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Abstract A suite of high-resolution satellite measurements are used to investigate local atmospheric response to a
sea surface temperature (SST) front over the East China Sea and its seasonal variation. The analyses reveal a signif-
icant in-phase relationship between SST and 10-m neutral wind velocity, accompanied by convergence (divergence)
on the warmer (colder) flank of the front during spring time when the oceanic front is intensified, indicative of

ocean-to-atmosphere influences. The extent of the influence on near surface wind field by SST is proportional to the
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strength of the SST front with its maximum in spring and minimum in summer and autumn. The satellite observa-
tions detect direct responses of total, convective, and stratiform precipitation to the Kuroshio front. Especially in
spring and early summer, enhanced rainfall and the frequent occurrence of convective precipitation are collocated on
the warmer flank of the SST front. Furthermore, considerable increase in the cloud top height is observed across the
front from cold to warm water. The distribution and structure of precipitation suggest that the influence of warm
ocean current in the East China Sea penetrates above the MABL (Marine Atmospheric Boundary Layer) to reach the
entire troposphere. The results also show that convective precipitation is more sensitive to SST variation than strati-
form precipitation. High and low clouds over the Kuroshio Current exhibit opposite annual cycle, low clouds ranging
from 0. 5 - 2 km prevail in winter, while high clouds with the cloud base above 10 km dominate in summer. The area
with cloud amount larger than 30% is elevated by nearly 8 km from winter to early summer. Deep convective clouds
mainly concentrate during March to June, indicating that deep convection frequently occurs on the warmer flank of
the SST front in spring and early summer.

Key words satellite observations, oceanic front, ocean-to-atmosphere influence, seasonal variation

1 5|7

Ak, WiE—RIERME. MAHERILD
B B, 5 o R A IR 2R ) P A DX BT Y T X
FHEAEHFHEIEZ B A TEORRZ . CA M
WAL, X KT RUBE BN SO ELAE HTRAAE
SERAN A TR AL, RPN XT KA Ay A AR
F (Xie, 2004),

TR R I G T A2 R AR
WAL i IRAE A TRV U B e DX o 3 55 ok A7 o v
ik 55 1 2% T XU Y R A A2 AR 56 & . i, Chel-
ton et al. (2001) J§ QuickSCAT 4 [P E%WEHER T
RIS E M 8 (TIW) Rt sh 5if
RN IAFAE AR KR, 15 I U
TR RT5 1] TR . X3 108 B 1 LG T XU )
BV AL E . Nonaka and Xie (2003) A #47 ilf fR
TR (TRMM) ) TMI ¥k BFZAE H A IR
P PR SE A DX, R A OE (B S X6 T 2 TR
HAE (K {H. Vecchi et al. (2003) & BAEVEEE
R P B RLAR o YRR AR AE R KN
TR I 1 o L | v T P RO A B U
Tokinaga et al. (2005) T2 R UL 52816 7~
T Brazil-Malvinas £ 3t X B 3T 19 15 7 4 X | XUk
SR TEAR G s & BRI T 30 2 i) X375 1) 5 1) 7
ST B AERR I [ RUEE FRRAEE s . B THRZ
A R R HLA . H AT 2 A, — R
1989 A Wallace et al. (1989) #1 Heys et al. (1989)
P& I R T B R R S LE] . WA S R A
NFRRFBRARE, EHIRAHE®, DR

JEEE RIS AL TS, SRR )G,
Z o VK KRR E BERG R, 1 HiR A 32 2
il s ¥ T XUH /N, O — o 1987 4F Linzen
and Nigam (1987) $& H 191 1 <R A FEHLH] » 5
IR 2 S Wz, W T T SR RR AR, S 2 1 IR AR
i KA I SR T X2 o A X
S SN T — B A SR B2 D VR 3RS
AU B KX K O . AR, RS
W 7 P Yl 2 Al 18 ek i v sk T b AL o A A R VR
(Xu et al., 2010,

