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Abstract

The Tibetan Plateau transverse shear line (TPTSL) is one of the main weather
systems over the Tibetan Plateau. Based on the ERA-5 reanalysis datasets provided by
the European Centre for Medium-Range Weather Forecasts (ECMWF), 14 cases of
TPTSL which causes heavy rainfall and generates in June-August with a lifetime of 38
hours are selected and composited to reveal the impact of dynamic and thermodynamic
forcing on the intensity evolution of TPTSL s. The results are as follows. (1) At 500hPa,
the TPTSL generates in the saddle field between the Iran high and the western Pacific
subtropical high, and is located at the low-pressure center contoured by 584dagpm and
warm center contoured by 272K, to the north of the specific humidity center. At 200hPa,
the TPTSL is located at the northern margin of the South Asian High and to the south
of the entrance region of the westerly jet stream. (2) The intensity of TPTSL at 500hPa
shows an obvious diurnal variation with the strongest at 23LT and the weakest at 13LT
(LT=UTC+6h). (3) The vorticity budget reveals that the variation of the divergence at
the upper and the convergence at the lower layers over the Tibetan Plateau is indicative
of the intensity of TPTSL, and the vorticity at 500hPa gets maximum 3 hours later than
that of the convergence. (4) Potential vorticity (PV) increases with the development of
the TPTSL. The PV budget shows that the water vapor and diabatic heating play an
important role in the generation and evolution of the TPTSL. The enhanced sensible
heating leads to an intensified ascent. With sufficient water supply, the latent heating
releases and the diabatic heating center rises to the middle layer, which is favorable for

the generation and development of the TPTSL.
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1. 5%

kS (LA AR J5D) 2 3 B AR 3 ¢ S 1 R AU IR X (AR,
2009; JHELAIGEE, 2011), FEIAFIRIIHIE RAT NIRRT FA s R V13 2
R (JEFIMEL, 20145 WAFHMHSE, 2014; ZFIFAZEESFE, 2017a; FHAg
&, 20200 HEZR PG 1) ) e R D AR bk v JE R )AL 26 i IAE & 5B 2F 500hPa
ST b, =l JR ) R st XU R BACBER T 5 MR BRI R iR & 4k, F
EUESNTE R R AR 30°N—35°N Z i), —MRdEf RS HE RS8R
P RPIE SR, 1981; )%, 2011). PR B R AR L m]
FIR R REER, 1/3 A b R 5 i FR 152 R G008 R )28 45 (Zhang. et al.,
2016; BAKZEMBRTEHE, 2018). rm R VIR 2% i IR A H T I R AR IR
i AR SCHI F A EE L S PR SO R 3

e JE VAR 26 (T OR339 e KRR A %, 500hPa b 3= 22
S 22 G0 AT AP B v Hs V0 ATV B AT v T B 2 VAL R 8 (2 i AR AR B
1992; R, 2002; JHGiAAEEE, 2011), 200hPa = BRI 2R 48 7 0 i Ik
M2 s (P HEMZEE, 2018). Zh /712 W&, 500hPa %4 . 200hPa f&
KB ) 1) B THE B R V) AR 26 P A RN () S ML CRRIRUAE, 1994), HLEE
W gk S AR 5 SR V1A A AR SR AR OG, IRE U AR et | i Ay
{180 LR BT TR0 5 SR ) AR 2 A i F AT a7 i S0 GIR/NER FIFRBE A, 20002, 2000b) .
AR A AR m B GR IR 2 i R B FE BdR WL (HERS, 1979), &
JEAE R AR I FAR, L b2 SR Fm #on e R U1 AR 2R 5 4ERF K52 — B
B[R FERE CEE )RR oA, 1981, FER (1979) YoM EHEE
A OIS 2 AR I SR L, T AR R S e IR PR AR IR G, A KK
A, BIEIRTEET R, BHE B, VRGN, BREES (1984) i
A ASEADL v S5k T B AR R FE TR 9T v iR AR 0 VR K v S DD AR 2T i ) s, 45 SRR
BN e JE A VR R e SR VAR 00 UK FE NG, S FE R o . B2 AR AN 6 A
(1994) Jf i v BB AR B, 54518 HVRE TBORMIG I V) A8 3 408 1 8 P55 R 485 44
HAYOEMRF . Guan etal. (2018) BFFLINJy, HIRIE K FF I ol 5202 =
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JE VA A 5y, T e A1 T S e s ) AR 2 1 i

20 tH4d 40 4EAX, Ertel 32 T A (PV) MR, & XA 5 A0 I
¥y RS AR o A7 AT [ KRB SRR JRHE, |2 BN T & PR AU R 1
LWy M (Hoskins etal., 1985; Hoskins, 1997; 4430, 2010). W78 4
PO AR, AL FE S, WAL T SR T i R AR AR ORI R i AR
Jo 2 S A % 5 225 AR TBON FLBE R AR (Lietal., 2011, 2014, 2018; %67k
3R%%, 2013; Wuetal., 2018; Zhangetal., 2019; 5%, 2020). ZiERA=E
F (2018) A WRF BN — R e R V) AR A AR AT B 0 A, 45 2R R, X
TEARZ b, 7o A8 LR T 15 3 P R O S i i O A

