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Abstract The OAFlux (Objectively Analyzed air-sea Fluxes) database, provided by the Woods Hole Oceano-
graphic Institution, and widely applied in the validation of climate models, is tested by using the TOGA COARE and
KAWJEX measurements which are two serial survey databases of NOAA ETL (Environmental Technology Labora-
tory). The result shows that the latent heat flux of OAFlux is systematically higher than that of ETL, and the
difference between them is comparatively large when the heat flux is large itself. Wind velocity plays a dominant role
on the change of latent heat when the influence of humidity difference is minimal. In addition, when the sea surface
temperature, air temperature, and wind direction do not vary much, the latent difference between OAflux and direct
measurements is significant under medium to large wind speed condition and is minimal under the low wind condi-

tion. Meanwhile, the sensible heat exchange is very weak and the values are still mainly controlled by wind speed.
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However, the values of the measured sensible heat flux are very close to the instrument error, leading to difficulty in

comparison analysis. The result also shows that the interaction between air and sea mainly depended on the wind ve-

locity when the humidity difference between sea surface and air did not change much during the experimental peri-

ods.
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Fig. 1 The time series of (a) mean wind velocity, (b) wind direction, (c¢) mean sea surface temperature, (d) air temperature, (e) mean
air specific humidity, (f) sea surface specific humidity, (g) daily precipitation, (h) net short-wave radiation, and (i) net long-wave radia-
tion. The star line represents the TOGA COARE measured values on board, the dot line represents the values of OAFlux during TOGA
COARE experiments
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Table 1 The characteristics of various meteorological elements when the differences of the two latent heat fluxes are maximum

and minimum

VIR i K 28 R VP R /N2 I
Wiame Kk e "R WHmE K R KR
BfE /Wem 2 /m- s /K /K BfE /Wem?/m- s! /K /K K]

U 1992 4 91.07 4.12 302.44 300.33 226°~354° 1992 4F 2.13 1.63 302.92 301.31 0°~3°,

1124 H 11 A28 H 318°~360°
B 1993 4 67. 45 9.70 301.72 301.20 301°~325° 1992 4F 4.09 5.19 301.98 300.77 0°~65°,

1H1H 12 H 29 H 344°~360°
B =N 1993 4R 93.02 6.11 302.18 300.17 257°~350° 1993 4F 3. 00 6.61 302.20 300.31 271°~292°

15 31H 1H30H

*2 5% 1R, B85 KAWIEXREX
Table 2 Same as Table 1, but for KAWJEX experiment area

TEPE R R 22 e

T R /N2 S

WHGER KGR SR
H:J‘I‘FTJ /W‘m 2 /m- s 1 /K /K

WA R R AR
e /Wem 2 /me- 57! /K /K R

Wy 8 H 8 H 48.58 7.44  301.74 300.71
M 9 A3 H  85.64 7.80  301.81 300.82

41°~93°
41°~93°

301.76 300.29 82°~115°
301.72  299.23

8HS5H 2.70 4. 30

9H2H 1.03 3. 94 24°~91°

XAFE WA 2 Horpr, iR A s R B 22
TEZE R,V HRGE 5 KU IE b G R I RILAEE

Az 2 T DAE 1, Gl & 518 210
BIEHSE R, YREAEFR, FRATIE RS A
AR I, A 528 ROR R Z 22K, WA
W, PAES 365 H O (HP 12 H 30 H) M,
1 AT LA B H XGE B85 IE A1 OAFlux {H
Y, WA IREZE, BIE KT OAFlux
EEE . BB 3 alAL, WA G, R
ALK T OAFlux {H.

Bl 4 2 KAWIJEX {050 X (i #GE =, 5™
ASXRIIG, HT— LI AN 1999 4EAYEE 209 H &2
231 H (RP7 A 27 HE 8 A 18 H), 7
(8.4°N, 167.7°E), Ja—Mm 2 M5 235 HE
5255 H (B8 H21 HE 9 H 11 H), HififE
(8.5°N, 167.5°E), WLLFHF|, R b P &
WIRIE OAFlux (B R TR I(E, §7— 00, w
REEERESFHMAE 221 H (BPS H 8 H),
3 48.58 W e m 7, JUEFXGHE . W AR A
MR 7.44 m « s7', 301.74 K, 300.71 K,
RUAIFE 41°~93°; fe/NE S BAESs 218 | (1) 8
HSH)Y, H2.70Wem*, HEXGEE. Bk, <
WAy 9 4.30 m o« s ', 301,76 K, 300.29 K,