ISR e B VR R R B S M AN UYL
JRBRTRAMAZ, BREE SR X E KA
JE4#& . Minobe et al. (2008) k& FL7E 2V RS B
23 % I A T T X7 Y R K MBI A B —
fifi i3] 200 hPa 1) b iz g, A h 166 7 5 1 R
] EE 10 v T SRR AR G i PIr R AR R
FANFRE BT RN UL » 6T V5 1 52 i 32K 3] 3 6
i)z, Tokinaga et al. (2009) HI— ZFUAHAIWLI B
eV IMER R S TR 80 Py i B < 3 e
s RIAEDETR 25 2 T0 a2 A BE ] Bl v T 7K
KHLRE I, IF EHXS R TS i NS 3. Kuwa-
no-Yashida et al. (2010) FI KA HE L (GCM)
ST BEZKOOT 25 PG BF VS A e 07, 8 H VS 3t 52 i X
TRPEREK s PR E IR RE B 30 2o 5 i Vi e 2 R R R R,
JIR )2 I 7K R 0 R 5 0T Ry Ml K PRI SO R 3 T
#k. Minobe et al. (2010) KIEIEAFZTY, BPHHf
V5 L AR ] DX JO0) R A i A A AE P A [m] 7Y
e, & ZHE Gulf Stream Proper a5 FEEEI N
RJZn#k, EZH7E Florida Current |53 4 /12



P 36 &

592 Chinese Journal of Atmospheric Sciences

Vol. 36

[ AR A DX A7 AR 56 B AN T S VYRR LY
SRR P — R BRI RBE AL KA
168 1115 T2 G P LR 2 DR T T i T L 2R T e W
K SCRAIE . A BTFERWITE R T AR T SR e 1 5
JERAA REREN GREES, 20100, B4, X

MR RES IR A iR ASCHABZETT R
AN ST Y S A s K 4 i R i S — 2
Fo ASSCH H BRI — R 5 5B 5 70 R TR B
HE 7 e T AR TSR DX RN T e Py Wi
FHIE 121

2 HRITTIE

1999 4 7 H o SEETFMUR A T & TR
S 4= FR v = T X7 B Quick Scatterometer (FajFR
QuickSCAT) TLAL, 1% TR & S T FiCA 3G ot
N g AR B sz 38 M A BRI T 10 mo g BE AL 1Y
o XU AU (Liu et al., 20000, 74 3236 i
QuickSCAT 1999 4F 12 H & 2008 4F 11 A HF#
MIBERE, RF 23 BE3 T 0. 257X0. 257,

AW ERmMIEE R A AVHRR (Advanced
Very High Resolution Radiometer) H-351% 8},
ORI [E] Y5 S QuickSCAT BER—2, KF-73
WK 0.25°X0.25°, AVHRR 2 NOAA R4 1L
B FERMALES . Bt 5 eIk iEE R £
FHER A AR rry 42 3K v % T IR BE )2 T T
b2 o) ROBE IR BEIT S (Roozekrans, 1997
Ragner et al., 2003; 3784, 2004),

1997 4F J B Ft 25 1 #4H JU R T2 AL (Tropical
Rainfall Measuring Missing, faj#% TRMM) 25—
WL T T 2 DU P RO G RE T I R B
A . TRMM TLE FULI e Bl 7E g b i 40°Z 8], &
HRRLTAEENRA T REPGT A VR
Ky mHIR ARG wL W RERE (T 4,
2004) . A, TRMM $l gl i 3 I K i 2=
RBEFFIE AT 22 RBEREZK H AT DAL R X A58 X
IKEEVIRLAULRE 1 WA 30 55 T T (ffE 5 TR AE, 2008
Yang and Smith, 2008; fii4f4E, 2011), X T
TRMM TLE F H 7™ i 9T 4 A 28 7T 1 5] H ) s
http: / trmm. gsfc. nasa. gov., 7~3C AT I Z3E M
2009 4F 6 HIT40 T 8, % 6 iy TRMM Bk,
AWFTERYIALE F—RRAS . 55 6 Ry S i 35 s 0 I

KB B N & WL AT 5 (Awaka et al.,, 2007), 7%
AT TRMM 55 3 48077 i 3B43 FIs 2 4™
i 2A25, #RJEH Goddard %5 ] & AT G B A B AR
HEVTRL, 3BA3 BRI A T TRMM TR, HE LA
DA R T R £ W Ay 25 5 SRR AR Y T e A
-1 R K R AG I, A ] 4y BE Ry 0,257 X
0.25% BRI K&K 5 QuickSCAT ¥k — 2.
2A25 BRAR A 2 S AT B AV BUIE B =4S 1R
kA, HoKP 3Bl 4.5 km, S J7AAE 0~
20 km A 80 &, £)2 250 m, M4 TRMM IR
BRI S8 7% (Stelner et al., 1995; Awaka et
al., 1998). 2A25 {LFFEIK 734 JE =K XK
ACHAD” 3 FREHY AN RET IA [ VR4S = B
SEt s WRZRE KL e SO IE =R, Ikl e
seitr s R — B B 39 dBZ {5, %
JEREE Ry R i R K AR IR PR B B
CHAD” R, T CHAD” I RREA T SR
B ELBIAR /N . AR SOR I8 T . 2A25 BRI ]
e 1999412 H 1 HE 2008411 A 30 H, N
TETAE, FRATKHEPIE R ACTRi{ES]0. 17X
0. 1A A L.

