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PO SRR RN EEZS) (o) iR, #E—DHEHE
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T ek e JEURR AN TSR BT L, 75 ek et S 10 2 2 7 v 1 50 0% B 2t 21 i 56 T oK
I 1iAeAl, 5 R = XU FE KA S )

AICGET A T AL IR (PVC) BUMEE . 457 il XA A PVC 1Y
R IR B AL B 5 DX I (AR AE AR SC IR, DN ORI AL A BRAL I B R AR AR
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Abstract

Based on a brief review of the research progress of surface potential vorticity, this
paper introduces the calculation of potential vorticity and its generation on complex
terrain, and the research progress on the source of potential vorticity and potential
vorticity circulation in recent years, focusing on the particularity of the surface potential
vorticity on the Tibetan Plateau and its important influence on weather and climate. It
is clarified that for adiabatic and frictionless atmospheric motion, the structural
recombination of the potential vorticity itself (potential vorticity reconstruction) can
cause the development of vertical vorticity, which can excite the formation of plateau
vortex in summer and make the eastern part of the plateau an important source of

surface vorticity in winter. Based on the derived equation for the vertical motion

associated with isentropic displacement (,,) which includes the impact of diabatic

heating, it is further demonstrated that the eastward propagation of the positive vorticity
generated on the Tibetan Plateau along the westerly wind will cause the development
in the downstream area of cyclonic vorticity, southerly wind, and upward motion in the

lower troposphere, resulting in the increase of potential vorticity advection with altitude,
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which stimulates the development of extreme weather and climate events. It was
pointed out that the diurnal variations of surface heating and latent heat releasing at the
cloud bottom over the Tibetan Plateau significantly affect the diurnal variation of the
potential vorticity near the surface, resulting in the development of the low-vortex and
precipitation system over the Tibetan Plateau from late afternoon to night. It is proved
that compared with the traditional surface sensible heating index, the surface potential
vorticity index of the Tibetan Plateau can better characterize the seasonal changes of
local precipitation, and is more closely related to the Asian summer monsoon
precipitation.

The concept of potential vorticity circulation (PVC) is also briefly introduced. It
is pointed out that since the change of convergence of PVC across the close boundary
of a region is directly related to the change of potential vorticity of the region, in order
to maintain the relative stability of the total potential vorticity in the northern
hemisphere, the change of PVC on the trans-equatorial plane and the change of surface
PVC must complement each other, so the change of the potential vorticity circulation
on the trans-equatorial plane can be considered a window for monitoring near-surface
climate change. The near-equatorial air-sea interaction can directly cause the change of
vertical shear of the zonal wind on the vertical plane along the equator, stimulating the
trans-equatorial PVC anomaly, and thus affect the climate change near the surface of
the northern hemisphere through the change of PVC in the atmosphere and the
regulation of the Tibetan Plateau. The analysis shows that PV C analysis opens up a new
way for establishing the link between tropical and extra-tropical atmospheric

circulation changes, and has broad application prospects.

Key Words: Source of potential vorticity, potential vorticity circulation, Tibetan

Plateau, extreme weather event.
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SAERGH KA KB EARE L UK B AR KR S A . KB
S e SECURAR AN R RIS 3 I S 2 Re R, (B BB RIS s M REIRL =50 2
TORHE TR, RAUKIRE 85% AR EIT IR = A BPLT . R A AH B
TERR AR RGP A I FE . — 5T, KA LR, 3=
K73 A e A A SR AL B LR AR BN s 53— 7 1T, 52 Bk A2 #ad 75 1Y
ISR B SO BRSNS . 65 2, KA R AL R T
)2 B = A Ol A A IR B Uk R G R EVE R 3R

MALIRBN 15K E, Wah KA (potential vorticity, PV) LA T
M. bthag bR ERRKALRIES (U0 Rossby, 1940; Ertel, 1942) MU 7R
T HUERIR SIS e AR SR R RIBRR, I B 1 B S ELAE FH B VR 2R IE
H A2 I AR B T B P R SN RIS B I B A T AR 2, VF 22 BRI A4 1) 8t
HAT LA BN 12 m AR (4l Hoskins etal., 1985) . f£4tiA N, FIARA T
P 3B — A ), AR O AR 2 — M A FE AR AR 1) . sk
FLIAI A R AOL R IR A A 1 SRR o INBLI — A2l (PV-0) [ Rk E
(Hoskins, 1991) , 4550 R B AR BB, X PRV R 1
INERAN BRI R . DA R Hoad R 1) S R A% I 52 0 KSR IR R AR Ak, T 2
RABEIR SRR . AEAFAEHIE X, RS AR S A, HEER A%
FAR AR AR B R BE B R IR I o 75 ek v R AR B gl A 6 ) BB IX, AR
FE T 8 e Ji N JH ) 32 B A7 3 i 3 A (SO0 K IR A R AT B 5, o) i 11 R =t
T2 PR 52 ), 0 25 L 5