JIRITE 82°~115°;  Jg — XL 3 4 X 36 1 e K 22 5
WEL S 247 H (EP 9 H 3 H), A 85.64
Woem ?, R U, TR . AR 08I A 4
HJ7.80ms ', 301.81 K, 300.82 K, Rk 41°
~93°; F/NESHILES 246 H (BI9 H 2 H).,
J1.03Wem ?, BUAFRGHE. R RS R
3.94m e+ s ', 301.72 K, 299.23 K, J\[i7E 24°
~91°, BVARE N, XGH X v B ) 5 R
ER, REZEA W, [HEWAK, LK 4 5
247 H (BP9 H 3 H) WEHulE NG, HIKRE 2
Y H R RGE, B2 O, AHER 1 XU
A AR BT R T — O 2 M.
3.3 BHEENEER

RV R 5 1 43 BT AR AL, 43 RS R E
JEHAGE A

Qsi = o0 ,CLU(T, — T, 3

Hrp, o, WEEHG G, P B % R85
T ORgRIE, T, BT H KR, AT, &
P B T KGR 22 .

HIFE 5 AT LLA H SHaE & mE W B/ T
PR (R, X U I AT i S e I R
ik (RIKYRZE R X m RSB RE &, 1M
G B S I AR iR 22 (0~ 50

]



3 N

AR TP 39 2 i U A ORI IE OAF lux %k

No. 3 XU Xiaohui et al. Testing OAFlux Field by Using the Shipborne Heat Flux Measurements 289
32 T T T
o | —+— TOGACOARE —— OAFlux |
&
s 2| .
z
2 L i
=
3§ 12t M _
=
s | i
=4
£ 2r i
2 | | | | | | | |
315 325 335 345 355 365 10 20 30
1992 1993
Time/d
Kl 5 TOGA COARE {56 X @#uli 5. 2LI0FE TOGA CORE fFMAME, B 543 OAFlux

Fig. 5

dot line represents the value of OAFlux

The sensible heat flux of TOGA COARE experiment area. The star line represents the TOGA CORE measured value of ship, the

Sensible heat flux/W -m™?

T T T
—+—KAWJEX —— OAFIlux

225

&l 6

240 245 250 255

Time/d

55 Al (H5 KAWIEX 351X

Fig. 6 Same as Fig. 5, but for KAWJEX experiment area

Wem ) t4r#ein, HAUS WHGHE T KY
1/4, AR RN EEH . S I L
EHH, ASE A OAFlux [HEAAH Y, {HAE 1992
EREE 317 255 325 H O (BP 11 H 12~20 H), M
HREFR, XA REAE T UL g8 4 B 225
B, B OAFlux (B2 B XU, B2 s 38 i ok
MR ZERWHNREZE, #a 5] R EIAGHE & Y
BORZES, HaReH 2 i A B R B 1 KD
& 6 ATLUA . 7E 1999 4F /9 9 4~ L
BRes 215 H (BRI 8 H 2 H) JEeHui & (e Kk T
OAFlux B B 5, 33 3 2 S IAE /N F OAFlux
B, FHE 2 LE S, X B XGE, 2
OAFlux {8 3% 8 T A5l (., <R 2, 2
OAFlux {538 /N T AR, ot w] U, X
O R ) VE s Tl R 2. AR
MrESmRras 215 H (B8 H 2 H) FI%H 249
H (BP9 A5 H), 55215 H (BISH2H), M
HZEFH 864 W e m?, B, #iR. R
3Rk 6.40 m o« 57!, 301.46 K, 300.04 K, JX

M 7E 16°~83°; 45 249 H, MiH £ HF R 7.16
Wem *, SoBf RO, . S A 5. 62
mes ', 301.82 K., 300.94 K, X |o]#F 108° ~
111°, HHATIE SIS 248 & 249 H, W&
AR, OAFlux 45 A J8Hom (2 Tt
TMARIE ] 2 TR, XRER 2, aTRUZ, X
MAET—H 2024 H . mE AR A Eob, R 2=,
OAFlux fEm¢ A ETF AR B 8 R, KR
o e e R U e R, R, 4 H
AEE AR s R E AT — H i B AR 2, M
OAFlux HAZEfE AR, X W EHMERET 4 H
OAFlux fHIRZR KA JEHA

3.4 itig

7 285 H T ARG R BRI S (N
OAFlux fE XT3 #T .

