208 £ b A - Vol. 20, No. ]
1996 % 1 H SCIENTIA ATMOSPHERICA SINICA Jam. 1996

HHEREH AN ERZER AR A
HEEXSEIRRN R Frix E0 Rl
TR AR x| 3 %k

(FESRREFS£ DL, dLE 100081)

m R ENEN 7RSSR AR LRI, SR T MY EEEN
HEMFRASE BEHE T REMHEARN TR EHYER IR LM T
HeER, ANTRARKRENRE, ZHETEDHT R EHRREMTTR, ®
P AR, AR RS,

XN HEEE THENFR SXRERE

mi}

1 35l

AERT BB EFRMMC)FHE, MMC EERF SRR SRR+ BEs
e, —ESRSRFERNZEN, 1926 F, Jeffreys' '8 SRHF5E T Mm@ R 07 50
HFEEENTALEE, B, TEBTESENADRNE; JFR Starri—
S0, RELEAAALEHEOKTFHEMMEAIHRELAE,. Widged '
Mint2 5 H H R B, FEH AR FEENRDHBER; Oort M Rasmusson™
g — it g, HXRXFHREN, W TRHAHBAER, BT DRERE
BRGNS, FM, AEE AR R MR R E RSO SR A S RN, &
RER. MREARSHERANRER, MPSENIAZBTE, 2FFF
AU Mt R RS AR R BT, SRER, LRENRREEE FREERDY
RERNERATEE. hT A URRIBRANAEF (), REERHEHE,
H

’ © g -
Fu)= —-L coscpgau v pdz. (1

T ERABBRRRARRE, B Whie iy, TELHFERAGLEX
HRASSHEREOITH, 4 NWPHAKRE., HRELX, BRRAARBTHE
HEMHEERS, FRERSBERBONSN. F—HEH, MMC2ZhTHERE R
REEHHBIFHREN SRTXR (2). EERRBERSHEHRHTA. A
A2 % MMC R RATEIR ", Wkl EETSHAS, THILRY
AHBRHEE LEXSHERTEAGEEANENEENERTHN, REAE,

1993—05-13 BB}, 1993-07-11 w8 A



L AT,

18 REWE SRYERARENTHSHFRERLLN NWPBRLRRRENTIR 113

Tibaldi™ M BB R P M EEA, ERREGSEED, AHBRWEEHEHA
S8, KETFHDRNHARNTEIEREDL MMC AEYREK. — KB, MMC
MR PR THERDENIE HIBEAFENFHHFRODBRERENESHE.
HILIER], MMCMHASHAIMRIEER TR, RS NWP B REREMNE ]
TH, )

B RES SRR TR ES MR, 5 NRTFRZER
RAEXSABEMFEEEPMER, HEEH PEERR (T42L9) MRS
ERSPEHDREFEESERRYE R LS, BT NWP X EHKR 2N
EE ST . -

2 RiE

SRS MAEEMERTRLE, SARGFTRETNIENARE/LY
.

[, =f 'Y, [f+ 20 utang] = By, +f\(F: + F2 + Fy), (2a)
(81, = ~ (acose)™ 161, + (acose) "Bl 0y + BV WH +H, 4 H). 2D)

EXA. B. CRF,. F;. Fy, By. Hy. H;8AR
A= —(a’poosg)” ' [Indl,,
B = (a” posp} " '[inf],,,
C = (cosp) ™ 'fIf — (acosp) ~ ' (ucosp), ],
F = -—'L[u‘ v* cos’ 9,

acosg
F, i\—j[u"w*]p,
Fy=fF,
Hy = ~ 4 (2 (acos) 'y 0 cosol.,
— .___-B_ _2_ j'd * ¥
Hy, = ap(po) " 8" 15,
"=_R_ ya .ke
H3 ap (PO ) e
(R RiB ) = (cosp) 'y, Mw]= — {acosp) "'y, BB, LLEHERPR, T
1.2, 3AREESKTREME. EHRNBENNEHEEKRNE, FRHESNE
. - a
FTHERARRERRE, HAFIHESBLLEA. ‘{’F[f+2a'1utanq:]><al2a]

