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Abstract Characteristics of the wave sources,energy propagation and conversion for anomalous Rossby wave activities(tRWA)
along West Asian jet stream (WAJS) in summer are examined based on the NCEP/NCAR reanalysis dataset from 1958 to 2003 by
using vorticity source equation, Eliassen-Palm (EP) flux, and wave energy equation with diabatic heating. As a result, the causes of
RWA anomalies along WAJS are further comprehended from the atmospheric dynamic mechanism to improve understanding of mid-high
latitude circulation anomalies. The results show that the negative vorticity source and the strong EP flux divergence over the Mediterra-
nean Sea and the North Atlantic-Scandinavian Peninsula area act as the wave sources of RWA anomalies along WAJS. When the inten-
sity and position of the wave sources are anomalous, the excited eastward-propagation RWA along WAJS also behaviors anomalously.
In strong (weak) years of RWA along WAJS . Rossby waves excited by the strong divergence of EP fluxes over the Iceland-Scandinavi-
an Peninsula area (east to Scandinavian Peninsula) propagate eastward and southeastward. The eastward propagating waves strengthen
(weaken) after turning southeastwards near the Ural Mountain and then entering into the Asian subtropical westerly jet stream
(ASW]S) over the Caspian Sea-Aral Sea-Xinjiang. and the southeastward propagating waves strengthen (weaken) after directly ente-
ring into the ASWJS over the eastern Mediterranean-the Black Sea. Furthermore, the divergence of EP flux over the Mediterranean also
strengthens (weakens) in the strong (weak) years, so they jointly bring about strong (weak) RWA along WAJS. Besides the pertur-
bation available potential energy (PAPE) along WAJS (15°—60°E ) produced by diabatic heating is far greater than the conversion from
the kinetic energy of basic flow into perturbation kinetic energy and from the available potential energy of basic flow into PAPE. The
RWA along WAJS looks stronger (weaker) than normal, when the PAPEs produced by diabatic heating over the Iran Plateau and west
Asia obviously strengthen (weaken) , therefore they are also the energy sources of RWA anomalies.
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Fig. 1

(a) Vorticity source (107 "'s?), (b) horizontal wave activity flux (m?/s*) and its divergence(10™° m/s"),

(c) horizontal wave activity flux (m”/s”) and its divergence(10™° m/s”)after filtering the waves of less than

3 wave-number at 200 hPa in summer for strong years of the Rossby wave activities along West Asian Jet Stream

(Vectors represent wave activity fluxes and contours represent divergences)
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Rossby wave activities along West Asian Jet Stream along(a/c)35°N and(b/d)45°N

(Shading areas indicate topography)

AL RE 0] 2l A %7 BB 1Y e 0 LU LR M3 . 7 45°N
PGS S0 A FTICATS Sk 3 U5 X, o I b X6 3 )2 OIS 2
IR WA DK K 2 T 26 P RS AR i B e R
5 Cue, <0 0158 F1 14 25 187 0 3075 B4 S 3 -l (o' T
< 0) FrE., WL A U, PO 20 K H R b e
200 hPa AR ¥4 76 BE A S 19 A 25007 8 1] % BE 1Y
U2 S 1) N P 62 3 =0V 0 o 1 el Pl
HRPICIX

K 6 HUTPUIE 20 Rossby I8k . 5548 Sy
B A, WNE 6a fif . W 35°N WP A A ITIX
(60°E LAPY) 200 hPa LI F M IE#EF. J0H Bl 4R
R = i I A= B = R B N A )
B R RE 0 3h A 8507 BE 1 5 3 bL S T 24 48 5
60°—100°E Wk Sy B F, 2B  BH & R b 28 Dk

T8 BB R BE 1) R A S W A 807 BE 5 e
B LTI R T Y b A Y R R 5 . v R AR
TC5S . W 205l 40°N (&I B%) 5 35°N Sy, B 431
— B0, (HPEUE . P L A R O R . WTASTN
Sy BE V43455 35°N 1 40°N t— %, {H 728 b 2 i
HI L 200l B LR 0 5, 1 B PG P R 2 T 3
AP 20U B g A B AR AT 9 A R RE 1) 18 RE 1 e
SR b = e B e S Y G A
I HEAS AU A R0 R e e 3 5 . A B 55 4F Sy BE
43 A (B 6, d) 5 omARFEA A B V5 2 S
J0 0 3 AR AP A0 A R BE 1) I8 R 1) e e — B0 D
55 o O B3R A e i B b R AR A A A AR
AL BE 1] I BE 1) e e g — SO R



