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Abstract The data of atmosphere and ocean elements, including turbulent momentum, radiation, SST, wave, carbon flux,
and air temperature, humidity, wind at heights of 3.5 m, 7.0 m, and 10.5 m, were observed in the fourth air-sea flux experi-
ment during the monsoon at the Xisha islands in South China Sea (SCS) from April to October in the year 2008. The air-sea
flux variation and heat balance were studied during the onset, development, break and decay of the SCS monsoon, as well as
the processes of rainstorms, typhoons and cold currents, using the computational results in light of the scheme of eddy correla-
tion and COARES. 0 parameterization. The results are as follows: in the clear days before the onset of the monsoon, total radi-
ation was high and the loss of heat of the sea was low, so the net heat gain of the sea was quite high and the SST increased rap-
idly. During the onset, the total radiation was still high, and the long wave radiation of the atmosphere was strengthened while
the long wave radiation of the sea stabilized, so that the net heat gain of the sea was still positive. The sensible heat (Hs) flux
was high when the monsoon was active, especially in raining days, and the Hs flux decreased at the break of the monsoon.
Though the latent heat ( H.) flux was high when the monsoon is active, the net heat gain of the sea was still positive because
the solar short wave radiation was of high value. At the break of the monsoon, the Hs and H; fluxes were reduced, and the
seas gain more heat than when the monsoon was active. When it was raining. the solar short wave radiation decreased and the
Hs flux augmented with the result that the sea lost much heat and the SST decreased fleetly. During the decay of the SCS mon-
soon, the humidity and the H; flux decreased, so the net heat gain of the sea was positive, and the SST rose. Under the influ-
ence of the typhoons, the Hj flux increased rapidly with the augmentation of wind speed. The Hs flux was low in clear days
and increased acutely in rainy days. Because the solar short wave radiation decreased and the H; increased rapidly, the net heat
gain of the sea was negative, so the SST was reduced. The momentum flux was mainly related to the wind speed at the sea lev-
el. These two elements are related using: = 0.001712* — 0. 003809v + 0. 02213.
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blue for the low clouds amount N; ), and air temperature (d) from June 25 to July 31 2008
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Jei) B0 A JE o K B S5 A5 9% A o 9 AV RE AR /N KR
TV S 0 9 R A B AR TR SOF
U RER AR . AR TR TR S AN G XUk

TG K B B o 3% 2 06 T FE AT SR 2 1% T e

T VA R 2 XU A v T O B v I 4 S )
PLACTE e L AN T L 0 B 2 KU A 5 Xof i ¢ e
B ZN IR AR T A B L K BE R U i I SR
JIN Vs AGH  pR T KU KT R A L PR A R
BER AR Vi T I A 2 KU R S R R AR, 3R 2
S B BT 7 A 7 MONEX-79 i3 (Mohanty, et al,
1990) . Jin 47 7 JASMINE-99 i 4 (Webster, et
al, 2000) . ¥ 1 i B (SCS-2002, SCS-2008) 7£ P4 1
Z AR K I R U e B S B S /b L JER A g o DA
S A IS S AR A B Y R AR i A — B, E BT
PLACTF o I T 2 IR S99 1 R i b R A )
T K W P v A AR 20, 1999 4R BE & B T A
KA A 2008 45 2 XUk & Hij #AT IXU2% 52 el 9
TR FRCE U TET BB 1 R S R O U I A
2002.,2008 4 7= WUk A J 1 T T v A R IR B 2
P v - AW e 1 AR 2R 15 2 XUAR i 5 1 L B A% 7
IS A V=R 35 =
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Table 1 The variation of the surface fluxes and net budget corresponding to each synoptic
stages before and after the onset of the SCS monsoon in 2008
i O Yoo i 53 (Halong) getalul B mmER
SR % A B 4 H 25 H— el 1 7 XL BRI e Y &)
5 A 10 {) (5 4 11—13 H) 6 B 1315 {) (5418 H — (44250
645H) 6 A5H)
JEHGH A (W/m?) -3.81 -16.50 -10.00 -5.23 -5.31
TEHGE (W /m?) -61.50 -1230 - 162.00 - 87.20 - 87.60
FhEE (N/m?) 0.0217 0. 0751 0. 0999 0. 0695 0. 0520
IR FF A 3 (W /m?) 276. 49 103. 69 217.01 282. 42 257.10
T TH] R4 e (W /m?) -20.43 -8.64 -19.75 -23.56 -20. 83
RAEK W (W/m?) 438. 24 447. 82 437. 27 433. 80 436. 04
T T 5 4 B (W /m?) —480. 40 —471. 20 —472.50 —479. 54 —477.27
PR EIC (W /m?) 141.53 - 67.83 -9.97 121. 05 102. 49
TR L IO IE, R IR
2 2 BTHLA# (MONEX-79) | i In$L 7 (JASMINE-99) Fl P4 ¥ (SCS-2002 , SCS-2008)
S EAE IR B 45 R A (W/m®)
Table 2 A comparison of the air-sea flux experiment results between MONEX-79,
JASMINE-99 and Xisha (SCS-2002, SCS-2008)
KA B Wm RS R SRR A TG FLSTRE
Bl 37 4A 1 (MONEX-79) # % i (5 A 15—26 H) 231. 30 -39.10 -11.60 -94. 80 85. 30
B $37 47 7 (MONEX-7) # % J5 (6 A 3—13 H) 199. 20 —34. 40 -17.80 -139. 40 7.60
AL (JASMINE-99) 48 & #if (5 7 10—15 H) 260. 00 -49.00 -5.00 -115.00 92. 00
Fa NP (JASMINE-99) 48 % J5 (5 ] 21—26 H) 162. 00 -31.00 -17.00 -162.00 -89.00
PEYP (SCS-2002) 4t %1 (4 A 24 H—5 A 13 H) 282. 80 -59.10 —4.80 -91.20 127. 70
PEvb (SCS2002) 4 K5 (5 H 14 H—6 A 21 {) 209. 50 —40.90 -5.50 -95.10 68. 00
PEvh (SCS-2008) & Hi(4 H 24 H—5 H 10 H) 256. 06 -42.16 -3.81 -61.50 141. 53
PEvh (SCS-2008) 4 & J5(5 1 18 H—6 1 5 H) 258. 87 —45.74 -5.23 - 87.20 121.05

