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Relation Between Acceleration of Basic Zonal Flow and EP Flux
in the Upper-Level Jet Stream Region

RAN Ling-Kun, GAO Shou-Ting, and LEI Ting

Institute o f Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029

Abstract The relation between the barotropic basic zonal flow and a new Eliassen-Palm flux, which excludes the re-
sidual circulation, is examined by using the multi-time scale method. The formulation of the relation is simple and
has an explicit physical implication. The relation is applicable to diagnosing the acceleration and deceleration of the
upper-level basic zonal flow. It is shown on the theoretical grounds that for barotropic basic states, the tendency of
the basic zonal momentum is mainly dominated by the new EP flux divergence. The relation is applied to diagnosing
the evolution of the basic zonal flow at 200 hPa in a cold wave. The analysis reveals that the new EP flux divergence
has an important influence on the evolution of basic zonal wind in the upper-level jet stream region. The acceleration
and deceleration of basic zonal flow mainly result from the meridional transportation of perturbation momentum.
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Fig. 1 Geopotential height at 200 hPa in the Northern Hemisphere at (a) 0000 UTC 19 December 2002, (b) 0000 UTC 22 December 2002,

and (¢) 0000 UTC 25 December 2002. Contour interval is 50 gpm



P N
414 Chinese Journal of Atmospheric Sciences

29 4
Vol. 29

AP RIIER A . BrRL, O 1R A E Vet
WFFE B X A 1) A A 938 A T, FRATTBR
Juo /9 THEL )7 0] B S IESZ AR 4L, R

Juy _ (%> sin/
oT — \oT )"

/H\:EF‘9 LZZ?T/Ly ﬂﬂé’éf’ﬂ‘?ﬂi%{e Ly ﬂﬂ?éf’ﬂ?ﬂ’({t,
Quo /9D YRR, BAUE 2 IR RE T 1Y ek %L
s due /0T T y MZBMn- 5T LS

(18)

2 Juo

3% (du, .

9y2((7T>7 aT" (19)
FIA 158, (ADRATLIE
T W E Y RN (N A
T 47r2{9f[3y( ‘(w“>+az(aeo/azf’* vg

o) 2 2l azaym WO ]|. o
S EL COREHAD R ERRI S U —FE
(7, #R I T B Bl 3 AN 2l A B4 Bk Xt 4 1) 3
RSB ISR (HIE (20) A58 LA ]
B, T LA SCATE R FR (200 2045 ot BT T X EP G &
MHUE . 7ELV T e, ASCGEHE (200
Uit 45 THUAC A AT L Sl Sl AR Sh A 1 i 126 ok 8 i ik
AP AR SR B R
2002 4E 12 14 H~27 H &R Wb X8R & —IK
FEFLE R . FEX UGS RS, 200 hPa S5 T I R4
PEBE A = 2 P i g sh. R A H 0000 UTC 1
NCEP/NCAR SEHf %R, FAT/H7 T 2002 412
14 H~27HAbE3k200hPads He i b i 25 U 5 46

MEASMAAHEAE . 1R, FEdEEEk
T M DX R S PR TR R, 19 H RS FE AT 20°N~
AO°NW . AW R R A B TEAR RS R v g i i
M5, 25 HELEAE 23 6 T 45°E A 90°E fff i, &l 2
“h 200 hPa S5 R TAT_E2f 1) AR s [B]-28 ) 31 T Y
o3A . FTLUE . KT 40 m « s &) S e
A TER R 27°N~36"N N (FRIFRAIX) , 19 H 4
2T 30°N ik K(H43. 5 m» s 'y SRIGTFIR
W55, 27 H 4 M 2 TE 33°N X — Gk B i K1H
48 mes ', [ 3K 200 hPa ZE[EE F 4 25° N~
40°N PN 28 [r] -2 2 [ 2038 ) 1) E) A2 4. DA IET BT
DVE, 2hm S 2oA UL ARl ZhRRAE . 7 14
H~18 HFN 22 H~27 HiXPA~Bf B N & 1) S0 A
BUHESR Y. 19 H ~22 H 4 0] 200 2 Wi 55 . [
ik 245 [ 2 U0 ) IR S P o I R B 1

4 e 3 EP 3@ U [ (20) XA v 45 70
HLSAR oA, FTLAEL . W15 HZE 22 H ., #iE
X EP 3 &t (B TELR B2 30°N~36°N P i fh .,
AAE L HBLTE 20 Hy 2T 32. 5°N, W EH A
—0.75X10 °m « s~°, KHIFEIX A BN ) 20
SRV, X 5K 2 919 H~22 H, 447 30°N
~36°N £ SR B oA A —3G M 22 H & 27
H. i 30°N~36°N A#i B EP il & #UE 1)
TEAEIX , FRUITE I Bz 20 B PN 26 ) 2t 2 it
My, Hf R (1. 75 X10° m « s 2) HHLFE 25
H.f F35°N, X 5K2H22H ~27H , 4 4

12-25 ?;/i;,

s g%
3

?

