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KBRS NETHE, P400hPa ¥R, HEX_ZHBESEHESH, (20
~400 hPa), I, ( F/2 400 hPa~p,, X Hp RMESE) RERGHER I

7 1 (400 hPs d (3)
1= gJ‘O vap,

1 17s
g J 400 hPa

2A 4A 6A 8A 10A 128

12 Vdp, (4)



440

x % B %

26 &

hPa

-

3(m-s™)

10-(a)>1‘v->->->;v4<<\-'~1 PP PP P PAIPPRADTFY PA>IN

204 AL rA Y PAVELACEEETETEECCCTEVYV>3d VgV by

301 03 A4 T PAVELECCTCTRTEEPTCCCALAIIDIIAL 49 by Y

504 A>4 A4 P d vy bACEECTCCLCCTRrRY 3> 2312 g N L L
TO AY € P AP AVVLEEECCCCLECCTADPPIAI>>ADN 2
1004 4> 6 r A9 ddd VLEiqe® s € Ca et 42>P2243>5234V ¢

200+
300

5004

7004
10004

hPa

3(me+s™)

°N

10-(b)L<<<\—L<<'~V<47-\ reet rT P ar b AV R I~eeR ¢

20QVVrd b Llcp L9252 A 2> P 222 ddraupn™® A

04V VYAV VY eV EQCrCRTI P P 224 7P P22 b daqpk® P Ad,

S04 V> VLd oV b C e hr PRI PP Y Y P P Db raqr bAhATyd
TO{ V> 24959 VLUCACCA?Y PDPPIPPIPIppdav b AT TYYA
10045V 2ca23353 Lt ¢4 Pedppppdpdbaavy b L4 VvYy>d
12 VELcary » »drasee= 7 £t TAVY>IIN
200.4v‘_<,‘.,_,_._,.,““4_'\f “ ¢ vTAYIIYV
r»;g,.q-va—m,..c-*f e ArAvVIAIY
300 chacrarra e TP kECECE ¥ AT IaAY
<54<r4'1>',.sr*f"'4* ¢reerravravy
5000 Vb caa 193 gy batlinpnr, YYLKErAas v
Vibbgaddad gyyyVyARRRK ¢ YAV LT P AqI LV b
T00{ 66 2PA 4443 gygveadRneX » V¥ { L prrnciyc
Sy dd >y >
1000 5
0
90°S 60°S 30°S EQ 30°N 60°N 90°N
2 (m-s™)
hPa

104

(C)-l1»»o;v&<<<<<rb\-17v-»-»-.n»p;v;gv~<1- [

201 AVYA1I Y PAVALECCCCT AT TP TP PADPIBLLATE P AL

304 A> A4 P Pl v bt CCCTAYTATI I P PLPPIALVALY RAAD
501 A2 A AT PU v i€t Crra paA1 T Y22 daaY bAaqgyal
TO1Aa7 ¢rariviaeet e rrI »r>r Yy »rpapaavVaryr
100175 4 rAy AddVege e v g 2y rrppaaav by 1rraN
1rVeer vy > b4 € TAPIAN
20041 va e > v » - ¥ AYAINV
Abee® 1. et~ % r T 3aAd b
300{ care® 4 v, /‘,k\k a‘\ L% A X pad b
<.,4—R’—'—v->g.‘¢(u4"'; Ty yvibae® rd g ve
5004 buye® 2xwya, “vﬂﬂﬂk TelyevieE LAl v
“ vyt tay ,aqk\,'év-; Yavverrad gy ¢
7004 &« 2 v VERS * by dydvabdaczyve
43y
1000 »
90°S 60°S 30°S EQ 30°N 60°N 90°N

B5 1958~ 1997 £ BBARIC,, 1E
(a) EFE (JJA); (b) £%F (DJIF); (¢) £FH

I= Il + 12.

&)
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B 6 1958~ 1997 &4 F 3 BBIFRIC,, I LE
(a) EFE (IJA); (b) £%F (DIF); () #F

Mp B 1000 hPa. HMAuhE (4) ABREUN, BER—-4E, &A0pHBF
. (3). (4 A1 (5) RIBGETHRIUFETHFINCHT L (LRI, ROERIE T
(F. KFERHH) MES,

60°S LIRSBERI AR A5, 60°N LIJLBEMalF 5 & M&HEmR. mE 7 i, 7 60°S~
60°N S W R WEE R FTHRE, [ 15(LIESGEEF RIS, HHIENY
K, RMERHRBERUEN, AFE EEEICNBEST ]S (L] #hgE—
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MAERH U R (LN A,
BIBKRE (B, £MEFYRE
EALHIE) . FREFHBERE
Wiz AT (RIEMSE RN AS
REESEFHEL LFE), B
M, FAS AR T B (TIR 2 fh B
BIRBHBRERE, MiX P

o o Y L7169 £ 0 BR 420 0 T i 25 Y L,
490"S 60°S 30°s EQ 30°N 60°N  90°N EH 7] I, 60°S~ 60°N _?“E: E] m ﬁ(J
| 7N £REOTIMLIRTEY, &
2] P FAERA Y. FEATRAM SRR
-/\ NS ; A AL, R

