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The Structure and Precipitation Characteristics of Typical Tibetan
Plateau Vortices as Revealed by Energy Analysis

DONG Yuanchang and LI Guoping

School of Atmospheric Sciences, Chengdu University of Information Technology, Chengdu 610225

Abstract A precipitation case caused by the Tibetan Plateau Vortex (TPV) process that occurred during 21-25 July 2010

is investigated by means of energy analysis. This paper focuses on the characteristics of distribution and the reasons for

the changes of apparent energy, latent energy, and Convective Available Potential Energy (CAPE) during the TPV’s

different development periods. The main results are as follows: (1) Apparent energy is responsible for the changes of total

energy at the beginning, while latent energy is the main reason in the later development period; (2) The spiral structure of

latent energy in the mature stage of the TPV is very clear, which can indicate the degree of development of the TPV; (3)

Normalizing the CAPE values by the depth over which the integration takes place provides an index (NCAPE) that

presents a clear hollow structure during the TPV’s strong period; (4) Precipitation related to the TPV is mainly distributed

in the southeast or south of the vortex center, which has a close relationship with the TPV’s circulation and energy

distribution characteristics.

Keywords Tibetan Plateau vortex, Energy analysis, Precipitation distribution, Spiral band, Hollow structure

s B
BRI E

1EER-N
BIREE

2014-09-11; ML AR HER 2015-02-06

T3 H GYHY201206042
#HIGE, Y5, 1989 4EHA, REMHFRAG %, MG WA, E-mail: 627967828@qq.com
Z=[H°F-, E-mail: liguoping@cuit.edu.cn



6 1 HICE A KRR 7 1 i S A5 46 ) B B KRR AIE
No.6  DONG Yuanchang et al. The Structure and Precipitation Characteristics of Typical Tibetan Plateau Vortices as ... 1137

1 3|8

o DR AR 9 T R DR M X A R 9 T e
RYEo oy i BT U LD A R N KCE PR R
Ko XE BRRMELE (1986) Zeit 5T & i J5UIG
WA R KiE, AEAPFIHEAE 6~9 H
2R . HARAIE TS TR A R g I B = AR
b, AH—HR R, Ko i b A 12 Xy R W
SRS (B PU4E, 1989 MftEREE, 1990;
DY, 1993; HIELZAEEZZE, 1997). Hk
WEATRD, R LA R I e R S D
B ECAE (1989) & H iy JeU K i — B RE Y “ A
R, HIHh AW AR B K i & R R A A
[F IR R . v B PU4E (1992) € &5
T HE H R 2 RRL A 3 B 6 1) T L A o) v R
A I K R A L, (Al , o SR I I 2 i
PR RERREEY) . 34 AR R 25 A R SR 14K
wrE CPMEECEE, 19875 TYASEAE, 1994). R4,
PIULERIAE (1992), BRAREE (1996), RELE
FIZRE S (2011) % vy S AR ik 72 0 B AR A0, 26 B -
JERARTE iy IR A AR B Bl R VR, W AR L
JE R Rt R ke 2 A

ASCIEEL 2010 4E 7 21 H# 25 H A%
WA CBLRfRIRR “7.217 m J5ARR), JF%EL 2005
5 H 1 HE 4 B SRR (B R
“5.17 R AE AN ISAEANE, AR 2w R i
WA Z W RE R AT, TR T ks iU
AN AR PRI BEAS BE 520 B (W I 25 A0 AR AE, 18
T RE AR A SRR B O s AR R AR R R, i —
AR R T i R AR TE A [F) R o B e A 1) 20 Al
AT R, IR T BRI 2 AT RS SRR B K 1)
A RENLL .

2 HEEFAE

GEE/TICE AETDL e R 2R T e Al A
C(1981) XJ my JGUR i 8 L, I 5% 2R 55
(2012) Fjk i RRIR DI AR LR AF S LU e “7.217
e AR I RO L SR DA K AR AR, b
A v SR A R A% I R T AN [RTB B I g AR A

PR 34T, (1) Z[E NCEPFNL 1°X 1° 6 /)
IR (2) HEASSREEEE LR
25 W FR AL F o LR [T PR 7K B 0.5°<0.5°8% sk s
4 (V2.0) (BUNEFRME SRR (3) WhEE

KR GBI KBS (LA TR FR ek A
FEAK R (4) B0y ERA-Interim 1°X 1° 6 /)
I VR A7 AR TR (5) 2010
T H 24 HH—AURAEIERE 6 73080 O 24t
Bl R (6) FY-2E /NI 40 4b AR G 2 il
(Temperature of Black Body, fij#k TBB) %5},

