o4k B4l 5 & ¥ W Vol. 54, No. 4
1996 4£ 8 H ACTA METEOROLOGICA SINICA Aug. , 1996

AR B SEBXBEGHFE

F 54 3L A

CRE BB KRB 3T A7, L5, 100080)

wm =

WEYEEHRENE, AXART RARBREXHARZ TR AT EXRAR
B3 f I XA IE R EE R EE X R A E R B, R AR IEE N R E T 5808
B RSN R, Y& $ 300hPa SBEFHIR A BSREHTRETE. GREW.H
LR XA EBHER REBROILMERS AR A RERRERTE. IEREH
SR B E R RSN ERR R B BA R BB RFH R, ERTREAH
B 36 MR ST B AR SC B , A IR (e K W R 4R 3k Y 3 B HLSRGE PR AR I B RE SE K BT LA L BRGA R L
BHEBRR KB FIE LW RN EE FEEERBTRIMYEETNERRRRS
57

KA R, A RGRE AR

1 3 7

HEAREFEBAXEMI NERBENLTFHFRZE. FEURICEFEMXRN
gL E T AR i R R SR sRE fy e 2 (R A SNERE AR F T LB AR R
A BERERE. — MW A KB AR E T Rossby S BER BT B
FgCH2] SR T AR FE 0 M DA A R A A S L AR B 9 ST 0 A o 3 — R AUA R AT E B
TRAKRBHAREES, BAREETSRBHLERD, TREE ™ ENKIMER AR
NEMEREMBEARERSIZHMXRARER. YRFHEEERIRHA, XX
PAFEHA S P UANEA R KRR AR, W] BRI S EA R TN EARR
PR M 3 390 A A R0 K 0 17 T DA & R 0 BT AR S » X OB T SRR B (R A A AR B
REXR. BR, AHARIERER R KW A RN A LR A BAERH , 230
KB HEE S, KR T ERRE XWHRZERTEY ~ AT & IEXREBN ) 1%
JrE A DK 43 Hh K A7 A K B S B SRE B 3 BT TR A SR R A B RS
W B [ SRR B AR R R Z M R R, EEBRA K KBHX MBS ¥ LR,

2 HEABR

» WWETE 1994 €5 A 9 H,EHRWER 1994 F 10 A 12 H.,



4 # FERF KMEEHWYEBORE S B XE HF 399

BAK ABRTE L2 W TR BOE ERE T2, B
J(¢,§ + 20sing) + KVE+ Y =F ey
HAPMHMRE = Vg, ¢ RFEERJ & Jacobi HT, F XRIRME. K BV HER, 7 &
Rayleigh BEE A, O HREFKAEE, o RS E. SXECREMML - REMMHF¥REa
Tk, ¢ B a’Q TR, KD TG KA F R QD E—SEFIREHAT LA, W
BEEFLEMATR:

TG, L) + J(F T+ 20sing) + KV'E +7C = F o)
He“—"RRRBEFHE, "RREFEEF.
BEERFGERTFRB AR, RA=ZAEFR8W,  B2ERFX

M M
¢ = > D I[E¥cos(md) + () sin(md) IP7 (sing) 3

m=0n=m

MHEZRBRERPEHRIF.IC x = [£0:80, o (CD% = (' ], K Rm = 1,2, , M, F|
H Hoskins SME A, 7 LUKHS 8 7 B E i

Ax = f (4)
XE f RN T IEFREREEZBANNRE REKBEREM =21, R2IEF
BERBN=C1+ D@1+ 2) —22=484 HR W) B 484 BrBERE T BEA. R L
B A e SR RS RE, H—BRAEWIEXMFREE.

3 HAIBE
AT E X ARRBE AR SE B IERRITE AR . MHEARRE y 1z, AR

(y,z) = y'Dz = "Dy (5
EWRT RREEHEE.D AEEXNHE.ABSIFHER [yl = vO,»  ZRIFTE
(4) F x BT BRENEREREE R, VIR D . Y4 # ji,D;=0;%i=jitHAm=
0Bf,D, = 1/2C2% ;% ; = j Hm# 0ff,D;, =1/C2* 2 ,xBC: =i+ 1), BLHKE:
s=08 || x| RARERTVHFEETF s = 1 B, KRR 2588 = 2 i, RRBEM
BEB | x || * FTRAGE — Bk AT LHER
EXKIEEWNRERL o
o= [xlI/IfI (6>
o Fn T AR B R S IRGRIE B XS R K/ oo K, KSR, K Z 855 .
xR (OB AR
(Ax,Ax) = (f,[f) (N
PNITE=]
(A*Ax,x) = (f, ) ' (8
Kb A" RAKSYL, BB