7 R IR | I A
i A MR

VY P 2 KU R AE BRI S BT BR L
W TG BR R AR .8 A R Ak A TR B B (P
AT T2 v B D AR XL /)N YA TR R
FE BT, 2008 4EFEXHE K SG(6 H 22 H—10 H 7
HOE R | rp 8 SRR K R B B (18] 6) L &tk Hs 284k
WY 3, B3 7K ORI BR B B 288 K R i) e 2 XL e I 4 ﬂiﬁ
PRI BR B B K B B AR 3 6 XSS ) 2ok 2 v J8 AR
RPN 3 A5 e Hy Tﬁkﬂikﬁ
Hp— i A B T 0/ 5 BT KGR VBRI (ZR XL
5 BR M6 WU ) BB A3 K. AT LUE L v 4
i 55 AT R BOM [R] 04 A48 Ak & e 33 1 1 T
o e B A (R B 5 X R - R KR R 25 AR
A KM A2 KU B 52w B K

3 AT R 2 XU BR o B R A A [F] R

SR GNP W 1]

PR av

eI B 1 T v 3 e S B R S B (3R 3D AT A
JERHAG o 7 B PR LR K R R P AR AR R
FeK B B #GE i KL, X BB B TR R 21
IR AT é@*ﬁ?ﬁ%ﬁﬁﬁ %EEE’JW%EF
BER G B K. 7E 2R X T R e R Y Bk
I AR N X A i B B R R ﬁ?aﬂﬁi’xﬁﬁ»ﬁ
ek R 2 2 T v R A LU RS . A R AL R BB U
PG AN X RO B RUGE FE AR T TR
AN A AR A VT 2 R TR . T A
et 7K b Rt v DRI AT 9 /) 3 3R B B SR Dl KL
oK 555 1717 A AT o L 25 XL BRI BB 2 2l XL
T L TR 2 2 KA VA T R I, DTG T AGE
RGO, AE R XU T o B R BT G RO (AL
FEJE TP B BB, FEFR 3 b [A] I s 4
— K VY R 2 XU e R B K o AR (2008 4E 7 J] 56
H . Bk & 131 mm) ¥ VE BRI 9 R AR
RV 22 5 0 B ARAS AR AN TR L il
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Fig. 6 Daily variations of the wind speed (a), Hs(b) and H; (c¢) after the onset of
SCS monsoon in 2008 (from June 22 to October 7 2008)
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Table 3 The fluxes and the net heat budget during the different monsoon phases (active, break, rainfall and decay phases)