2x 10°~4%10° kgm™'s”', W@
EFAEBRPR PSR (AR
3°NES, MER4I4SSER) A
WARME, A7 1x10° kgm™ s
EA, HEBEEE 30N £H M
bb, HARIMERKAT$E, mHR
KRz, XHE, IEFHEEER
AFHAE (RE4HE) WRESE
W, B8, BE|SKEEREL N
%, JLERTIERGHEAH.
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90°S  60°S 30°8 EQ 30°N  60°N  90°N
(©

AF7E 30N LR ML R E

90°s  60°S  30°S EQ  30°N  60°N 90°N fesh? RARIRET MR-
P 8 45 Hi ik F3H A 1 B 15 3 Y
B7 1958~ 1997 i AE T M HMIT (HKR). EF. £ HEFL THEHR

e (o 38D B LT, LT, ) 4 X 25 24

X, BK{EE 4x10° kgm™ s

(H) M3x10° kgm™'s™ (%), & HUHNEB (EBHATTETES, AnSan

BHE TS, 710 AR, P AT RRFRE) . E8MEELIKTFTL MP

PRSI N ISR, ARAE, XAKTE RREFHRNZ (R RILLEHEY

B, NES) MERENSRREHURSERLFHERNSFRERERTHBES
FEp,>s BEEM, RE,

Ps?s= %”spsazsin()dedl, 6)

HPTins URBE, EHFRSUREGARFSTHSAER X (MLFRerFE
B), S8BT S HEXBHEH, c RERFHER. FWMSRELK, WS (6) K
R AKX AR AT (KHEFE). DTFHEIZP, = (pods.
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2 4B 6A 8B 10F I12A8 A 4A 6RA 8A 10A 12A
B8 1958~ 1997 E il B L45%(T] (HER). B9 EI¥ER (BZR). JbEmR (ML) Mew
[F,] (R FIT,] (HELR) SETFHN (HlE48) TR HESEP, WETL
FE,4 (B 10° kgm™'s™) E 4 R TEFHRME (£47: hPa)

B NCEP/ NCAR B4 Hp B £, L RMSREEHHRSEPL, HEA
Ak (4E754L), B9 Fim. BEW R, TR, JERMLSRNFEHHBESE
BE+ 4 RIFEEEZE AL, BERIHKEETEEDLI, T B2
REHHBESESA £0.2 hPa HERIE. X RETHLIAARERN LIRS, HEk
RE, MHETLEEREYRSESE RN FEEL. EREERERATE 1.8
hPa, ZEJt$3RHA 1.1 hPa, RAHICE, HIEEREEN, RRFHYBESESH
WEFHMEML, EILEBRMM 0.6 hPa, FERGHERME 1 hPa (1.2 hPa % 0.2 hPa
MERTEWiRE), £FRZ (HETVR/DN), X5HEFAENXSRBGEHETHER,
MBS REE I ELA—LAIRE.

i4h, B NCEP/ NCAR B4R BERNEFE TR, LRERRLERTY
WESEME (F10) SHHEREREMMERFEAL. 8. CHERRESR T
RS E B EPRIRE 4 BT 5% 1.3 hPa. 1.1 hPa 1 0.7 hPa. ZA 3%k, #HKEZHLER

80

60

1960 ! 1970 ' 1980 ’ 1990 L

B 10 £B CHSER). Jtkak (M%) AEER (GBS T3
B E T SUE Psec R WIHEFF (B4 Pa)
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AREE, HRETFEER SRTFHUBRIVUEEVRLFERL, BEFREN TH
SHERERSE, LFERREZLFERER 3.5 M, X7E 1977 F5H — MK &
#, W 1977 FZEHEMBEROM AL, XEZMMHR? ZRNREEE? "

5 ERXMARE

AT AT RER XK FEE, BIEH 48 b 30~ 180°E K — By FE M X 48
(E), #AXBVEHTE, HBENHERFETNSENERELE, TUEEREN
FRFERNEFETEBBIFRAF LR K SHEIERDFHENAE.

