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Abstract: Vortices over Tibet Plateau often bring heavy rain and other disasters to China. Generally, they are believed to be
generated from bottom to top through sensible heating and latent heating. In this study, however, we find that the May 2013
plateau vortex, which has caused severe precipitation downstream, is actually induced by the synoptic-scale eddies in the upper
layer of the troposphere. Using a recently developed functional analysis tools, i.e. the multiscale window transform (MWT), and
the MWT-based localized multiscale energy and vorticity analysis (MS-EVA), we reconstruct the ERAS reanalysis fields into
three subspaces of scale, or scale windows, i.e., the basic flow scale window, synoptic scale (plateau vortex scale) window and
high frequency window. By the reconstructions, it is shown for the first time that the vortex is generated on the northwestern
side of the Plateau, and the generation is through the barotropic instability of the basic flow, i.e., the canonical transfer of kinetic
energy from the basic flow window to the vortex scale window, which develops downward from top to bottom. Moreover, the
ultimate source of energy for the vortex development is the baroclinic transfer from the basic flow, rather than the non-adiabatic
heating as commonly believed. Further analysis shows that there exists a “path” of energy redistribution on the vortex scale
window: In the lower layer, the vortex receives available potential energy on the western side, which is then converted into kinetic
energy, and transported via vertical pressure work into the upper part. In the upper layer, he kinetic energy on the western side is
transported horizontally (via horizontal pressure work) to the east, while the vertical pressure work there carries the gained kinetic

energy downward to the lower layer. In doing this the energy
BAE B 202 2020 9 A 6 B ; E=IEH: 2020 F 11 A 20 A received in the lower-western part of the vortex is redistributed
% —1EFH « 22848 (1994—), Email : yinengrong@foxmail.com throughout, making it possible for an unusually long-duration

W@ASHEH © M=, Email : sanliang@courant.nyu.edu vortex to develop.
Fohfz & : BIR B AFFRE (41975064, 42005052 ) ; Keywords: plateau vortex, canonical transfer, multiscale
LR R B AR A (2015) window transform, barotropic instability, baroclinic instability

Advances in Meteorological Science and Technology S&EHT#RE 11 (1) - 2021

7



]
= $ =‘-v

SERE
dvances in Met S&T

0 58

T 0 ey L R T ) P MR AR R ) & A
B A R B B A st RN
b, m R A E SRR S), H201H 26054
DA, e BRI BE I . R b R R e BRI ok
FE ) — HAR S AR R I — A R

EEM CFREERR £2—RKEZRTEEM
HiE AR Lo R E (meso-a) &K % IE,
HAPFBKFREES00 kmA A, EHEE —BE
2~3 km®o @RI AE R 2 IR0, A B
o i B A R R AL T A ASE 1 B T R R
gERUON R R AR, )2 VAT R e
RIERNAR, W& R R AR R, IR ok
E, SRR EEAR TN SR F, HDE4
M E TG AU T ISR R, AT
A A T R B A i S AE 1 ~3 4>, HE AR R )
Giit RP24 WL FWAATEEA/N I &R, B
B3R R AT UK I 5 L 2 i ) 3 1 8 g gk A U 2020
5 3 T R AR S b T T o i BRI e K R
HR R, HP 4G o m IR R A B2, X
S 7R RS 1) v SR A E T T % T TR A S 2 R B
VP2, S8 452 v SR B M 1 7E R U 72 A2 KR AL
BRI G 120000 B, B p s R sh H R
BEBIEE U998 H Z KT 2 Ik b X AR Rk 5P,

—H LK, &R A RS K RN
HE R SMERE IR, EEEE, FHl 2R
PEER, SZORBRARST R, EAGRBIEM2ME L L, JF
L v DA T P L P 37 37 v T RS A P B 3 X 3,
XAEE S R E SR 2R N, SRS RAR
S, HEEELRZERA ETHES), BIEkmand 1
SR BRI R AR B IR A A 1T A
A BRI KD AR AR B Y)Y, R ZE 5 7E Ekmand
WA FH R 0K W s R BRI A X PR AR . R E 2
(300 hPabl b)), JELREH iR P 5 K2 Ekman
R 51 L AR B RS « 2R PSRN — 2P0 v LR
T4 SR — A 5 FE B AR B 458 11 A X Bk i e A5E 25 J4 H
AR B PRI AT R B B T IOR H R I R ossby -5 14 E
Bo MLAh, WIBRAEE R R R, FEAlE T R
RIX MR RER A EHBEER" T, ERE R
o, A R IE B RS0 IR A BE 77 A 5 ) 5
A R, HE TR R A R,

UG R IE 2 P R A s R PE32.5°—34.5°N
BT b 2 () IE R AR A R T = R I TE R, (HIT4F
SR Xt T BT P i AN B R 5 A2 W 0 38 B B 1
fEmRm R R REESEM. —Jm, B, Bl

51 i A S ARG i 1) i e Bh RE L A s R B
T HiLTHT ) 6 (4 A — SRR T 12 DX ot J R s iR e 11
RPN, H O, WRALGH BT CRBE) R
ALK R (D BIERIIE (50 3R B AL 2050 i
B (R 2, DGR (D B G Fir=tEm)
B CIED W RE, AT 24 e 308 10 i B35 P42 Btk
ZHh, Ye PR T i i i B AR L M AR,
ol ) B R RUFE (1) 2 G0 A I A RLFE (90 %0 Y 2R G ik,
i A Ok s B BRSSP R . X
B2 W 25 AR — PR AIE T Wang P i — AN R T
A SR I e SRR AR O LA B Y o Athdi s R
T2 BRI BT 2 R BT, (RS R
A e Rk, o, T A O A ) o R %
G, XERZEBE T — AN PIEREEAX, X
8145 1 S5 A0 M TR A 10 2 SR A A R IR AN BT IR SR B
FEFERIKIR, AKIRAEFGTH I R HpoRE s #dt — 5 (i ik
TR R RS BT, ATINGE TR R
Ji 1) 23 S B R KRk I R i 3 — 2Bk
J&. mR EMRERGHE R R WA 288K
VR, I AR B e TR A B 57 41 T gl e 184 52
WWERNRE, FEE I PR B AU R 4E R IR e S B 1
A

