BISE Bol K R OH % Vol .15, Na.b
1991 11 H SCIENTIA ATMOSPHERICA SINICA Nov. 199]

TR K SN R RIS £ T 4

A N 1 Klaus Weikmann
(B R BE K S AR AT ) (ERBERSRAEFEERE)
i ¥

AT [ HE PP L5 B — S 1 T R T 4 78 AL SR 1 [ S0 1 K SO B S ) S P
TR . SR LR ARERERMEEES SR ST ANETL . MEmEXEE
FRBEEEL . SRR i TS KOS SR b 1 S B T AR R O 2 R
A EEEKERREEXTFRERS . FANESARMEMESLNG SRS . ANk
BN REMNLY . EEEEE Y . R REZ AR RS R S I f o
EHEE.

XA B - SHREBNE KB, E£FE.

—. 5

MFRAIEA LA E M RS F o A SIRRIE S R R . BB A SRR E 5%
EfER - PESnmEER. CRNMRIORS . BHRAEE . EEE K S
BAERETAR B PEL . BANDRNEERERAS SWEREZ ML &
BBHARS . KTIFH K B R TR RSN R AR B R AE AR AL . At
TR - A2 AR RN . TS R SRR - SR
—AEEHE . M Jacobs [1942) 8 X — RN NS BER TSI
HrE"" . RTeRIERKBEY LG - SEREEHETTREL-ENFHED
A TEEEA D B S THEMEEATEIENREAGRR . EHMitE
PR T AR, H SRR R R . T0ERLS . RE
iERE R L 0K SR PR AR SR M S, 0 Rt A A L 4R
AW AR FIR PR T (TP T AT BT REARAR 00 BERLR A R, YRR BRI S
WAKRET . SHFEe . iFEERIK A S BN TR ANSHL T RO R
i S HIEMEIRE TERBENINT . FHA T — S B RATINE R R
BOEEE R RATIEA A THERMT B ITH SR .

& -0 b A BE B0 SOAT BATE A R T -

() HEEEHEU THEERERMNER . XL FMRI] TR EFRES
MR R LB . A TEAAE, —BNATREGE:

R, ,=R.-R, tla)

s

1988 tF 9 H 8 Hug®l . 1989 4E 3 A 18 ARt .



6 1 E A e S et B S A 1 7

P T EL A Y e i - 1 R O T 9 SR R AR SO T ALY A T IK
CHAR R 2 "2 "HEH{EE)

Rnn=Qe+Qﬁ+Qw+Qra (lb}

Heb R, RERERWHE R CHEN; R, REEmASRERH . R, T Em
ARSI, O, MO, ENEARNMTRENHEER; 0., BERNIM TRR
HMEHE O, BEEAAL FTAEMNRERTE. @, +0Q,, BEANERMKM
Kt BEGTE T HKEFEEORE . 10 R KRR E 8 LT B H
Hitie BB T® R, RO, . O, k. MAFER,, MR, FHFitiE.

(i) ER—AHELE, EHE - ARE XA RRREH N FRRD . KAT
e MERERE R FRBARER . HTR—HE, BETEEH . BayEErRE
(Q,. CHORMBREM - MSEEEHER R, . SITEHRIE TR R LR
ARBR. TR, 5 R, ER—MREFEMETE .

FEEEEHE T ra—— BAEEm TSR ERRET THR.
Budyko' MMM . RET KT . B R KT p RS A AR R A R
S (BHE)EAMKRITE TR O, . BRO, MERTEMNEER,,. M
fEAR{E . Bunker!®! HRHE3S x 10° MEEAMMMB S ERM TR, HKAEFEER
HLA TR R F AT TZ BT, FLUL RS, e T ATESET T &
EPAER R SRR ¥  Hastenrath f1 Lamb ¥~ st $haif D HE M K B
R AT AT S REERICL AT T, T R, . Q. 0, REKRAR
070 A B W R o EE TR T R % % 4 BRI ALASAE . Weare % A Clark ™! 23 5% $4
HRCTEMIE RTINS EMERBC T THE . BRER TEE TN 0
i

A MR E MBS GO FRHET . PIHERERASIINEERETHE M ZRIE A
BUBER R TATRH, SR ETESEREIMARKEER . RINEETIEXAERE
e S TR AL SRR (SST) P @SR (SLA) . BERE(W IR L
BCYEHHELSHRETHELS BABRE .

