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Potential Vorticity diagnosis on the formation, development and
eastward movement of a Tibetan Plateau Vortex and it’s influence on
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Abstract During the period of 28 June to 1 July, 2016, a Tibetan Plateau(TP) Vortex
was generated, which then developed and moved eastward to subtropical region of

China, resulting in precipitation in the lower reaches of the Yangtze River. The
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potential vorticity (PV) is used to diagnose the process by using the second
Modern-Era Retrospective analysis for Research and Applications (MERRA-2) data
and the Tropical Rainfall Measuring Mission (TRMM) precipitation data. Results
indicate that surface heating over the TP pocesses obvious diurnal variation. It
changes from heat source in the daytime to cold source in the night and directly
influences the vertical gradient of diabatic heating. Negative PV is generated near the
surface in daytime and positive PV is generated in night, demonstrating a prominent
diurnal cycle. When the night-time positive PV generation becomes very strong and
cannot be compensated for by the daytime negative PV generation, the TP low vortex
is formed. By the time the low vortex system moves to the eastern TP, diabatic
heating associated with strong precipitation reinforces the vortex. As the low vortex
system continues to propagate eastward, the PV advection increasing with height acts
as the large circulation background over the middle and lower reaches of the Yangtze
River, which is in favor of the development of air ascent, resulting in occurrence of
heavy precipitation.

Key words Tibetan Plateau, diurnal change of surface diabatic heating, generation

and advection of PV, formation and development of Plateau Vortex
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T R E R AR D 4y 2 —, SPIIRAE 4000 KUL L, 25k
Mtk m s MR RE R &R B RM, 5 o 30 E FE K B A H 2R
(Chen and Dell’osso, 1984; KJIiF|4E, 2002; Liu et al., 2007; Duan et al., 2013;
Wan et al., 2017; Wuetal., 2018) . FKEZRHMAL T RILZFXIX, HAMEFZEX
SAFFEE, BEZW. KM EIIRBEARBEEZRKARIRZGH, &EKE
RARGHEE T BEM MO BEERT &R EIRSE RGN & RARE
R (G AR A s R I ARER) o v SRR IR ] A & Je A AR 3 1 H A8k
Li et al. (2014, 2018) MHFFERM, & i A= BSOS I i e tH BLAE = MU [R] (18 It
200 ), FERAEFEEGEAMPHE; RICGHIERR (06 B2 12 1) .
AR AR B, AELE R S R i A s LA R . RS RSN
R R R X H PR K R, E— 8 IR SR IE Re e K e I Z- 4% Hh s e
5 B B AR AR X IR W A R AU AR (M BRI S A, 1979 Tao
and Ding, 1981; Z=[E1-4F, 2002; ALRAESE, 2012). 40 1998 AFKILimisk H I
T WA RS 2 W AT 0 I AR, HE e S5 8 KK R4 H 5 17 R #2350,
G — IR UER K, i BT 8 Ytk (B iF 5 55, 1998; 4 7 4%, 2001;
SRIFISE, 2002) . BRARMERSAHL, e ot T HAR s I JIEH, 18
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BRI AIARGNIERX (S IER R HE, 1979; Ye, 19815 A &R,
2016) « TEARIMIIRFALET, XX ARFW TR H &I, FEE N XK
PRk (R4S, 2002; BRAEEASE, 2003; Yasunari, etal, 2006) .

fizitn (Potential Vorticity, PV) 454757 &SR 4650 i 5 2R B 5 A il A FEE 1)
MIEF (Brtel, 1942), & FPREMSLRE R MRS ATV A B 71 5 ) B &
B EAWA EE R E—— PR R O] RO, B2 R TR RGBS WA
M1 (Hoskins et al., 1985; Hoskins, 1997; Huo etal., 1999; Griffiths et al.,
2000; Bracegirdle and Gray, 2009) . ZEEESE (1995, 1997) ™48 () J51 4677 F5 H
Ko 18T HIRAL IR T FE IR 1, IF B 48 FA 0 BE R (1 v AN SR TR A i~ L
REPE,  IF E R AR A I R e e T R B R R, B TR R R
(Slantwise Vorticity Development, SVD). #X Fefl4E (2008) i@ AL w2 Wi o ¥, X
2003 4F- 5 ZEHg I HA (8] — YRR VL HE SN 1) R JE I FR AT T 9T, #ER 7 AR4a#iin
P AR 2l i 7R A A O AR N 3 TEAL R R A SUE K - Haynes #1 Mclntyre
(1987, 1990)5| AMzin % PVD(W)HFIMES:, & XW = pP, HphRA i<
PN E L, PONALIR. HTALR A BAA AR 1 26 HARJZ [ i = 38 K
FHIE, XML R BB 2 S AR E i 2 . AL 3 BERE & gl N, 2Bk
T RR)E R B R b 22 3 i e, AL i iz o drid H THRE K. 5
G A (2018) LA 2008 -4 RS 7 (RIRL N 55 0K 9 S50, 18 HA 7 e J5 AR T Hh 3%
KAHRA BT RS IR AL 3 FEaRIa N, FBE IEALiR 3 BEvRIE 2R A, BT HLIX 15
AR TR At B~ B v FE XS I PR 5, A8 T ETHigsh kg . T4
(2018) JUJE I H B AN HE— 2P AIESE T 2008 SEAT] o Ji 2R 037 v Do 0 S0 S A o
RAKERIEFE .