Har, 2 REEMBEAER TG ER &R
AU AT 5 B AE X i B IR B R T R RS W, AR
[F) )RR 2 1) A LA FH AT oo Ji 30 L 1) 4D 2 RO e i
AEREY, CHRHRHAFIE . R % R A B
— B H BRI R ) 2 O A, i L ERT A
TEJE BT RERTAE, MRemZmMAEd, B
Hh 2 RS B8 25 o M A7 R HE A, 43 il N R b %2
U o fife 3% 1) 6 5 3R 08 DA R R (8] B 5 4% 4 19 1E 7
S, Liang% 5 Liang® il 56 F (1 2 ]RUE 72510
A4 (Multiscale Window Transform, MWT) I
JEERER AR /34 (localized Multiscale Energy and
Vorticity Analysis, fii#KAMS-EVA) 1) TAE X A5
MR EEI R, TNy . ASUWEET Lid
PR, X20134E5 H ) —km i imid Bt s i, B
TE BEXT HL AR ORI A S (1) 20 77 2 WL A B AR
1

AR FH BRI AR A TR R0 (ECMWE)
AL I ERAS 51 i) 2% 43 % 56 1) DU 4 A% 43 T 43 A B0
P ERASHER A /KP4 HF 5 H0.25° X 0.25°, I
W3 HEZ R he A HBYE RO =4
I AR, 3 B 7 1A Bk A T 1000~100 hPafs i
50 hPaffI19/MZ K, 7KFJ7 ) b A 2 A [ R g S0 3 (X
(10°—50°N, 60°—140°E) , i _Ef# 7201345

8 | Advances in Meteorological Science and Technology S&EHT#RE 11 (1) - 2021



H5HOOKT—6H 16 H 151 8 AN By 342" i Ik 1)
FH1,
2 FHik

A 7K H Liang 2 PO 2 R 7 25 7] 45 i
(MWT) . PAEETFMWTH & H2 R R & AW
FE A3 B S0 BATT RO e 5 kAT 2 R Bh J1 2412
Wi, Frrot A oeke i A2 IE WAL EL R BT DL K 3 T MS-
EVA ) &b i RHE A fa e FE R A g Bg Y. %07
BB ZIBHT 2R R KRIEEL RS %
W R, KR, BHERES PRE R K
BRI R R S S e AR A g ) o 2
Fo X B Z G EM— AT RN DA, KT ET
O VEAN A DA R H SR ST 2 ), 1S
HR[37].
21 ZREFZETHR

2012, X i 0 2 R B J1 S W T £ R
BEF i 1A B T T — S sh AR, XA 3
5 R B A I T ARG 5 R, IR A& & ok
{01V | o S M = |2 o 1 T 1 NG 2 9 2 758
FRUEE 2 B8R T LAR pe s Bk — 39 P 370 () BEAT DE I -
u(t) = u(t)+u'(t), Fhu(@) ' ()5 51 8 U8 B 5 15 5
M1 S EMI P, T B R AR 1k B
o MAE—AEE, XFEARINEREY (nhs)
%)%%i%ﬁ&?%k*%ﬁ%ﬁé@%%%ﬁ,
e | S5[wOF, fER%amt, i, x
FEME S Bt R AR . IR e S A RER
IR

u(t) = a, cos wyt + b, sin wyt + a, cos wt + b, sin ot

= (D
u(t) u'(t)

Hort, oo, 405975 505 FARE O, T4 A
I 035K T 0 43 P o R R AT 4% 1 48 R R B
Jie (@) 5@ b)), et R e T o]
5W®ﬁ$ii,%%dﬁﬂﬁﬁw+§b%mé
AR A, xEREE, B (0] 5ol
EE A A, X R RS, ST
REARSE? FTLL, 0B T el O] woym
A R S AR, AR “RR” R
BB RS, EE L

T SR G B 5 R A A S T E A, 4
v K A R e R BR I, Liang %09 2 T
—EBWE “ LB REFZAAR”  (Multiscale Window
Transform, MWT) R EH S T A, &,
TE— LE G BRI 0L, A7 62 — o {8 B A B 1 3
0 5 A e P AR — RIS, RS R

Cover Story T HERIE

IEEMWT XN E A, B2 R T 25 0] #H 1
(Multiscale Window Reconstruction, MWR) . MWR
nleh g R L EERESs (RVERIg) , TR
MWT ZRE0 T 25 H A B8 e A I RE & o

EMWTHEZE R, 3 (1) FFRIPEANAS R B A R
Py 3 0 5 7 A e SRR 25 1 0 2 4 28
o () R AR R IORE B I TR
Ao (RIALE 3 —4r e R R MRS am) Bt
ITHRMWTA S, @ =0,1553FRRE 51 25 m R
ﬁ?é@,ﬁ%%%?%§§%?%E%MWV@ﬁ
st sy, mli ) wnlo ) .o Fmrm .
BMFEZEBOETE R, g UL R EHig i =4
TN, A5 =01 2T DERR.
22 Rt REEESH

EMWTHEZE R, nJDLNBEERET. =403
v=(u,v,0). (DR ANR ZR A 1R UG T FE R
S EthE NERE TR mLErd, a7raH LT
FIREK “FE UNLREAT N

w:%(;;"’ ) 2)
1 [~-o)2
w=L(i). <3>
2

H, v R2KFRE, REcNEHMEZg. i
JE T B R LA K I E R LG B e, I BR B
C:ﬁzifa,ﬁﬁﬁ%ﬁﬁﬁﬁm@m%ﬁ¥§
e (Y1 501 6 K R 2800 RE A (A 170 75 R0 300 -
oK®
ot
oA”
ot
KNP EDAARBEERTENRL, R RAI AL
I3 B RS RERIAT AL RE T FE R Bk 22 T, ARER T R
FEHUS FE R R 8 S #G B2 Clun gk #h i 4 R0 78 44
m ) [39-42, 44] .
fEUL ERe R e, SONEBEMRITSTY,
TR & RS — M RES 5 — A REE R E
e, BT RARN RS, &% A RS AR N AE R
L, BT — MBI R, B AL DA R e