EXI (E) WiS&ETHHNEH
EENVe, HEFL. L, MINE
. BIERTe. U MDe. Hill &

A (D BHWEFLME 11 iR, 588
FILCERAT WL, AR RY 9 & 2% F AL
Kik—8, HEX®R (E) WKL
(A1) BEBRTIESBEEHNEL
(E8), MAEHRWMKX, EFEJ )M
IR 4R €A A oA 2R (I)e By B KR B 5 51 4 6% 10°
kgm™'s fl 65%x10° kgm'sT, &
B 11 1958~1997 4 FRiE M b 30~ 180°E KigLPYF49 F 0484 4x 10 kgm™'s™
i e iy OO ke 5 G MBS
B (I))e () 7 25 B SF- 2 W 2 4
e, BEFEHHMBT 2x10° kgm™' s f 25%10° kgm™s™, £FHHMBT
1x10° kgm™ s 1 3% 10° kgm™ s, 10 DUSK 3h i AR 8 AO K SR B 15 4 80 Thasok
B, T TR S A E BT B B — 3 SRS E RTRH S
MR ZHERY 42, £F 31 (BS) M33 (E2). LTRERRELSHE
Wah s 2% 10°~3x10° kgm™'s” W EESREH, MEEZSWHABKTF 1x10°
kgm™'s™, BHETEFELG E SRR EAL KA G, K9 ARSES
RO ENEENT.

B 12 & 30~ 180°E {EE MU, )g. (1) M(Dg M4 F. B 60°S IF (HiFE
A 70°N Dhdb) $EMART SN, HARTEN, SE7HKETR-FNEIL: &
SHBTHNZARBERUSTEAMNRBAN NSRS %, HE (E)
X, FEARRAHIN EEFERILLE 60° BT 30° BHE XA AW (7)) |17,k |
{8; (I))e7E 10°S LUIALERHIE (BEmdbies), & 45°N AR TRHRAME, (1) &
45°N HEHEH-8x10° kgm™' s™, BTHEHN (BASHSHEBEEH). XEL
LHREMHYUTEEL: ERSATEARETESERSBE, PRSOEEETER

D) AXEMG, BET Hines FHXF (RSH M0, Mh155H NCEP FEHZE 1968 ERj i H < EiR 2
BR, RARBERBELY. BARIHHESFERTEH, UPEALBEELNREFE.

8
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90°S  60°S  30°S EQ 30°N  60°N 90°N  90°S  60°S  30°S EQ  30°N  60°N 90°N
(b)

(=]

90°S  60°S  30°S EQ  30°N  60°N 90°N  90°S  60°S  30°S EQ  30°N 60°N 90°N
18] ©] 18 ©

|
. A A

o
-
.

90°s  60°S  30°s EQ  30°N  60°N 90°N  90°S  60°S  30°S  EQ 30°N  60°N  90°N

& 12 1958~ 1997 4 30°E~ 80°E X B, N F 15 %k B 13 1958~ 1997 4 177.5°W~ 7.5°W X i,y ¥y
(Dg CAELH). ()g (BZ) MUT,)e (HEL) BT %), I, (B%) fl, (AR WE
HBHERSAH (AL 100 kgm's™) MBI (B 10° kgm™' s
(a) HZE; (b) £%F; (¢) F¥Y (a) EFE; (b) £%F; (¢) F£¥Y

SE4HTERAMRARREEETERRMA, BBBE (30°N HiTA miHE,
AR, PRETFEEL TR IENITR). XELSERHS 15°S~ 15°N Bk
FIRE R B (ATik 2.5x10° kgm™'s™), 40°S~ 15°S R fdbiE4 (RTik 4.5 X
10° kgm™s™), BEAL 15°S BHERBMMMR Al (E) RAKIMERZE. BEE
B, 45°S PIALEE 40°N, (L) HHE (E2FLEH), 30°S ALEE 40°N, (7))
Rt (B MEE), BXEXEHESX10° kgm™ s &4, HAERHILL 30°~45°
BRI YRR A (L, 3t B T 38 2 R 5 7 o 2 Bk o B e o 47 R W R (AR T
BEATHNEL EERATHELREFESLEREATRY NEIHEHE 5°S~
15°N HFEdb, 15~25°N KA, 25~45°N Xmdt, 45°N Ddbhmm, X RBHE
15°N B3 & 25°N BHEA REHMT N (E) RAMEM. EREHESHERTAS,
LB ML AT B 2 BT R, NhFRESEHE NENY, FTHEE
TERH R TR

BEAA#HE, THEREISFENTRBR (ARFAENERR) HATS
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RIFFU 438K, RAMMHASERKHKREER (BRI XRMIEM KR, SHEPERK
B, BN EERMWEN) SBERMEEEN (KEEMEERE) WHBECBRER X,
XERMY LR ESREMYER (F: EMERNE T EXEECE181F[19]4+
BEBIARKAHTEH).