562 Acta Meteorologica Sinica K%k 2008,66(4)

100
(a)
< <
& &
£ &
o -
= g
.80 o0
(&) (5}
jam T
100
D
200+
— # 5 [EE 3, HR Sy
jo
i::: Fig.5 Same as Fig. 3 but for Sy
g
=
Q
o
0 20 40 60 80 100 120 140°E
100
200
£ £
= = 300
@) 4230 00
[ [
jam jam

0 20 40 60 80 100 120 140°E

Height (hPa)
Height (hPa)

0 20 40 60 80 100 120 140°E 0 20 40 60 80 100

&6 [l 4,100 Sy
Fig. 6 Same as Fig. 4 but for Sy

120 140°E



W MG F T VE I 2R Rossby 309 3l 53 1 35 IR A0 BE 1 4% 4 B B 4o e fiE 563

4.3 dEE NI A 3 B R AL BE4FAE

B 7 S EH S AT Se WU 2 7 g ) 35°
N &l 407N A2 b db il 45°N < -2 ) ) 1
Pl W 35 NI 7a) B8 X Jik J 2 B B o Do 0 77 78 55 D
s R B R A A R B A AL R X (S >
00+ 2 0 59 g L L0 s DAt b s K, R X P A 1
JE Al #4630 B A O B B R R S O P R 3 e 0
SR . WS 40°NCE Th) H B g R R T g R
JEAN 173 475 Sy A 2 o0 #4™= Az 58 ik 3 g i DXL X i
JAH )2 Se b 35 N BT U 5 — 2 R s rp i

100

Height (hPa)

0 20 40 60 80 100 120 140 160°E 180

100

2007

-2 400

Height (hPa)

0 20 40 60 80 100

120 140 160°E 180

& 8 i V4 I 213t Rossby P4 3l 9k L 55 4 Sc
BP0 A5  1 35 NI 8a) » 74 V. & 3t A 5 % g Jid 7
# S IE BE P, 3% B b v Ui AR R R I PG AR
s AR PO A A I Bl A R RE T A - 2
8 T A0 N &) P XA il Se BEF- 401 5 35°N
—8 R AR B IEREE Bk 9 X 107!
m®/s* U PE XU 20T Bl AL i 45° N CE 8b) {75 SR 7E
40°—80°E W PG . o WV Hy X A 1F B -, 2 B VG &

s AR A B R A 5 I 2 RE S R OR R RO Y
P JsL e X 3 2 AR JZ Se Heb s 208, 5 X —
TR ETRXE TR BEEMNAE L, iRk
BRI 9 PG R0 A 3 S A 24 1 R e B B
SR P BT RCRERE X« 3t r i D B g iR R G A
TR AR . 2R AL 457N (B Te) X
WIZF R Se 2t — 0055 . BRI AR M — R o Ak
ot PO Az 55 5 Bl BE R X X IR O —
] P 1t 4t DX o B 4 A R 7 A o 3 S R X
5 R R TR IXE SRR A 5.

100

(b)

10

n 10 10

10 .zo’\\/\f

20 30 20
2007 0 0
\ Mo \/zo
20120 10
3007f q u \\
20
101 A~
10

10

Height (hPa)

0 20 40 60 80 100

120 140

160°E 180

[75-]7 Elz] 37 ’ﬂjﬂﬂ Stf(q§~{ﬁ:1071m2/33)
Fig. 7 Same as Fig. 3 but for Sc (107! m?/s%)

UL AJC Sl A I U B R AL AR 2 B A A e B
AE R EE MR- 249 0 50 L T R i G o8 A S . T
gl 554 (& 8e.d) - W 2 SO g AL Se B 20 A
55 5 AR SEAS A B i rP i O B g BRI £ I
i DX AR 4 RO A I B RE B L MR F 20 . T
URE s S ta AN N o | A I A S | B
g AU B A R RE 9 A2 1B I VY 23 Rossby i
Bl 5 W B RE R IR .



564

100

200 -

300 4

400 A

Height (hPa)

5004

600 4
700 -
800 -
900

0 20 40 60 80 100 120°E

100

2004 -3

300 4

400 -

Height (hPa)

500 4

600 -
700 1
800
900

100 120°E

Acta Meteorologica Sinica K%k 2008,66(4)

100

200+

300+

400+

Height (hPa)

500+

600 -
700 |
800
900 +
0 20 40 60 80 100 120°E

100

200 .