Hil, [RFEEN S RVVRLNZN 1. A O TERNHER MR, X
FL AN 8 BUE R (2R AR IR R, 1994 B HEMZE[EF, 2018) AN
LMW AT TR I TIRABEFL CHRBAERIGEAT, 1993; ARAE, 1994; 3K/
PR AFEMEAE, 20002, 2000b; EYEGEANFIIEEE, 2010; L AZEEF, 2017b).
SR, ARG T SR VI AR B A i S RS S L IO T T R 8R % . o T30 71 e A
IS 1 BRI, B RAMG 8 F— M R B, 3h Rk
TEFAE T, 0 Al s ms e JR D) AR 2 AR, ARIFBA R AR . DU T
JE ) A LA AL R 70 20 B0 S — AN, BOAN R 2R A AN b, AR 7
SRR, of e R D) AR 2R AL AR ME ST — 8 SRR M. BEAh, AT
Fr1 P T Al A BN R v S5 D7) AR 2 TR s (R A AR ARG A

FeT I, AHE T FH R A AR S Bk 0y (European Centre for Medium—
Range Weather Forecasts, &k ECMWF) $Z4t[f) ERA—5 HaHrEkl, it
WL R D) AR R B b, et 14 /M BARIR] . A fr SEAR 2 HoAty ok
T 1 SRR AR B, SR G BT TTE, DO R B B R TR
FE, FEER) RIES R RBEDIARL CREMRDIAL s, midiskiar, 8
N SRR T BRI T AR 2 5it B2V AR AR Y DA 5 38 o D) AR 2 s AR i R P A A
X R R R ARG R AR L

2. WRIS TR
2.1 ¥
YT RN A BA R A TR A0y (TR ECMWE) 4245 ) ERA—5 B kLA
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AN S P, ARFR LR ERA—5 B SRR . Bk A: 1981
—2019 4 6—8 F, HH 24 MK, KIS 1ox1°, FETTIH 30 JE55 K
HRLTTRL

FEAMGLERE, R T A ESG R R R A R E R OMERIE S (i
PR V3.00 H bR AR H 20 B —08 B [ 08—20 B 12 /Nt BRI K B2k
A FE A 1981—2019 4F 6—8 H5 BRI R ANZH .

2.2 YVPB LRI J7 545 A5 1 L

ASCHK D 2 ARk (2015). Zhangetal. (2016) FlkfiiZ%E (2019) %
HIEOUAR AR, X 1981—2019 4FIX 39 4F 6—8 H WAl 1) & IR i U1 AR 26 AT
FIR o B RGN BEA LA ] R 28 [ U)AR  AE R B R 26 ) 22 R A 9 = A5
#, K 500hPa L[RIEH 22N (1D HARVEE BT 5 ANZEE IR L0 E v R

VIR L
u=0
ou/0y<0 (1)
&0

Sohu AR, (=2 -SAIRHRIE, x ARPEALT, y HidbiAsts.

TETH RN MR TS 45 EAE b, 454 V3.0 BaREFH IR KR, 1R
A B i 0 s JE R DI A Ao 308 AN R0 2 R = AN 56 RS,
2019):

(1) FrEFAM: Zm R LA T 5 JE 44 32°—35°N, 70°—105°E i
GEIA

(2) WIgZktt: & ERETIR LA A AR, FEATE R, AT
B2 Tiiie sl

(3) FRAKZEAT: 1% R I AR LR T 2/ 5 ANl S H BRI (24 h B
HREKE >=25mm).

S8 3 e JE R AR 2R 1 H AR RHIE, BRI A A= i S b TR AE ] 2%
e RGBS B R B S A R, SR MO E A dr 5L & AP B 3l . ZRE LA
B, RATREORUEFEAS &, H& ik AU T 14 A& R DI A
Bl (% 1. FrGEURAMEE fr 2309 38 /NIE, AR T 24 ) 17 1, TS T
= H I E] 06 B o AR SO s RIS A B H O DL, R SO TR 4

— K/~ N DN\NNLT, H H D 4 Day H4i 5 , LT A Local Time 14 5 , LT=UTC+6h ,
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N ACRAEEH T - DN\NNLT &5 N K, i [ NN B g, DINTLT,

Foon i R YA 284 e H M TR) 17 B o BRI, 14 NN B AT

HARTY), 335 LT ORI/ & BT RE . R SO & s SR DI AR 2 TR AR
R 1T AR A e SR AR 2 A1) A R 18] e o R R K AR L

Table 1. The generation time and precipitation of each case of the transverse shear line

used for composited analysis

1982 1983 1985 1985 1987 1988 1992 1998 2000 2001 2002 2005 2015

06 06 06 08 07 06 07 08 06 08 06 06

H 24 26 08 22 08 15 24 17 29 22 12 17

rl 335 222 102 237 423 38 576 197 43.6 228 142 262 365

r2 467 23 123 21 39.8 322 259 413 259 163 73 302 11.7

r3 83.6 399 573 42 346 43.1 339 725 42 183 271 457 11.2

VE: 1l NIZYIABLAE RN H, 32°—35°N, 80°—100°E U PN & MeKu s 20 B-vk H 08 B (Abmtmsta),
BIT=UTC+8h) FHff/KE, 2 ALk H, 32°—35°N, 80°—100°E j& [ P &FsK ik A 08 Bf-20
B (BIT) PR, 3 AiZYIA LA IR H 32°—35°N, 80°—100°E U Hl Py & B /Kb &5 20 BF-25=H 08

B (BIT) “FHIRE/KE. $BA7: mm.