FATEHIZE E Woods Hole WA 5T Fr 241 1)
TR AGE B UL P BdE 5 (OA_FLUXD . /K-
YRR 1°XD0, BASS T ILEBORHR 3 AR
SIMTRERE, A A SR T R TR R 25 5 I
A ek R I HGE R (Yu et al., 2008), 23
VEFIZGORL H - X ity g 2 i Bt . v P i DL it
SURIIRE 2% . BERHEL S QuickSCAT —#,

IEAh . A SGAFFH CloudSat TR ¥R T 4
R ESUZE S iR, CloudSat S it
ST =K A TR AR TLA . T 2006 4F 4
RAAERE N e 2 M R B T2, B m )
LRGP TR e R T T 3 g i
H)48 1 k. CloudSat 5 H Ay JL ST B 76 [a] — 1
1B _FAE[F A A A-Train TR L, SEEUER]ZE 9k
2P BT HLER I . CloudSat | #5201 = B
Lk (CPR) RESRMIE =R 3R HERZ A = ok
MAHDCHEME . CPR TLAEAE 94 GHz (1 & 4550 %
B, TERXA P BCEIMME S L IRA B 55 . REIBAR
ME] 90% vk = F1 80% /K =~ (Stephens et al.,

2002) . BERHATREHL T BERDY 1. 4 km, WHLOHER
2.5 km, FEESFHERN 500 m, AR E AR



3 REES . EARIE R B X KA E A — 9k
No. 3 XU Mimi et al. Ocean-to-Atmosphere Forcing in the Vicinity of the Sea Surface Temperature Front in . . . 593

HEZ B 2B-GEOPROF #i1 2B-CLLDCLASS, B} [a] 2k
2006 46 H 15 H&E 201045 H 31 H. 2B-GEO-
PROF H 5k 5% (Radar_Reflectivity) (4
PR T A SR B CPR %8, 52 %W Y
Height a9 it 7 763 B J7 10 b dy 7 336 - 18 [7]
2 30 km AR BT AR A 1 5 [0l 5 BE{H. CPR
Cloud_mask %4 W $2 it 1 5 45— [l P {EAH X5 Rz 1Y
138 A AR T, HAB R R W] = 1) [l B £ 5 i
A5 (Mace et al., 2007; Kahn et al., 2008), #
BENSH Z RS REEWIER, RIERHME A
R B FE L E AR WS SRS —
A T3 B S — A R I B T 1 ) v B LA SR B
R ETEEM KR . 2B-CLDCLASS 7 i)
R TZAREL B hER. BES. MM
o 2o BBa. Ba, MEsFME s 828
(Wang and Sassen, 2007), ASSCHEMFEAE FE =
SR s (Ch. FE (As, Ao, &5 (St. Sc,
Cu, Ns) FIHEM = .

3 IBREXIGIEEER N

K125 T 3P89 AVHRR ¥ 3K
T EE LR QuickSCAT 10 m HPE G KUK B FITHEL
JER SR04 . TR EZRARHE X, PR 5 DI
PR B AR 1 R 2R 1) 3 2 1l AR Lt 1) H AR U
5y, TEBREREE S BT . FRIE 70— S ) 57 0
it TR . RIIEK 58 R RRG AR
YK AHIE T B 1 1 5 K - JBE AR O 1) T 1l 2 A
X, RIHEEHHAZIENR SST SF{HL LN .
FREARERIFIX B SST F 0t v 4 B LA ) 225 A8
ERHIE: & BRUFRAR, 2. SRS, SST
M WAFE B8k . BEMERKR, 4%
Hk, B, MER/AD, %4 BRAREKIESE S50
BREFR ZAfFAE SST il . X X HEFERILH
WIS . 7ESEE T EARMORRE I X, | T AR
8 25 SR OO TR 7K B R TR DA B ek DX i T TR A4
H (Xie et al., 2002), JE B T — A AH X 09 1 15
X, HZEM 123°E~127. 5°E X JLE 2 BTG E A .
R 10°C, B BKZRREE 1 AR R R 2E
KU T, SST I3 A8 5), HEPEE Y 5 3%
TR, AALAHTR AT SST e As HFg 3~4°C,