227 =0 6

Sofr, 200 2053 B0 F R T M )R AR T %2 1
AL SCE AR U BB R T2
2 I A BRI T R, BT &
PESUFEAL R, WAERR. R LI

=—V.Q°—V.-Q7—b"+ T+ F?, (4)

=—V.Q7 +b"+ST+ T+ FY, (5)

Advances in Meteorological Science and Technology S&EHT#RE 11 (1) - 2021 | 9



TEBE

dvances in Met S&T

®1 FE otMERESERE (4. m’s) EWH
FizX, HEopv=(u,v,0) RZHEERE
Table 1 The expressions and interpretations for the
energetics terms on scale window @ (unit: m*/s’), where
v = (u, v, ®) stands for the 3D velocity vector

B (o ~o
K"/ ot o) AR
-v.g; —%V-[(’Vv?)"’~iﬁ”} HRERE S, BHRTIE
-v.0; v Brgsm RS, AR A
- B (T2 o SR
o a e REAA R
e RS L ‘
=2 - 61T [l 3 e T U s
o v {v-(w) ]v
o (ao) N
04"/ o 55&&)] AR A
oo RS AR A, BV RLR R
Vo MENCN 0T itz
o dawomede 1 —e RS R R
sio T @D G FOY mae i ams

e[ ODTVET TG0 " | e ER ek

T EAR BN R A AN R X — R, AT S
ZMIX 4, Liang"" Bz N “IEN{E%”  (Canonical
Transfer) . LiangZ: @i 5t 008 i 1E A2 20
I A 43 VA i 5 A e SR A 1A 2 v 1) =) AN AR
bR, TR T U0 DU AT LIRS A b s Bl e 5 4

EARFEEN AL E T R B AR E
MR L, LAKRE B S REMNLRES, X5
BRI S5 A FRE ML RN T LLAI B . 1 i ke i,
RIAL D0 = Ok Frra, 147 8] (o, 147 8] 1) je &A%
. N 72500 (@ = 0) [[iRs 7250 (@ =1 [
EEhEE (RLBE) MHATHL (07D RER, %
BN IENZNRE (hife) P MRS E L, &
BRAETIER (RHE) AfE. BIGH T =MRE
FEBPREERSA  IEE. 5£E% 0 Lorenz/ fE &1
WAHEL, XAMEIAERS R 5 23 6] b4 ey, fr
CLRE I Rt S AT A Jy 532 3l A i) R SO 2
3 BERNENSEES
3.1 BRIRIFREFE

Pl 2 2 L O v Jo i A il 22 5 v i e A ) 45 I T
ERERRIE S . 7 N8 HAES00 hPa b, 24 HfE A {E
R AR B B —ANE R RS A, s
mEJE T25HO06H, (AR, NFED K& — K5I
FREER VR iR A2 . T 500 hPalf) )37 1A K JE %,
— /N B P R A NV AT T B R s XY
££200 hPafl850 hPa b, 347 AL — A AT — A5
oD G B P AR RS, XA E AT

PN o Q
& Qv
Co L &0 q
bO

. [ |—

) <o
Q
¥ SN
£ I

|

>
Fy
Ze [)VJ

Lz°
e
-]
G;
ey

E1 EAREERTHECZEE/IATER, HFERE
Bk RRIENERIZRE, 2B8FNEHREE, EBRE
REmE. #BREER, BRI, BBELRE
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Fig. 2 The geopotential (isoline, interval: 400/200/100 m?/s®
at 200/500/850 hPa, respectively), zonal temperature anomaly (deviation from zonal mean between 60°-140°E) (shaded,
unit: “C), and horizontal velocity (vector) as the vortex generates (00:00 GMT, May 22), develops (06:00 GMT, May 24), and
leaves the plateau (06:00 GMT, May 25). The black triangle at 500 hPa marks the plateau vortex No. C1320, and the green
star marks the one studied in this paper (No. C1321)

2) 32~256 h PFIRANEIS: 3) 512 hPA LRI 5
Py, BIBRF 50 S0 5 N s e, R s R
R FE FEAZ32~256 hit RS sh firdal, %t
WS R AL M UOLFRE R A & = FHUA . R RIE
: FAMWTHT RN E 35, AW R RS 5
5 - YRR N3N R AE RARIE I 1 SO0
2, JRETF 200 (¢>256 h, K&j10 dUL ) , B8t
A Mo R RSN T 25 0] (32 h<t<256 h, K%
S SIS SSE O O g ) A AR, TSRS
0.1 04 07 1.0 13 1.6 19 22 25 28 rg%lflzl‘ﬁ] (t‘<32h) ° N . -

E3 201345050008 —6/3 16 0158 S E LA RIS B R4, BRI
(32°N. 100°E ) URCEARIIIR3 (a) (ffir: 100 m?/?) VISR IS0 UAGAE, E 245500 hPa b
BENENZE (b) AT G b AT 3 B Gy s R A o Iz v B S A DL K

Fig. 3 The geopotential time series (a) (unit: 100 m?/s?) 200 hPa [R5 T 25 & .
and its wavelet power spectrum (b) at 32°N, 100°E on

JA3/h
N

Tibetan Plateau from 00:00 GMT on 5 May 2013 to AL 35 /i U R W AR K e SR T e 45 ) R A
15:00 GMT on 16 June 2013 MAERSREE, 2 R 25 0] 4% $ 11) E1 R4 37 thIE 51X

Advances in Meteorological Science and Technology S&EHT#RE 11 (1) - 2021 | 11



I%a
SgRE i1

dvances in Met S&T

850 hPa

24th May, 6 GMT 500 hPa

24th May, 6 GMT 200 hPa 24th May, 6 GMT

—10 =9 —8 —7 —6 —5 —4 —3 —2 —1

B4 FEE2, 184248060 %=

1 2 3 4 5 6 7 8§ 9 10

NRREMBEEGEEESRE

Fig. 4 Same as Figure 2, but for the basic flow window at 06:00 GMT on May 24

— R WTRE R E R W63 R SRR R AR
FE RIS R RPN A PR/ RS e, Rk R b e
JEARAE R FE AR e — ks Rl R . MRS E )
Ky (K5 el LlEH, 24H500 hPa b /1)@ R 4
X R ) AR R BN — A A R AR ERR (ES
R A EMIE) , I HTE200 hPa l, ZKIRERIL