RIERREOCHERSEEY FHASHFERMMATNARSEETF . XEEX



28 AR H®
BN AR EE )

> :.ﬁﬂﬁﬁ%

4

15 %

&f$i%ﬁ%&?ﬁ%ﬁ#ﬁkﬁ@ﬂﬂ BAERNABEGH .. 0, f R,
EEAESH - %ﬁmnt&Ax%%&gﬁg RIVEO.. 0,.R,, XA BWF
LRI RHE R KRR ALY 8 I TOH (Total Oceanic Heating } .

TOH=0,+0,+R,, . (2)
FARUNESTMANTFEESEEADHE

Q.=p,LC,(g,~q,) W, (3)

Qy=p,c,C AT ~-T,)- W, (4)

R,=eoTHa—be' W1 —cC+4ea T3 (T~T,) . (5)

A p, RESER; L REREERY; o, BFSSNEERE; G, B C, 4382
ERA SR RR SRR ¢ RVESREEEREWHMLS 0, BiSE LSS M
Wi, T, RERERE; T, ZBELSSEE,; WREBEAE, : EHSHKNE
&Y, o R Stefan-Boltzmann %% ; ¢ ESSHHNANE, CRER(T2E), o

b, REFETARBPRRARBNEHNBRANA ZHATHEEEHERNY 2B
HIESH . ERBRITR a=0.39, 5=0.056, MULERHH Mo WX - HERK
BRERAMERTHREF 7). Clark (1982), Weare (1981 RSBl B T &
PR EMKEESTER 7. Esbensen #1Kushnir (1981 )i B 15 7 2 Bl 2%
REMKBEEEE""" . Hastenrath #1 Lamb B8 T HBEIBRE . 8% KH
FRMER TR LRSS Y. c SEREE S Budyko (1974)FFes iz ()

SWMEEREE G)ULG)RGRENFIN-8——21%,0—=32% ; | — —19%!'.

HWHARANEHEE 194 F2EEXGHERIRANMF L X ERESFHEPR
B (CIRES) 5 £ HERA KB+ 0 (NCAR) . BRSBRE R .0 (NCDC )2 § 1
o ¥ G S A SR (COADS) 1v)

EFTREHETIHEMNE (BRELD: 1. gEfkkR (18°5—0 % 80 —70°W )
1. REAFPERH (B °S— 2 °N, 104— 84 "W );II1. JLAFHEDE (34— 46°N.,
176 “E — 150 "W ); IV. HiEKTHEE(4 °S— 4 °N, 122— 154 °E); V. #
HEEHFH2 °S— 2 °N, 50— 82 "E); VI, FH{EH8 — 22 °N,
46 — 64 "E); VI B ATBERE (2 °S— 2 °N, 14 "W — 4 "E); VUI. fbia 4
KAERS(6— 12 °N, 28— 10 °W).

Levitus (1987 )/ COADS xf £ 3R X iR F A6 5 BH4T T 4000 ", s
HEREN ., ALRANREF L I N DR ERER S EEED . 8K
SROCERE) SAERHEE, MEHMBATE . FFHRIV.V. VIKSR, BEEE
SR CRERBMFENAMETZEN . BRI EEEMBEELA T RTEN
EHAEENASIMMET TS, FETERFRFEEAFIENFRR .