2016 45 =R E KT KB B Am 2, A Uit ™ S, 570 X it
ok E I (FAESE, 2017, mFESE, 2017). WAE 6 H 30 HET7TH 6 H, F&E
PER B AIT A R X 8 2 R R IR, I T 1998 4 LAk A [ 5™ 5 it
ProsE, s 3391 JT AR, EEELVHIK 1061 1470 (FMIEE, 2017) o AR
¥LL2016 4F 6 H 28 HE 7 H 1 HKILH R IX — IR E W R A01, FIH
KL 7 FE K B2 Wi o3 i B 2= 75 i R A B T B R B O T T 8 W R AU
AR

WEEZATN . B AT TOR, &5 AR T BRI A I T
T2 DLEAIR- PR AN EIZ s 0 R o 58 =R AL IR 38 2 7 9 S AR 1)
RARUR ISR, BTG SRR A i R v R AR A AL DTk . 25 DU
AR R RIS e 55 AL i PO R AR A0 T LIS B AR RS IR . 5 AR AR
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2 BRATTEE
2.1 Bk

AT R RMESE: (1) SEEEZHAEMFEHITR (NASA) FHt)
the second Modern-Era Retrospective Analysis for Research and Applications
(MERRA-2)F7) 11 % K} (Rienecker et al., 2011; Lucchesi, 2012), Z5[A]9 RN
2/3°X1/2°, WA FHREEJY 3 /NI s (2) IRy L2 (TRMMD S 4 0 2 8] 43 9
N 0.25°X0.25°, B8] 4> RN 3 /N [ B 7K BB (Huffman et al., 2007).

2.2 HiE
2.2.1 iR RMARAL T 1R

IR KIS EN AL 5 77 B 20 T (Ertel, 1942 Hoskins at al., 1985; Hoskins,
1991, 1997, 2015):

‘ji—’;=a(5a-v9+Vxﬁ-v0) (1)

Jorb, REi PR B B S A S R B IR 1 AR P =, - VO,
aﬁ%ﬁ%wﬁ,aﬁzﬁ%ﬁ%E,W%Miéﬁ#%%%%@z%)ﬁ%@

B,
ANFAE RS 28 AL PRI ANR], ASSORER S8 A bs 28 IR 20 A, AR
g (M) ~FIEJEHA

OM = pdxdyodz = —%SXSydp = p,0X6yop

Horpr ot Ronin AL bR ) B B, dp=-0p N HHR/RARAR &R N R ARARS < 2 " 1

HFEIGE, pMp, 70 Al N -RIRAAR RAIEE K ALBR R TR TE, Ik 35%
FEAbR RN RAEEE App = g~ 1 WA RASR &R AR TR0

P =gl Vp0 = —g[k x 229,10 + (f + ) 2] @
R (2) S AL T3 RE (1) HH AT 4555 Hs AR AR 28 T IR 303 Jey b A2 A6 5 R
==V VP = g(ap V0 + V0V, x F) 3)

ERERY, SFRARRR RS, L i R AR A SAL TR AR I AN BE AT
K.

222 MIREREEZHKKR
Hoskins %5 (2003) ¥4 T HL12 8l 70 i N FERE R G0 i S0 1 i s 1 0 & (wyy =
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— Vi - Vnb) FIFEBE R SR BT ST LRSI 4 (wip = — 520, Jib =

N2 0t
g6/00RVF I, 0o R THRHERLIR , AN ELVEFE B ST RS ) 5
W]pj%/@ﬁu? E@ﬁﬁiﬁ_ij}ﬁ%%
(V292 4 2 2  wip = £ 52 (G =€) V) @
HAN RIS IHE, fRFHRBHEL T, CNRSEMB L,
QHEHBEE LR QP

1 0¥
=f+V2P + 2 — (= —
q h P (N 8p)

Horpwr ek, Ve KPR R R T 3 (4) R R AL TR
bt e LA A BT RE s A B RIS AR R A

(ZV +f2— ik j ID:fi{&g—E)«th} (5)
op’ op

)
|

2 2 R K 90 2 R K12 2
37 =3%(p) =——(2) 0, = (Y= () PN
P P g p P
3 (5) W p N AR ZR T i B S8 T A2 #% 1 T BLiE sh K @ i T E— ik
LR Ertel fizim P AIERWVE A I8 ¢ W2 401 F X R (Gammon and Gold, 2006) :
P/[-90,(p)]=q (6)

K g NEIINEREE, ©,(p) ZEATHIF IFELSH, KA 8]~ 15 )
A, T 06G) I lKE N:

[z%ﬁ+f2§)me—f < {[-90,(p)]"(V4—C)-V,P} (7)