R 2y 2 o) 5%, 3 -1 R Dy
—E(ﬁ’:) 3o OLER, #ﬂlﬁmﬁimxﬁlﬁza wanglle, =5 -1, I



114 X 1 B ¥ 20 %

HEBEI[L]] / (aflcosp) <1, RT]5

(AW ) 2B, )+ (CYp), + B, + B4,
=(F]+F2+F3)p+(H1+H2+H3)w=FP +H¢,< (3)

MELLERTRE, TR (3) MRKA, B. CUSERSKHARERAR. Sy F
BHELFE, @M 3) AWRLKERMERE, B BMRSEXBRNEC AEEN T
BB RES TR BEAS RN BEE T IMERN T A2 R M. HTT
B (3), REAASHEEBER — AC <0, BB RS ¥ W T 868
B, ) Ah, BSiASNEF, RANSNEH S, HoA SR ol o ol U BT
P Rm RS, WARATEL SR EARBTRBHAEMEE, HPi)
SR T A AR R I R R VR AT A0 B, A BE K PR S
sk, XE, EE-HEEEE RS L RITTURBEAZE AR 7
KB F. ' : : ‘

3 SHMHESBAMENFHSMIRGEX S AR
HBUWTHEIEA

HEELHHEETFRRENLMARST. AERSRFLFEN TRLIER
FLPEH ERE 19924E 1 AM7 AMZEARH, &kl 3) APXFEXSELHA
R SFHYEELRE. EREFE Q). B9 hEREFEE LN BINE.

B1AaHaE 1992418 (&) M7H (F), EitA T H%E KR EERE
s s FRATETINENSEAR (2), MRERAYWRRATHFHRBEE
Pk T HZERGE (b). B RA, —itEFR, aTEAHATHNER
THAMANZEEERBSMTYEEFRMARNEER, ERT FANEmnRER
&, FAf. SEFRSFELRT: FitENFR B TFRATAZENERLRY, &

A/) ,_Wj

20

i 199218 (EF) M7TA (BR) A FHRERR
FE R EEA P HEARNEEEERRE N PSR BTA, TERERHYEETFHAY
HREBETRR (3) AME. SEKEME)E 100x10°17 5 (bR 200x10°kg /s’

NEAN =

FLLY



U9 KEEYS: SFURRIARER TS BARE B NWP B R R LSORER 15

HEERBHTAREL Rk Q) RANEHROSEEN, B CE T RE -
BEEBESE PO, MR LR, BEHASALE. KRN, REE10E
PR T LR, HYETRE—NY, —& L ENE RN E R X
B 1b#, BTXHREEENEEF RO, ERENRRLE, E4 5 —kifd
O, THERASSFROBAEEE, FESER—B0F,
31 RAREME SMIRRAYRE

B2HM 19924 1A (%) MIH () FEDHEEE TRENZETR
(a), HEFIIBRAMENSBIN (b), MIHHNEAKENSBRE (). 99
BRI BR A MR AR DA T 200 hPa BUF, HA AR D RBMAE A SRS T 2
HRAMFRSFORESRR; LR PR SONERR LT, LERNRS. it
ShaRGE MM TR 2B AR, B 20 B 2 TLURH, BEHEES, hoiE
4 TR 850 hPa AU B BEFRHLR B F 30 050 E0 0% e, LI R
EHUR AT EHEINT X SRR SRS ENR M RO RSETE:; 3 IRRER
RESBHRR, KB FRUETRE, ERSH, HBEXR/ AR s e s
BSRd/ - REEA, PRSE. SOk, B hRaNE 0% ERS LS, o
SYHIE BB N A SR TR R BRI S B3 R KSR R s, T
B, TEGEH RN AEAIE OSERRS EE, COEE R RE L2k
FEMMA SO S & dCh R R DR TERTR, 35838040
BIRMER 5 PR G A S P TR R BB T AR,