o T 4 ; . A= KT

7THS5H) 10 7 H)
JERHRGE (W /m?) -8.16 -5.02 -13.20 -7.52 -6.33
WG B (W/m?) -108. 00 -90. 80 - 88.50 - 88.40 -92.50
S (N/m?) 0. 0507 0. 0861 0. 045 0.0196 0. 0475
IR PR A A (W /m?) 256. 86 256. 63 77.41 253. 26 244.13
YA TH 46 U8 5 S (W /m2) -21.15 -20.67 -6.996 -19.53 -20.26
KAK PRI (W/m?) 442,01 444. 79 448. 43 442,57 440. 92
T T K I 4 S (W /m2) —485.29 —484.45 —475.85 —487. 44 —481.72
ol (W/m?) 76.27 100. 57 -58.71 92. 94 84. 24

oA RE RN o TN o OS2 S N T PN VT 22
VPSS AR 22 331« B 7K o R o 7 A R 3
SHAR DN+ B R T FAGE At /) (H R i SO R H B
B R AL 5 2 DAL IR S0 8k A L v TS /N AR v
WA LA 22 5 2 X i 309 8 R 0 A 8 A B e 5
G2 AR ARGl BB R i AR A B A
R 3 2 KRR Y T A ) Y K B L 0 e A 5 v B
RS L ERRHCHE B D A S A 2 L (E T R

N R AR B R . Y IR I 9 A b
) 2 X R 0 3 R I IS P O B — A B T B
B 5FENER P RGIABRBEZHET LR,

PERXT L. 3 4 45 T AR NOAA BF 58 ™
1999 4 5 Z= KU 18] 15 d I L 75 | 2% 38 75 R 8 9 £
GEORE 1 Bulle 5095 1550 00 1 11 30 A S p RIS
NOAA BFFE 7 d 057 8 25 19 1] 1 5 2 KU
Z e P RGE RS, 9 m/s L T ARG RO SR

@ Fairall C W, Hare ] E, Grachev A A. 2000. Turbulent surface flux measurements from Nauru99. Eleventh ARM Science Team Meeting

Proceedings, San Antonio, Texas, March 13-17
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F 4 NOAA BT My 1999 K Z= XU B) M0 W0 (1% Vi 1 388 o A 3 a el 52
Table 4 The fluxes and the net heat budget observed by the NOAA (R/V)
ship in the period of summer monsoon 1999
JASMINE NAURU99 KWAJEX1 KWAJEX2
A S S (8°N,89°E) (0.5°N,167°E) (8°N,167.5°E) (8°N,167.5°E) 3
(5.5—5.31) (6.15—7.18) (7.28—8.23) (8.24-—9.12)
JEHGE 8 (W/m?) -5.6 -5.5 -6.4 -7.6 -6.1
T HGE (W /m?) -109 -117 - 88 -97 -104
Pl (N/m?) 0. 055 0. 054 0. 031 0. 036 0. 046
K PR R 4 (W /m?) 215 220 237 232 226
W R A (W/m?) —-43 -51 - 46 —44 - 46
PR EIE (W/m?) 57. 4 46.5 96.6 83.4 69.9
-2 KHE (m/ ) 5.9 5.9 4.5 4.9 5.4

WA &R 57.4 W/m® . 6 A2 7 A s Ay
7R 38 P RV 8 A [ AR AR XU K 5. 9 m/s RBL T
PEAT IR o T 58 W /) o P8 A A B R ARG A
HAT46 W /m? o 33k A2 32 4F 1 % T i J3E 7 2= AUAR &
J AT RLZE R RS 8 B RO i R — . Mz
89 I ZR I P K- I £ I - 32 DU A X D/
P12 4—5 m/s) » 3 Pl & 408/ S ol A
BRI ZS T T WA X — 15 0 5 P 7 2 X
SR WIHIML

6 BT SUE R I i A R T G R S A

IR RS

Feor TR SUNE B 21 52 e AR A b B A
I Al BT A A R4 S Bl T O AU O XY
W5 KA BEARAT AR L A WL 5% A A TR R 5 PR
Xof R AUE S 2 e R 0 O B kL T A R (Kep-
ert, 2004) .7 Z ] @ & 4 8 AR T il (FRIk 75 5%
1994) . JTAEAR , Bl AUNE Y R T8 T 502 0L
-SSR S RS B R L G T
20022004 4E#17f) CBLAST Sh 73 56 Wi 21 1
ML X “ Fabian” . “Isabel”® [ 31 % 2 % B}, Moon %
(2006) HR #i5 1998—2003 4F H BUAE R PHVE ) 10 4~
e TR TR - i S R T R AR
G T GEDL 3 4z 58 20 v o B XU K- 6 &R
AR SCHRAE 2008 4 5 2% XU ) 0L I £ b LI 2 14 9
G K i 7 e & R i i R v -8 e Y
AL