H M _ED 80 A AT B AL ite BE 12 (1) [ U1 4EE) T (Hoskins et al., 1985)
LISK, ALiesh /12 A5 20 2 N o e 2 2408 FH AR AR AR AR N, SR B) il AR
A BB T (Haynes and Mclntyre, 1987, 1990) . Johnson (1989) it A 2% 45
Ir TR R EREZE RN R AOR MYERFBEAT T IR RGibEE . KT PV 2477
Hie—> PVl EIEE TS, PV £ 6 b S8 4 B A i i & 7
A R 7 BV T T A R R A300 T 12 55 J05 T 5 R T ) 52 2Rt & LI R 28
DAL b FAR 500 KA AS A RERE it i B2 520 o SRTT, TSR % 2
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FEFF IR, RIS T 32 1 3 2% AP 5 1 385 Rt AR e Aok i, FLAL il JJ i R sl 2
FHnEx.

AR LA, 182 53 B S0 26 [ X BRI 5 RO e 1T IR AN RIBIHY
WA T —RHIEEIRE. Heldand Schneider (1999) i@ ik 4555 M 145 A T #4150 &
WS 25 43 M S5 R T 26 1 T 240 R B P00, R IAEAE T K AUR B AR I B im) A 52

B ANTR TS A T 1 BRI R 1 AR T SN S s R T s T e W,
FLAZ T 0 1) 715 18 S B R 53 R AEAE — /N LR i 1) P 2 3R A iR BRI S0 2
ARG A — PG 2 b, b T 7] 238 P28 B IR 6 Y- KA A i
JITBIR B FRD ) 452 5 R X A 7] A5 ) 43 B AR DR [ 2R T R i Bl S 1
EEPTEE . AATEIEE T A “BIERERR” . HRAARI G, TR
[71) 7R T I AL R~ IR B 7 o 122 0m) R PR b VTR 5 3 T IR 2 R TR B
<, #i;’%ﬁi@i%ﬁ_tﬂ"]il%ﬁ??@ﬂﬂ?@

Atmosphere

A A /
vy vV

1 fEGE-AE (4, 0 Ahsh KRRV BOIRR TSR 0, a2 Z R0 A A, R
ANAERSTH AR I A AL (=1, 2,...,2n) .

Fig 1. The undulating bottom surface of the atmosphere shown in the longitude—potential

temperature (4, 6) plane. Intersections between the isentrope 6 and the earth’s surface are
labelled A;,j=1,2,3,...2n
Koh and Plumb (2004) 37 i 18 & A 2 Bk I R 7E— 2 . AR TERYE
LHE ¢ SR BORBLIR 0,0 TV NLIR: 6,4, (P 1D 5E XTI (surface zone)”
%
Orinisty < 0 < Oraxony
VIE P30 T FR) ) 715 T P BT PR 2 R S A T B ) ZR K R T R ) (B 2) i)
[, AR 2 A 1 T £ 1) PR VR AE B 79 b vl 1 2R PR 2R T R =27 0 1o 7 R A I
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JIZ TRV R38BT SRS R, 103 AN 18] 2R N A7 (A 5 2 T8 P T AR o7 il 3o e S A
Yait, 1ERRON & B FZ Hhoxt (A 718 i 5T ol AR 70 i 2

€ __Pogpy
Io podz = 7 v'e

" T R A AR THI i T R T (10 7 A — R i PR A T AW 1 i 23 A i A S b
516 HH AT HILTET ) RO ARIE AR DA BB MR . X35 T, 0 ARAR &I
PN 0 708 T BT B 9AL ) SR B 7 2 L SR H DR bR TR A 1T 7 A B 2R i T M
I3 o MATTIEAE BRSO IAE)Z B E KSR -5 i A o e A FEK 2 B 90 S 7 i S B 52 B3R
Tty A B 240, Rl A A2 B AR TR L R 24 o KRR BT AR A I
BRGIE S KRS PR TUR E IR RE T .