Bl 4 H A=A, R g 21
B R AR U i AR A, 4L B BRI

SR 55 4 2 XU R T U] — 2, b s ARk
W BN, HZ AT R AR EE T
] B ) 2R 1 ¥4 7K X 28 3 Vg P ) SST g & -
A5, U T RGHE 2 DT T — A W A i e R
QuickSCAT 10 m H ¢ K 5 SST 7E 25 ] I & —
— X R R AHAE AR O R . W0 SST B 3F B X
AR K 143K 2~2.5 m/s, TN K
SRSERIEAE R o B DX ST VAR IR 5 9 2 vl XG5 A
FIFRRE 5 SST By EE IE s 76 SST 7KK B B
K 3~5 HIEM i B 3. BRXGESN, & m K
AU 32 B P ) . BF WY E SST Bzl
R RRNE R AW fERE SST ¥ F 28
Shrifg T KU R . AN TR 2T KU O i R/ N AR
KRER ., BERAG/REBEmNK; BRI R
X R SST 4 X I A7 72 55 55 1 vl e 45 DX R A
JFEFAE MRSV 2R, RIEGTE B
AR PR A B B3R i WGBUE i — 25 08
/N, I H5 SST 45 A th 3% A B 58 19 % B 6 &R
PRE AN, 618 5 U RS A 0 XY X AE T HL I 2 1
A, R I R .

R TSI A AR s TR AR AR X SST 520 K
SAAEEIERAE, (8 2 45 TR Tl X K
HZk AB (WL 1b) J5ap A SST B R . JRGE R LU
JXCHRRE Ay Bt [ 30 A o 9 LA R T VA A XS Bl i
Ko ERR/ MR R B RS2k &2
FEE, BRI, T 3~5 HikF M. 5
H VLG W e om B s 55, 8~9 H oM &4
10 H UG X EG#rsm &Z . haria SST 5 Xk iy
TEAH T HET H TR 1 G B A — B0
AEPERA R . X ECIE 2 TR PR AN ER BE AT LLUE IR EAT]
HBTEEE X kK. T AR R (Rt BLAE 3~5
Ho B/MEHIIER 2, oAb, HERAE SR
LA B (R AT G 202 H A, XE—E
PR REOUE T SST Xl Kb fE .. B X
Yo B B R A T e T NG 1, A R T s
(% (28.875°N, 127.625°E) ], M 3 H Ik 2 Xk
A A /MR R/ IN S SRR i R A R
TN AR E MR EAL R, B AR,
SST #e ety 3~5 A, g% (BB MR
af) R eF Rk,

BT R 2 [ E (~1000 km)
SST B /KFREE (~100 km) K13Z, MHEZMN



x R B % 36 &
594 Chinese Journal of Atmospheric Sciences Vol. 36
40°N 40°N -
(@)
35°N A 350N -
30°N A 30°N A
25°N + 4 / 25°N A
5 Sl Lttt T
B Ly s S /L 4
’—' AV
120E 125°E  130°E  135°E  140°E 120°E 125 130°E  135°E  140°E
E»m/s
40°N 1 — ——1  40°N -1
(=) s 8 ¢ \/Z/‘:\\\\S/\‘
= N N LI !
X 3\\\\/@ /\\/\\/Z ~ i
359N | ~ \ b/ 35°N -
30°N + 30°N A
25°N A 25°N -
120°E 125°E 130°E  135°E  140°E 120°E 125°E 130°E  135°E  140°E
—> —>
15 m/s 15 m/s
Bl 1 2000~2008 424 -2 QuickSCAT 10m HPEEBE CE@ITRE, Hhi: 1070 s— ) KRE (Fisk, A m/s) . Kl CEL @i

2k, 2. m/s) Fl AVHRR M (CBEZML, mF: 1°0): (0 &ZF; (b) H#F; (0 HZE; (D &

Fig. 1

Seasonal mean AVHRR SST (black contours at 1°C interval), QuickSCAT 10-m neutral equivalent wind velocity (magenta con-

tours, units; m/s), divergence (shaded), and wind vector (black arrows) in (a) winter (Dec —Feb), (b) spring (Mar - May), (¢) summer

(Jun—JuD, and (d) autumn (Sep -~ Oct) of 2000 - 2008
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