b

'-C

~60

M2 VRFELR () MTA () $HRFRENTISERN
ENBETHADNBUHHE, L)Y RARRAE, (hsHH
D BHNNE. FHARMY 10.0x10°kg /5



116 X .5 B ¥ 20 %

32 MEEMR SRR

B3 192418 () #7TA () OBFENRIEE (). BAREE
EEAMBSP AT RAMR (AT HARERRIN, TOBEREMNR, WRER g
WA, LUFHE HILER) (b)), ARBEESHAMA (U TFHMERFEEGS
B, A H32 KT (o), BANEE (d) HMESMFRNFE, 805080858
ZEAA, HHERARHEBRT T BANERFR, TESETE, HPOaE
—A{%F 600~700 hPa B, H—AHLF 250~ 3000Pa B, T HALT A BEER
RI¥EA. 1. 7 AKEE. dk. ROTATLERD, FHER Hadley PSR, 587
FEMEHR, REREGHY, TS IR 2 — R K S A A M
RIRKHELANMBSRDBEROK TP ERATH, SHEUREINa b, o
d, ATRAEH, #ODHE R R E RN JEA N H31 693 1 4R 0 i AR
AHNSERRET EEME, FEERS, NRBBXTRRN, KB v
MRS H SRR, MR BB EARMA H32 RN BEAREENHT
B RB PR, TAYEE XA B AN B85 R BB IE 4 B AT 4G, 24

~%  -60 =30

B3 192 F1H (&) ATA ) #ABEFTEENSHTR
)RR MEMNEE. (bRdERRmA H3 KR, (GRS EeM N H32 s .
Ay HRAMINE. SEEAME. (). (©)F 200x10%kg /% (d)F 10.0x 10°kg / §°



TR RS AR NOR 0 F S BT AT B NWP SRR MFR 117

NRRAMEZRFRNEEXABRMAEPEES KT RIMERY K FEEET
.

o ShEE P A AR BN H31 B0R I K Hadley SR04 5 T iEPIER
(600~ 700 hPa ) RMHEBERE (250~ 300 hPa BHE), KRS O
YLl RS R A RMAK AR BRI R, RE EEXRE L RRN AR
RATESER R PBRRABANAE X, XTSRS EFRAFET T
RS PBRH—BIE, | A4, JLFERE Hadley SFMFEERT B, HEE L
21 Hadley "H.0IRETRR, KB T XEFEERBOMABEE, #%¢uﬂﬁm%~
BRI AN RE, 7 A#), BkERE Hadley SRR AJ LIRS B, 8 Hadley S0
T 10 ES, BEED | AROERSHESC. TWHRE LBER S — R0 HIEE
BT | AR RO, X—-FYTAREELAFETIR TSRS TS -, B
1 AP RMED, ENSO BT ES, REPATEMSRESIEEME, 7
A3 ENSO BT HBH, MHEREF TR, HEPATH LAXRESH2E
0, @i, fEM bl H, RELESHREERORRNERN. &SXRRE N
EHPEBANBRAERYMNEE, WE7 AR aTFHREDNRS, REREHRE
FEMERFRERBEE. HEENBENH, SHHTE-FPHER,

AEA RS, HERATSHERTASHRER, HAMRDEHMFAR, HEdR
AREXERTREOBEE DERRSEXNEREHFERSEIEN, FRRERT
®, 42, FMHEAKEN2EFRAERS. AR, FHSBMREXSEHH
R EERARTHPRECEEFEERRY, ERASEDINHIEHARNE
MBI R P,

4 HBMYERTRESETRTN NWP SRR ERENER

MERSFROPETHRRE—AEEE PEEAN—TERE. 4
FRSBHARHHNEL R, RERKRHLIRE: NWP HARELOOR26, 27]
Bk, AATARR:

ET

B

AT
A

Ad4T
Ad dr

A, (4)
RPAAT BTEAETH RN BEN LY ER, ARS TR ASETHBENER
MTHER, BN ERERFATHTRENNTYEE, aFRRIATHALA
SAERRANEES, NETHSERRAEHERLNERHEMENTE, RIJTL
B AR BT HME N TS RREMR ALK S FERR TR
BREGREMRAE, B4 HBATRNTHERFRERE, @RELEKERTS
CEARYTARBRREST, OREFARGEATRE Q) ARBNEES
fi. CEREABHRAEREN. XMREGALIN, ERIFIE 0) RS
EERiRE, R, NESHHE, CHOFE-RER, —hEH, BANERRE
HERER, B—FE. (3) &b SRR EHESESIE—ENER,



118 x 5 # % 20 %

A/ km

B4 1992518 () M7AH (F) TR0 BMA X S5ERAS EHSBFRNER
() 2ty 0 F 160 55 4 R L O R i TP S TR RO R TR, (bR B AR IR F IR
EM (3 MWL, BEREW@N 100x10°t /s, ()N 20.0%10°kg/ &

41 FIFRETEKIRERER .

M S 19241 F (X)) M7A (h) QEFA3NREHYERSEFRER
KEELFEILHER (@), (b) FHAREEATHENER, (© XIHARE
ERTRENER Bhis, BERKSIHHRONENE (W) ERRNSELERERR
HiR, HEBGORTFHERRERE SO0 EFRRESCH TR KR 300
~700 hPa Z [, JCEHRRIRED R IR IRE .0t T R ERRL O 3 0 g 4 0 A
B, XEHERASHEIROTE, FREAKSERSTNERETRENADR
B 8 AR RER A A ST, R P, DAERIRE S A SR R MR
RSMFR (B Sb) MzhANBanLsmmg (85, HEERENERERSIT
WEF AR, FRSRELREERME, L ik, BRAREEERAIME
AR, FERETROEREN, R, SERANSRIRERR S
WEEW, KAREHENHURBEHHAEES, S TAEMR0TIRSS.
42 ANEAHEGLREH TR

B e 1992 1 A () BTH (F) BABERRNSEFRAERARP
HEFASPHER, () IERNRAERFRESERRNGER, (b) NiEeh
I H31 M, (o) P REERIEA i H32 TE, (1) ARINELHH
. EEARSHE, RAROKRSETRMSEGLR, | A LEREERAME,
7 HEERFIRT, MERRME; —fn, BEETEEFERFRREBX, FoaR
M H3 W RESE FTLARS EZ R, RELTEASE fmRERERE
BN H32 oA X BE A RS RRFNOIREN, BHEESEARIARIR
EARTARNER, B 54N, GE6TUEL, BRI RENRLETRE
BE 1 AREMNKEANRERRENRE, FEhFRRERESK H2 HTE,
EREAAMRE TE G MR INA HY 3. TiE 7 AR, BEERETRR,



L RAENRE. A RTINS TS BIRMRHE B NWP SRS A 119

al ; T 20
[,_/ 15 .
e E*]
{ ( : — - PN TN
[V aN SN -
- i) A
|I l e ; J?\;"\"-, ] - \ H
P! ‘&‘i'\ ) ) ]
bl bﬂrzo
, ST s
| Iy ; .
i - o =
! AN R L
i ,\/ Ca N - e N s
[ By 5 YN ~
DO ey o
alls 7 o720
~ I / ! :
AN , ; 15
N :
o
~ i \ (/ 1. . / s Lf"ﬂ P
( dl [ l ¢ L
s n | .
ol MK K Y
e o / {» ul
60 90-90 -8 -3¢ 0 10 0 9%

BS5 19924F 1A (£) #H7H (1) TRLYEARSHEERSSP
AR ARE N FRERTRER
Ry SN BANKE. AFHNBRMNKE. crihmRaRKE.
HSEEMMY 10.0x 100 kg /5