300 4

400

Height (hPa)

500 4

600
700 |
800
9001

0 20 40 60 80 100 120°F

B8 B 4,{H% Sc(#fi.10 'm?/s*)
Fig. 8 Same as Fig. 4 but for Sc(107! m?/s%)

Sa FI Sy BN 107 m*/s™ . Se B ZN
107" m*/s" . VU PG KU 0 3055 | 55 4F 5 19 9 3l g
i Sat Syt Sc (B 5 Se — 2, XM R FALF Bk
VIV 20 B 32 A 2 SR IR R I8 3 A S g i
T R T HE AL B Bl BE M AL BE 167 5 AE B9 4% 4t
XIS — ARG UE T Liu 45 (2003) 5 50 (E B 40 45
A B R ZE A DA B RO A R R R
PRl 2 DR Bl B B 24 o A FA A o B4 itk — 5
L A 2 RN e I o 2 T b X O R B R Y

5 45

AR HT TP PG R R Rossby 316 2l i
555 47 R | RE AL 4% R AL SRR AE S 25 S B R
mF .

(1) H VG200 Rossby 1% 2l i 4F & # 5
T 5 2 ) D U AL T DK I — SO B P S 4 I £ A
FH I PG L 55 AT D R 57 T 07 B A IR 4 R B — R

G v VAR R — R T b X

(2) Wy P9 29 Rossby 16 2l 5 (55) 4F 1K
8y — SO 3 ) 00 4 S~ K (R B8R A 00 4 S B DA AR
EP i & 58 55 8 X 4 & Rossby % I 1) 7 A5 % . 47 7E
2 S5 IK TP TE AL B B{ AR s — S W) AR AL R AE S PR
Ly A 3 %% 1) 2R e JOFAE BLUE RO R 8 B s E AT
P ) Ry PG RS O A 7 3 5 (U)o — S E R )
2R P 7 1) A 43 A b v i 2R — R i B T AT N P
D E g B i 5D IEAh , b g 25 EP il 546 B
W3 5 G 55O e AT 3[R 1R R0 A5 0 7 XL 200
Rossby {1 sl 14 58 (I 55D .

(3) VU0 2 3t AF 4 B B ™= 2B B 3 A7 &% R
T8 R T B A I 3l Be 1] 4 3l Bl B8 RN ER A S A R
AE [ P 3 A &AL BE 1Y % 4%, V5 I 203 Rossby 1%
Bl R AR (55 48 G B v it S A 00 1 7 I b X 3 465 B
T A P 2 A RAL RE 3 5 (U5 L RV A
it Rossby Ui 2l 3 5 (U 55) 19 g 5 5

BT - R B R B T B A A T 0 S 5 —



WM S VRV A Rossby U156 8 5% 19 U U5 fl g &

YR AT A £ 09 0He, FRI S0 .
References

Ambrizzi T, Hoskins B J, Hsu H H. 1995. Rossby wave propaga-
tion and teleconnection patterns in the Austral winter. J At-
mos Sci, 52 3661-3672

Ding Q H, Wang B. 2005. Circumglobal teleconnection in the
Northern Hemisphere summer. J Climate, 18:3483-3505

Duan Anming, Wu Guoxiong. 2005. Wave-mean f{low interaction
and atmosphere energy cycle under diabatic heating condition.
Sci China Series D Earth Sci(in Chinese), 35(4) . 352-360

Enomoto T, Hoskins B J, Yoshihisa Matsuda. 2003. The formation
mechanism of the Bonin high in August. Quart J] Roy Meteor
Soc, 587 157-178

Enomoto T. 2004. Interannual variability of the Bonin high associat-
ed with the propagation of Rossby waves along the Asian jet. J
Meteor Soc Japan, 82:1019-1034

Hoskins B J, Karoly D J. 1981. The steady linear response of a
spherical atmosphere to thermal and orographic forcing. J At-
mos Sci, 38(6):1179-1196

Koutarou Takaya, Hisashi Nakamura. 1997. A formulation of a
wave-activity flux for stationary Rossby waves on a zonally va-
rying basic flow. Geophys Res Lett, 24(23):2985-2988

Kuang Xueyuan, Zhang Yaocun. 2006. The seasonal variation of
the east Asian subtropical westerly jet and its thermal mecha-
nism. Acta Meteor Sinica (in Chinese), 64(5) . 30-41

Li Chongyin, Wang Jough-Tai, Lin Shi-Zhei, et al. 2004. The rela-
tionship between East Asian summer monsoon activity and
northward jump of the upper westerly jet location. Chinese J
Atmos Sci (in Chinese), 28(5) :641-658

Liao Qinghai, Gao Shouting, Wang Huijun, et al. 2004. Anomalies
of the extratropical westerly jet in the north hemisphere and
their impacts on East Asian summer monsoon climate anoma-
lies. Chinese J Geophy (in Chinese), 47(1): 10-18