(a) Nonherrj f\iein\ifphere xn,creases

constant
latitude

(b) Vertical section
: eastward form drag results
—_—

- >
0 increases

@ Vg<0

B 2 (a) dbprRrh 4 B —H Ui U, A di Sk MR om L X, lEZ iR %
Wik. (D) 1£ 0 bR iIEELEE ( () HREZR) MR M it B 410, H
Hi SRR AR BT 3N
Fig 2. (a) A surface cyclone—anticyclone pair in northern midlatitudes, where geostrophic winds
are indicated by arrows and surface isentropes are represented by dashed contours; (b) earth’s

surface in a vertical cross-section at a constant latitude (dash-dot line in (a)) in #-coordinates.

Scheider et al. (2003) W& | “)7 Azie” MOMES, &% T35 1Ak in
b AL, AT T B ] B B 55 IR A 2 R R SR B S A AR S Ikl 2%
o A RIR) UL AR PS5 T IER AL PN b i S ik e ™ A 1 B
AL Py 5 EH T O b 2 5 X6 DK P 038 Bl R ) B

S ER )-SR0 7 R R R A Ir) AT | — e b, HR = 4R A i 77 %
AR T ) R ) REAT SR THT I B o X ol T RO A5 A i (R R A T S T
(B2 S5 AR T 5 b T ) AZ 2 BRI T AR, S50 1H 5 10 T 52 A 5 A ANTRD, T BLAE
HbTET 73 BE ST A S T REAT AP 22 3 W TE SRR ZE AR K (B G 224 45 095 1T e b A
RHMR RIS, TR EEITAU/ Ay T VE RUXGE u 267 T A FE S, FE A/ Ay
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(AR L AU AR AR KT B AR BB R — N8R o teAh, ARG IS T #E H
B RAIRE R (J) ISREL, A8 R A & T LU £ F#RIE (Schneideretal.,
2003; Egger et al., 2015) . /3% Egger etal. (2015) KANLIREE (AL YIR)
(A AR 2345 380 W — A0 5 1R 28 FE AR AR A0 e 3%, At o 550 X BB 4 HH RS X
(g1 9=285K Fir AL i) DX 380D FR) R A AR o XA T BEA5 38 RS 7 R R
KERK, BERD, FAKREREFIZXEEARY KRERY /N, BT Lid5E
AR5 T E M T A 30 R I S A8 S SRR R 2%, AR AL b T B K A BRI BR S i
AT SRS A AT 9 T T EE PR AR
VT 5 sk, 8 B R BEATTRRNE S FEIUE A i AR T A 4 R AR
SR DX A AR AL 7 S [ 2K B AR 2 4 25 Dl B W e T “ 75 e SR A
PRSI 1 A e ) 3 o) e [ 2 0 i Pk /K OR U R S BRSO N, JRATTREE
SEEROZIRIEIC  ALBRFRIR, A ey S A Fa 12 3 X 3 2 P S i ) i A JHox R AR
FSR K R HEATIR R, WG T — ik . AT EN 4R H2 0
AALIRIFIC T B AT 56 3 TR T ek B AL TRV (T 1 AR AIE S Xt
R AFEI , ALHE AL B A AL iR i ELS BN RN . B 4 T AR
i (PV circulation, PVC) AALFER OIS« BARALIRI RN M 7 1) 5%

Mo PR MIZEIRIESE 5 T4 .
2. AR IR BT R R AR

Ao P2 4R AL B S Z4E AR R R (&) SR (0) B
=, AR
P=p7{,-V0, 1)
Forp p N A e — AN BREL & R AE) AR B G KA AR B R IR
HYERE . Ak Atk CdP/dt) il 2 T BRI AL 5% (Ertel, 1942; Hoskins
etal., 1985) :

fj_i’:%w.vp:p1§a.v9+plwﬁ-ve, )

HApV AR, FRERS, 0RAELHAMME. LKW, MBI
ARG, i P RESFIER . W TR AR, BRI A G W
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W, X I AR A S5 8 T A% 20 10 2 AR BRI i L i P R e 2 BE SR 308 K T o]
A (R EESE, 1995; Wu and Liu, 1998) . FLsiz, BEX T4 K<t 2,
JELE NI B EM R SR G, 140 e i it AU PR R P AN B e A% (5 [T e
8,2013) o AMERGR M —FERS, (20 A& A4 m HamiFi
PEVEFEHCI, 7o v W2 DR e AR AL PRI T0 . TR, i SRR i A o
b, H(2) TG H BT T FRIE A T AR AR AL [ B AR 5 FR