2008 £ 5 J] 1f&—10 J 1 &, BARBEA Kl <
JE ) G S TUY AR 9 A A SR P Vb AR

THEEZ W (P RGHE =6 GO, Hrp, X v6 v 52 m
BRI 16 5 6 XK wmhr 7, H & X2 g
BOEL.PEV 9 H 29 HF FWM A1 1 min 345K
KA 19.6 m/s. BEET XN 23,4 m/s, P 7K 2%
B R ORI E A 4.9 m, 15 S A Xk
ESRIE VGV aE  H g T3 B RS2 I )T 1 min
-3 Kk K F] 17,6 m/s,

5 4T E A KUIE] 9 Yk Bl AUERE T i B
H B ROV R R R R A L R 4 TR
A AE O e RRGGHE R O VG Vb 5 7 75 U B R
JiE RO B B B A 1 min S 2 g kXU A I
FERE K G, AT LUE ) B #0005 B T
(AN LIRS QS O N IR VR EE S WA NN i e
5 0 A AT AR K 22 501 5 9 W ARG U 52 i) ok AR v e K
T A A R G ) 25 AR R 4k
P E(6.9.12.14 %) R 2 i T REOK AR /sl
B R M-SR 22 5/ Jie KOG /U 5—
7 W/m* ;1Y & R R R K A K (=10 mm)
A R B GE  E LL R Fe b 15 5 5 R A
H1 17 5 $ho XU T v T 77 5 W) B 1) JR ARG o )
Bk F] 20.3 1 27. 8 W/m?, X & i T [ /K B U
R A A b i 5 B0 - TR 25 3G K L . T UL
(02 o T VS HGE B2 30 min (B MR, 5
B R 1 min S35 XU B AY B R) R 58 W) A, TR
B B RN LR R B, 16 5 & KOk 5
FL7S WA e K 1 min S X 19. 6 m/s, B HAGE
O 266 W/m? ;17 5 Fo7 XU 1 f T 7 5% i) ) e
K1 min 3R BAR BN A BT 2= KU & X
S 3o R e v ARG Y R KM 292 W/m?

® Black P G. 2006. Observations from the coupled boundary layer air-sea transfer experiment in hurricanes. http: / www. aoml. noaa. gov/

hrd/cblast/index. html
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Table 5 The maximum values of the sensible and latent heat fluxes for the 9

tropical cyclones in the period of 2008 summer monsoon

LANPS 3 AR BEPE e . K 1 min it A e Kk PN

SR KR P g CORKRUR e mkm oMk san

" : S L1 ] . o

(m/s) YK (km) (m/s) (mm) (W/m?) (W/m?)
H if (Halong) 15 SE 600 5H 14 A 12 1t 12.3 1.0 251 21.8
R (Fengshen) 23 NE 500 6 H 25 H 01 ff 11.2 0.0 123 6.23
K& (Fung-wang) 35 NE 1400 7 H 28 H 04 nt 13.2 9.3 132 7.53
4t % (Kammuri) 18 E 600 8 A 7H 07 it 15.0 2.0 248 7.83
1 3 (Nuri) 13 NE 750 8 H 23 A 06 13.0 0.0 142 9.68
A% 1Y (Hagupit) 50 NE 550 9 H 24 H 04 1 13.8 4.9 151 4.95
#4% (Changmi) 65 NE 1400 9 f 27 H 17 it 14.5 31.8 225 20.3
K 3Hr (Mekkhala) 20 NW 60 9 A 29 H 07 it 19.6 10.1 266 19.0
¥ 25 47 (Higos) 18 NE 80 10 A 3 H 10 K 13.7 19.1 292 27.8

F 6 I TS R PGB R B 5 R E M
M o o 2% el R P K4 ) 5 8 R A SO O
52 MG BRI AT T X . AT LU . 5 X
T R R i A DX A T TR T 140—
160 W /m?* 5 J& B H F 2 J0(E W -5 I 228 AN R

(ERESREEBIE i NNy N EP TR & AP WA RE 2%y
WA S A g 3 R B R ORBR T ZR XUIE BR
M. R 2 S XA 82”7 (Kammuri) 52 0 3 [6] , # 7#
RIGIAE] 64 W/ m? 42250 07 8 2= KU BR 49T (]
AR 2R Bt 89 W/m?