Liu Y M, Wu G X, Ren R C. 2003. Relationship between the sub-
tropical anticyclone and diabatic heating. ] Climate, 17: 682-
698

LuRY, OhJ H, Kim BJ. 2002. A teleconnection pattern in upper-
level meridional wind over the North African and Eurasian con-
tinent in summer. Tellus, 54A; 44-55

Plumb R A. 1985. On the three-dimensional propagation of stationa-
ry waves. ] Atmos Sci,42: 217-229

Ran Lingkun, Gao Shouting. Li Chongyin. 2005. Propagation flow
frequency Rosssby wave with divergent wind. Acta Meteor
Sinica (in Chinese), 63(1): 13-20

Ren Xuejuan, Zhang Yaocun. 2007. Association of winter western
pacific jet stream anomalies at 200 hPa with ocean surface heat-
ing and atmospheric transient eddies. Acta Meteor Sinica (in
Chinese) , 65(4): 84-94

Sardeshmukh P D, Hoskins B J. 1988. The generation of global ro-

4t B 4 AIE

l
(2]
(S

tational flow by steady idealized tropical divergence. ] Atmos
Sci, 45:1228-1251

Tao Shiyan, Wei Jie. 2006. The westward, northward advance of
the subtropical high over the West Pacific in summer. ] Ap-
plied Meteor Sci (in Chinese), 17(5):513-525

Terao T. 1998. Barotropic disturbances on intraseasonal time scales
observed in the midlatitudes over the Eurasian continent during
the northern summer. ] Meteor Soc Japan, 76 419-436

Terao T. 1999a. The zonal wavelength of the quasi-stationary Ross-
by waves trapped in the westerly jet. ] Meteor Soc Japan, 77
687-699

Terao T. 1999b. Relationships between quasi-stationary Rossby
waves in the subtropical jet and the mass and heat transport in
the northern periphery of the Tibetan high. J Meteor Soc Ja-
pan, 77. 1271-1286

Xu Xiangde, Gao Shouting. 1999. Forcing and Dynamics of Wave-

mean Flow Interaction (in Chinese). Beijing: Ocean Press,
245pp

Yang Liangmei, Zhang Qingyun. 2008. Interannual variation of
summer precipitation in Xinjiang and Asia subtropical westerly
jet stream. J Appl Meteor Sci (in Chinese),19(2):171-178

Yang Lianmei. 2007. Research on interannual variation of Rossby
waves activities along Asia westerly jet stream in summer [D].
Beijing: Institute of Atmospheric Physics, Chinese Academy of
Sciences,139pp

Yeh T C. 1949. On energy dispersion in the atmosphere. J Merteor,
6. 1-16

Zhang Jiabao, Su Qiyuan, Sun Shenging, et al. 1986. Handbook of
Short-term Weather Forecast in Xinjiang (in Chinese). Uru-

mqi: Xinjiang People Press,457pp

Bt i 325 & STk

B I, REME. 2005, AR4a SR 0 O A BAE T 5 KRG
T, ERE D, 35(4) 352-360

DLW SREAE. 2006, ARV R HGHT PE X S 0 2 1 AR A0 AR AR T A

PR R TT. RR 5], 64(5): 30-41

AL RS AR . 2004, RO RS 815 AR A TR A
WALEALBE S R BFSE. KRAPBHE.28 (5):641-658

BN, BT, EOES. 2004, Jb2fERE R B TR 272
S R AR W B 2 RS SR R R . M Bk B AR, 47 (D) .
10-18

FEAd, RSP RS ZE A2 2005, HEEOAAE IR R Rossby 3% 19 fig
AR, %M. 63(1): 13-20

LR, SKIEAE. 2007, 4 2% 200 hPa V5 K P 2000 5 8 51 £
RIR SR A S R REW. KL %M. 65(4): 84-94

P e, A, 2006, FEiE 5 22 74 K7 7w #AHT e P A PG b k.
RG240, 17(5) :513-525

AR, msFss. 1999, SNSRI S5 mAE g i R, dbat:
R AL . 245pp

R SRR . 2008, S i B 25 B K AR B 22 4k 5 32 P @) $iedy 7 X
A, MR 19(2):171-178

M. 2007, 5 2 I 76 XUEH Rossby % 35 2h 4F Fr A8 (b B 78 [ D .
At . o E R 2 e RS A BT S AT . 139pp

KEE, AT, MRS, 1986, Hiymi W KA WIS S FMH. 13
BORFE: RN A 457 pp