E AL YIE W A (Haynes and Mclntyre, 1987, 1990)
W:pP:fa-ve (3)

1) FprE XHIBLTs P A LG o i & b, B2 U & AL
JiRWo X ALI T AR (2) W] AR A

dﬂz%’v VW =C, -VO+VxE Vo

dt
B,
%:-v-{w—(éfﬁﬁxve)}:—v-j (4)
RTTERIL, B TRV, R IAR WO, ROTHE () AR TTIE. H
AR DAY LR =y

J=WV — (62, + Ex V). (5)
TESEIR I A ELARAR T, MR X (3) , W R NZEXT i B
W=f+¢,, (6)

Horp &, RS AL by A ) R B IR . XA TR (4) AN S R
4k 772 (Haynes and Mclntyre, 1987, 1990)

%__ J=_v . / '8_\7_—)(*

el vV, J=-V, {(f+é’9)V+(989 F) k} @)
P (7)) RS S LA S BN _Lim EIER G, » A R e,
G, & Thiiil & J /£ S WA HNER & J-7) WEE S KIS ALT K

G, = jaaiﬂds_-jv J ds_—qs (J-f)dl, 8)

S
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TR LAAS BN SEHET 0 1 IX 38 S YR N IR R . AREE (7D A1 (8) , S
M S FRpREFHIEN AR T FRAgREE @R JRA R BRI EE 4 T ok
o M S NMGHER, T—>0, G,—0, SR S F5E i,

Pl 3 2 1 R DK/ 52008 T 11 4% 8] 9 A 17 = P s B BROK AR 40 R (o<
300K) \ H1# (300K < §< 390K) - F_E# (9 >390K) =43 (Hoskins, 1991) .
FRYE (8) 0, E &R R & R H SRS T A IRz 30 57 1H (Haynes and Mclntyre,
1987,1990; Hoskins 1991) , i BEAREHHIE ABERIE K, HEg N —PHLIX
BEB) X MR RO B TSR SR AR, I R, B
TEAERT IR I BB, BRIV . G b, fEHLERR IS A A 22k T 5t
(8) HHATAR AT LAF Bt BR K 1 (1) S A ilig o (H2 BAriR, B THiRSE
T PR 23 2 AT AR A AN, 5005 TR 5 1L T PO 58 A R A AN T, 3 b 75 V2 7E S B
JH e T e R A 2

TSP AR 4y Tk . ARYE Bretherton and Scha (1993) , X
(5) AIAE N

J=VW=VW - Z, - Fx V0, 9)
FH A RGEE Ceffective velocity) V.=J /W=V — (&, 0+ExVE)IW . HT

@Ne-vezo,
ot

B RCEIEV, AT T . L, PV B J=VW I ARS8 H 1 A 5 R 2500
TR A1 o 18 SO S i 7 A (4D M 2 1 R U TR ) 25 AR5 THT 6, T8 ( 4n 390K B 380K)
HATR R ESAS, I

< [lfwav=—[ff v-@v=- [[ Jeds. (10)

global global global _surface

EAERE, WA 0, T A A A ORI YR AL TR
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Bl 3 KA CRA: K 2 fF EFRA . RS FRAmX Rz R,
WLk AR T 2 PVU I3 I3HRETR. (1PVU=10°Km?kgtsD) (H
Hoskins, 1991; %[, 2016%; Sheng et al., 2021)

Fig. 3 Schematic distributions of isentropic surfaces (unit: K) and the upper-level, middle-level,

and lower-level atmosphere. The bold dash line indicates the dynamic tropopause with PV

equals to 2 PVU. (1 PVU = 10-6 K m? kg-* s-1). (Adapted from Hoskins, 1991; Wu, 2016%;

Sheng et al., 2022)

KA L T FE (4) F BN (Es, HIKBIZNED 2 3h 71X = T
(PV=2PVU; 1PVU=10"°Km?kg~ts=1) #1455 AT LA 7~ AN 6] R -5 A i v A8

A E DTk B 4 ZFFH ERA-Interim F#T %Kl (Deeetal., 2011) iH5 1L
BRI R R AL RS IAE 1979-2017 4ESA% PB4 Ao W i 15