SVATNE . OAFlux 15 21 19 18 #4038 58 L
DNMEL AR e+ DG HEAE VR PGl A LB K A i 2
FEMNEE . AR RGER] 53R 3 A XA IR
W U<4dmes H, FEXHE (4mes <UL



S 5 OB & O OR 17 %
290 Climatic and Environmental Research Vol. 17
250 40
« (@) b (b)
's £ 351
= 200 , 2 30}
= =
= = 25
< [}
g 150 . 3,
5 Z 15}
= 100 . § o
:é . é 10+ l' -;‘
(a3 -— .
< 5] 5t s <
o 50 < W
o 0 .

30 100 150 200 250
ETL latent heat flux/W -m™

0 5 10 15 20 25 30 35 40
ETL sensible heat flux/W -m™

W7 (2 Wi, (b @it OAFlux (€5 ETL (s ] b

Fig. 7 Comparison between the OAFlux values and ETL (Environmental Technology Laboratory) measurement values: (a) Latent heat

flux; (b) sensible heat flux

0.30

(a)

0.25r

020

0.15F

0.10

Probability distribution function

0.05F

0
—150 —100 —50 0 50 100 150
Latent heat flux difference between OAFlux and ETL/W -m™

0.30
(®)
0.25F
0.20F

0.15F

0.10F

Probability distribution function

0.05F

0
—30 —20 —10 0 10 20 30
Sensible heat flux difference between OAFlux and ETL/W -m™

K8 () Wl . (b) BHGEE OAFlux {5 ETL A MY 22 (B R4 17 1&]
Fig. 8 The probability distribution functions of OAFlux and ETL: (a) Latent heat flux; (b) sensible heat flux

10m-+s ), 8K#E (U=10m-+s '), MAJLIK
B, PR 2K SRy s UL, T 22 )
BUNS, AR X, B FT DA F] . i L GE
A FEEPTE80~150 W« m *Z[i], IMiX—f&
B AR LR HGE 1 2 KA 2. AF 59 B IR AS i 45 1
T I C 28 J 3 L AN e AR B R 22
UEHRZE R K. IS AT LR B, OAFlux iy B4
WEEA WA, B e Eadr.
WoEmE AR R ACAL, BB X TR AR IR
EEILLRTYSE .

i 3 OAFlux i 5 D0 AE Y 22 (6 8 28 7 A
Bl (8 mTLARE I E A P 2 B 2 5.
HIE 8 B F S|, Wl eE. 52 OAFlux (A
NIRRT A TE O {EL PR i
BERIFR o

4 :%\ -Q-EI:

ASCHH NOAA ETL A AT (TOGA
COARE i 36 {5 #1 KAWJEX iR56) W08 I 7% ) xof
OAFlux 1) #Gi 5 3517 5 0E, #1585 OAFlux 19 fi
2. HREW . (D A E: OAFlux {f¥% 8
AR, O HAEPGE fHEA SRR, PiE
ZE SRR AR T A o 1) A8 Ak i ke = AR
., SRR 2SR EL . AN, P VR G 2
SRR, FEOhrE R, PE 22 SR
AR X A 250 T FEXPIAIE LT, W .
SRR AR B B AR R . (2) A
W RIS AR 55, A B AR 2 #
R FEA, Bl T EED ST o %a 0



3 TR/INERSE - R AR D 30 6 2 i PR o R TE OAF lux $odli £
No. 3 XU Xiaohui et al. Testing OAFlux Field by Using the Shipborne Heat Flux Measurements 291

AR B R 22, FEORZEIIE AR, Pk
AR SO A A (B R 22 7 A A XA

IR BN P IR A R A
RAWRSE 2 AR E, A A5
B T K A AR A, DL, AT R g R
WA, Rt — 2t OAFlux i il
B TR A B R A5 R, m {55
Ll

SZ XAk (References)

PEZEME. 2010. FEFRAMFAE CAMS (199 — 71 i 0 8 2
LT (D). PEEBREB RS BRI 1,
16. Ban Junmei. 2010. Study of air-sea surface turbulent fluxes
algorithm in Community Atmosphere Model version3 (CAM3)
[D]. Ph. D. dissertation (in Chinese), Institute of Atmospheric
Physics, Chinese Academy of Sciences, 1, 16.

Bunker A F. 1976. Computations of surface energy flux and annual
air-sea interaction cycles of the North Atlantic Ocean [J]. Mon.
Wea. Rev., 104: 1122 - 1140.

Da Silva A M, Young C C, Levitus S. 1994. Atlas of Surface Ma-
rine Data, Vol. 3: Anomalies of Heat and Momentum Fluxes
[DB]. NOAA Atlas NESDIS 8, 413pp.