400 5 % ¥ 54 54 %

A* = D'A™D 9
S AT AREENHNEEHT. EFTERE,
A*Av = X (10)

BZ AR, A R ERBARARE AP —HRFEXE, WXHARTEREN v,
=1,2,N), MNHFMEEN 3, = 1,2, ,N) BEHKEUNEFHS] H A

i,v) =0 l ;ﬁ], (10)
=1 i =]
W
u; = Av, (1
A4 v, R, «, BB A E R W . K (9 BRIk A&
(AA*") (Av) = A (Av) (12

BT AA R TE AR B, G = 1,2,y N 0 B iy — 1526 E A0, L
5
(u;,u,) = (Av,;,Av))
= (A" Ay, v){_iz ) 13)
it =]
Sw,=u, /A, Mw, (= 1,2, N) R PRV 8] 1 ) R AEAL 58 4 IE 303 . LU T A w,
WA,

Xt f #17E&IEXRIT
f= Zf,W, (14)
HEe f,=Uw) B SfEw LEEE. 1*&%(10) BIEES
AT AW, = Xw, 15)

XE A" R AR R4
o= (x,x)/(f, )= A [LATD/HD

= (A ATL D/ = D2 PR/ D (16)
FBih, R QOBRKARTE
Eﬁ/(f,f) =1 an

BAFMATEH: 2 f FEAHN :Fﬂ(El‘J A7y w; ERBRBK, KRR B RRK , T A
REF/NG A2 B w, BRI, WS RO/ X R IR A R SR R TR E R
B X0, BT R T SAE TR SM R, B E R T BEAR S S M ER.
By (16) R[50, 24 f P47 w, B, U
o? = A;’? ' 18)
SRR B 24 SR O HR TR A7 B w, B, KM R RE IR . T AR R T ARy 477 B9
w; BRI A, A R A e SR B R O e



48 FERT KUETHWEERRESBH LS N% 401

AT EHER X LURAR R o8B (R Hm S i & 558 K A BEDLIRE . (k =
2 ’ "'K) 9ﬁ§ﬂ:ﬁ

= Zg», W, (19
XB g, Retrw EHRE. Xﬂ‘ﬂimgﬁl_,ﬂ%: K B#K o giit ¥ RECe fm
E;gi, =g =%} (205
183 EI — G B K R BEBLIRE 9K SRR v, 4 A RV,
%i} C x00v,)7
= %é}m 1g4,v,)?
- %g(A‘“A“g,,,Av,)Z
= %é(A“A"g,,,Alw,)z 21
BR A RARCD,HEZERXA5)
V,-—%é) N sk
- % i LA = gt (22)

»
||

K (22) WAL A7 TXTK SEH B KSR v, BRI R EERRK/D. TR
H

N
r,= A7/ DA (23)
j=1

rRRTV, GBI R R, R (23), M A2 JAE Y v, B30 R AR w,
REVRAENBRREEFRET .

—EHR PG T ieE F R KSR R A 88, Branstator! 2 38 i K & i B ML
i, R JE X KK m B #E 47 EOF 43 #%, EOF £ 4> BB R R ma Y, B Navara® 5|3 T
Smidth 5 LR, ATLUERA , Navara K fj#y Smidth 4 2 2 309 77 BB E HL6E
ik GaRioE eI

VNG SEL: LI i
X ERAFIL Y ER 300hPa SR FHH N EARSE. FR¥EHE ECMWEF f 1980—
1989 4249 10 4E R . Exm&ﬁdtﬂéfsk%ﬁﬂéﬂtmmo HEUTHEPBRBEEE.
BLY f e-Hr BB Y 7a, T K = 4. 676 X 10%m's™ !, X —BU{EF SCEM Y. % 1
S TR 15 ANAGRERE o AN S S B Ezﬁ]ﬁéﬁ@tﬁr MAELTUER o 1
THRBRR,BEANACARAE LN L/2,WHEISANEEE 1AM /4N r, TUEF]LE



402 o % = # 54 3

1A SBEER 18. 8%, BIE 6 M RE 4. 2%, MBEIB IS MREFLINT. NEFTER
LB 6 AN B BhAER 67. 1%, T RT 15 M 84.5% . XEHIERH, M ARMERE, KK
TR R B SR BE A AR KA, KRN R 2B RS JLME R B e . k2, RE 4
SR8 BT LA AR 7 RS B R B AR D LA o 5 o g — A 3L A, Rk @ 738
38 73X A, B R AE B 49 A BORE M BB R, .