1224 2%%:{2 )]
12-23 / /)
12221/ :

ot 6 7

8 v21{/1//1///:

2 12204\ L :

m A
12-19 RN
12- 18 RRR
12165

12-17 NN EERNEE 2R
WA N N

12-1583\\ \ \ ‘ : ‘ 3 \\\ \\\

PRI 2N 2PN 3PN 3PN 3N 39N 42N 45N 48N

\ GNE,
N2\

B2 2002 4F 12 A 14 H 0000 UTC~27 H 0000 UTC 200 hPa % [fi_F- 25 17 A (uo) B95M AR . ZEELRMIFG ] 0.5 m » 57!
Fig. 2 Basic zonal flow (uy)at 200 hPa in the cross section of time and latitude for the period of 0000 UTC 14 December — 0000 UTC 27 De-

cember 2002, Contour interval is 0.5 m =+ s~ !



34 PSR o2 U X A i ) BEAR R 5 EP sl 158 &

No. 3 RAN Ling-Kun et al. Relation Between Acceleration of Basic Zonal Flow and EP Flux. .. 415
44.0 2.0
4.0 1.5
1.0
42.0 05T
41.0 0
40.0 05
-1.0
39.0 15

38.0
12-14 12-16 12-18 12-20 12-22 12-24 12-26
HH# Date

&3 2002412 H 14 H 0000 UTC~27 H 0000 UTC 200 hPa
SRR TR 25°N~40°N 43 B35 [ 28 [0] 3F- 18 45 [6] BEA U Cueo)
ESHRRETR L f A XS IR

Fig. 3 Temporal variation of basic zonal flow (uo). meridio-
nally averaged in the latitude belt from 25°N to 40°N, at 200 hPa
for the period of 0000 UTC 14 December -~ 0000 UTC 27 Decem-

ber 2002 (units; m+ s 1)

1227 —
1226}
12-25]
1224
12231
12-221-
12221§
1220
12-19

H#1 Date

27°N 33°N 39°N

45°N

K 4 20024E 12 A 14 H 0000 UTC~27 H 0000 UTC 200 hPa %%
T g EP W B /30, SELHFE S 0. 25X10 Pm « 572
Fig. 4 New EP flux divergence at 200 hPa for the period of 0000
UTC 14 December — 0000 UTC 27 Docember 2002. Contour inter-
val is 0. 25X10 3 m « s 2

30°N~36°N &[] 2 M40 15 ik — 8. B 5k
ZhREAF 25°N~40°N 2 [ ¥ 1 HF 8 EP i@ i
BERMES: EP il [F= —p. o'u'j + (o f/N*) (g/
Oret) 0’0k JEBCRE L I 25 1) 2 30 B I ) (9 e /0 T 1Y
pfilAE A, 7E 17 H ~27 H. #E EP i@ &
F s 7] 2 A A5 2 1) Z20 0 M S B ] A A e 3 L
BB, X UL BT X EP 3 Bl 25 6 1) 2
MR EHE N BB R, M EP i & BT 2
a5, [ THIAS AR 22 A TR 22 31
BEAG W 19 H ~22 H 251 200 s i R
AR SCIRAIHT T (200 3 A 345 TFAE 25 1) 2o
S AR P VR (B 6) . FEIR] 6a . R ShBh RS

-2ig-14 12-16 12-18 12-20 12-22 12-24 12-26
H# Date

5 2002412 H 14 H 0000 UTC~27 H 0000 UTC 200 hPa
SEHEIA 1 AE 25°N~40°N £ Bl 4 22 1] P B Y B X EP 5@ &
O (SE8O FfESE EP G (8L Z) DL due /a T (K 4D
Bt [E] S fL (B : 10 Sme 57 2)
Fig. 5 Temporal variations of new EP flux divergence (denoted
by solid line) . conventional EP flux divergence (denoted by dot
line), and basic zonal momentum tendency (Jduo/dT)) (denoted
by dash line), meridionally averaged in the latitude belt from
25°N to 40°N, at 200 hPa for the period of 0000 UTC 14 Decem-
ber = 0000 UTC 27 December 2002 (units: 10 °m « s ?)