6 M SRR TR AT NIRRT R A 29

= ERMR
L EENASMARE S T

B2 #REXRPRESKMBBOEIIRO, . O, R,, REME TOH &
BRASBEFIYE . MEPT S EREB G ER A R BN AT R F K A AR
) ARSI

ERLTHN LKA IR, TOH QA AN, EE UK. FiEsx Ty
IR/ E R K LR (3 A f1 10 A) A3 I KBEZ4A02 AR T A).
UK, PSR A FHPSGRA R IMANESLUR A AM, &7 %8R
ME TLE 1] A BBBER, SEERN I RILERH, KRR 2 R Ry,
IV K. SEFEAFREGRERA TR K )RASTANETHRIE, 7% D
FERAREHOGE £ S AR 11 ARER—KE/. /20 .7 HIS A SBRA.
VK, SEREEL WEEEE GRS E S AR | — 8A,
IAMAN S ARK, ETARBIRO— 12 8, 10 Bk, 12 A/ V Kk
EBURBY IV KR AT FGRA. VIR, MRS 8 R %0 &SR
BRI, KRB E A SRR SNE, B ARV A,
B—RMEHBES B, IV REN—A B, B oMRAEEBES B B AR
AMEERAEY AL LIV RRISAHES. VIR, FERKER. XEN8H0EL
GRAMENYE, 5 VIKERAE v REESE. IV ZRERATEE L. R
MKHESARGR, EXE, MPMAE] HA9 AEA— T8 TS AR A%
A—PRA B 1 ARRRELS AREAMES. VILK, MPHELAE K/ 0
RGO ET L ERERR 12, L 2 A8, 0. 10, 11 A8, AMILERES
MR E A A E IR EA AR S, AT AN ARET - ANME. A1 AN
B 12 0, | AWHE, BeER mEE. BEL R—RCME I8 .

BERE . LRFRREAMELERRBMAHAE TR LA NEN (ER
H9), WARETTAT R . 2R B RE BRI AF M 25 DX SN 00 B 05 2 0 A 0 (2
WA FERE KA TR R AL I A A AR AT W
AN E RS TR MR SRR E R BT . ARSI ES Ra R
TOOMSHE A BEBE ; Q)FBATHERESHE; )L THAB GRS
KB HRFRAA AR RRNEASE . Ba, B AREARRERFASFENR?
FERFBHRAELNEE ? TRAEASHRTANER? KIARNTLERE
BE—-MLHOER%, RN . SREWHMNERR? RITHKEET
MNBSRAANBENERRE . FETE . BEAERZESEE . KUMBE T
SRR MR B LA ot B 7 ) 6 7 B 437 0[] 253 8

2. MABSHRTAE  FECR R . ZHEF . XSFREFETLNXR

FE 2 PRGH TREMLE  FESRAESRENSAKRTHE, £ENS
EmFE Q.. 0,. R, & TOH ZRMASHRTHERITHE. TWED KL RH
BRI



15 %

kX " K %

VIs-15§=a [ |

30

oo _ o T e d kR B b
CL-I=Q) ¥WL80 ("L¥F 1vS) BLWL& (' L¥E ISS) MBI W S ST B )
MM HOL) 7 BT TN ) ERHRT W bd  BERE WY (0 R (C0) WRMAERLY B

I o3 9 ¥ T zZl oL ¢ 9 ¥ 7 4 WL T T K - a o %

i

vis-1ss=a |

vis |
158 =—
B mA BiA
o

A\ | 05 o5
v 8 - ™
o f \!)f\.\l(!..én. .‘llu!/\\llluron_
HOL —— - 00T v e

YIS [¥]
188 —
7] 1
N -]
/) ﬂ

HOL ——




Hio® 16 t¥d,Y

68 SUMEF: EEI A UMM IR FETLAE 3l

(1) FEFEEREABRE . Wl I, 11X, niged S d s — A8 CE R
), mREMERL (EERR) RRtEB RmBASRNMX . NHHNFE
EERSERM\EWEELAERNEAE BOAFF -2, YEBROHEES
B WA RRHE . MEEAHENEL . RIEEGEITHEEA .