®1 MYBREREMSEHEETS R

Yy

; 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

g, 144.9 141.6 104.5 98.2 94.6 68.7 64.9 56.1 50.7 46.1 42.5 38.6 38.1 37.7 34.5

7, 18.8 17.9 9.7 8.6 80 4.2 3.8 2.8 23 1.9 1.6 1.3 1.3 1.2 1.1

5 A SRS AR 0 Hem B AR Ak

b RS B R R E T A BOUUA S S BE . T DR A E TR ARAE , SLHS
A ) 7 [R] SEBR K S B A BE P B AR R BRI R R

M 1a FTLLEE]L 55 1 A A 508 B9 3 B 5RAE 0 HIL T KT i AR, KPS R 2l
MR K. B 1b EAHERIMNRER, LRSS EBMEXE ., HHEHEH
BB, N B HRAMAKER(EVW, B—MUERKEAE PNA R, 5B

IRV,’%Y’@,{'Q\‘\
RSN
(R

(b)

1 3B 1 FFERGER (O REE 8 E B W (b) i il ok 505
GEFRRER LT 300hPa B P BB LR EM, BLEN HED

B » KA My L7 AR b B A3
BRI AR, REa e ot TSI S RS R EAS R R
B3R AR RIE G B S5 R AR A SR T I3 0 45 MR AE » 5 7T LA S 8 AR 3G AU R 308 A Xd



44 FERF KUEERMEAZIRASBMX Y H%¥ 103

X%, HWHIE 1a f1 1b, B B FTLLE H PNA BUR i A0 F K P FER SR8 Bk  EU &)
H AL TF RV v P R B S DRI BT . R AR Bt SR U P BRI AR M A BB A R

A 2a A[LAE R, 55 2 A I 3RE B 23R8 43 AL T KT 3 o EF0 X PG o ES 2
BRI, AWE 2b W R LA LUE R, R 1E LAY PNA BIAI KAV E R A A
(EA), AIMEMAFFE— N IREEF 0. HBHE 2a A 2b AER H X = m 1 5 4 51 %
LT K1 R AR A 3RAE , KT R E R R A9 IR E AR R .

3 HEIFMBREAE@RHWEMAERZ O EHEFABED |
HE 3a AHHE 3 AFMBREEALIET, FERB T RRFERERFEAR
b 55 AMFE RV R 2 R 35 DA R AL BB R WA I AN AT 55 A0 988 X . B 3b A Y A MR



404 a % ¥ # 54 %

MEREERIAAFEATN PNA B, 5350 — XTSI EA Bl HEEENRRL
MPGATFHRES L, B iR P EZEE T ERN ALK FERAX,

B 4a g5 IR 4 ARREM, TERA A FERAX  PRFEFIFAFE, K
P AR B R S BRI . B 4b iy B7 A 2R i AR A S 17 18 S L B R FE P R A, X IE.
R AL F R EETKRIE. FINETUER =B PNA B, K79 A 79 3R
(WA AL AEE 55 T 9 B5 BRI B 2 (SEAD T2, B 41143 51 % B F- A 7 4, KOG ¥4 75 0 21

ST
V. ek
[

A5 & 5 A RISRIE B () R Y &3 (b (e R E D
M EMILEIEMRE .
B 5a B 5 M FREME, TEBRAA TR EDH BB . & 5b £



434 FEME - RET KRN A RERE S BB S % 405

HYRFIE E B RAFEMRSAMN EU B, 5350EH IR I 7R 1 1545 2 B 3 79 K F e
MXRA, ER EFRAE AL MEME -3, X 2 MEMXEBRR LR 2 N EEHR
FEAH RN o