(7)) RUTE RGP R sl B 5 50 RSN &, Ertel 4730 It I8 1= 5 48 in i
H LB RE

3 HiElm B IRIRK KA R RIE

Bl 14t 7 2016 426 A 27 H 18 i (90°E i 5B, FRNDE 7 H 2 H 18 It
29°N-33°N “F¥J [ 500hPa 55 R [ A7 3% 2 1Al 36 1 SR AN B 7K [ s ) o v 22
MALIR B A (B 1) T LLEH, 201656 H29 HE7H 1 H, A—%WHEZE

? Wu et al. 2019. E.# Monthly Weather Review
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Fig.1 Time-longitude cross-section averaged over 29°N-33°N for the period 18 LT 27
June to 18 LT 2 July 2016 of (a) potential vorticity (PV) (unit: PVU, 1PVU=10°K m?
s1kg™!) and (b) zonal PV advection(contour, unit: 10° PVU s™') on 500hPa. The

shading in (b) indicates precipitation (mm 3h™).
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Fig.2 The evolution process of PV (shading, unit: PVU, 1PVU=10°K m? s'kg),
wind (vector, unit: m s) at 500hPa and precipitation (green lines, unit: mm h™' ) from
12 LT 27 June to 12 LT 30 June. “A” is the location of original PV center and “O” is

the location of PV center. The black solid and dashed line indicate the elevation of
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Fig.3 (a)Track of the vortex center on 500hPa ; (b) PV time series of the vortex center
on 500hPa(solid line, unit: PVU, 1PVU=10°K m?s'kg!) and the 1°X 1° area
averaged precipitation surrounding the vortex center (column, unit: mm h™") The two
blue shading columns indicate the generation period of the TP vortex and its rapid

development period, respectively.
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Fig.8 Vertical cross-section of zonal PV advection (shading, unit: 10°PVU s!),

meridional PV advection (contour, unit: 10°PVU s') and wind (vector, ms™) from
12 LT 30 June to 18 LT 01 July.

K] 9 2 [RHATAIE 112°E-119°F ~1-35) (A i -t i v FEE 11%) A8 A 0 i B0 FE 1) 75
- B ir e t, SRS LR TR G e A B2
o MEITATLLEH, M6 H 30 H 12 % 18 i (& 9a, 9b) , ElHAH HL X fi7
T U bl = R Iz ET . 27 H 1 H 00 B (Kl 9¢), 30-32°N Fffif 500hPa 1
J5 VA A iR~ B s B A D, e sk . BiJE, 7 A 1 H 06 B (& 9d),
FEBEA 31°N BT XHRE H 2 RS ) A7 3 i A0 S H R J7 s S & el i~

16



399
400
401
402
403
404
405
406
407
408

409
410

L HE— R SR(E 8d), AL TALYE 31°N I hE e S W B3, LTtz shik 3
Eeito 7 A 1 H 12 (B 9ey 9f), XHALZ R IO ) R0 T3t o imis , i
PR R R KKSS,  ETHE BB s, Bk T4

R KRR AL I TR S A7 A2 SR B - S35 4545 (2018) 12534 2008 4F 1
FITL A AR R A1 A I B R R R I AKX 2 i s R 3 B30 2 00
filie, AATANSRIL Bt X AR G PHIE” O [0 A b B BE, B 1 1 e g X f) BT
Ba. AREAMIS, BIRLET T 1 H 06 B LLETIE K R0 ot — EAE KR X
Wi (B Ta—f), (H2 R RALR-TRP O SR/ BN OEAES (K
b)o PR R,  F I DX IR A oo (4748 S LI 2R (9 IR A P00 R il b7
Tz Bl R K IR AR I 2 2

(a) 06/30 12:00 LT (d) 07/01 06:00 LT

300 — " - Vv 300
\ ]
\ [ ! ‘ 8 8
\ \ N 1
1 \ \ I
400 \ \ NS 400
1 \ v’/ 4 4
Vo
504 \ ¢ 0 500 -
\ \ 0 0
\ ]
\ /7
\\/ y
700 A a -4 700 - -4
\ -] 9
v
4 .
850 8 850 8
1000 1000
30°N 35°N 30°N 35°N
(b) 06/30 18:00 LT
300 T T 7 7 _I T
\ (W] ANA ]
0 \ [N 8 8
\ 1 Bt o
\ 1 e ’
400 - . B 400 ,".
X 3
I\ ' v/i’lc ! & : ¢
500 - Wb e f 500 - N !
\\ I‘ v /,’ /\ 0 ll ' 0
Ny I’/ - 'Y
\ gy VL A
\ o
- z -4 - -4
700 N ' 700 l}:
2 : ) '
850 % 8 850 ] "
1000 1000
30°N 35°N 30°N 35°N
(f) 07/01 18:00 LT
300 - ‘
1
8 [} 8
]
400 - H
4 1 4
\
500 U
0 0
4 700 -4
8 850 8
1000
30°N 35°N 30°N 35°N

B 92016 6 A 30 HI128Z 7 A 1 H 18 BI% 112°E -119°E ¥ B4 {357 ok W

17



411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438

439

440
441
442
443
444
445

BEMENT (A%, £ 100 Pa Y ZEHEE(FEL, £0: PasHE
-2 2 B
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