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Abstract Air - sea interaction in the vicinity of an oceanic front in East China Sea during spring time is firstly inves-
tigated with high-resolution satellite measurements. The analyses reveal a significant positive correlation between sea
surface temperature and surface wind speed. This positive correlation becomes even more significant when the SST
front is intensified. The satellite measurements also indicate that in spring the oceanic front is strongest and the col-
location of SST and wind speed anomalies is most significant. Then, a high-resolution mesoscale atmospheric model
with state-of-the-art physical parameterizations is used to investigate the mechanisms by which the ocean can influ-
ence the atmosphere. The control run successfully reproduces the SST-wind positive correlation in the vicinity of the

oceanic front. The simulated vertical structure of the Planetary Boundary Layer (PBL) indicates that the changes of
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SST can cause large differences in static stability and vertical mixing between cold and warm sides of the SST front

and thus confirm the existence of vertical mixing mechanism. The analyses of the momentum budgets in the control

and smoothed SST runs indicate that the pressure gradient force induced by the oceanic front is also important for

the acceleration of cross-frontal winds. All in all, satellite observations and simulation results suggest that the

ocean-to-atmosphere forcing plays a key role in air - sea interactions over the SST frontal area in East China Sea dur-

ing spring time. Both the SLLP (sea level pressure) mechanism and the vertical mixing mechanism are responsible for

this ocean-to-atmospheric forcing.

Key words satellite observations, oceanic front, spring season, ocean — atmosphere feedback, momentum budget

1 3|5

F I VI ] 37 T AR T LA AR B BT R R
e A i R KR 2R 2 —, ARy 125 J7
T, MR R T BT IR T
AR Fizkny 2 E . 1 H A2 IR EH
Ol AN F AR B i, 7R E R &b
TAREZER. MEREZT . NHEREAT
ARG R B » o YR DR UM S 19 T B 1 ke
R K BRI, FRGE M 5 B I A AR 1 ¥ S
FHEAE I A HRRIE S HO AR A+ 0 B
BB L

PR DL S 5 R i 4R 8 ZKORH 3 T B U
JER RV . AR IR 35 K SCRAIE . PRI R
T ARV A LAY SR R PY I A I, AR T AR I
PIZRIAERE I, BN R 5 AR AR, K
Ja RETE TS5 5 2 6 7 By — 2 n R 20 17
ARAL B 5 Gt VE DR e g S AR v A X, FETER
FE I BRI, PR 3 H — SOR AT v 5 ¥ A 76
WEAA R . iR, AT R e R A
fiE s RZARE TS 2 AR AT B Z 0 GRRKCF-H
SRR, 19845 #X7KFFI McBean , 1995)

R R e e £V TV S ELAE T A T R Y
i A R E 1) T 4 TR Ok 32 5 v 2 T XA A 3 1 B
FHOG s RPN RAHEE R IBAE . JF HaxX o
TV FH AT DA 3 1 5 1A 1% Jc A R A o i
# (Namias and Cayan, 1981; #X7kF, 1986; Wal-
lace et al., 1990; Alexander et al., 2002), [fi5i&
VR DRI IR 2% 118 T T B DX BT 0 T SO B A
ks — 5 T ER T 5 B L XA AR B R AR R G
(GBI, Iy — 5 THT H T3 S v A — R 1V I
B Z ACIFIR] L S A BER AU TR, K LR A
BRGNS A AR . B 20 422 90
LR, —FRIN2KME. R PERIE N TR