B 6a 5 6 A FIHEME, T EBMBLHWFE S 4 FRREBAME, LT HAFHER
P PRI m R AALAE . R A T AR KA 55 58 B A X 38 BE [F] 58 4 7 AR A 2 1R
Ky R BB SREATILIE. HE 6b LRym ol LUE BT AL IE A SEE WO T AT 5
SREY SEA B, M7 (AL F o Y- e £ 55 8 A0 0K VG 3 7 B 3R E 43 B MUK T I 4 11 9 PNA
RO KRR (WA),

7
O/ A

6 %6 HFHEEMR @)K HWNHKHE b GeRE D

6 RERZFEOHT
B 4 550, X AN ] B SR A8 SR T S 5 B A AR KR ] 5 BB ARG [ R A IR X 58R 3E TR Y
HERAER. AT EREHEARX RAMNIER, TEFTEHE FEKR ST
MFEHEWY, AR (S —EHHES, TUBRMTHETE B, KERRER
FH B,

KE
O=T

e lyX® 1 XX o R = B
=< cos¢¢ a/la'p+cosgv a;oa,{>+<7¢’§ + K¢V >—<<F¢ >

¢2))
Het <> RAMERRSFH . O RGNS 1A IR K R 5 A% 5% 38 58 W
BIFE R TI 7 A Y B BE SR T, 100 K3 5 2 1R i T 2 3 e i BE B #E RO, 12 KD
Bia — A ER B TRINESRE TSI, iE % KF . B O, BITE -t BT AR
RSB SBBERER.



406 o % ¥ # 54 %

% 2 4 TR0 15 MR RARE B SRR P ABOCT . LB A R R B B RE SRR KC
FEREAVE TSR KF BARS K/, TTLUE B, X3 AT 8 KSR KC T KT KF 3 LHXS
#2 AT 15 PWBARE R EEY L (107° 84D

5] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

KC 4.56 4.58 4.34 4.23 4.31 4.01 3.80 3.31 2.52 1.9 2.29 3.29 2.17 2.11 2.08
KD —5.18—5.26—5.06—~5.08—5.26—5.10—5.21 —5.16 —5.22 — 5.16 —5.17 — 5.43 — 5.62 — 5.22 — 5. 50

KF 0.62 0.68 0.72 0.8 0.95 1.10 1.42 1.85 2.71 3.20 2.88 2.14 3.44 3.10 3.42

Bl 6 A~ KC X% KF iy 4 50 b, BoE e D e sh g PSS B P TR E AR /N, EBR
AW AW SO RE ST I KC A3 ARFE BT < [RA R P45 . X 28 9 B58 15 4, KC f1 KF
KB Y —25 247 15 A LUT HISRIE MR, Sk bl KC R RV, 3 EHE AW fUE
B A O 4 416 BT R MK T SRR E LAY B4 B R K F T SR A S I %, KD T i A 3
B, X AR, FE AR N UM A P 7 A 4 B RE TR BRI O E L R
B4 SR AR KA R B 3R B R — B, R by T R A X DA e A P A B B BE TR YA
Al

7 #dw5itie

Xt R4k B R R, A SO R B T B AL — A SR IR ACRA B B 1 B, XA TRIE
B IE B M AR RFIE R B, T R RRAE M B 8 73X — 3038 7= A B KR L IR
WL IEERE BB R BOEE R, LR 300hPa SR TR ABERESHITT
BRI HE . & EHBEMN. BIOTER.

DX AR F A RERKSWY K/DEBRKHAR, KW Y EERE FRUIUANER
SRIE B E R R .

2) 400 i R AR 5T #th X B SRR R0 2 &) 3 BARSRE AR AL . A 200 AT DA PR A SRR
AR,

DEFGRE R FHRBRE R, FEA T 25088 MR O AR R e F
fI3RE X,

4) Ry B A BGERE X & B B K EP A RREHM A PNA &, X
FHIRLEHARREB R PEEEROHREKF-ERMPE K THER WP, KTEES
MR HEEMARBREHRRAKREEWA) RATEFEHEAMBKIER EU;LFIEMH
A BOR R O KR Y (SEA)

5)XT A R IR , B AR KR R AR BN EE iR E P RS REE R E,

TWEEH, BRI AR @ BRI K M Rayleigh BES AR Y #47 TiHH, b &R
—EH. FRGRRBRITETAREERENTRE RILE Y.