AL TR TR B (BARE LR BT E

A CHRWIMT 1986) 4
E:cpT+gZ+qL+%V2, (1)

Horp, o ATAERR, T AN, ¢ b
HMERE, Z ik, LOVEE R, q At
Mo oA ATE 9 WA ERE CT AR A EED |
frfe. WRAALLRE CHRIPRIEFARE) MBIHE.
IRV Op o HURL IV [i) Py FLA7 i /KTt
SRR G R AR, T A Y

0 o
0, :—L(—q+V-Vq+CU—q):Qz, +0, + 0y, (2)
ot ap

A, MR b A o 23 RIACRIN TR, P
TR BRI, Qo/cy h TR

3 “12I”sRIKARMINERE 5iRIE
1%

3.1 KmEER

“7.217 EEARIAT 2010 4 7 H 21 H (Wil
S, NED AT MRS . AR S ]
KA mBltmR, Ja3XERBA SRR, gagd
e Hls =L B, DI, R T 7 26
HE T T Hwm X (B la). & KA my)
HIrhLsR AL 5810 gpm, {EIA] AR AEHS H m i,
DBk ST . 22 H 00 BR B H A, Ao B PR
k5830 gpm, FEELIn AR T M), 7823 H 12 I
WA EE 17 PY R A2 5, 25 H 00 FRH R B8 A\ iy 5.
FEAGIA 1) VU R RS R, A D R ST Y 5, 24
H 00 I &Ik 5800 gpm, PSS9, 25 H 00 it
HE RN R Ol 5830 gpm. 26 H 00 0
S JEIRTI N 5850 gpm, B JE K. 2 H5Em, PO,
Wb WiEE. BRPE. R HR . TR PR
PR, BKHE2~5 K. H44 (F la s
¥ AL By C. D) 100 mm DA F RKEEWIX L (K 1a),
A 14~ 400 mm DL BRI RZE N L. P,
BB Ry g, FEERL SRR Hu X Al
B T /NEIHRY o DUK 7K X B K 1 BIRAT B 2 28 S



N W 39 %

1138 Chinese Journal of Atmospheric Sciences Vol. 39
7, B R R AR R A B A ok MG LR, BB W R R g . T
3.2 500 hPa IREIH R AR iRIRITIA T RS DR I A P 5 1 B T i e
3.2.1 500 hPa KA ISC R LU “VU R ARIK” BB 1, A3 IR
7 H21 HO00W (B 2a), mE R4y, 500 hPa SEFR( b, e 5 e fAcHh b 2 LL s JR AR K
40N 25
(a) " (®) —A
—B
36N o ] 204 —8
£
32N 4 g
= 151
28N + '§
S 101
24N 1 3
T
5.
20N 104E 108 112E 116E  120E
100 200 300 400 mm 0000 1200 0000 1200 0000 1200 0000 1200 0000 1200
21 Jul 22 Jul 23 Jul 24 Jul 25 Jul
Time (UTC)

El1 o (a) “7217 mlERiEie OB A AL E, WA 12 D & 4 MoK 100 mm #EREK GriEA AL B CL D): (b I
ANBEAKORAB 0B /N K i R mm)
Fig. 1 (a) Track of the Tibetan Plateau vortex (TPV) named “7.21” (hollow circle: generation location, refreshed every 12 hours) and four extreme

precipitation centers (=100 mm); (b) hourly precipitation in the four special regions (units: mm)
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Fig. 2 The isohypse, temperature, and wind at 500 hPa: (a) 0000 UTC 21 July 2010; (b) 0000 UTC 22 July 2010; (c) 0600 UTC 24 July 2010; (d) 1800 UTC
24 July 2010. Solid line: isohypse (units: gpm); shading: temperature (units: K); units of wind speed: m s '; “C” represents the center of the Tibetan Plateau
vortex (TPV)
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Fig. 3 Vertical cross section of temperature anomalies (contours: units: K) and relative humidity positive anomalies for NCEP (National Centers for

Environmental Prediction) FNL (Final) data: (a) 0000 UTC 21 July 2010 (34.5°N) ; (b) 0000 UTC 22 July 2010 (38°N) ; (¢) 1200 UTC 24 July 2010 (34°N) .