AR ) 5 Lt 368 TURH N AR ISP AN B 4 DA B, 4R 2 T, 376 /)N T8 e TR 248 AR 10 ([
S P VAT & a1 < P o N (TR= TP | ST ) Yl B O VAT AR 7 NI S DA B o
FIPAE, IMTE BCFRSA5AS B 4 10— S8 R AR KA DX B R R 7
JA B, N 58 m R AN EE LK . BIR R A TRIE R E A, KR EEHLE M E4a Hn
WA HEER PV (B 4c, 4F) o Bk, RREHIZ M AELHom#oe KR E
TPV i, ZARIEEA RN E R (Xieetal,,2023) o H4—MHERIT5

DB, XENE, 2016: R ERMFEBERTIRRNFE S ACIE A IR TR AR T RN 4 BRAR R B2 X S A%
ELE” BE
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Sl A RIS A OG, & (] 40 WEZE (F 40 BFHE. MT4F
(I 4) ARG NP AE TR A AT &I 1) 2R I SR X A3 7 PV, LR R g
AR X IE IE PV,

Tendency Diabatic

"

| .t,éh
K\ e‘d' N

' ‘\f

(10%Ks?)
T T T T T T T
-45 -30 -15 0 15 30 45 -15-10 -5 -2 -1-0.5-0.10 0.105 1 2 5 10 15

B 4 JbFERAR S AL (WD ST RS I BUIBUEAR 2043 217 1979-2017 45715y

2PVU
fi. (@) fl (d) %@ﬁrﬂlﬁj& 0,(W)dz-cosg: (b) Al (e) iR

2PVU — 2PVU -
‘Ls V-(VW)dz-cosg; (c) il (P %é’éﬁ&lﬁjﬁ V-(0C,)dz-cosg. (a) —

(o) NILFERE R 6-8 H P (b — (H AN&F12-1 AP,
Fig. 4 Climate distribution of the area-weighted column-integration of each term in the budget

equation of gross PV in the Northern Hemispheric troposphere during 1979-2017. (a) and (d)

2PVU
is tendency term '[E 0,(W)dz-cos¢; (b) and (e) is flux term
S

2PVU — 2PVU S —
—J.Es V-(VW)dz-cos¢ ; (c) and (f) is diabatic term IE V-(6¢,)dz-cosg. (a)

— (c) represent boreal summer (June-August) mean; (d) — (f) represent boreal winter

(December—January) mean.
3. BRREREBAR. ALRIFIL. KHENRASMBEAELN
3.1 FElAEREAR

LV R = SN DN =) S S E DN WAL (AL 12 P E PN VAR
SR XN i R RS o ER T e R R L P2 B EEARR 2 11 58 M T R 55095 T 5 3t 2%
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MIAZ, FGiE S R T B S50 T Bt PV ORI PV IS 5 RE R IR A Tt 5
R PV RS T R 2RI R A 5ERER IR G op 24
bR, fEHIEBBELLFR R FitH PV 7% (Caoand Xu, 2011) W% H &M, H
i, 1 MERRA-2 (Gelaroetal., 2017) iX—EH o7 7Rt R PV, (HA]
2Au% T K. Shengetal. (2021) & SEuk FHAL i A7 I 77 12 (1) HE EL AL FRAN ARG
Vhs SRIEIEIL SCARRRAE e, EESTIRA o-p AbhR NI EE MK Ertel
(DAGTOL N P

ov 00 ou 060 ov ou, .00
P, =g[— (), ——(=29),,] —9[f +(=), - (), 1=
H 9[6p(aX)H 6p(5 ] —olf+ (s (E)H]ap, a1
PV _ horizontal PV _ vertical

Horb g NEIJINERE, p Rk, 0 R, fARKSH. T H RZRF
A o—p 245 (Hybrid Coordinate) #4755 . F 308 AT DL F A 5%
ot i 25 SR SR AR . B 5 A A E RN 85 E-95F T IS H
g e i T T PR AT R /K ST I T LT LU I X I & ) 0 AT 18] Ba R
MERRA-2 {73 #r %k} (1980-2014) THEHISE R, W] LU I i 48 5B DU S5, 7y
) LB BLAE 7 e v R AL AR AL, e O g A e R TR . ek R AR 2
B, mREH K TN EETU 2 500 E, dEE 208 0.5 £5. A LASG ()
REAHGSE FAMIL2 (B 50) THFHI45 85 MERRA-2 (8] 5a) 145 SR AREL,
HEAE /N X TR T FAMIL2 B R8s, /K-F 70 HE A 2 5 )
RN CAX, Ay FIAP B Fdlle Bk &5 RAER], 3R PV AP IAE Bt
U £ 75 7 e S F AL R A BB, SRR AR LR