200 hPa

BHEANHE (ERFEZERNZ, 22H500 hPa F90°Eff i
(RS BEAR IR 5 Y R TG S f v SR A e e, 223
HECHEHEED o Lo %R & 5
A R TImEIER L E A b, X5 AR
JEi A R BB RRAET S, SF ik, PR
AT EE R A T AN B DL 1 o i i

200 hPa

7=

22th May, 6 GMT

_____

iy, o

= 2

| — t T T 1 \- T T f

60°E 80°E 100°E 120°E 60°E 80
I

—10 =9 —8 =7 —6 —5 —4 —3 —2 —1

AL
LAY

T T T T
°E

100°E 120°E 60°E
-

1 2 3 4 5 6 7 8 9 10

T T 1
100°E 120°E

E5 EE2, BAXSRE, B HEELKERHA100 m’/s®
Fig. 5 Same as Fig. 2, but for the vortex window, and for a geopotential interval of 100 m?/s®

4 XRERERREEREIZNNZYE

BT 0 o X L 2 ) 9 e 2 22 2 9
TR, R R R WA A R YA
J2 S B B LT R RS R E R 7 A SO

FHFMWT A FEIMS-EVAST H B8 WS i1 T T2 W .

4.1 ¥HREBEXSRERENEZBIHE S
FA R ERREEENRESERAEE, &

T E S HT200 hPa B2 RES) il fE. RHE A

12 | Advances in Meteorological Science and Technology S&EHT#RE 11 (1) - 2021



(4) At (5) VLR, X2 RERERE SR &
AT 700, R EZR I FRARBLZE LR LI, 3
FHARRHEQ T -

K6 iz RS R ERIREA R T e BR R
FMARB ST m RGN = M B R 5 REARNE T
78] 2 [ ) B Re IE A& 46r,  IEME RS 5635 3k 88)
B, RUMLRM RS IEEAfa e, AENAHER, R
RGIERRE. BiAKkE, [y TEX R & KR
BER T, JEREE RIER R B IE . 16
200 hPa b, SELIPERI45°N EET2IHBA D KA
B (S o iZimiE B 7 7 R R s 9F F22 H 21k

22th May, 0 GMT

3
==111|

7

%

(d) 500 hPa
L)

« Tl

ﬂhﬁ;ﬁﬁ?ﬁi

~$§g=ﬁm
\ﬁaéf

“‘:"E—?—;

Cover Story T HERIE

R RS, IRIERIEEES (35°N) W RiE & IEZR T
Gy Hs, TR T-40°—45 NI e EAR A AL T 11
FX AR, X8 W% e re 3 TS S 3R 15 5h Be
e i EAM B G 3hfeiR A4 5dm. $123 H 120,
40°—45° NI RS R ERBEHET., ME3SNADLEK
JR R AR I E o EIRF35 ON R R AR v e ol I
JE AN E A5 1 A ETE 2R 75 00 22 B HH AR S R ——04
FETUIM T 5037 PR BE &, 1AM T S fkisas .
1E500 hPa% K1, EARA A B & 1 3h RE 5 R AL 4,
HHI T 582 SRS RERRR. Siies
o SRS B PG R R I, X R AR S A

23th May, 12 GMT

_,7‘ >
Mé%%%b:

(b) 200 hPa
e

_____

TR
L

Vo~

/

~_ !
N
Aan

() 500 hPa —] \ (f) 500 hPa
L} L]

100°E 80°E

100°E 100°E

—96 —84 —72 —60 —48 —36 —24 —12

[T
0 12 24 36 48 60 72 8 9

Ele XEREREELER (22H00R ) . FREELLXRE (238128 ) UENSEFEBZBH (2585060 ) A= HMEH
FEREMS (LESER: 100 mYs) RS SHRRSREDENENES ([0, BY, 8. 10°mis’) , £
SEERATERRENRE
Fig. 6 The synoptic—scale geopotential (isoline, interval: 100 m?/s®) and the canonical transfer of kinetic energy from the
basic flow to the vortex (I, shaded, unit: 10 m?s° as the vortex generates (00:00 GMT, May 22), develops (12:00
GMT, May 23), and leaves the plateau (06:00 GMT, May 25). The green isoline marks the contour of the Plateau

WHEAE IR L, 2T e S Bh RE I A
200 hPa b5 ZRe Y IE WAL AL, H L8 A B AR5
(B, 4uahess s E e, 500 hPa b g g w4
FHRKERIA AL RE I BhRE e

P8 I 1943 73 2R /R Bl B A 2% 8] [ iz DA K S A
FESfxh, iR Wikl FE B R s, RIS AR
VE PE 00 P 50 B ek 1T AR 0 PRI s BB 3G o, 3 5 T ST R
1 30 B 1E U A S IR R AE 58 A5 A e, R BN 451 e 7R
7 9 50 R ST (R . (B R, TR IR AR
B EER, H500 hPa b RSN A R BE [ BhBE )
e, BhBE IS DL RCSE R R I h AR KT R
IEEARGE M sh e E LT, X5 P 5sr g 3
HHALL.