Q) ERAERERENES. KERFERSEHANEERLERERNY.

- ARKESHERATHASE . Hit, EREERX , WBGAEERSER KRR

SHE AR AGE ROV IR . MBS KR RS E RN EL . A
SEHAEEM LGRS . B, EB%R . MASHETANE S EhBRERNE
WEHRE . FEEREXRABE . BRAER B KEEHETRL R/ .
A—EMRG . SR KEEHY B RN B — SR RAGE AR KR
SR BRI THAPEEN . MIKK1,2,3,4.9,10, 11,12/, WIEHS.
6.7.8 H, VIK#6.7.8,9 3, 7EXART . BB % 28 masy B9 7 m
FRAS . MAAHCHOESHE Ry 8 R 1

-]

TTW

AN AV VaaE

[[1] R IR S S U B | PR T T B T S 1 PY R B A | i e PO T T
3 % 6 8 102 3 7% BWiz 2468 @012 2 463100

—
T

M3 EmER(Q,). KashER (R, ) SWTEEAE). ik (CMERERE T)
METEZENEE FROTH/FHEOH | MEEALL.



32 X" B o 15 &

EH2*ﬁﬁﬁ%%~¢E¥ﬂ%ﬁﬁ%ﬂk%ﬁﬁ%ﬂ$ﬁ%5ﬁﬁﬁﬂﬁW$
B A8 FRBTERHR A TG R4 . FOUR S & R 0 1L
BHREHATREEYETAOEM . 3 80 508 R0 T 0 . % st
SERE, REREBEFELZMNOER . STETLE . RIS 502 AE Ll
. RERNBRDMEBRAT, BAERY |, IRECEZBHEOD | 2%,
ENHRIFELBBEAF T | . I P RATAT A B 5008 R 4 4
H-BERAAHE . SRR, BREREN, YRSEEEBEN, BRERR
b BREREERNANEERZRGER . SERNESVEREEL. SE8H
et KEEHERED . KRR, G A5 R RITIE S0 T ISR A S M
M. ERMTRNK B BRI BRSHL = AK, MR A R T
MASMBTHHEARE . Fk . AADE R AT R NS £ 4 R 2 b R (TR
RT R ERA . WELRE ERGEEREE ES SORRORN . 5T
EIREREL . W REAR, . ZHRER G R SHREFOMM L HEE SN
WEAEE . fENEESMBSOETLRIMMAEN . £% - SHIERTED.
KEABFALRIEH ERGHE . AKX TRIEDEGREL . WEBME S
Mg E RS R R .

21 NAEESORREERE (7, ). ARk Q. ). BETRE W),
AAEAREESER (R,.) . RER(C) HRME . RAEHYET 5N

Wl (T,) R0, ) L (W) KHEH (R ) ZRiC)

i AT (W/m?) (ms) W ./m? (A4HRE)

g\ B EX FH | RN ORK PSR Rk T B RX OTH | B BE by

I 17.5  22.7 19.9 37 &7 50.2 | 4.2 6.0 5.1 516 633 56.3(4.0 68 5.6
%) @ ay o )y ® @) @) ) )

II 22.3 267 4.2 53 g6 723 3.2 5.4 47 §7.6 63.7 60.514.0 6.4 5.1
@ @) (33 10 3) (@) (9) (5 ar 9)

III 1.1 202 14.6 | 33 117 765 6.2 10.8 3.8 0.0 7.0 62.5[58 6.8 4.2
3) () ) (10} (7) () ®) A12Y ) @)

v 28.5 29.2 289 7 96 871 1.2 42 37 85.5 610 57.9(44 53 50
8) (5) (5} 19) (5) ) 2 ey - ey @

¥ 28.0 29.1 28.4 82 111 96.5 3.2 '4<8 4.2 g0 845 605(3.6 50 4.5
(11 {5) (3.12)46} 3 (N i7.9) (3} (3) (&)