BER (E) KR TTEMMAM, MELEITRKE (E) XA [UTFH (W)
X | 057 BH#EX AR KEmEZHEE. B 13 HE 482 (W) XgBtER
Hol, BB (WRK) 587 (G4BT ER) 2B 12(ER) 572
EFHFHER, B14(WRK, FiE) 5
A8 (IELE T, KiE) ZEME 1]
(EX, #iE) 5E8ZEHHR (B
HREH). BE 1458 11 g, B
1358 12 WA, (W) REEE
] e et (E) K$BBE, b, B2
-~ REEFHBAFELS (E) RHEFR
1 B, XEHBTEER 14 PREFEFR,
N E T 5 SR R noa A (WREHNFEECHHNETELBAL
(EXII5E, HAREFRBSEHNE

® 14 1958-:1997$z’ﬁ<i§MJ_: l77.5°W~27.5iE!Ziﬁ Bﬁ@hﬂFﬁ’%ﬂﬂﬁ—'ﬁ'(E) X # &£ K .

e i ot 0 B0 s REE M EE ST,

(W) K ##8 L, [[I]- I)w | B

- ()w [EERS 2% 1x10° kgm™ s & 1.5%10° kgm™'s™!, WELFESL

MK 1x10° kgm™' s K 2x10° kgm™s7. HUKRE E-EHH 5 B

N BZUEREEN 4(1~1.5), 2FH31(1~2). X580 (E) REHE82HE KK

HE. G8E (W) RHFRFBFHAERIKR, HEH (KAEMFERTE) KSER
HERBREAR ERRERNBFER.

M (E) Bf (W) RFEERFHEERENAR-BESEE (@ 15) 4,
RAAXMNEF R EHEERER. ERELS, (E) RELENEFR, HL
EE®R, FHMEE, WE (W) XWUTRIE, EEHR, HELHE, PESY
EFR, M4 ARBRATEETERE. (W) K ERSES AP, 75
EEEFTEERSTERAFEMAARZ BERAEN. ERER (BE) XSEBEY
150°, (E) R45hK 210°, MHEARK, Hik (B) RNBSEFYH R (BE) SMNIB2EFR
HEARBRBESBEE Y | HEEETER (AEWEh) HF6.

6 NG

LRR MGG TR KRS BB R SR 3k
HHMEAEREARETRET S HEEAXAMERABAETEELFE TEAXHR
AMAERFEREFE—HH N, MBERFEEZR OFRHANIBEERYU R & E
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hPa hPa
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s0f ™ VAN N T 00
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L A T R I 1Y ]
PP ¥ ANURNSIERN L 0%]
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B 15 1958~1997 il EXK WP EAEEON AH—FENEE (84 10 hPas™)
(a) 30°E~180°E; (b) 177.5°W~27.5°E '

%) FRRNEERTEYE (WAEEWRL) K EHIH", ZHIEERERES
REN EEAREE. MUK IRERFESBERORNKRE, —HHNZHN
BrE (dbpk) HFEHR 4(1~2), LT N (1~3), RETFHRERERE 2:1. =
HHNEDRFAXEH—HEH 60, FRESNELRRARAE, WE&LEIFR
B L TRELARRESTRGEEHTERNEENFLRERNNRSERGH L
BENARETEAX, NTHR=EZANERENRE (REHZH XERF
%, UMNTREHNZREL). HHh, BTE M NESE MR NBBRMEY, Eh
WREFRMAKFRERT G, FRFFTEMLRD.
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Interactions between the Northern and Southern Hemispheric
Atmospheres and the Essence of Monsoon

Zeng Qingcun and LiJianping
(Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029)

Abstract Based on the theoretical consideration and the statistical analysis of NCEP/ NCAR
reanalyses data, it is clear that the causes of seasonal variations of atmospheric general circulation, the
cross—equatorial air flows and the interactions between the Northern and Southern Hemispheric at-
mospheres are primarily due to the seasonal variations of incoming solar radiation. The primary driving
forcing of the tropical monsoon, characterized by the cross—equatorial meridional wind component, is
the planetary thermal convection, and the semi—permanent planetary waves due to the seasonal varia-
tion of the differences between the thermal characters of earth surface (ocean and continent) are the sec-
ondary forcing. The calculation results show that the efficiency ratio of the first to second forces, on the
average, is 2:1, The two forces are in phase in the eastern hemisphere, resulting in pronounced
Asian—Australian monsoon prevails, but out of phase in the western hemisphere, resulting in weak sea-
sonal variations and monsoon over the tropical Atlantic and the tropical eastern Pacific. Besides, the
semi—permanent planetary waves in the middle—high latitudinal zones owing to the seasonal variations
of thermal contrast of land and ocean and the incoming solar radiation are favourable for the
Asian—Australian monsoon to extend to the extratropical regions. At high altitudes, the air flows com-
pensating the low—level monsoons also undergo significant seasonal variations. Thus there is a clear pic-
ture of globally three~dimensional general monsoon system, _

Key words: planetary thermal convection; driving force; cross—equatorial flow; seasonal variation;
monsoon