6 5K EG R A o AR A A AR O (W /m?)
Table 6 The fluxes exchange and the net heat budget in the period of the 5 tropical cyclones

R b 1% Ky 0 = Z= XL BRI

Pl A Halong Kammuri Changmi Mekkhala Higos (7H 6—
(5H13—16 H) (8 A6 H—8H) (9 23—24H) (9 H28—29H) (10 H3H) 23 H)
JECHGH O 45 (W /m?2) -10.0 -6.67 -2.48 -10.10 -11.80 -5.03
G OE 4 (W/m?) -162.0 - 164 -111 - 140 - 146 -90.70

B 1§ 4 -3 (N/m?) 0. 0999 0.216 0.149 0.232 0.119 0. 0861
K B 45 %8 5 (W /m2) 217.01 161. 63 144. 94 171.55 169. 02 256. 63
T THT 6 U 4 S (W /m?) -19.75 -21.92 -13.37 -29.71 -16.06 - 20. 67
RAKWBEEF (W/m?) 437.27 451,27 448. 93 448. 47 426. 94 444,79
T T P AR S (W /m?) —-472.5 —483. 84 —485. 29 - 471.30 - 457. 80 —484.45
PRI (W/m?) -9.97 - 63.53 -18.27 -31.09 -35.70 100. 57

7 i A S KU 5 AR

gy ik ORURE 1) 75 9 30 002k 35 6 30 L 4 12 1
R I A PR AR IR AL
TR B AR SR MR R A B i . B 7 5 T
2008 4E 6 J 22 H—10 H 7 H 30 min F# Xk 5
AR 4 2l el AR A, T LA B, 3 i AR o A
5 R AR R — 2L

2 1.E 3T 2008 4EF KR A AT 4 K
AT AR N2 R K L b L R L A K o A v g R
i AR Ak R B 5 A L B (2008 4 4 H 25
H—10 H 7 FOFHMEME T A, 6 hdgfh T
5 KA NG B R sh it it , 255 & 7 AL

F s AR 2008 4F 5 g 2 XL R 1o A v 22 )
AR K 25 XA S i DAL OXL g 4 3555 CEL ORI 38 SF- 35 471N
HAH 0.0217 N/m* WA R 2= KU B — . 2= XU
R Je DAL JRGEIN K CRe ) 2 74 R K AU BT B L Bl
WK, HAMb R E e Bk, 7 H 623 H
2= X BR 1 ) i35 0. 086 N/m?® , hy 28 KUMR & HIT Y 4
fi. 16 5 & KK o B it FE v (9 A 28—29
H) L shis B ME X 0. 232 N/m? , 25 KUE & B
9 10 £ . 1EJ2& i TR K XU ) 18 L PG Ui i
BT 4.9 m B E KIS

2008 4F 74 v 2= KU [ 3y 5t 58 57342 0. 0475
N/m?, 5% 4 45 A9 NOAA fF5E /% 1999 4£ 5 H 5
H-—9 H 12 H & Z= KUY R 7E d i ho v | o 38 75 K P
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A 174 0. 046 N/m* JEH H23 ,
£ 2002 AE VG P 5 v 2l JE B o Bl KGR o A8
Tl & 2 2R &= 0.001857° — 0. 005590 +
0. 01248, A5 99 % (IE2 |45, 2005) . [
8 %fﬁf}g 2008 4£ 6 f 22—10 H 7 H 30 min
5 H RS AT RN S R SR AT VRS,

Active Break  Active Break Kammuri

K2 2012,70(3)

Acta Meteorologica Sinica

Sl B XUE o 22 Al G il 2T DURT Y A
FEACL L E T AR OO0 I X 38 I RS L e T AR AR 22 T
HIFPFHARZ 68 FRKKAT BT 564U
AR AR AN

r = 0.00171v" — 0. 003809v 4+ 0. 02213 (4)

. Cold Mekkhala
Nuri  Rani Decay current Changmi |

] j: [ l l l l l l l l l Hagupit\ *Higos . E:j -

VIRt

b ﬁ oo 2

E : pﬂ 102 3
0 WMI JWMW M’\/\ JM N) | ﬂ NWN WM s LA UJM ] 2(1)

K7 200846 H 22 H—10 H 7 H 30 min 73 R #

Gl 2D 55 A L 179 gl o o (L0400 8 4k

Fig. 7 Variations of the momentum flux (blue curve) and wind speed (red curve)

obtained from June 22 to October 7 2008
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Fig. 8 Momentum flux vs. wind speed

obtained from June 22 to October 7 2008
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