{EM BB R LB R EE R Z WA, SREREAR, X-F R
ERHTFEARMBFTHEHLEFRESASHEYNE, FE7ABRTS 1 HHH
B AEMENRETEERERS, SRLEMRRRES, EREHE
WA RS MR TR ERRNCRE, EUEARASHEXERES
BEEASERALRERN, REB 6 (@) 5 () T8, Z—ERdEeim
WAEM, FRAEAAN, TR, R SRR R KSR R kB T E 1
ERBHEX, AFSRUANTLE | 8 (8 6bl) REFRWIEFERE KL 30N
WEH LA, EICSHIER ISNBEFTHE 74 (HebD) & IS EINF
EFHE, %30S MALK AN AR, BERRNELEE X NBREDH TRE KX
SRR IR R E AR, PR R R A TR L. Wi
HNEAMEANSEFHRLERAR | AWE () FHABER, 7AH (&) TR
BERE, HHREPOHLETHREPEENEHAST, TLRE IMEENH
SHBEENEFREAMELERN, BERAEERIH, S4%FE-SNRRRE
A ;
H B ERAHTR R, BRAS ST IR RN S BR R 5%
FASHERARAEBEERRAN TR, WkEHH Hadley FRBEME. #
R T A ERTN MRS, ARENERSRSEMTBARKNER, Hit, 5
it B R E RS LM LR R TR SN EE N E.



120 b O A T . 2%

E .\'v FA\ | - i e n do

r } \ | N o LT I \‘-_)5
|f' ,I ‘) - I .‘ 0

%

- -60 -30 a 30 60 0-90 -80 =30 0 30 60

He 19924E 1A (%) M7 H (A) TRLY HAXSELEXIMNBENR S EIHR R ER
()R 45 T ERA B BA M T, (b)y B i MBI IE, () a PN R M IE 4 A 1
(A A ABGERE, %f;ﬁmmaj, (b). ()% 200x10°kg/ 8% (dy¥ 10.0%x10%kg/ s

5 #Hig

(1) & S R E W R 2 IR LR RN SAARE MR SBF R H
KF F XA SR A S R T TR CR. S iRa MR R 2 TR
HEAT L TMMIE 5 B AR SRR K TR AT TREeR
MR MAETH N LEE X WARED S TREARIARTATIRNE RANE
ERRH SRR BN ¥ 5 A MR R RSN ERIS TR RN R. SRRl
BT ELAFRATRS, SREXSARASRTEPEER. EASEFRKLY
BRZM G TERE, o

) FTREEHYBEE R RS EFMAE, ZAN Hadley S 0 5IFEH
A%, £ﬂ¢uﬂﬂﬁ?ﬁmﬁwﬁﬁwwmnmmqﬁﬁﬂﬁﬁ%ﬁ%mﬁo
~300 hPa BHE, TRERANMRIHERIESE LR,

(3) B IR N E R ERRNGER: FOVREREIR N RE REF



I8 REME SRHYRRAREN THSERARSER LY NWP B AR REOTR 121

VR E, BAERNMLAE, KREE U N R R S B B A
i AUBBEERR, ARG, LEERNRNEGRETRYE, A
B RB A RS BN R AT |2 EE, SHABEE L EEER
AROVAA AN y: SESAS, SAIAMRAL. BT, AR,

Bl FXERRLETRIARERRENNLES, FEELRALOEHE,

= R e

$ *F X M

Jeffreys, H., 1926, On the dysamics of geostrophic winds, Quart. J. Ray. Meieor. Soc‘., 52, 85~104.

Starr, V.P., 1948, An essay on the general circulation of the egrth-’s pimosphere, J, Meteor., 5, 39~43.

Widger. W.K., 1949, A study of the flow of angular momentum in the atmosphere, J. Meteor., 6, 291~ 299,
Mintz, Y., 1954, The observed zonal circulation of the atmosphere, Bull. Amer. Meteor. Soc., 35, 208~ 214,
Oort, A. H. and E. M. Rasmusson, 1971, Atmosphere'Circnlation Statistics, NOA A, Profsssional Paper 5.
White, R. M_, 1949, The role of mountains in the angular momentum balance of the atmosphere, . Meseor., 6,
353~355.