M SCHI A BT e LA S 90 AR T R A Bl e 1) ok

Advances in Meteorological Science and Technology S&EHT#RE 11 (1) - 2021 | 13

PSRN, RN E W RGP EHEXTFRRAE, i
4k, 200 hPafl500 hPars & b, & A8 & I 1) 3R IURFAIE
WEFER. B2, R4 mIEEN, A
M & ANFEALE EREh Ll e AN E . BLTR A
X AR BB JIHLIEAT 43 A 18
42 RERERFERT RSN

AT LR HEAE28°—38 “NZE £ 77 N 300 hPars & I
1 RASRE R & R iR R L& E RO, SR
PG 3 2L, 43 73 T BN AL PR 2
(100~300 hPa) S5 EUT T (300~500 hPa) 1]
RAREwRierzheae (E10) M Raae (-1 1
RERCE . MRERICK FRE, mERN AR E R
ST =AM B IR R e BRI R R R A
R (23HT, fidASD , mR B2 &R (23—25H,



14

l
RE Lk WLV
dvances in Met S&T

22th May, 0 GMT

23th May, 12 GMT

{3

J

N
==X
SN

N
DY
)

~

4

NOSSSNNNT TN
SSRST

-3

~—~I35E

0 hPa "

4
AONY e be
N3~
SN

N~

(e) 500 hPa

~—
(f) 500 hPa

T T
100°E 80°E 100°E

L} T
80°E 100°E

ETT T [T T
—96 —84 —72 —60 —48 —36 —24 —12 0 12 24 36 48 60 72 84 96

E7 EE6, BAXRSREGHAEZNAERER(-b')

Fig. 7 Same as Fig. 6, but for inverse buoyancy conversion (—b")

23th May, 12 GMT 25th May, 6 GMT

s
& S?\\.§}

(€) 500 hPa

80°E 100°E 80°E 100°E 80°E 100°E

—92 —76 —60 —44 —28 —12 —4 20 36 52 68 84 100
E8 EES6, BAXRSREDEETENHEIE (—V-0)
Fig. 8 Same as Fig. 6, but for the transport of kinetic energy (—V'Q,L)

23th May, 12 GMT 25th May, 6 GMT

,,,,, ' = T=r. o s i % T8
. t o7 . ‘ip,{ —

3

\ J
OO
D ©500hPag

L

L} L} T
80°E 100°E 80°E 100°E 80°E 100°E

<
T

—92 —76 —60 —44 —28 —12 —4 20 36 52 68 84 100

B9 FEe, EAXSRESEREN MY (—V-0,)
Fig. 9 Same as Fig. 6, but for pressure work (—V-Q},)

Advances in Meteorological Science and Technology S&EHT#RE 11 (1) - 2021



1W0ES2) , FrlsE IR (25H G, 1E/ES3) .

TESTMY B, WAlE R Z R MR E s EAR R ER
HE1 (K6, K10a. 10b, Ellla. 11b) H13RHEL
ReiE. MR B3SONIE AR ARE X (EE. &)
JER & F (ry' >0H ' >0) , HIEEAFE
T AHED nsE T F AR E40 N LLAL I R RRE e
MR B BE, 158 i e g 00 00 25 £k me A% & v R
e R R B RS B e 1 K 3R R o AR

Cover Story T HERIE

(—=V, 0. =—V,-0,—V,-0,) "R 3 fr e id & 1)
KEAEAEE (—V,-0) EREET (EI10bAE11b)
fE (E10afIE 1) AHEHY, PEIX (E10a) I3
EENEERE (—V, 0 Hhh FhgpRasy i aiE
PASKE R R B4 ) SRBNAEIIL . X — W B i M
THI P9 R AR S R B ST/, AU — 6K 7 T O g
EE B (E10cHE 1) AL E.
TES2MT B, W ETE S I L A R B o IR 8,

(@) (b)
_s0f . s0f
§= T E <
s 0 = —m—— R e B v/\v(\z’—__
2 2 ~N—]
Riad N
R—s0} ®—s01 o
K
2551
5H22H 5H23H 5H24H 5H25H 5H26H  5H22H 5H23H 5H24H 5H25H 5H26H T
75°E 82°E 89°E 99°F 1075°E 75°E 82°F 89°E 99°F 1075°E  —— Fy
: — : —_b
(c) (d) —_—
7VI"QK
s0f 1 50t
2 \/-\ 2 —Y,-0,
‘g "= — Vi O
é Ov-__(—:—:,\/ <’_./ < é 0= ‘w—.t‘;g
= —s0[ R —s0}
5H22H 5H23H 57240 5H25H sH260 5220 5H230 55240 5H25H 55261
75°E 82°E 89°E 99°E 1075°E 75°E 82°E 89°E 99°E 1075°E

E10 PURHEFE28°—38°NGE W N300 hPam B LR OLEEAF L, K (1IBAFRK ) A (iEAERK ) FEEHSNE
B, iTEBEIM28°—38°NK K iF F AR shae i sz
(a) AXIFHEESE (100~300 hPa); (b) FE10a, BALKX; (c) FE10a, EAFEEHE (300 ~500 hPa) ;
(d) RIE10c, EEAFEKX
Fig. 10 The locally averaged kinetic energy budgets. The averaging is taken over the eastern domain (28°-38°N, 8
degrees in longitude eastward from the vortex center at 300 hPa) and western domain 28°-38°N, 8 degrees in longitude
westward from the vortex center at 300 hPa), respectively.
(a) The western domain averaged budget in the upper troposphere (100-300 hPa). (b) Same as Fig. 10a, but for the eastern domain
averaged budget. (c) Same as Fig. 10a, but for 300-500 hPa. (d) Same as Fig.10c, but for the western domain averaged budget

e R A R A WIETEI (& 10cT
1le) & 5O T J2 2 A Fa e I 36 BB I J 4
AN, VR R R e B R R, T AL 3
T (—V, -0 MEFREMIC. SEEK (&
10a) A IR 5 S 1 BOAR AL —— 1 3 2 W 28 AN Fa s
(TR ——{E iy 45 B 1 28 BB ML (48
HO BEWEEA N REIOVE RS IR . %
X 35, B B I )2 4 B B (K SE AR B H 5 (—V, - QL)
FrEUS, MEERRK (E10b) AR 25 76 X
(E10a) #if, FWITEIX HI30AE RS B0 A8 K F3E
JE UG 1) AR X PR, 7 AR K s U 0 e A R
B )Y B4 At LA S A 34 3 2 1) 2 LA BIORFE B
R R B Pl R RO, HAFEFEX (Ella.
11b) KIaSAR R, I %A SR E s e B