T—iC, 9k, 1R, 4 2003, Ak RGAEAR SR (M.
dbat. K% Hmt, 27, 31, 70. Ding Yihui, Zhang Jin, Xu
Ying, et al. 2003. The Evolution and Prediction of the Climate
System (in Chinese) [M]. Beijing: China Meteorological Press,
27, 31, 70.

Esbensen S K, Kushnir V. 1981. The heat budget of the global
ocean: An atlas based on estimates from surface marine observa-
tions [ R]. Climate Research Institute, Oregon State University
Tech. Rep. 29, 271pp.

Fairall C W, Barnier B, Berry D I, et al. 2009. Observations to
quantify air-sea fluxes and their role in climate variability and pre-
dictability [C] // Proceedings of OceanObs’09: Sustained Ocean
Observations and Information for Society, Vol. 2. OceanObs’09;
Sustained Ocean Observations and Information for Society Noord-
wijk. The Netherlands: European Space Agency.

Hsiung J. 1986. Mean surface energy fluxes over the global ocean
[J]. J. Geophys. Res., 91: 10585 -10606.

IPCC. 2007. Climate change 2007; The physical science basis
[R]. Cambridge and New York: Cambridge Univ. Press.

Isemer H J, Hasse L. 1987. The Bunker Climate Atlas of the
North Atlantic Ocean; Air-Sea Interactions [ M]. New York:
Springer-Verlag, 252pp.

Josey S A. 2001. A comparison of ECMWF, NCEP-NCAR, and
SOC surface heat fluxes with moored buoy measurements in the
subduction region of the northeast Atlantic [J]. J. Climate, 14
1780 - 1789.

Josey S A, Kent E C, Taylor P K. 1999. New insights into the
ocean heat budget closure problem from analysis of the SOC air-
sea flux climatology [J]. J. Climate, 12; 2856 — 2800.

Oberhuber ] M. 1988. An atlas based on the ‘COADS’ data set:
The budgets of heat. buoyancy and turbulent kinetic energy at
the surface of the global ocean [R]. Max-Planck-Institut fiir Me-
teorologie Rep. 15, 20pp.

Smith S R, Legler D M, Verzone K V. 2001. Quantifying uncer-
tainties in NCEP reanalyses using high-quality research vessel ob-
servations [J]. J. Climate, 14, 4062 - 4072.

Wang W M. McPhaden M J. 2001. What is the mean seasonal cy-
cle of surface heat flux in the equatorial Pacific [J]. J. Geophys.
Res. , 106. 837 — 857.

WCRP/GEWEX. 1996. Report of the eighth session of the working
group on radiative fluxes [R]. WCRP Informal Rep. 13/1996,
Killiney Bay, Dublin, Ireland, 26 pp.

Wentz F J. 1997. A well-calibrated ocean algorithm for special sen-
sor microwave/imager [ J]. J. Geophys. Res., 102: 8703
- 8718.

WiEte, R, PN 2, 4. 2005, COARE SEuk il B < A m#i
WA X AT L] AR, 22 (4): 1- 13, Yang
Qinghua, Zhang Wenfei, Sun Lantao, et al. 2005. Comparative
analyses on a case of the air-sea interface heat flux estimated by
the coare algorithm []J]. Marine Forecasts (in Chinese), 22
(4. 1-13.

Yu L S, Weller R A. 2007. Objectively analyzed air-sea heat fluxes
for the global ice-free oceans (1981 — 2005) [J]. Bull. Amer.
Meteor. Soc. » 88: 527 - 539.

Yu L S, Weller R A, Sun BM. 2004a. Improving latent and sensi-
ble heat flux estimates for the Atlantic Ocean (1988 = 99) by a
synthesis approach [J]. J. Climate, 17, 373 - 393.

Yu LS, Weller R A, Sun B M. 2004b. Mean and variability of the
WHOI daily latent and sensible heat fluxes at in situ flux mea-
surement sites in the Atlantic Ocean []J]. J. Climate, 17; 2096 —
2118.

Zeng X B, Zhao M, Dickinson R E. 1998. Intercomparison of bulk
aerodynamic algorithms for the computation of sea surface fluxes
using TOGA COARE and TAO data [J]. J. Climate, 11; 2628
- 2644.

XM, 2000. ST A AUHE 2 2 HUL PR 2l [T [g
Bl2E, 20 (3): 317 -325. Zhao Ming. On the experiments of two
schemes about the computation of fluxes over sea []J]. Scientia

Meteorologica Sinica (in Chinese), 20 (3): 317 — 325.