Panels (d-f) are the same as (a—c), but for ERA-Interim data. “C” represents the center of the TPV
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Table 1 The energy changes in the central area of the TPV
named “7.21” during 0000 UTC 21 July to 1200 UTC 24
July 2010 (units: J kg™
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Table 2 The energy changes in the central area of the TPV
named “S. 1” during 1200 UTC 1 May to 0000 UTC 4 May
2005 (units: J kg ")
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Fig. 5 The latent heat energy (contours, units: 10° J kg ") and flow field at 500 hPa: (a) 0000 UTC 24 July 2010; (b) 0600 UTC 24 July 2010; (c) 1200 UTC
24 July 2010; (d) 1800 UTC 24 July 2010; (e) 0600 UTC 3 May 2005; (f) 1200 UTC 3 May 2005; (g) 1800 UTC 3 May 2005; (h) 0000 UTC 4 May 2005



6 1 HICE A KRR 7 1 i S A5 46 ) B B KRR AIE
No.6  DONG Yuanchang et al. The Structure and Precipitation Characteristics of Typical Tibetan Plateau Vortices as ... 1143

44N

40N A

36N H

32N +

28N A

92E 96E 100E 104E 108E  112E  116E

10 40 60 80 100 mm

44N

40N +

36N A

32N +

28N 1

92E 96E 100E 104E 108E  112E  116E

44N

40N +

36N -

32N H

28N ~

9E  96E  100E  104E 108E 112E  116E

0 3 6 9 11 10%s™

K6 (ad24 H 12 NFETEIL 10 M RiFFK CRAL: mm); (b) 24
H 12 1§ 500 hPa - T4E%E (Oole,) A CRf: Kd™; (e) 24 H 12
I 500 hPa FHIXFE (Bfr: 107 s7). S22k 500 hPa (& ek (R
fi7: gpm)

Fig. 6 (a) Accumulated precipitation during 0800-1800 UTC 24 July
2010 (units: mm); (b) distribution of aridity index (Q./c, ) at 500 hPa at
1200 UTC 24 July 2010 (units: K d™"); (c) relative vorticity at 500 hPa at
1200 UTC 24 July 2010 (units: 107 s™"). Solid lines represent 500-hPa
isohypse (units: gpm)

i (B 6a), S Le D B K b H%%), H
AU Qu RAEIX R (K 6b) HJr A & e 42
DUARAL o X5 WY MR E X A7 75 ] Sk R KPR 2 DL B
(el I 58 Pt A SRR AR K 0 Al (I 6D 25
VR AREIR e A R n] RE S th Bl 0 1 S R A e

THEE) S E - XA N KV RO N B
KA o

R 500 hPa &8 FEAGE /MR FRIRZ ,
HlEHIE KRR %Y. 24 H 00 B, dit g
rhUC R 2 ) 1R BUE Y, AR L (106°ED
J 05 A 5 A 2 A T B In) o W S R B S
ik (P 7a), X R O] 23— 30 Ez3),
IKVRBESE A ARG K. BEE SRR R e, 7
AR X B AR R B ETE, ad
oy BFb, A UL AT XA EX B (]
Tb e o Ji e G IR ()98 i e b DX B A < 7,
[ IS0 B X 3 ) e s s B AR gy (B 7d). Xk
—PUESE T HE EIS S AR A E A, B EHIE
T S SRR TE £ 44 T 1) S R 43 AT
43 ImBMLEE (CAPE)

Blanchard (1998) #5H: ARdEAXT A 247 e
(NCAPE) fie 5 Aff i 7 5 v o i R e A B
TR Ss o FTEFRHEAT A 2 R CAPE B
HAS S (K 8a. b), HIEAIEH: 24 H 00 i,
RO T (37°N, 106°E) fi4i, NCAPE 4}
A FEl 56 SRR oo 3T T B B IO AR o0 A, AT
LR IETE “207 45k (B 8a), ikinHo A
MR Z =X (& 8¢), 5 NCAPE 73AiZéfel,
EBLEAR IR PO AR I “ 81 ”, (HAemw K L
(R PE LA ] (NCAPE KAHIX) HBL T 5 NCAPE
ANVCHC R 1, 30 BH 8 2 b DX V84 A 2 1 fi
ZAH{E43 CAPE £ LR, M TBB [ (& 8d) 1]
DU H s AR AR 2 T R RO, =
T M AR T —20°C, P4l 2= 2 A, X ] fg
AR PO AR G A I TR R BN TR K. BA BRI
MEEEMBEENE T Li and Lu (1996), Z5[H f-2%
(2011) $&H 1 & R I 7R — 8 KRB B2
CRIRER L GRS, IR A E R
F T TR H 12 B2 R AR R B ) 45 R 1 DL RE
FERRE., 2R RIREE N R, T
FFUR T B, NCAPE bz i i ¢t B SR KT AR ) K
HIX, (H = AR 0 ) NCAPE 3 A AR FAHL,
O NCAPE IRfH, HAZ i %A B
B “250” 45 (& 8b). 1 CAPE [ &l n]
1 CEmg), NCAPE [ R/ 25E HAZ ) CAPE
PoE . B m BRI AR S RS, o U I BRIt P 50
T EREHAR T D A PSR ) NCAPE 15
e KM, BEA RIS b, A