Advances in Meteorological Science and Technology S&EHT#RE 11 (1) - 2021 | 15

W, 7E AN T (E10d) , BhBe R ERE T
MHBEENEEES, HAh) LA EZ,

FES3M B, I B T v SR AR R 3k A DU 1|
TR e DX 38 P 1 FE SR 0053 A 5 S2 B B AR IH AR L. X
TR R R e (E10afE11a) 1R AR E
WO RIS FreEs, Hiriim (E1le) AR
PO G R E AN TR € W F 8 AT H D B RE $R it
feE, I, HEM (E11d) #BHE S Fa L AR o
HRARERAGREWEZH, X550 AN KK
A iy S T T IR A BN A 28 AR R R R A —
ﬁ[56-57] i

TEMS-EVAREZE T R AR i e 1) =ik 25 B =il
T RAREBNRE A AL RE LA S AL A ) I B8 & Bk
Fo BT BUNOBIRERIA AL RE M B EM 8, (2541



16

TEBE

H
dvances in Met S&T

(a) (b)
“  50[ % 50T
§= 5
To ] ‘w’o -
T = > > 0%}{
] &
= =
@30 @ —50f
S
A
5H22H 5H23M 5H241 5H250 5H26H  5H22H 5H23H 5H241 5H25H  5H26H S——
75°E 82°E 89°E 99°E 107.5°E  75°E 82°E 89°E 99°E 107.5°E ”
T T T T T T T T T T T T T T T T T T T T T —_— 0y
~ ©! ~ () —_b
é 501 ”i S0t 1 v, 0
T — v —v-0,
e 2 ohm ——— -£.
f\‘g .\_. o B 2]?.):) r
= &
T —50f { &-—sof
5H22H 5H230 5H24F 5H25M 5H26H  5H22H 5H23H 5H24H 5H25H 5H26F
75°E 82°E 89°E 99°E 107.5°E  75°E 82°E 89°E 99°E 107.5°E
E11 EE10, EAERAEE

Fig. 11 Same as Fig. 10, but

e B B AR S SR R R AR R B A . K12
JEHL 7 HAL IR R e R = A BUh IVER] . 7ESI
BB, e Bl 2 IR RS AR E IR B RE

100 0

(a) 12Z 22 May 2013 \
by

........

S /hPa

(0)00Z24May 2013 _—r=ny [ A
150 Cend \\ l‘ I'”'/“:-r\‘ -;)u,f./f,,, ~ ~ -
o 200 . .\\ v rI\F fé/f\\)l\w s .,
& 250 N t“\\rmixy ol
= 3004 ST PR VR VRO NPt T
=l Ny
1 4004 sl

i
T~ s/

S /hPa

70°E 80°E 90|°E 100°E 110°E  120°E
E12 28°—38°NAZEFHHUEEE ( REAGEGLE
BEMMK100ENEEMTER, £4I: 1000mYs’) 5
S NHIRSREMS (FELKER: 100 m’/s®)
Fig. 12 Meridionally averaged geopotential flux over 28°—38°N
(2D vector, with vertical component magnified by 100
times for clarity; unit: 1000 m*s®), and the synoptic-scale
geopotential at 33°N (isoline, interval: 100 m%/s?)

for available potential energy

FAE 38 3 90 JE TG 0 1) 1 7 A1 T B R = E K B)
Relr) Nz FES2BY B, e T ) B T R b e
BRJE ARGEHRnAAREARE) , FFHREERNIE
Je B T 063 5k 2 5 10 9 e ) e O, iR e T v D
T HTH 2 B B R I 1) b B A0 ) = 2 s, T
e E, W3R r/K-FAE R IR R X s, i
BEZR X A) R A7 A0 R v SR b T, @ E
A R, KX R E AR ERIX, R
HET IR TR PR ) BE R AE PR G R TR @ A i 1) R AR
A EERARA R . UG R (S3FED » &K
] ) 1) A7 Al BRI a, KR R 2 TR
JiE UA B R 2 iy e sl 2 B3 e A, BRI |4 sh 3
HOTRZE, A5 T — R Z v R iR AR

5 #it

EEANE R E R R B R BRI, A
FIFiF 8 1 v SRR R AN R I 9 BT R R A
NT IR B F 2, AR — EREEY
R ERG R 2 R B T, B2 R T A (A AR
(MWT) , URETFIZTLERERRHLZREREE
IIMTIE (MS-EVA) M2 R M FEER BT T H R AR
RIEWINLG . B o, ASOR e O R4 B 18] R 43 i
BlEANE (<32 h) « RAERJE (32~256h) « &
SRR (5256 h) =72, FEZ =R
FE AESE T8 RO I RE R AT T 1207, JRET
Ui T H 2 REES f 50 fE o AR I Ui e LA
FZAR e s 5B E 21 H e R 7E AL 200 hPa
40°—45° NI M R RBEEARIR, Mizimiesid &

Advances in Meteorological Science and Technology S&EHT#RE 11 (1) - 2021



PEAGER I, R A2 B R4 B Be 4R T AL T
40°—45° °NP)imfie FAR I M A3 . RANERF,
TR e BIE AT, HAR A RHE AR 2 B E A B
2. AR ZHACERKYE, BHMUPREARERA
“IRJZHHFK” (bottom-trapped) HIHFAE (9401, SCHR[SS-
63D , HEEE 5 MIZLMIAEIRE, X IE£RZH
FOH R B Rk M v SR R BN B R R
RIEMIWRE, MASHIAIERER, HIREE
TRATEAE R B S OB R R AN FR S B0 e e B B
SR B3R, Bk R PSS i 1 o B
7£200 hPalI/= )2, ML SEUT T )500 hPa FiARA
IR IS S, R IR RE AR e S8
S e BE— DR, 7EAE RN EL, 200 hPa - i i
W BT IEEA R e S8, SR TR EE

T Q

E13 mEERRELZRHN=1ME (a: STME; b: S2ME; c: S3ME ) WRSRESEREZREE

Cover Story T HERIE

B il Bk R RS B RE 1R N s (B13a) , M
AR Vs Jeis E et IAE B2, B R4

ARURRE, 20H “HEMT” KEFHE.

e R b, R AR TG (9 Bl 7 0 R T 58 4
R CEI13b) o BARSRUL, e vl & J5 i He i 2
HIRHE AR e 5 e g Hoin A s R b ) R SR ER
Rbre, @I OB R, FERI AL GE B S
FZERE, wEE T shEE KR R R R
FErfi s E L K mE E S IERE RN E R+
RAFMIBN R AL B R M, Hal i A7 F0l 7 ) F IS .
WA TE BT S R R A 2 A R I, PR 3) ) o 7R
A, AR AR E H I RS R E AR o # (&
13¢) AFRITHHE—PRE.