[ 30 SR AR IX 23 3] S BRAE 18 H L 33°N Bl
F125 H. 35°N fffi, Hue sl —1.25X10°°
mes 2FI2.75X10  m s 2, XFHGATHN, HREhH
TN ) ik DL AR S sl AR S R () T ik
X £ ] 2 A sk E A e sh sl i 22 1) vk AR
gL, W] UL 52 A I S e o
S BB Bl 0 28 ) Ak B s XS SCERC 1201
IETERE S

TEIX L, X i 23 I 5 4 ) BEAS 0 =2 18] 7 AH A
YERHEAT RIS R R B AE S S A I 2 XN, & a8
W 5485 1) JE A ST S U AR AR . A RS e g
i B T3 R R 3 A R e SRR
15 =2 P Re I s oy — 7 T2 1) S AR IR
A PRI RE R, AT S REN N, e
7| R 2 1] ARSI ) Y S e

TR

PO EAE AU R 3h F2gh— A A ]
A, b EP i Be i 3R R A A R,
FAHEAE DT Bt A— 2 B, i
I AR © N 2 55 il

ARSCRAISCHRE 13 1 22 i ) )RUBET7 i i 4
) B E IE TR/ EAG IR AR IR GO



P N
416 Chinese Journal of Atmospheric Sciences

29 4
Vol. 29

H3# Date

H3# Date

21°N  27°N_ 33°N_ 39°N  45°N

H3# Date

45°N

27°N 33N 39°N
o
<
(o]
m 0.25\
¢
12-14L % y Al i e W
2I°N 2°N 33N 39°N _ 45°N

{6 2002 4F 12 4 14 H 0000 UTC~27 H 0000 UTC 200 hPa Z&JE i [ #F EP i U 4R st ZHEZR 0. 25X10 3 m « s 2
Fig. 6 Components constituting new EP flux divergence at 200 hPa for the period of 0000 UTC 14 December — 0000 UTC 27 December

2 2
2002 Contour interval is 0. 25X103m * s~ 2. (a) 1L { J
0s A ﬂyz

77 1 Liyray, f 7
pson ):|}; (b 0s /17r2{«7y2[(7z (f(wo/azpsvu )]}7

7L£ZL 9?2 Jd . = 1 L2 J f z —
0~ 4,;2{@2[92( 00 Wa >]}; @ =15 [30()/Jzazay(psvu >]}

HE 1 AT ST 5 2 2 ) 2 LK P S A
SN WA A T B2 78 B — Rl ot
B EP ik, 7ELLAE TR RT3 B, 51 A
TRIARIEUG . EP il b g it i 0 1 5
FHELBUR) 3900 o vt 2l A i3 5t 9 1 41
W FATRE B R R 2 BB (o) /9y A5
S 2 6 R S OB SR A1 fo W AOR
RS AT TR, L. S A T Ry
RIS 26 15 T2 S B R S S 54 EP
S T A R 5 A A A 1 T O R 1L
BSE. BRI, £ A% SO BRI W 7 B o u, /0 T =
(1/p)V * Fepht . B BRI FRHIN . LIRS
SEA AL R AL TR 2 B i e e — v
S ASOR RIS BT 2002 4F 12 A 14 H ~
27 HIEME AR 200 hPa 4 FE i _F 25 17 A
BB A TS . 12Tk SR WITE 200 hPa fY
Lh 2K BB EP RO B A1 5
2 ) 2200 R MO T O 8 L+ 22T
3t EP il O IR 2 20 R R AR L 1 T
T I LS 1 2 0RO 50 R gl

EP il 5 o3 s i 0 48 1 g 1A 0 )
225 3k

[1] Eliassen A, Palm E. On the transfers of energy in stationary
mountain waves. Geophys. Publ. ., 1960, 22. 1~23

[ 2] Andrews D G, Mclntyre M E. Planetary waves in horizontal
and vertical shear: the generalized Eliassen-Palm relation and
the mean zonal acceleration. J. Atmos. Sci. . 1976, 33(11) .
2031~2048

[ 3] Andrews D G, Mclntyre M E. Generalized Eliassen-Palm and
Charney-Drazin theorems for waves on axisymmetric mean
flows in compressible atmospheres. J. Atmos. Sci., 1978,
35(2): 175~185

[4] BT, FOI=RE. TR FA P BRE WAT RIS ) —
WS HBrsE. hERE D), 1983, 10; 940~950
Huang Ronghui, Gambo K. On other wave guide in stationa-
ry planetary wave propagations in the winter Northern Hemi-
sphere. Science in China (Series B) (in Chinese), 1983, 10.
940~950