N T = 39 %
1144 Chinese Journal of Atmospheric Sciences Vol. 39
200 200
(b)
S N AR
300 .
© ©
& &
] 400 ]
= R e L P g
@ 500 @
QO e . - o . N [)
T 600 a
700 3 . - . .
a00 RN
900 SRR
1000 S
95E 100E 105E 110E 115E 105E 110E
50ms"
200
(©) .
S e e TN ,.,,\\,.//( N - A
300 300 R
© © i
g g o
$ 400 $ 400 -
=} =) ~ N\
@ 500 2 500 N
o o S
o 600 o 600 : Jj\\
700 700 A -
800 800 ﬁ’\\
900 900 2 i
1000 1000 -

90E 95E 100E 105E 110E 115E
40ms™!

90E 95E 100E 105E 110E 115E
50ms?

7 GO REE L T (a) 7 H 24 H 00 I (5 36.5°N); (b) 7 H 24 H 06 I (#36°ND; (¢) 7 H 24 H 121 (45 34.5°N); (d) 7
24 H I8 I (UY 34°N), SELk h%idiiie, Mifi: 10° Tk KRN NG 50 (455 B KUK & s Bl R R g

Fig. 7 Distribution of latent heat energy in the TPV region: (a) 0000 UTC 24 July 2010 (36.5°N); (b) 0600 UTC 24 July 2010 (36°N); (c) 1200 UTC 24 July
2010 (34.5°N); (d) 1800 UTC 24 July 2010 (34°N). The solid line indicates latent heat energy (units: 10° J kg™"); the wind vector is a resultant of zonal wind

speed and 50 times vertical wind speed; the black shaded indicates the topography

IR R X 5k NCAPE JFIAAE /D, 75Dt ok
5 RKSEENHHXER

e AR i A A 3 i Al R U A A i L
IR 7 ) T F PR s ity 2 PR K o ) o B ik A 4 A4
CHIMESE, 20150, DA IR AT A 1) B /K 341X 32 2
I3 AR AE BRI VB I AR B, X A IR B 7K
I X S AR PRI (7 H 24 H 12 1) %
AKX BSR4 o 3 3k} PA R 98 A6k 05 17 /s 441
Pk (& odl. d2; & 9el. e2) &I, HIRAHK
YRR R WIFI S R WLt B K A — o 200, (H
HI AL L 1 sz Fult tH A (] IR B B 7K T X T LR AE

Bk s AR B K R A R A, A 31 & /b
SARARG MM EAE- . 7 H 24 H 12 1),
Kl 9a 1 th 500 hPa =87 b, PEOKEI S S0
J63, FEaiun (5880 gpm £k CLEUT i (1) VG Fe A,
JERCE AR, BHAS T MR ak s 4%, MK
TR AE BT ] DX A S 45 B b 5 | e 2 P B /K ) o
TE&A. R, BT AR TR BE 2 i s 1R
JeE e, e AR Z B SRR AWK, & 9a

HR R AR L B R R B R B Lo SR
) e I A R PR 1T A T 1A A I T B
TR, SRAG T ARSI R RGO T I R R
Ao B R PR A L AT o b A v e R
K LA R XA T B8 2 A2 N B g SR A R PR
TR T IR o 1 5.5 km H7 1k 2H P75 3 (14 S
K (B 9b) A WL BE AR NS 5 AT 9% X Fr 435 - 4>
B SR rho0 B B DX A T 1 B H A 5, 5
[m] 38 rh O BB AR 5 36 ARG oy o 1) [ 2 2 4y
AAEW G« WA AL, s (Rl X AR K B8
#, PRI 2 M 204 400 km (K TERIBEX . [F]
I, TR N SR TRk B e 7 R
TEMGIR R A 2 — BRI N, T R 1Y R 3 LE A2 7KV
iy B AR AR L X, WA R A R TS
PRI KA RS, , IR T “min\ 1 ” JEdR
[l X . AH R ZI TBB & 1 (& 9¢) tim]
DU, XSO RR e+ i, Ml T K=
T FEAIR T-—70°C #yIx 38k, TBB RAE OIS 4
K ZKP- 5 A0 B, 10 W Lh A A7 A 26 e 1 AL ) A
(W5 FZEAR 4, 1999), 5 A1 (K] R4S 2 X