(a)MERRA2 (0)FAMIL2
35 1.0 7

] JAll ] JJA
o DUF| | 0 3

] 8 DJF
25 4 ]
2.0_5 J\ 0.6
1'5_2 \ 0.4—;
1.0 _E ‘ 02 ]
- 2\ A L

0.0 e e 00 FV—V—7r—— T
20N 25N 30N 35N 40N 20N 25N 30N 35N 40N

B 5 &7 85°-95°F “F- X MM S 5 el vy J w50 14T ) 2R A5 i /K P 10 5 Al BL I 2 LE 1 468
SHEMIZ 2 Fi. (a) MERRA-2 455 (b) FAMIL2 45 5. K%k (28°E, 38°E) I/~

RIS . (51 H Sheng et al., 2021)
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Fig. 5 Ratio of the 85295 F mean absolute horizontal component of the surface PV to the
absolute vertical component. (a) MERRA?2 result and (b) FAMIL2 result. Grey lines (28 E,

38<F) indicate the edges of the southern and northern TP slopes. (From Sheng et al., 2021)

3.2 FB R R AL IR B A R R R BT R

AL TTRE (20 AT, INHGRIEE SR ET e 175 R ALIR A (EAA R TE BRI K
S, ARSHE. T RRARII N TR, BIEEL R EE R SH, @itk
RERE . B g RUR MM XA E B D) )24, B “frimER” , ekl
SHRAEERENRE (Wu et al, 2020) . HRIEERRESFE (Wu and Liu,
1998, 1999) :

%+,Bv+(f +§V)V-\7 =— 12 {a(f +£,)6, dg, +0,(¢&, %“9»1 %)}
dt ao; dt dt dt 12)
+0i§a~vé+0iV9-VxE. (6, #0)

A g, RRKAEERSE, W THRMTER RIS, #FE e, M. &
JEE g, AR EE YL (& =a-0U /oz) HIZARAI AT LL A0k A B (1 45
A6y 2L 17 51 A IR JE 1 A4

2016 F 5%, 6 H30 HE 7 H 6 H, KILIBURE 1™ & RS HEFE K
KA. HTERIEZ, 51k 79, &Rk 237 AJET:, 93 MK, &
Gk E > 150 (G NIRRT, BN E D s 138 K S RAE KM H AR % % (Zhou
etal., 2018; Chenetal., 2020) . 4% (2020) I HTRIE, XIRKEN KK
A LUBWIR] 6 H 28 S RIE T R 19 = AR I — A R . HBE S I AR A
KT FAEARAM LA EE R, SEEI R MR A K FE . Wuetal.
(2022) WRER, ZE i TS A A A <. B 6 45 HaZ e s i T8 et
WARIRTT IR (PERE-ZRAE) FOBLIR 7K T A0 X P 2 B3 TR 1 Lo F Tt
[ RN R, 26 H 7F iy SR i s i or B AN AT i B R AR, 400 hPa LLF & [l
AR5 T A0 1 2 Ak I S5 R B 26 H 18 B, e T G i 000 0 46 2 A3 1) 78 O T 4
i (P& 6a) o S Bl (R 25 PG P AR AR R, e JE 78 i ) PRI 2 S X8 7 I iy
6 SE IR TH 1] oo 00 AR U R R S, JFE AR Sk R (&l 6b, 6c) , MR
HYIA (& ocoUloz<0) Nt BRPMERIGH A0 5 NIEE] A (i, #
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LR 4. (5] Wu etal., 2022)

Fig. 6 Cross section along the airflow direction of potential temperature (black

contours; units: K) and horizontal vorticity (shading; units: m-s** Pal) and wind

(white vectors; units: m-st) at (a) 1800 LT 26 June, (b) 1800 LT 27 June, and (c)

0000 LT 28 June. The right-hand panel is the vertical profile of the horizontal
wind U (perpendicular to the cross section) at the location upstream of the vortex
as indicated by the purple dot-dashed line in the left-hand panel. The location of
the white dashed line represents the vortex center. Black shading shows the
surface pressure. AO and A represent the location of the initial and down-sliding

point, respectively. LT indicates the local time in Lhasa. (From Wu et al., 2022)

3.3 F Rk JR AL I EL A AN A% 3 B X R SRR T

0 (4) IEA] PLE R

‘L_Vzlz_wvvw.[(éfaﬂfxve)] (13)