B2, 2013455 H R A X & iR s B BT R

o ETFESHIA

MREEEESRFRIEME, BEA (F) MARENTE (FR) W
Fig. 13 Synoptic scale energy budgets on the three stages of the vortex over the Plateau: (a) S1, (b) S2, (c) S3. The
upper and lower layers respectively represent the upper troposphere and the plateau near the ground. The left (right)
to the dotted line is the western (eastern) side of the vortex

B, XS EGHNFIRARE . — A, &R
ERRARG L R mUr iR BAER SR B
b A A EOR R, T 2 L 3 T A
WIERRRE, HFHEEEMTSE, 2RISR
LTS EE 1A T s, A SR AR A T e
AN I PG b, I B 2 BUKE 5 B K 1 9k
PERALRE

Bl RAETEEEIRAES K
AXMBE T ER BRI,

SETM

(1] "8I, B4, R E. 7658 5 R R FHAT 6 3 4 4 Ao i B
Kw%% T A & F R, 1957, 28(2): 108-121.

[2] "5 E, BB FREEALY. B R, 1979,

[3] Gao Y, Tang M, Luo S, et al. Some aspects of recent research on
the Qinghai-Xizang Plateau meteorology. Bull Amer Meteorol Soc,
1981, 62(1): 31-35.

[4] R HE. AP FREREZSZKERARR N HER. B¥
i 4%, 1985, 30(13): 1005-1007

[5] Yanai M, Li C, Song Z. Seasonal heating of the Tibetan Plateau
and its effects on the evolution of the Asian summer monsoon. ]
Meteorol Soc Jpn Ser II, 1992, 70(1B): 319-351.

[6] Wu G, Liu Y, Zhang Q, et al. The influence of mechanical

RN

Advances in Meteorological Science and Technology S&EHI#RE 11 (1)

and thermal forcing by the Tibetan Plateau on Asian climate. ]
Hydrometeorol, 2007, 8(4): 770-789.

[7] Zhao P, Xu X, Chen F, et al. The third atmospheric scientific

experiment for understanding the Earth-Atmosphere Coupled

System over the Tibetan Plateau and its effects. Bull Amer Meteorol

Soc, 2017,99(4): 757-776.

Smith R B. 100 years of progress on mountain meteorology research.

Meteorol Monogr, 2018, 59: 20.1-20.73.

(9] Z %, Mig=, Xge k. & FHFH&RERMANFRE. +EH

% (B##), 1993, 23(7): 778-784.

(10] ZEF, x| Gei, EHE, £ A FHRGREMREM 5 )7 %5

. A B TR F B4R, 2011, 26(5): 461-469.

Feng X, Liu C, Fan G, et al. Climatology and structures of

southwest vortices in the NCEP climate forecast system reanalysis.

J Clim, 2016, 29(21): 7675-7701.

[12] Wang W, Kuo Y H, Warner T T. A diabatically driven mesoscale

vortex in the lee of the Tibetan Plateau. Mon Wea Rev, 1993,

121(9): 2542-2561.

BRI, 85X B 5l 5 1] i 1 X Y SR AR AE AT

& B L H A £ 58, 2015, 35(1): 9-15.

Feng X, Liu C, Rasmussen R, et al. A 10-yr climatology of Tibetan

Plateau vortices with NCEP climate forecast system reanalysis. ]

Appl Meteorol Climatol, 2013, 53(1): 34-46.

[15] Zhang P, Li G, Fu X, et al. Clustering of Tibetan Plateau vortices
by 10-30-day intraseasonal oscillation. Mon Wea Rev, 2013,
142(1): 290-300.

[16] X B, ZHRRE. &R E AR 0 PR B &AL B R A
%,2019, 38(1): 55-65.

[17] Zhang F, Wang C, Pu Z. Genesis of Tibetan Plateau vortex: roles

8

=

[11]

[13]

[14]

- 2021

17



18

TEBE

H
dvances in Met S&T

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

of surface diabatic and atmospheric condensational latent heating. J
Appl Meteorol Climatol, 2019, 58(12): 2633-2651.

Wang B, Orlanski I. Study of a heavy rain vortex formed over the
eastern flank of the Tibetan Plateau. Mon Wea Rev, 1987, 115(7):
1370-1393.

ZEF. BRI TR IR RO R E AL D
AR, 2013,7(3): 1-6.

Lin Z. Analysis of Tibetan Plateau vortex activities using ERA-
Interim data for the period 1979-2013. ] Meteorol Res, 2015,
29(5): 720-734.

Curio J, Schiemann R, Hodges K I, et al. Climatology of Tibetan
Plateau vortices in reanalysis data and a high-resolution global
climate model. J Clim, 2018, 32(6): 1933-1950.

Tao S, Ding Y. Observational evidence of the influence of the
Qinghai-Xizang (Tibet) Plateau on the occurrence of heavy rain
and severe convective storms in China. Bull Am Meteorol Soc,
1981, 62(1): 23-30.

TLEE, utek. REFTRHE LRz A d REARA S
KAF#,2011,26(2): 263-270.

AR . B H R RO AT T R I KW K E, 2008,
27(4): 367-372.

Wang B. The development mechanism for Tibetan Plateau warm
vortices. ] Atmos Sci, 1987, 44(20): 2978-2994.

Ye D Z, Wu G X. The role of the heat source of the Tibetan
Plateau in the general circulation. Meteorol Atmos Phys, 1998,
67(1): 181-198.

Fu S M, Mai Z, Sun ] H, et al. Impacts of convective activity over the
Tibetan Plateau on plateau vortex, southwest vortex, and downstream
precipitation. ] Atmos Sci 2019, 76(12): 3803-3830.