Priestley, C. H. B., 1951, A survey of the stress between the ocean and atmosphere, Auseralian J. Sci. Res.. 315~
328, ) .

EEE. A 1955, EERATEADRMETLNEDEXIAN. CREE, 26, 281~204,

Kung, E. C,, 1268, On the momentum exchange between the atmosphere and earth over the Northern Hemi-
sphere, Mor. Wea. Rev., 96, 337~134I.

Newton, C. W., 1971, Mountain torques in the global angular momentum batanee, J. Aimos. Sei_, 28, 623~ 628.
Kidson, J. W., D. G.Vincent and R. E. Newwell, 1969, Observationzl studies of the general circulation of the
tropics: long term mean values, Quart. J. Ray. Meteor. Soc., 95, 215~ 246,

MNewton, C. W, 1971, Global angular momentum balance earth torques and atmospheric fluxes, J. Atmos. Sci.,
28, 1329~ 1341, ) ‘

Newton, C, W, 1972, Southern Hemisphere general circulation in relation (o giobal ¢energy and momentum bal-
ance requirements, Meteor. Monog., 13..Cl£apt. 9,215~ 246,

Oort, A. H. and H. D. Bowman, 1974, A study of the mountain torque and its internnual variation in the Morth-
ern Hemisphere, J: Armos. Sei., 31, 1974~ 1982, '

White, A. A. 1977, The siirface flow in a statistical climate model — a test of a parameterization of large—-scale
momentum fluxes, Ouars. J. Roy. Meteor., 103, 93~119. ’

Palmen, E. and M. A. Alaka, 1952, On the budget of_mgular momentum in tho zone batween equator and 30°N,
Tellus, 4, 324~331.

Palmen, E_ and C. W. Newton, 1969, Atmospheric Circulation System, Academic Press.

Palmen, E., 1955, On.the mean meridional circulation in low latitudes of the Northern Hemisphere in winter and
the associated theridional and vertical flux of angular momentum, Scient. Rept. 3. Contract AF 19 (122148,
Gen. Cir. Proj.,, U.CLA,, 41pp.

HEE. FMK 1958, KNKRBET M, HEHBE. 159pp.

RE®. Tibaldi, 5., 1983, FHBWFREXTADRNRAAE PWER, XTHE 12, 3-17.

Wu Guoxiong and Chen Biao, 1989, Non—acceleration theorem in a primitive equation system, Part Lt
Acceleration of zonal mean flow, Adv. Aimos. Sei., 6, 1~20.

REKE. WK 1990, FEFEFSTHIMEE® I #OTHEENEEL KTHE 4 143~154,
SE&E. WEEK, 1987, BRSNS ETHETEE SREKEHE, 212pp.
EFRSRPLIREME, REMAR, 1992418, 1~5,

ERURPUNBEEAE, SEENAR. 19924 TA, 1~5

Zhang Saoqing, Liv Huangzhu, Wu Guoxiong and Yang Yunfeng, 1995, Diagnosis of MWP systematic forecast
errors in zonal mean cicculation, Acia Mercorotogica Simica, 9, 288~ 301,

FEDK. KB, 1994, NWPHE S mPm gz iz, NASRER, 429~435.



122 o= # % 0%

Characteristics of the Mean Meridional Circulations Induced by Varions
_Forcing Factors and Their Contributions to Systematlc Errors of
Numerical Weather Pediction Model -

Zhang Shaoging and Liw Huanzhu
(National Meteorstogical Center, Beijmg 100081}

Abstract It is proved in this paper that the forcing function which induces the mean meridional cir-
culation (MMC) cag be split lincarly inta seven factors. Through employing this scheme, the character-
isties of MMCs induces by these factors are investigated respectively and also, the systematic errors of
numerical weather pediction (NWP) are analyzed by studying the differences of MMCs induced by
these factord between the atmosphere in mode! and in reality. It is shown that the methad with clear
physical meaning i ah effective tool for dynamically analysis of NWP systématic errors.

Key words forcing factors =~ mean meridional circulation  model systematic errors
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