6 1 EILAE: KRR s 10 SR MU 54 S B KR AIE
No.6  DONG Yuanchang et al. The Structure and Precipitation Characteristics of Typical Tibetan Plateau Vortices as ... 1145

44N

40N H
36N 1
32N 1

28N - .

20ms™

40N

38N -

36N

34N -

32N -

30N -

102E 104E 106 108E  110E 112

10% 20% 30% 40% 50% 60% 70% 80% 90%

\\\\\

.....

108E  112E  116E

20ms”

30 50 100 200 300 J kg™

38N |
36N
34N x
32N

30N

102E 104E  106E 108E 110E  112E  114E

[ [ [
—50 —40 —30 —20 —10 O 10 20 °C

8 (a) 7 J124 [1 00 IR GIMIX NCAPE /0 (Bfr: Tkg™') J% 500 hPa MK (Fifiz: ms'); (b) [ (a), {H47 H24 H061; (¢) 7
24 H 00 I FY-2E DEBRAEZE (AL %), “+7 ST O E;s (D [/ (o), (EALAMNERRESTel (A °O)

Fig. 8 (a) Distribution of NCAPE (Normalizing the CAPE values by the depth over which the integration takes place) in the TPV region (units: J kg ') and the
wind vector at 500 hPa (units: m s ') at 0000 UTC 24 July 2010. (b) As (a) but for 0600 UTC 24 July 2010. (c) Cloud cover at 0000 UTC 24 July 2010
(units: %), the sign “~+” represents the center of the TPV. (d) As (c) but for TBB (Temperature of Black Body) (units: °C)

SR ] o 7K () S fl A 2%

AR S KRB B S IO R B O, T
132 N FH BRI e R 25 A s 7 A 0 R 0 A1 B )
NS AN A v TR IR 465 A PR T e ARk 1 A7 ) )
IV ATSAT s T2 M B AT e 1 v v A i
LB S MR E 5 ) ) 0 AR, 0 At vy SR (b i
FEA G I IX P 25 f I 2L R 32

Hoskins et al. (1985) MR EM . 4t
PEERI AT, RAH BSR4z s it
#eo M TSR, ELREILT, S0
T B8 B G b S A 1) = 4EIE B RRAE o D 4
(2012) LRSI A ALV v U =4z
g1, 5 TSR N IE ARGV R R 1) SR A
Fo HHILA T SRR AR R R R B (24
00 I %2 24 H 18 i) 328 K Z&fi 5 K. K37,
ARy (B 10D FRFIE: 24 [ 00 1), 5 AR

WAL —Z< 74 ) (PR PR, 1 7 3E P 2R o) P
TN, e R & R v A 2 ok e b
PR, o ) e — S v i AR S e B 2 T
A 1) A5 R 2R TR MG 2 (540 hPa) b7 %1 495 hPa
S I v AR A P R AR N e R A A
TERS, S E BRI O SR A, XSt
HBZ. [FIEF, 75 @R R ., T2
NIRRT, TR AR W IE
CAREE =90/ AR NN VA 7 2 N <Y =R e S Ep Y| L
HIL CAPE KAH X ¥ 32 B JR DA o B A5 ) () 1 4
B, w5 v B AR ) (R A5 T AR A O (]
10b. ¢, HE 10b w0, 7B N m i
R R T RN G, AT s IR 5 < 4k
SR AN mERIRA BRI RS L, HEERER
DRI ABUZR o4 g At AR [ 0 AT, XD A A A A
A 5 AL R AR T g P e S, BRI R R K