Chang C P, Yi L, Chen G T. A numerical simulation of vortex
development during the 1992 east Asian summer monsoon onset
using the navy’s regional model. Mon Wea Rev, 2000, 128(6):
1604-1631.

HIEZ, KR, BE T, ¥ 1979F A FH R R MR 5K
= AMARE TR FRERALARELIRXE (Z) .
ez 2 B RAL, 1984,

Wik, B g B EERERIORGRET . LA AR FR,
1992: 3(2), 198-205.

MR, S E, XEE REFFRHEALEE T HAHTR.
FEFFE (B) #,1990,20(10): 1100-1111.

Wtk &, vh S, RE#. B FF R R A 3 o3 57 8 1 W
AT — ILFRI 7 A8 R B MR AL 3. K AR, 1992, 16(4):
409-426.

Bk, FET. KRS A R R LR A2 3 AT, A
£ H#,2019, 39(2): 226-236.

Liang X S, Robinson A R. Localized multiscale energy and
vorticity analysis: I. Fundamentals. Dyn Atmos Oceans, 2005,
38(3): 195-230.

Liang X S, Robinson A R. Localized multi-scale energy and
vorticity analysis: II. Finite-amplitude instability theory and
validation. Dyn Atmos Oceans, 2007, 44(2): 51-76.

Liang X S, Anderson D G M. Multiscale window transform.
Multiscale Model Simul, 2007, 6(2): 437-467.

Liang X S. Canonical transfer and multiscale energetics for
primitive and quasigeostrophic atmospheres. ] Atmos Sci, 2016,
73(11): 4439-4468.

Hersbach H, Bell B, Berrisford P, et al. ERAS hourly data on
pressure levels from 1979 to present. Copernicus Climate Change
Service (C3S) Climate Data Store (CDS). 2018 (Accessed on 06-
12-2020), url: https://doi.org/10.24381/cds.bd0915¢6.

RICIK, Bl =, RAFE. R I X AL AN R R R KR By
Az I F £ AR T 4R, 2018, 76(5): 663-679.

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]
[50]
[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]
[59]
[60]
[61]
[62]

[63]

ZhaoY B, Liang X S. Causes and underlying dynamic processes of
the mid-winter suppression in the North Pacific storm track. Sci
China Earth Sci, 2019, 62(5): 872-890.

Ma ], Liang X S. Multiscale dynamical processes underlying the
wintertime Atlantic blockings. ] Atmos Sci, 2017, 74(11): 3815-
3831.

Xu F, Liang X S. On the generation and maintenance of the
2012/13 sudden stratospheric warming. ] Atmos Sci, 2017, 74(10):
3209-3228.

RAEE, ZI), P = MWTZ iR 48 & KR 41 5 i
AR R R, 2015, 5(6): 31-36.

Wang L, Liang X S. A diagnosis of some dynamical processes
underlying a higher-latitude typhoon using the multiscale window
transform. Atmosphere, 2017, 8(12): 118.

Yang Y, Liang X S, Qiu B, et al. On the decadal variability of the
eddy kinetic energy in the Kuroshio Extension. ] Phys Oceanogr,
2017,47(5): 1169-1187.

Yang Y, Liang X S. The intrinsic nonlinear multiscale interactions
among the mean flow, low frequency variability and mesoscale
eddies in the Kuroshio region. Sci China Earth Sci, 2019, 62(3):
595-608.

Lorenz E N. Available potential energy and the maintenance of
the general circulation. Tellus, 1955, 7(2): 157-167.

von Storch J, Eden C, Fast I, et al. An estimate of the lorenz
energy cycle for the world ocean based on the STORM/NCEP
simulation. ] Phys Oceanogr, 2012, 42(12): 2185-2205.

KT, XM, I, .5 KRR — KL A R
WA D W AT. ARG T F R, 2016, 32(5): 10-17.

AR . 2013475 A TR — KK & Ak B 20 AT R BAE B .
AR5 HEHF,2014,37(2): 42-48.

BB, RF, TRA, % 5K R EEL £ LRI 2.
K %, 2016,31(2): 30-36.

Wang X, Liu Y. Causes of extreme rainfall in May 2013 over
Henan Province: the role of the southwest vortex and low-level jet.
Theor Appl Climatol, 2017, 129(1): 701-709.
FEARRKBERASZHE, PEARF2BRARTER
2 FREREARY L LES (2013) b B4 i IR, 2015,
LiuY G, Liang X S, Weisberg R H. Rectification of the bias in the
wavelet power spectrum. ] Atmos Ocean Technol, 2007, 24(12):
2093-2102.

AR X THR LS ARE LR A ERNFL. HEA
%, 1984, 3(4): 34-44.

Fu S, Li W, Sun ], et al. Universal evolution mechanisms and
energy conversion characteristics of long-lived mesoscale vortices
over the Sichuan Basin: Universal evolution and energy features of
the southwest vortex. Atmos Sci Lett, 2015, 16(2): 127-134.

Feng X, Liu C, Fan G, et al. Climatology and structures of
southwest vortices in the NCEP climate forecast system reanalysis.
J Clim, 2016, 29(21): 7675-7701.

Charney ] G. The dynamics of long waves in a baroclinic westerly
current. ] Meteorol, 1947, 4(5): 136-162.

Kuo H L. Three-dimensional disturbances in a baroclinic zonal
current. ] Meteorol, 1952, 9(4): 260-278.

Green ] S A. A problem in baroclinic stability. Q J R Meteorol Soc,
1961, 87(372): 255-255.

Bretherton F P. Critical layer instability in baroclinic flows. Q_J R
Meteorol Soc, 1966, 92(393): 325-334.

Edmon H J, Hoskins B J, McIntyre M E. Eliassen-palm cross sections
for the troposphere. ] Atmos Sci, 1980, 37(12): 2600-2616.

Zhao Y B, Liang X S. Charney’s model—the renowned prototype
of baroclinic instability—is barotropically unstable as well? Adv
Atmos Sci, 2019, 36(7): 733-752.

Advances in Meteorological Science and Technology S&EHT#RE 11 (1) - 2021