V1 254 142 2638 77 160 H2.5] 5.4 11.7 6.3 530 9.0 67.511.8 38 2.7
) () {10) (6) “} (N (7)) By (M

VIl 23.8 288 263 78 107 84.1 4.0 5.2 4.7 56.5 68.5 604137 53 a7
6) @ (1.8} (5) (3} (6 ay o (7} {11)

VIII | 25.2 28.0 26.8 7% 108 94.5 36 55 4o 1.3 69.1 62.7]3.3 60 4.6
(3) an (10} (12) {10 (8) gy ) 1) (&)

BERRBEERRAD . RREIERA G . )

VEAMVIRET 12 HE, BAERSRGRER LB ELAS . Hi
GBS R, BREREHIENDT RGN E . X T UNTFE A3 R
B —ERTEHNSREEREL T EAPHRAD, _RERBEIRERBEERK .

vV

9% 16 Fb41,



61 MBS R S 0 L A R I KX

ERTEAREAAKY. AMEERERE . VELSRER Y Emi4 VLK IR T
R e

ERAER Q.. 0, FEklL 5Budyko (1963 )iHHaEA M2 b4z
EMERERAE . MM . REEAKTH . KA FESMK, O WETERAIES
BHRE BN, O, BREXEEREI. MEHHRNETRSE . Budyko 3 1 A
FEEFARAR 20 s L EMARA) — 18, XBEERTRERE. EiEHEs . YK
RIBKE EMT . RESHRIBE LN, BESNES THEREEYE . BMGERN T .
R, RIMERHVIERVKEESEAREREAMK . 20 s & T e
2—3C. Ak, BREE-BEA R

m.E iE

FXEBEVHE TR UM ERE, WSERPED . AR i
EEmEHESERABERAARMETLRE. ITEREIT RN TH
ENSOBEXFMHE - KSAKENFERELARFE . b 7K ENSO BTN . &
AP L RERE AN LR RARRRSHE . ERERATE . KRN
PORCERE L R AR E TR RIS IR A R BB S| K SRR P MR B e
MEES RN RERE TR AL SEBRGY . MEFRNEEEFEAAS L
PERETE . MAMPSHE KB A E TR R ERIFERBE - MR %
%®.

R E R . BIERERBET B EAFCEE A K e
FRGEW . B THROFERM A %8 COL MRMEMIHRYE . CO, LMD
BRUOPIRSE, HRENEAEEMEIRE EE R Emd b HRMREINE
FREEIMSBREL . B0 10 F35 10 £ ERRERE . W CO, #y¥matb 20 mn kL
FET. S TERCLAFNESEE . BREN EFOKEBEHNER R, - -T2
BRI . AR T SR oy T 38 i g A S P BB 8 5 A
AEREAC R . TEMLZAT. T VAR . R B A T R M K B A X
£ B FXPHEN RGN T R TR TR 8 R (TOH )
K R E L HE . TOH BB EFR BTN T RERE .

$# £ X W

[V] Perry. A.H.and J.M.Walker. 1977 . The ocean-atmosphere system . Longman. Londen and New
York . 130 — 135, 85— &7.

{2] Budyko. M.I.. 1963. Alas of the heat balunce of the Earth. Kartfabrika Gosgeoltehuzdata .
Leningrad .

{3] Budyko. M.1.. [974. Climate and life . Academic Press. 57— 62.

[ 4] Wyrtki. K .. 1965, The average annunl heat balance of the North Pacific Ocean and lts relation 1o
ocean circulation . J . Geophys . Res.. 70 . 4547 — 4559 .

[ 5] Bunker. A.F.and L.V. Worthington . 1976 . Energy Exchange Charts of the North Ailantic Ocean .
Bull . Amer. Meweor . Soc .. 57. 670 — 678



34 x5 R % 15 &

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

{7] Hastenrath. S. and P. Lamb. 1978 . Heat budget atias of the Tropical Atlantic and Eastern Pacific
Oceans . Univ . of Wisconsin Press . vii-viii .