N W 39 %

1146 Chinese Journal of Atmospheric Sciences Vol. 39
50N - )

38N - B
45N

36N -
40N -

2S

34N A
35N -

32N A
30N -

30N A

e R W
110E 1126 114E

100E 105E 110E 115E 120E

60 80 100 120 140 160 180 200 220 J

38N
36N
34N

32N

102E  104E 106E 108E 110E 112E  114E

— [ N I S S—
—70—-60—50—-40—-30—20—10 0 10 20 30 °C

28N . i
102E  106E 110E  114E ~ 102E  106E 110E  114E

T T Mv
102E 104E 106E 108E

— o e [ [

—10 0 5 1520 25 30 35 40 45 55 60 65 dBZ

38N
(d2)
>

36N

34N

30N

28N

[T T — T
0 10 20 30 40 50 70 80 90100250 mm 0 4 8 10 18 22 26mm

519 20104F 7 H 24 H 12 8 (a) 500 hPa s CEAEIR, . 1) RATRAERE (S, A7 gpm); (b) 2010 4F 7 H 24 H 12 I H LT A4
W7 5.5 km 5B I RSTR B T CRA7: dBZ); (¢) 2010 4F 7 H 24 H 12 B FY-2E TR %0kl 500 hPa 47 b B AK%ES 253 (TBB) (#ifir: °C). (d1)
K K %R 2010 4E 7 F 23 H 00~06 I BiFFk R CRfz: mm); (d2) [F (d1), HAsE SRR (el) ARk YR 2010 4£ 7 F 24 H 07~

12 W BiFBeK R (7 mm); (e2) [A) Cel), fH kil sibesK vkt

Fig. 9 (a) The kinetic energy (units: J) and the geopotential height (units: gpm) at 500 hPa at 1200 UTC 24 July 2010. (b) Mosaic reflectivity image (units:

dBZ) at 5.5 km-height at the same time as (a). (¢) The TBB at 500 hPa at the same time as (a). (d1) The accumulated precipitation (units: mm) for the grid

precipitation data during 0000-0600 UTC 23 July 2010. (d2) As in (d1) but for the site precipitation data. (e1) The accumulated precipitation (units: mm) for the
grid precipitation data during 0700-1200 UTC 24 July 2010. (e2) As in (el) but for the site precipitation data

AR _ETHIES), (e B v S LB (9] g )
P8 M DX PR SR PR o 78R ) i 2 e B A O
R S AU 1) g SR i P LR, IX RS
JE R AT AR BT AT A (& 100D,
MZ A sy AR AERT, P DCA A 24k S
AR TR IS, X5 4.2 W
e SRR v B BE LA MR R AT — B

6 HRSIHR

XF 2010 4 7 H 21~25 H R A — s R AR TR
R T R YD 8 B O3 AR S AR AR SR I REAT T 2y
Brwtse, JEHT T RER A S FK IR, JH4

TR MAGIEAT TRAE. BRI

(1) w3, AARE I S S LE RE
T ETRER; "R R RS, SR
AR A T2 EE I R IR o X 22 7 1l fE 55 7
T JE KM T ol P A 8 4 DA AR 0 72 A0 30
¥ DR 122 J2 PR P PR A T e SR 908 1) 3 LA
JEf Ko

(2) 1 m I A e s e st], VAR < B
RS, X5 E XA R BRI Rk
A T s R AT KV L U 3, X
KA BIBEATE VIR R

(3) o SRR A R i N 30T, A AR AT AT 2



6 1 HICE A KRR 7 1 i S A5 46 ) B B KRR AIE
No.6  DONG Yuanchang et al. The Structure and Precipitation Characteristics of Typical Tibetan Plateau Vortices as ... 1147

90E 95E 100E 105E 110E 115E 120E

20ms”

P A

105E 110E 115E 120E

20ms"

60% 70%

95E 100E 105E 110E 115E 120E

S
S ) \gg\%; ,

N

100E 105E 110E 115E
20ms™’

80% 90% 100%

K10 SERimAUR (ML oy hPa). MDRHEE (B B %), K (Fiks i ms™) 50 46: (@) 724 H 00 i (b) 7 24 H

06 I8 (¢) 7 724 H 121 (d) 724 H 181

Fig. 10 Pressure (contours, units: hPa), relative humidity (shaded; units: %), and horizontal wind vector (arrows, units: m s '): (a) 0000 UTC 24 July 2010;
(b) 0600 UTC 24 July 2010; (c) 1200 UTC 24 July 2010; (d) 1800 UTC 24 July 2010

fiifige (NCAPE) 3 BLHIR [ “a0” iy, HY
RIAFR A E -3 W5 o X EIUE T B AN e B 3
EEMIB AN AR, IWBER AR T
I3 Wi ZR I AAALE

(4) e A b P 7 X 2 70 A A L PR I
P AR I 1) AR AR AR T 5 10 £ AT AR A R
(1) NCAPE KAHR e 7 BULFp o A i 25t I, +
RN e S AL [ B 7K A AT 52