MK, 40 1997 4F By #H U 2 A (Tropical
Rainfall Measuring Mission, f&jf/k TRMM) . 1999
A1 Quick Scatterometer (fAjFR QuikSCAT) T &
S U T TR 2K RO BN TR Y
WS AEFBIIAR (Hashizume et al., 2002; Kobashi
et al.,, 2008; Minobe et al., 2008), & ik ¥ i I X,
FRHVRE IO 1) T8 39 THT 7K - Uk 8 Ao B8 A O 198 P X oY
I NIRRT S PR e TAESORE R T 5iFAR
JE BRI Z B 5 A RO R : IR
85 (2008) R, AFFTE H A LUK 1Y 38 F 5%
' DX 3 TR i 5 T 2 TR X =2 () A2 A W ) 1
AHORICZ , RID ey v 3l DK% 17 v 3% 18T XU 1) KA
DX o T AP U DX D) ) -5 2 i XU ) /M DX A %
IO 53X A i A P T XU 2 A () TEAH G SC R R
T T 2 U JRE P i 1R R v 20 T XLl 2 [B) 7 ) B R G
KERWIGFAHRL RO T AR sRIB A . X
A DG OC R AE BRI VEIR B2 3 X 4k 2 ik
FFAEM . Chelton et al. (2001) Fj QuickSCAT 4513
B YRR R T AR PR AT E g (TIW) |
RIS 5 KPS EARDE , I Hog st o 1
XFEASER R . ONeill et al. (2003) & BAEZTT
RUEE FRGRTE B2/ T4l 30°, 280n) 101 XI5 HL
Bl 5 [ RUBE AT IR 3l FA AR S BRI, X375
JEE R B 53 A S TE LG T RURRR R ) B v R A
J#. ONeill et al. (2004) ] AMSR % T3 2 % RHF
5% Agulhas [R1E DX 320 5453 SO A28 14D i) 1
R (B HRRPLS ™ AT (0D K sh HoR
AT TR IR I 7 () R BE TR T S . AR AR E R
Wife, Tokinaga et al. (2005) F T35 F1 5% Hb WL &%
BHE7R T Brazil-Malvinas £ 3t X B 1z (9 ¥ 7 8 X
B KGR Y IEAR DG . e B IR T R T X7 1Y
SEMRTE TARFNAEBR I (] RZ E#RAFAERS . Vecchi et
al. (2003) & BULVY Fg 2= KU ] o 75 74 B v 473 V6 19 Vi
W L AFTEA TR R A KA Ay 1 I g1



6 #1 TRECE S . F TR E AR 5L e DO R AR 8 1 S B R T E

No. 6

XU Mimi et al. Ocean-to-Atmosphere Forcing in the Vicinity of the Sea Surface Temperature Front in... 1073

i T VS A 1Y) S UE

TV DX T 2 i R RN i B2 R 2
Ar o iz A DX 00 ) v A AR 2 30 H R IR AR
AR HLE . —FpRE 1989 4F Wallace et al.
(1989) #1 Hayes et al. (1989) & H it 2 1 8 =
M EIRAHUE] . BRI 0 2 KRBT
JE . TE IR YR R S R K R i AR
FEOER N EIG R, Rz, WHER X R E
JERER, Il A s B, R m XGRS
—FpAE 1987 4E Linzen il Nigam (1987) £ H ()4
AR AL, ST R s G R WY TR
FEREAR, S MR AR A 25 A8 08 ¥ T A< A
IO Th iR o T T Y A BIK sl i R T X 1 L A
N . AR DL E RS R AL Y BIR S
L1 B T R S 1T RS B 3 el 51 P T K VA
ARG FR s -1 T R AR B R AR T, R
ARG S TR R (A TE 90 AL AH 22 0 78 R
O PR A DX TR A A Aol A e 5 T R RS AL S
EFAEH. HAMAAFER KR A4 (Small et al.,
2003, 2005; de Szoeke and Bretherton, 2004;
Spall, 2007), B A WWF5R G A FES L J5.
1990; Vfiaf . 1992) KW, HFFBEATE K, i
TRpeAE , BRAR IR E . H I & SST 5 X3k
B AR e HAF B, SR S0 A R T
I B P AL i S AL T AR A

ASCHY B Bl 2 A R A ) LR BERHE
TN T 2 AR VAR B IO X A TR SR AR I RRAE . I
— AN BRI S Ty ZE 0 v RO IS
RN 2 Y 3 DXy i oz 3 AR AL
2 WFE R
21 FRES

1997 47 1, SEETFNURAESS T LXK
LI 4 Bk v 22 T X7 Y Quick Scatterometer (i FR
QuickSCAT) TAL, % TR S O 3G 1
N5 YA TRREL RS B S i A 3K R 1T 10 mo =y FEAL 1Y
A XUEE AT RG] (Liu et al., 2000), A< 3C %6 HL
QuickSCAT 2000 ~ 2006 4E H -4 14 %8 ) 4y # 5
1 RIFM R EYG . FORMYKP 20 B30 0. 25X
0.25 L, MR mRE AR A TMI (TRMM Mi-
crowave Imager) F1 AVHRR (Advanced Very
High Resolution Radiometer) H A5 %kl, A

