/ H
= BP0 SST FHERA VR . 7E4RE AR -
RAEWARR, B2 & 1 T in# SST, 3
Bl gl 5 B K PO CRERIDE 281 3D 1)
hnas, SST &,

4 #e

ARSCHE LICOM. Hofimn A B AE 9 K BH 5 4 H 22
b FFmN R A 2547 3 k. BT T ORI
s HAZ X SST H ARG YR K -2 285 1 52
EEEHEWR

(1) I ABEAE A A BH 5 4 H AR St
0 LICOM BEBE B4t SST AR & )2 1 H 28 4k
—LERFIE . (EARIE PR ORF P, BEULAY SST H A&
IRIELI S 0. 3~0.4°C, MM /hgy 0. 1°C, fH
15 10°N DUAEACKFPENT B2 U SST H A2 ik
RN, MWL SST H 78 Ak 4i i 5 K. B4 Y
SST H AR e A9 73 A 3 2832 K FH AR 4 H 22 A I
WA A R, T HL, SST k(Y B ] H BRAE 24 b
PRUERSE] 15~ 16 F . 500, 7% )5 T K FH AR
SYUE(E 2~3 A/NmE e R FHER S H AR LR & )2

MEAZL, ARIBA)ZEEAR R, 2] 12 B 5
WZEME . FARAZZR, 25 R 02 BHiE
WrsEs » SO B ) H A2 4k

(2) W/MRA G- SST H A8 4k it Pk e mis A7 184
s BB A T AR IE AR R, Bt 0.1°C, Ak,
IREARREVE XY SST Fhiy, s R 2500 T SST
IRWE(E R E], 2958 0. 2°C,

(3) TEXPHFRST H AZAL I HI T . 59518 G iR iE
AR G2 ARIE RS & XLy
V¥ SST Ft sy 1 A 7% 38 KV ¥ 3 B A F- 1
SST Rk, WMEA G . fEARELIL, R EER
SRR ERGE R x; SST FHE R S BAE A,
B 55 %k SST Frm A EH. 7E2R 1B LIEg,
REZEWASTR, B2l & A SST, HEH )
il G R AR CREZ 2 ) B nss
{8 SST R, LLAh, 5518 & o fi 48 1) 20 908 M 4 )
B2\ I i

TESMEE A A b, SR ADHLEE B2 PR AR A
ZAFRTRE S S i FR ] SST H 2Rk &K, N T
PRI H ALY R R, A B
STHEEE, T U MR AR X ) Vi R SR R AR
B TER A B i — DRI X R . AR
AR OGCM Bl SST H AS bRl /N, {H
F & SST H A4k Ja X Mg 1 52 Wil A 7 200 (Dan-
abasoglu et al., 2006),
gt st NODC g #£11 Pathfinder Version 5 TS50 < (R4S
SST % K} 1 NOAA/PMEL g £ & TAO/TRITON (Tropical At-

mosphere Ocean/Triangle Trans-Ocean Buoy Network) 3y Wil %

ke BRI AR A SCHR AR AR

2% 3k (References)

Anderson S P, Weller R A, Lukas R B. 1996. Surface buoyancy
forcing and the mixed layer of the western Pacific warm pool: Ob-
servations and 1D model results [J]. J. Climate, 9; 3056 —3085.

Bernie D J, Guilyardi E. Madec G, et al. 2007. Impact of resolving
the diurnal cycle in an ocean — atmosphere GCM. Part 1. A diur-
nally forced OGCM [J]. Climate Dyn., 29: 575 - 590.

Bernie D J, Woolnough S J, Slingo ] M, et al. 2005. Modeling diur-
nal and intraseasonal variability of the ocean mixed layer [J]. J.
Climate, 18: 1190 - 1202.

Danabasoglu G, Large W G, Tribbia J J, et al. 2006. Diurnal cou-
pling in the tropical oceans of CCSM3 [J]. J. Climate, 19:
2347 — 2365.



P 36 &

270 Chinese Journal of Atmospheric Sciences

Vol. 36

Fairall C W, Bradley E F, Godfrey J S, et al. 1996. Cool-skin and
warm-layer effects on sea surface temperature [J . J. Geophys.
Res., 101: 1295 - 1308.