TELEHA TR G, i EAE) 17 A g Jrd b PR K A5 5 5 | R s 1 e/
TS o AZE T T EE T 9 e S I B 20T S5 1 = SR AR R S o e S AR A A
SERC AR AL (WD BIEEIRIX o RO BT IR TE XL P G R ()
FAERERS, T LLSE NphIX EFEsh kR, SERE R AUERR A . Wu et
al. (2020) it 2008 4 1 H 17-21 H R AAEIRE 7 ARG R fE, BT
FHEHLEE (BT

T B2 3N 7 AR L 2 20 thad th AR RS SUESN R B A e AR
(IR » Hoskins (2003) B S E4a MR B E B Rk, #ALT AH R B
B3 2. Wuetal. (20200 #F—BAEHAME BIHELHA T, HES HDTFE
FEARARINARAER . 5EHHA KRN ERIZS (0y,) JfE:
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SR TR R SIS b AR A ) AL E A A AT, RGTT LTS (B
THEIV) .

{0 Cyclonic circulation anomaly
= : passing- plateau flow

: isentropiccontour

—: isobaric surface

t: Vertical velocity
|:>: Positive zonal PV advection
—: Negative meridional PV advection - : positive PVanomaly

=

7 R (TP M X AL B A S Ui R AN FIBrBL (ST ALt~ xd il P 52
B BBl TP RALKIR I AR Gl 1R AP W, 72 AR R

FRAE TP BAE S AN BrB e BT A e eI, [ AR A Bl Y IR 30 B e
11172 IS W 2=t i T 2 1 v s e S A 1 R 2 S 2 R iR DA e T
iy, Nl W w7 1 N 110"l | | PO 2 R A A 2 L W s v B e R
T, SR HEEEEMEKEREE BB IV & SRS 2 A IR
AL EE, SEUURM ETHES RS, oK. (51 Wuetal,, 2020)

Fig. 7 Schematic of PV restructuring in the region of the Tibetan Plateau (TP) and the impact of

N
H

PV advection on downstream circulation during different stages (ST) of cyclogenesis. Stage
I: Surface airflow convergence in the lee of the TP increases local PV substance W,
generating a positive relative vorticity anomaly and initiating light rain near the TP. Stage II:
Eastward moving positive vorticity anomaly is intensified owing to reduced static stability.
Positive zonal PV advection in the mid-troposphere and increased southerly and negative
meridional PV advection below enhances cyclogenesis, air ascent, and precipitation. Stage
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I11: Negative meridional PV advection is located immediately below the center of strong
positive zonal PV advection, and cyclonic vorticity, vertical velocity, and precipitation are
peaked. Stage IV: Negative meridional PV advection tends to overlay the positive center of
zonal PV advection. Consequently, the cyclone and air ascent are both weakened, and

precipitation is diminished. (From Wu et al., 2020)
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= F i 606 (fi['; Vg, 1>0)°
Vie=Vn - o E a ¥ .
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KT AV 16 =V o) B LA, WUR I TS BATTIRR N og:  (© BT
PRV Q) L T 1 i T 31 AR e B TR (s B FHEE o, - Bl

AHihAFRIE (EFp+) Mf CEbR-) B L0 0 SR ZA R 4 i Sk 70 0l s v 74
X o BIERE CEbR+) FIfURS (Eds—) o (51H Wuetal., 2020)

Fig. 8 Schematic showing the interaction among different omega components and the feedback of

diabatic heating on horizontal PV advection: (a) triggering of cyclogenesis and ascending

o, by PV advection, (b) triggering of isentropic upgliding wind (\7|G E\7|D) and
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convergence due to the development of ascending @, and generation of @,; due to the

slope of isentropic surfaces, and (c) generation of @, associated with moisture transport

(\7q) and intensification of cyclogenesis due to negative PV advection. Dashed brown

arrows indicate positive (superscript +) and negative (superscript -) feedback mechanism; and

the red solid and dashed arrows denote, respectively, positive (superscript +) and negative

(superscript -) feedback of latent heating on @, . (From Wu et al., 2020)