AL S5 e 152t A BR s A A B 0 A 15
HAR o H T R A B ) — S il (A E AR,
RGURH, 2 RALERBAKITA T, = R4,
FRATREED,  LAS H AN 26 AR RL 7 2R 1K) R
s A0 R SRR AN S AE BRI RE Fh A OM
e, DRI e S0 4 e R 5 ) 5 B KR AL
(1 5C RAEAT LR A BT 5T

SZ 3k (References)

Blanchard D O. 1998. Assessing the vertical distribution of convective
available potential energy [J]. Wea. Forecasting, 13 (3): 870-877.

FRATIG, BRIE 22, 3RIrAk. 1996. B2 e R i % ORUR e i 20 fE
L [J]. RAFR, 20 (4): 491-502. Chen Bomin, Qian Zhengan,
Zhang Lisheng. 1996. Numerical simulation of the formation and
development of vortices over the Qinghai-Xizang Plateau in summer [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 20 (4): 491-502.

Chen Gong, Li Guoping. 2014. Dynamic and numerical study of waves in
the Tibetan Plateau vortex [J]. Advances in Atmospheric Sciences, 31 (1):
131-138.

TVATE, MR, BT, 1994. 600 hPa i G A LI AME 3 i
[3]. FiJ5A%, 13 (4): 411-418.  Ding Zhiying, Liu Jinglei, Lii Junning.
1994. The study for the mechanism of forming QXP-vortex on 600 hPa
[J]. Plateau Meteorology (in Chinese), 13 (4): 411-418.

GRBE, . 2007, B KURBESS IO AT (7], MUK CARF
2£R), 43 (6): 572-580. Han Ying, Wu Rongsheng. 2007. On the spiral
structure of typhoon [J]. Journal of Nanjing University (Natural Sciences)
(in Chinese), 43 (6): 572-580.

Hoskins B J, McIntyre M E, Robertson A W. 1985. On the use and
significance of isentropic potential vorticity maps [J]. Quart. J. Roy.
Meteor. Soc., 111 (470): 877-946.

H I 1986, HERRTAE M) dbnt A% HRRAE. 24-34. Lei Yushun.
1986. Energy Synoptic Meteorology [M]. Beijing: China Meteorological
Press, 24-34.

A, X, SRR % 2011 5 UL K ) 2



N W 39 %

1148 Chinese Journal of Atmospheric Sciences

Vol. 39

FU [J]. IR R TREE B 2R, 26 (5): 461-469. Li Guoping, Liu
Xiaoran, Huang Chuhui, et al. 2011. Dynamics study of low vortex
structure over Tibetan Plateau in summer [J]. Journal of Chengdu
University of Information Technology (in Chinese), 26 (5): 461-469.

AR 1982, 7909 5 & MURE S A AT [0 KA, 6 ()
460-466. Li Yulan. 1982. Analysis of the spiral cloud band of the
typhoon Mac (1979) [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 6 (4): 460-466.

FERHE, GBUE, 28R, SF. 2012, FER SR T ARLR AR 4 (2005) [M].
Jbmt: Bl HURAL, 113, Li Yueqing, Yu Shuhua, Peng Jun, et al. 2012.
Yearbook of Tibet Plateau Vortex and Shear Line in Qinghai-Xizang
Plateau (2005) [M]. Beijing: Science Press, 113.

Li Guoping, Lu Jinghua. 1996. Some possible solutions of nonlinear internal
inertial gravity wave equations in the atmosphere [J]. Advances in
Atmospheric Sciences, 13 (2): 244-252.

XE W, WRAREIE. 1986, RABHITT A SR RIBT ST 0] SRR, 5
(2): 125-134. Liu Fuming, Fu Meijuan. 1986. A study on the moving
eastward lows over Qinghai-Xizang Plateau [J]. Plateau Meteorology (in
Chinese), 5 (2): 125-134.

XUBE, FARME, sk, S 2012, ZR AL I G5 AG SLEARREE (¥4 1
LB [J]. A %244R, 70 (3): 354-370. Liu Ying, Wang Donghai,
Zhang Zhongfeng, et al. 2012. A comprehensive analysis of the structure
of a Northeast China-cold-vortex and its characteristics of evolution [J].
Acta Meteorologica Sinica (in Chinese), 70 (3): 354-370.