2.3 ARLERINIR T
RAARLE A A RN« TR ER IR S o = B 2. AR SR £
BB SR TALAIRQ AR KIRIEQ, (Yanai etal., 1992; Lietal., 2014; Li

etal., 2018;Lietal., 2019a), HEIARN:

« 00
op

lecp(g—f v VT+a)(P%) ) (2)

_ 7%y %
0,=-L(7, v Vqtw ap) (3)

I RS8R AR AR O
0=0,/C, (4)
o RAHATEO VLKL O, T BB 1 43 31 2 K S AR i<, >
IR <0,>:

1 (P
<Q1>: P, Qldp (5)

g
1 [Ps
<Q2>:g‘/;: Q,dp (6)

08

17

2018

06

12

29.2

22.9
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RAAIRQ , 727 M G I 18] Py 40 B Bk M A 4 AR B MK
O, 7% HALIN ) 4 26 G R K OB A REIOEER, (IR A1) BRI TR (%
B 5 0 NILEHINIAE; C,=1004.8416J/ (kg'K) , FEIEH; L Rkkahi
B g NECR: T T IRIREE ; v/ MR w9 P ARKR 22T T FLEJE ; 16=0.2857;
Py=1000hPa; P NKSZTIUE, HL100hPa; POAHLIH L.

3. BZEHE S R ) AR 2 i AR i
AR SC CAREAE /51 B S00hPa 1) 48 28 A AR i P 3 B B¢ CT fRiRRIREE) SRk
MEVIZR L 9R A . A 1 AT LB B, 7EY)ARZE 38 /NI A fm s, 500hPa )38
LR B M H AR AR, 207 7858 (DINI7TLT—DI\23LT) . ¥ 55
(DI\23LT—D2\I3LT). 158 (D2\I13LT—D2\22LT) Ak 9 W T (D2\22LT—
D3\06LT) VUMb BE . DINITLT—DI1\23LT SR )22k g, HE A= i s i
REINT B, ¢ WK, T D1\23LT i 255 — AR, [F) I 2 B> A= i 30 e K AH

5.0x107s7' . DI\23LT—D2\I3LT #AIM VIR LR FE 055, ¢ BTk, F D2\I3LT
IEEE RN MERME, 2.6x107s" . WG UIBLHRKRE, ENREI B, ¢
K, T D2\22LT iE R NG, 4.2x107s". D2\22LT J5 Y148 2R Bt i X374
A2, ¢ BRINEVIN, ) D3\06LT e, YIARZRIH T SR fARLAEXT R, 500hPa
DIAR LR R A i PR A8 At A7 2 B S ) AR ARRAIE , 2 17 T 19 4 18 S T 78 ek 55 1
P o BRI RV AN A 3503 J5 T B AR 4K 3—4h, (H AR 5 iR AR AL
ML, 7€ DIN7LT—D2\03LT A1 D2\ISLT—D3\03LT A& #ity K, 7
D2\03LT—D2\I5LT &M/l o AL 56 — WA LU B8 ORISR BB R, BRI 30
AR g R D) AR 2 i AR TR

MR, %8 DINMTLT (%) A). D1\23LT (i Z| B). D2\I3LT (i
%I C). D2\22LT (I %] D) A1 D3\06LT (I %] E) AYAR £k AR i F v i) LAV
AERS %0, S IFONRIERS Z) . SRRRET . JRES A 2. YRR Z AN T %), X
JSLYIAR A A dir S5y IR B, DRSS B, R SR BORT T B AN B A
DIAR L (s (R 254 B (B 2) ATLAE B, 500hPa DIARLE /& AR 7 XL [A] AR AS 3%E 48
2, BARVGE o VIR AL AR & W B AL T R B 80°— 100°E, 32°—35°N
TEEEIN . FIARZ] (2] A YIRLRAT T 83°—99°E, ZRIGESIEEE, 414 M4
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Fig. 1 Time series of the area-averaged (83°-90°E, 32°-35°N) relative vorticity (£, units: 10™°s~1)
and potential vorticity (PV, units: PVU, 1PVU = 107°m?-s71- K - kg~1) at 500hPa (A, B, C, D,
E represent five moments of the lifetime of the composited Tibetan Plateau transverse shear line
(TPTSL) respectively, the same below).
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Fig. 2 Spatial evolution of the position of the TPTSL (a. 500hPa, the solid gray line denotes the
Tibetan Plateau; b. the vertical cross section along 90°E, the gray shaded denotes the Tibetan
Plateau).
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Fig 3. Composites of heights (the black contour, unit: dagpm, the contour interval is 4 dagpm),
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