34 FRRIEREMIR (SPV) X R IR T
(1) EZETHRALRH) H AR KI5

2020 FKVL-HERIRA T T — IR E G H IR . AR, i, W
WK, BoOKERCN 1961 4ELIK Y . Maetal. (2022) FJH ERA-5 (Hersbach et
al., 2020) A1 MERRA-2 Fip#r BTRHIBE TS AL, 5 URAHEL, 2020 4E 2 ZF=
i R . AR (319379N, 852969 ITHIZ /KR FTIN, i R G0 5 TG K
HAREIRAE o 285 Hh v S 10 = 8 i R GV HR R Wit 1 DX A R /K A B 25
PZ DX I 2 = 13 R G T BN JE 5 v R b R AMIK S (400 hPa LR ) R4
POnAEEE WA (K 9) o B L KMHEE SRR T, R
IR (B 9b) , i ZIRLE AR = B ik, AR T BRI SIS (B 9a) .
B SRR AR KT o, MR ZE R IG5R, — U7 TS T R R AR R, S —
JITH, 28R MK N RS EAEAR S B BB 34 (1 9a) , o TS 1 R4
P Rk, I 2 AR RN # ) o B R R AR AR E i (B 9b) , AR
TR ARG AR R (K] 9a) o 385 1) S L im R e AE i Hi 2 7 XU BB
R ARF S, 1R 5 AR TR TR R G L RS s KR A S LR
FALR R RSB R R R . SRESMEL, 2020 SO RH HEE
SECEINRL b S U ) R R e SRR I 2 KR, A8 SRR AT 400
hPa I = 4 F4 A8 1) 0 L P R, A X e T 8 o D s 6 28 00 7 VR BRI
FEJFH o =R R G0 H i R A D 5 S0 R R BN G, R A B I RS
H e JE AT T R o SR AR U M R AR R, GRS IS ENEERE, AR T A R
gritt— i %t I A T X R, SR R R K
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al., 2022)

Fig. 9 Diurnal cycles of (a) potential vorticity (PV, PVU) and (b) diabatic heating (10-5 K s-1) at
550 hPa (red line), 500 hPa (purple line), and 450 hPa (black line) , averaged over the box
area shown in Figure 5, during the 2020 Meiyu period. The green solid and dashed lines in
(a) show the precipitation (mm h-1) obtained from GPM and ERA5 (values multiplied by a

factor of 0.5) datasets, and the blue line is the cloud from FY-2G. (From Ma et al., 2022)
(2) FEREREARAILHE X

T 98 e 5 ) 2 THT RS AR R bR A FH e 88 B8 TG R SR, SR
P2 5 T BN ) S AGAS Jy, 5210 S 9 28 AU T B R A8 5 (W et all., 1997,
2007, 2015) . %4 b AATTHI 5 et e B A R TSIV 4R bR, 0B 5 KA
A2 A BF K A< . Rajagopalan and Molnar (2013) &3, IXFAHITE N E 2=
DR A BRI 5 PR R AR AT, B2 AE 22 R AR G F AT o 302 PR g R 7K B A1
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Fig. 10 25=40N mean annual cycle of (a) precipitation (mm day'), (b) surface sensible heat flux
(W m2), and (c) surface PV (PVU) averaged during 1979-2019. (Adapted from He et al.,

2022)
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etal., 2023) :
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Fig. 11 Climatic state averaged from 1980/1981 to 2020/2021 of zonal mean PV (W) (shading;
Units: 107K m s kg) and PVC (streamline; Units: K m s Pal, K s%) during the boreal
winter.
Sheng et al. (2022) F|H MERRA-2 #EHT4 T 1980-2017 4535 H 4 4G JEE
PRGBS (CEPVF =vW ) 7EJ/RIETH EIAF -

(CEPVF} = j j CEPVF dpdx = j j VW dpdx (24)
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Fig. 12 (a) Normalized time series of spring CEPVFI. (b) Regression coefficients of SAT against
the CEPVFI during boreal spring (shading, <C). Areas exceeding the 0.05 significance level
are highlighted by black dots. (From Sheng et al., 2022)
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Fig. 13 Distribution during boreal spring of the correlation coefficients between the latitudinal
circulation (vectors) together with PVC (shading) along the equatorial section and the
CEPVFI (a) and Nifp34 (b). Vectors exceeding the 0.05 significance level are shown. Areas

exceeding the 0.05 significance level are highlighted by black dots. (Adapted from Sheng et
al., 2022)
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Fig. 14 Schematic showing the CEPVF influence on SAT over the mid-high latitudes of Eurasia
during boreal spring. (a) PV (shading) and horizontal PVC (vectors) at 200 hPa, (b) cross

section of PV (shading) and potential temperature (contours), and (c) SST over oceans and
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