ZDULE. 1989. A A 5 BRI A LA Ml [J]. s,
8 (2): 121-126. Luo Siwei. 1989. Review of studies on weather and
circulation in Qinghai-Xizang Plateau area [J]. Plateau Meteorology (in
Chinese), 8 (2): 121-126.

DULE, it 1992, — IRTF e U G BT T [J]. Wl
"%, 11 (1): 39-48. Luo Siwei, Yang Yang. 1992. A case study on
numerical simulation of summer vortex over Qinghai-Xizang (Tibetan)
Plateau [J]. Plateau Meteorology (in Chinese), 11 (1): 39-48.

B, fg2s, XIBEZR. 1993, KT E i EAGHmrR [I].
[ Rl (B %), 23 (7): 778-784. Luo Siwei, He Meilan, Liu Xiaodong.
1993. Study on summer vortex over Qinghai-Xizang (Tibetan) Plateau [J].
Science in China (Series B) (in Chinese), 23 (7): 778-784.

BiE%, [REZE. 1997, R TG A AT st A 8 (], kAt
2#3k, 12 (3): 207-216.  Qian Zhengan, Jiao Yanjun. 1997. Advances
and problems on Qinghai-Xizang Plateau meteorology research [J].
Advance in Earth Sciences (in Chinese), 12 (3): 207-216.

TR AR R CRRE S 4l 1981, E R AETTE R 500 hPa %

MDA FIEIT M]. db5t: Bl# R4t Lhasa Group for Tibetan
Plateau Meteorology Research. 1981. Research of 500hPa Shear Lines
over the Tibetan Plateau in Summer (in Chinese) [M]. Beijing: Science
Press.

RE, BE. 2011 — R UG b 72 R BB AR U 5 S5 M R Al 23 A7
[J]. ®ES%, 30 (2): 267-276. Song Wenwen, Li Guoping. 2011.
Numerical simulation and structure characteristic analysis of a
plateau vortex process [J]. Plateau Meteorology (in Chinese), 30 (2): 267—
276.

IMEI R, BRGEE, RAkRL, S 1987, KIUEEERIE 0] T 5 i RS TR R R
KRS IEN [J]. mRS%, 6 (3): 225-233.  Sun Guowu, Chen
Baode, Wu Jicheng, et al. 1987. Dynamic effects of large scale
environment field on eastward moving and development of lows over the
Qinghai-Xizang Plateau [J]. Plateau Meteorology (in Chinese), 6 (3):
225-233.

MR, BRGEE, RAkRL, S 1989. &R BRI R R AR ) Sh e
SRR 7], WJRA%, 8 (4): 313-320.  Sun Guowu, Chen Baode,
Wu Jicheng, et al. 1989. Kinetic energy budget of the moving eastwards
and developing lows on the Qinghai-Xizang Plateau in high summer [J].
Plateau Meteorology (in Chinese), 8 (4): 313-320.

HUIME, BB, 7 5. 2015, TR DnAS U RIH 7 R oA
HAEH I — kAT [J]. KARE, 39 (1): 125-136, doi:10.3878/
j-issn.1006-9895.1404.13311. Tian Shanru, Duan Anmin, Wang Ziqian, et
al. 2015. Interaction of surface heating, the Tibetan Plateau vortex, and a
convective system: A case study [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 39 (1): 125-136, doi:10.3878/j.issn.1006-9895.
1404.13311.

Wl &, HEIE, R 1990, BT RS T R T
[31. #EFR2E (B4, 10: 1100-1111.  Yang Weiyu, Ye Duzheng, Wu
Guoxiong. 1990. Research of some issues of the Qinghai-Xizang Plateau
meteorology in summer [J]. Science in China (Series B) (in Chinese), 10:
1100-1111.

WivE, BIUYE. 1992, F A0 SRR e R 0T (0], MRS
R, 3 (2): 198-205. Yang Yang, Luo Siwei. 1992. Energy analyses of
vortices over the Qingzang Plateau in summer [J]. Quarterly Journal of
Applied Meteorology (in Chinese), 3 (2): 198-205.

W07, ZEflte. 1999, —Fiia H 2 il ) s Rt =0 Th X RUX (¥
Jivk 0] ARG AR, 15 (1): 71-75.  Yang Zufang, Li Weihua.
1999. A method for locating gale wind region of tropical cyclones over
ocean using GMS TBB [J] Journal of Tropical Meteorology (in Chinese),
15 (1): 71-75.