TEEBCH 5 QuickSCAT B2, /KB N
0.25X0. 25 &4, TMIEHAr il DA (Trop-
ical Rainfall Measuring Missing, f&ai#x TRMM) |
FEEA RO R T 2EE = 2 MR AL 2h 4072
F] AV R TR L BRK . B2 KA & il A K
i (fssrp4g, 2004), AVHRR 2 NOAA %
G TR B F BRI s B —Fh FOGTE - E r 21
ANEIREER ST, HERRI () 4 R v 2 TR B )02 g
FHF &R s 18] RUBE AU 1 PRSI
2.2 HEFY

K 1451 T 2000~2006 4EFHZE (3~5 ) F
Y1 QuickSCAT #3110 m X3 AVHRR
o 2 B0 K PG i AR I PR s
B 2R IR g VB TR I DXL A I B KRR B — R
AR5 s BRI I 5 B 5V LUR IS 2R g KB b
B I AR IE A ) H A JUM i . R AR R U IR i
TR AKXRIEEIR A 1EA (Xie et al., 2002), 1
TE BRI XA K X, B3 22 (8] B B8 i — T iR
HOFBE AR R AR X . M 123°E £ 127. 5°E
LA AR REE N, AL 10°C, 5 130°E
PAZR PG AU AV B R X8 S0 VUi 53 A T L S ek
oo PRI 1 rbif e i 2% i XU HE A I, 3R
T AT F%) e (N G o7 T e VUi b T 7 3 T XLk
B ZIMEL DX A, F AR X (R K 28 s Sk R iR 5 1k
T AT F14) T AR 5 DG 28 7R 1V 8 DX T ) 9 LA 11y 1
. BN, A F (30°N, 127°E) B 8 3= 4hik
LB, B — R K F 8.5 m/s YR
DX, T e HAHBE AR 3T AR K X [(32°N,
124°E) Fffii ], RG] 55 2L 6 m/s, b,
A5 (Xie et al., 2002), B T JE M IE 4>
Ay KRB ARIEAAE e AU SR I . AR
L S T YL X 07 76 2 XU G | ¥ T TR %
I RGH /N Y DG R PR S T U A 7 5 6 v 0o
FAER, WA E R LRI . X PR S 2 R
Z A IEAH OGO 2R 22 /0 R W 45 25 WU RN R R 1
FHE A A R v SR A X R AR5 a A .
2.3 FERETWK

R, AT E R 1B 50
R VgV DX 1A Ik 5 VA R 1A XU 2 [ ) T AR DG G
Fo FIL A R 05 RN B AR AR A AR PR AR A
BIHOREE, 2004), 5ZAHXS R SST H X HAF7E
W W AEPRAR L, Y R s H AR R, HOB




. I = 34 4
1074 Chinese Journal of Atmospheric Sciences Vol. 34

40°N A
m/s
10.50
10.00
9.75
9.50
9.25
9.00
8.75
8.50
8.25
8.00
7.50
7.00
6.50
6.25
6.00
5.50
5.00

36°N A

32°N 1

28°N A

24°N A

20°N

16°N

:

116°E 120°E 124°E 128°E 132°E 136°E 140°E 144°E

B 1 2000~2006 4% (3~5 1) T4 AVHRR BRI CH% . M 1C) 1 QuickSCAT 4 10 m FEEERL T HE R (B
WA, 8. m/s), KKR (BAFHK)

Fig. 1 Spring (Mar - May) mean AVHRR SST (contours at 1°C interval) , QuickSCAT neutral equivalent wind velocity at 10-m height
(shaded) and wind vector (arrows) during 2000 — 2006
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Fig. 12 Perturbation (defined as CTL-SMSST runs) of (a) wind velocity at 10-m height (contours at 0. 3 m/s interval) and wind vector
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Fig. 3 Time evolutions of TMI SST gradients (contours, units: ‘C/km) and QuickSCAT wind speed gradients at 10-m height (shaded)
along the line AB shown in Fig. 1 averaged over 2000 - 2006
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Fig. 5 Monthly mean neutral equivalent wind velocity at 10-m height (contours with 0. 4 m/s interval) and wind vector (black arrows) in

Mar 2006: (a) QuickSCAT; (b) CTL. Shading: monthly mean RTG SST