(5] M, msrss. SMESRE 5B mAE M3l 2 5. Jeat.
AL, 2002, 57~81
Xu Xiangde, Gao Shouting. Forcings and Dynamics of

Wave-Mean Flow Interaction. Beijing: China Ocean Press,



34 PSR o2 U X A i ) BEAR R 5 EP sl 158 &

No. 3 RAN Ling-Kun et al. Relation Between Acceleration of Basic Zonal Flow and EP Flux. .. 417
2002. 57~81 [10] Plumb R A. Alternative form of Andrews’ conservation law

[ 6] Dickinson R E. Theory of planetary wave-zonal flow interac- for quasi-geostrophic waves on a steady, nonuniform flow.
tion. J. Atmos. Sci. , 1969, 26 73~81 J. Atmos. Sci. , 1985, 42(3): 298~300

[77] Edmon H J, Hoskins B J, McIntyre M E. Eliassen-Palm [11] Gao Shouting. The generalized EP flux of wave-mean flow in-
cross sections for the troposphere. J. Atmos. Sci. , 1980, 37 teractions. Science in China (Series B), 1990, 33(6). 704~
(12): 2600~2616 715

[ 8] Dunkerton T, Esu C-P F, McIntyre M E. Some Eulerian and [12] Pfeffer R L. A study of eddy-induced fluctuations of the zon-
Lagrangian diagnostics for a model stratospheric warming. J. al-mean wind using conventional and transformed Eulerian di-
Atmos. Sci. , 1981, 38(4). 819~843 agnostics. J. Atmos. Sci., 1992, 49(12): 1036~1050

[ 9] Plumb R A. The circulation of the middle atmosphere. Aust. [13] Juckes M. Encyclopedia of Atmospheric Sciences. London:
Meteor. Mag. , 1982, 30(1). 107~122 Academic Press, 2003, 2526~2532

Fr5IRTT .

KABH T (F 21
([£] BEF#; BPW. AFEd; AFHE, KXER:; KL B REE
(F#. 69.5 FF; AR F7H 16 F; £ 120. 00 70)

(RAFS ) — PR E TRB R+ UCLA ZUZ B E B i 4, R RAURAT = A il 215675 %
i ZATT 1980 4F E R RS BF N 2R ST 1R 36 R FIHAB VR 22 [ G R R R ST B0 BB 45 I by B S 1 i DG 1
SRR =R RS G T, 1985 4, AT AR A ML L, 8 52 2030 E KSR R A FRH A Gz
WG A REK E B S% 4. WARE RS 20 KAk, KRRV CBRARRIERE, Rl in 4ok, MR
R A H OCHR 1 A2 BR A W AR SRR R AR P (W S S A A R SR U . BT 9 S A MR S R, T 2002 4E X 58
BT AT R AEJERR A LR BRI T2 T00 BN AS s SRA T MR B B SE BRI T R AR S e L O
TEAIEAR T RSN 5 RAMERGEZ VIR, [ 48 R 5 5 8 G A 5 oA 7 22 B IF SRR G 1y 2
BERGHZE AR . RGN TG [ RRAL . B3, BUAE, BT PR T PSR, K8 s e R oL
A BRE B A RS ABAR KRS = AT

AR 20 MUEEASEIESE — RN A5, AEJENOERL BT T REMES AT, B E TERMINETR. XY
T RRAIAT, LIRS G S e Ak B M3k . s SERN R IR S ASOULI e st f R B AR 5 54T B K4+
WM ah T2 B BN ER S, 2138 %, 5 1 &, AT RN EARHR; 5 2 %, KRWMAKH
Bt 55 3 =, K FHERSTE R P R SORIEN s 55 4 35, R RIRLLSMm IS4 25 5 =, RAPRLFROGHUR; 265 6
B, ATRRANESHE R 5 7 5, MR R R 5 8 T, RS AR, AR ICE ML IS AT
ZEZHH. BWEWAZRRG] T EE AP ARCAZ . SRR A R 56 2R ML IR AR T A B iy A %2, (H R
$RALGRERMAIREIN, AATR, RAOTIR DAL TR BIBCR . [FI, 27 K al o A B FIAS BN B 87T %
] B B SR R IR (HRF : knliou@atmos.  ucla. edw).

FEE X G APRNE G T I RABENRFARMPF A, DR F RIS AR TREEN TR R.
XFAT RN, eGSR . ohaE. BRI, DU RA S SRR TAEE WA SN S5 M.

BRA ML JEHT PO T R 46 SRR MM RATHR A TRl W4 100081

HL . 68406961 f&ZEL. 62175925 P4ik: http: //cmp. cma. gov. cn  Email: qixiang _ 8043@263. net

R R