[8] Hastenrath. §. and P. Lamb . 1979 . Climatic atlas of the Indian Ocean . Part | . Surface circulation
and climate ; Part II, The oceanic hear budget . Univ. of Wisconsin Press. vii-wili .

[ 9] Hastenrath, 5., 1980 . Heat budget of tropical ocean and atmosphere . J. Phys . Oceanogr .. M.
159 —170.

[10] Weare. B. C.. P. T.Strub and M .D. Samuel. 1981, Annual mean surface heat fHuxes in the
Tropical Pacific Ocean. J. Phvs. Oreanogr .. 11, 705— 717.

[11] Esbensen. S.K. and V.Kushnir. 1981 . The heat budget of the Global Ocean . an atlas based on
estimates Fom surface marine observations . Climatic Research Institute . Rep. No .29, 4— 5.

[12] Liu. W.T.. K.B. Katsaros and J.A. Businger. 1979, Bulk parameterization of heat and water va-
par including molecular constraints at the interface . J . drmos Sei .. 36, 1722 — 1735,

{13]° Reed, R.K.. 1976. On estimation of net longwave radiation from the oceans. J. Gegphys. Res..
82, 4915— 4920,

{l4] Talley. L.D.. 1984. Mendional heat transport in the Pacific Ocean. J. Phyy. Oceanogr. 14.
231 — 241.

[15] Sltz. R.J., S.D. Woodruff. R.L. Jeane, D .H. Joseph. P.M. Swurer, J.D. Elms. 5.J.
Lubker. J.D. Hiscox . 1984 . Comprehensive ocean-atmosphere data set. Release 1. NOAA /ERL .
325 Broadway . Boulder . CO-80303, | — 22.

[16] Levitus . Sydney . 1986. A comparison of the annval cycle of two sea sutface temperature climatologies
of the world ocean . J . Phyr. Oceanogr .. 17. 197 — 214.

[17]1 Fu Congbin., H.Diaz and J. Flewcher. 1986. Characteristics of the response of sea susface
temperature in the Central Pacific associated with warm episodes of the southern oscillation . Mon .
Wea . Rev.. t14. 1716 — 1738.

[18] Qort, A.H. and T.H. ¥onder Haar, 1976. On the observed annual cycle in the ocean-atmosphere
heat balance over the Northern Hemisphere . J . Phys. Occanogr. 6. 781 — R0Q.

(1] hitde . MM . 1986 . RAERCEML . TRUKE . 46

(200 FH&E(R). 1973, WEXSREER . PREACURERE, EEARRERY . 1 — 87,

Regional Characteristics of Annual Variation of the Oceanic
Heating to Atmosphere

Quan Xiaowei Klaus Weickmann
({nstitute of Atmospheric Phvsics . Chinese (Environmental Research Laboratory,
Arademy of Sciences) NOAA. U.5.4)
Abstract

In this work . the regional characteristics of the annual variations of the heat
fluxes released from the ocean to the atmosphere in some tropical and mid-latitude
regions are revealed . The climatic mean value of the fluxes appears to vary with
annual cycle over low SST regions while with semi-annual cycle over high SST re-
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gions. Comparing with the flux of turbulent exchange of latent heat and the flux
of upward long-wave radiation the flux of sensible heat exchange is very small.
Owver the high SST regions the value of the latent heat flux is larger and viries
with larger amplitudes than that of upward longwave radiations. By contrast .
over the low SST regions the two quantities are of similar magnitude and same
importance in terms of contribution to the variations of the total heat flux from
ocean to atmosphere. While the SST providing a background surface condition .
both surface wind and cloud cover play important roles in determining the intensi-
ty of the heat flux and its variabilities .

Key words : Air-sca heat budget ; Regional characteristics ; Annual variabilities .