BN FIIRIE , ZE AT KW SR A B AR HLIRIE P A A SRR B, (R TR
HZRFABEEA T AREESHMEFTERX . RIMMEREXA T ARNBREE LS
HARWEMXE, T HIERREBRERS R EEAREEERENHEE T M
IR LR — B, BRI EERE, BB LB, RRER
£ T Rossby WHRERIH, EFX ERET AN ANEENERF ARSI LE. Nl



4 1 RS KU E RN A RERE S B ER N 407

T LA S b R R KU R B TR B 43 AT . BT AT, SRGE R SRR A OC R, S R AL [ 5%
16 7 1 52 43k 2 BE AN 3R AE 7 AR SRR A AR A VR R 2R, T X R & 4RO T B A LAY 2 (s A
R RIREA SR . iR, AR R AN RE R LR R R EEA
RAARRERRIPHBHEXEEERA TAAREMFEATE L, HINHERZENE
FINRBRE R LB XA L&,

Bust: HERHBMAEXREIF S ERERL FHEH.

&E 0Bk

[1JHoskins B J and Karoly D J. The steady linear response of a spherical atmosphere to thermal and orographic fore-
ing. J Atmos Sci, 1981,38:1179—1196.

[2]Hoskins B J and Ambrizzi T. Rossby wave propagation on a realistic longitudinally varying flow. ] Atmos Sci ,
1993,50:1661—1676.

(3]L.au K M. Dynamics of atmospheric teleconnections during the northern summer. J Climate , 1992,5:142—158.

[4])Simmons A J , Wallace ] M and Branstator G W. Barotropic wave propagation , instability and atmospheric tele-
connection patterns. J Atmos Sci , 1983,40:1263—1392.

[5]Frederiksen J S. Alternative theories of atmospheric teleconnections and low frequency fluctuations. Rev Geophys
, 1988, 26: 459—494.

[61/5 WA, %K. EERSEANFE. K<H¥,1981,5:1—8.

[7]Zeng Qingcun. On the evolution and interaction of disturbances and zonal flow inf rotation barotropic atmosphere.
J Meteor Soc,Japan,1982,60:24—31.

[8]Zeng Qingcun. Evolution oflarge scale disturbances and their interaction with mean flow in a rotation barotropic at-
mosphere—part 1. Adv Atmos Sci,1986,3:172— 188.

[9]Navarra A. A new set of orthonormal modes for linear meteorological problem. J Atmos Sci, 1993,50:2569—
2583.

[10]Branstator G W. Low-frequency patterns induced by st ationary waves. ] Atmos Sci, 1990,47:629—648.

[11]Blackmon M L, Lee Y H and Wallace ] M. Horizontal structure of 500 mbheight fluctuations with long, interme-
diate and short time scales. J Atmos Sci, 1984,41:961—979.

[12JHsu H H, Lin S H. Globa! teleconnections in the 250—mb streamfunction field during the northern hemispheric
winter. Mon Wea Rev, 1992,120:1169—1190.

(i3], B AL IR KRS H BB E R w58 AE R, +EH% B #),1995,25:532—539.



108 54 ¥

&
bl
B2
i

EFFICIENT FORCINGS FOR LINEAR STEADY RESPONSES AND
DYNAMICS OF ATMOSPHERIC TELECONNECTIONS

Li Zhijin  Ji Liren

(Institute of Atmospheric Physics, Academia Sinica, Beijing, 100080)

Abstract

For linear steady forcing problems,a method is developed to provide a set of forcing
modes which form a set of complete orthonormal basis in the energetics inner product
space. The forcing modes are found by calculating eigenvectors of a positive symmetric
matrix determined from given equations of motion. The amplitude of responses to forc-
ing modes is given in term of the associated eigenvalues. This method is used in a nondi-
vergent barotropic model linearized about the 300 hPa zonally-varying climatological
flow for northern wintertime. The results show that only a few of forcing modes associ-
ated with the leading eigenvalues can excite sufficiently large response comparable with
realistic teleconnection patterns,and those preferred responses to these efficient forcing
modes are in good agreement with realistic teleconnection patterns. Energetics analyses
are performed. The primary source of energy of responses to the most efficient forcing
modes is the conversion of basic state kinetic energy to the response kinetic energy,
rather than directly from the forcing itself. It is suggested that teleconnection patterns
produced by external source are not determined only by Rossby wave dispersion from
external sources,but mainly depend on the efficient extraction of energy of the forced
perturbation from the basic state.

Key words ; Steady response ; Efficient forcing; Teleconnection pattern.