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

Gibson J K, Killberg P, Uppala S, et al. 1997. ERA description:
ECMWF Reanalysis Project Report Series [R]. No. 1, European
Centre for Medium-Range Weather Forecasts, Reading, 72pp.

Jin X Z, Zhang X H, Zhou T J. 1999. Fundamental {framework and
experiments of the third generation of TAP/ILASG world ocean
general circulation model [J]. Advances in Atmospheric Sci-
ences, 16: 197 - 215.

Latif M, Sperber K, Arblaster J, et al. 2001. ENSIP: The El Nifo
simulation intercomparison project [ J]. Climate Dyn., 18; 255 -
276.

Lin J L. 2007. The double-ITCZ problem in IPCC AR4 coupled GC-
Ms: Ocean — atmosphere feedback analysis [J]. J. Climate, 20
4497 - 4525.

X e, Bk . 2R, 45 2004, LASGIAP S5 R S0 PERE
(LICOML 0) Z%F I [M]. dtat. B2 ik, 128pp.  Liu
Hailong, Yu Yonggiang, Li Wei, et al. 2004, Manual for
LLASG/IAP Climate System Ocean Model (LLICOM1. 0) [M] (in
Chinese). Beijing: Science Press, 128pp.

Liu H L, Zhang X H, Li W, et al. 2004. An eddy-permitting oce-
anic general circulation model and its preliminary evaluation []J].
Advances in Atmospheric Sciences, 21: 675 - 690.

XIZE, PhEIZR, STI M. 2002. HFFEGUMGALIE LR A2 A SUE B
PLSEE S8 [T, 5 WIHE . 33 (5): 524-535.  Liu Qinyu,
Sun Jilin, Jia Xujing. 2002. Numerical simulation and experi-
ments of the upper mixed layer in the north of the South China
sea in spring [ J]. Oceanologia Et Limnologia Sinica (in Chinese) ,
33 (5): 524 -535.

Mechoso C R, Robertson A W, Barth N, et al. 1995. The seasonal

cycle over the tropical Pacific in coupled ocean — atmosphere gen-
eral circulation models [J]. Mon. Wea. Rev., 123; 2825 - 2838.

Pacanowski R C, Philander S G H. 1981. Parameterization of verti-
cal mixing in numerical models of tropical oceans [J]. J. Phys.
Oceanogr., 11: 1443 - 1451.

Price ] F, Weller R A, Pinkel R. 1986. Diurnal cycling: Observa-
tions and models of the upper ocean response to diurnal heating,
cooling, and wind mixing [J]. J. Geophys. Res., 91: 8411 —
8427.

Roeske F. 2001. An atlas of surface fluxes based on the ECMWF re-
analysis—A climatological dataset to force global ocean general
circulation models [R]. No. 323, MPI, Hamburg, 31pp.

Shinoda T, Hendon H H. 1998. Mixed layer modeling of intrasea-
sonal variability in the tropical western Pacific and Indian Oceans
[J]. J. Climate, 11: 2668 - 2685.

Stockdale T, Anderson D, Davey M, et al. 1993. Intercomparison
of tropical ocean GCMs, world climate research programme,
WRPC-79, WMO/TD-No. 545, 43pp.

Webster P J, Clayson C A, Curry J A. 1996. Clouds, radiation,
and the diurnal cycle of sea surface temperature in the Tropical
Western Pacific []J]. J. Climate, 9: 1712 -1730.

Wijffels S, Firing E, Bryden H. 1994. Direct observations of the
Ekman balance at 10°N in the Pacific [J]. J. Phys. Oceanogr.,
24, 1666 —1679.

WuF H, Liu HL, Li W, et al. 2005. Effects of adjusting vertical
resolution on the eastern equatorial Pacific cold tongue [J]. Acta
Oceanologica Sinica, 24; 1-12.

fkeEdk, AT . X, 2003, WGEEAGEM L RN L 4
B H A [ RAAB#, 27 (4): 607 - 617, Zhang
Xuehong, Yu Yonggiang, Liu Hailong. 2003. The development
and application of the oceanic general circulation models. Part 1
The global oceanic general circulation models [J]. Chinese Jour-

nal of Atmospheric Sciences (in Chinese), 27 (4); 607 - 617.



