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Reexamine the Tibetan Plateau vortices sources based on multiple resource datasets

Lin Zhigiang *, Guo Weidong 2, Yao Xiuping 3, Du Jun 4, Ge Jun 2, Zhou Zhenbo 4

1. Plateau Atmosphere and Environment Key Laboratory of Sichuan Province, School of
Atmospheric Sciences, Chengdu University of Information Technology, Chengdu 610225
2. School of Atmospheric Sciences, Nanjing University, Nanjing 210023

3. CMA Training Centre, China Meteorological Administration, Beijing 100081

4. Tibet Institute of Plateau Atmospheric and Environmental Science, Lhasa 850000

Abstract:

Tibetan Plateau vortex (TPV) is a kind of mesoscale weather systems, which is active near the
surface of the Tibetan Plateau (TP). TPVs are the major precipitation-producing weather system
over the TP, and a small portion of the TPVs moves off the TP and brings catastrophic heavy
rainfall in the downstream areas of the TP. The yearbook of the TPVs edited by Chengdu Institute
of Plateau Meteorology offers key references in the field of TPVs research. The TPV source of the
yearbook dominantly located over the eastern TP, and conversely most of TPVs obtained from the
reanalysis generate over the western TP. It is the most significant difference between the TPVs
derived from the yearbook and from the reanalysis. To clarify the source of TPVs, we firstly
examine the differences between the eastern and western regions of the TP in terms of the general
circulation influencing the development of the TPVs, and find that the large-scale circulation in
the western TP is more favorable to the generation of TPVs. Secondly, the atmospheric moving
vector and the blackbody bright temperature derived from the FY-2 geostationary satellites during
2005-2019 are used to reexamine the TPVs sources from the yearbook, and it shows that most of
the TPVs are generated from the western TP. Last, we checked the difference of the TPVs source
via the yearbook between the former and later period of the construction of the three new
sounding stations over the western TP, which are Shiquanhe, Gaize and Shenzha. It shows that the
new data significantly increase the proportion of TPVs generated from the western TP. Combining

the results obtained from multiple sources, we conclude that most of the TPVs originate from the
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western part of the TP, and the conclusion of the yearbook may be misguided by the insufficient
soundings in the western part of the TP. This study confirms the availability and reliability of
reanalysis data in the study of TPVs, and emphasizes the importance of satellite-based
observations in the study of the weather systems and the urgency of further enhancing

observations over the TP.

Keywords:

Tibetan Plateau vortex (TPV); TPV sources; multiple resource datasets; genesis index for TPVs

4 /31



88

89

90

91

92

93

94

05

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

1. 5

B A T e R (LA R IR 5D EHLTHIZ (500 hPa) AR RERS RS (nf
HIEMEHE 1979), e R bRk EEREK RS HRESE 2012; Curio etal. 2019; Lin et
al. 2021a), /D4 AR th 0 S5 1 T i [X 3 5 SR ok Sk ) 5 4 K K <. (Tao and Ding,
1982; HRHUAEFI RS 2006; Lietal. 2021). At m EUR LM KIE, M4 m R RRE2
NI FEIK S SR AN G IR B 2L IR 7, DRI v SRR T 78 AN G 2R 3 it X 7k R R
TR AT R, 385 TN K B (K B IR AT 72 BB %

M 20 t40 60 FEARLAR, Wb AR TG SRR L & R B XA T RVE I E e — (3
1964; Z/KARSE 1964; il R AR RIHRET AL 1981), &SRR IR UE b2 R T 30
FHAIE P B 22 A 7y o BRI B e} B = &5 v SR IR R b RO BT e ok 1 B KA IR A, (2 —
SERPE AT IR P AbATT e 1) 27 SRR HE 1 ) T 0 7 1 v SRR (Y P R o 9. 2K IE
225 (1984) FeF 55— m R AR L0 W) 1979 4F 6-8 H (Mn= sl sas, JIdm
JE TG S BEI 4 ARk, A3 30 v SRR AR TS py AT b X F s S T S R R R L —
B e SR PG IR BRI EEAE (1988) fiiH, 1979 A A RAIESLL, EH
JEAR R 7 TR 2 7 1o J5 P 7= A TG P s, 5 LS5 DRI (0 o A S TR AT L, s D P
FEARIE: B IU4ESE (1992) B BT B, & EURIR I SO RE U P A T JR P
HRT BRI, RAEDEATEIF S (0T e 5 X Bk st =, 36 F 2T
KBS, 52 AR IR A .

FICHT e S R T T R A I AR SRR AR S S, D e SRR B TR T
LB, RS T B R AR AL T s AR X . E %% (2009) BT
1980-2004 4 5-9 H R G T (I Pt 32 A, T3 J5UZR &R, IF4a b T Je P i sk
Z WA o E i A RSB AT VR b P REAE B PRI o AR, ZOWR N T ) V2 R
T E AR MR, AT T B AR 2 0 s AR R T AR . HARMG . ARBR AR AR AL
B S 7 5 R S S RO — 88, B2 AMFFERIBN (PRG3R, 2013; Feng et al., 2014; 2
E-F4 2014; thE5E 2015; sk FIZ[EF 2017; Curio et al., 2019; X R FIZEHRZE, 2019;
Lin et al., 2020) &I e BRAR I 5 F 8 A B/ BRI 25+ . Curio et al.  (2018) XJEE T
X ERA-Interim T3 AT R H IR, R I 43I T B A YR 7E T 4347 B0k o BB [l
BP0, B TR OB Z A R, TGP 1) 32 B 75 SR 7R
2 WL G RUR 2R BRI 25 DT 4

7o JERAEG VR R R v JEAEC TR () B ACRFAE, NG 2 38 e JEUAC TR A i s o il DX,
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B (B D, X 5EERMMEEEE—8u0. BN PEAS Y IR TRL
BRMESS #2487 (9210 TS M “ e HZE 5 R85 BRI 167 (CIMISS) T A K] MICAPS

1% A Hdf -

50N =

20N ~ - -
60E 70E 110E

I I I [ I I —
10 100 250 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 6000 7000 M

6 /31



137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

B 1 e 5 SR X ik s B (5D ARl S (@Ml 416, Kl

N 2015 SEZ JEHE MR A vl B O LN TR R 3000 m FELL

Fig. 1 Topography (shading) and the meteorological sounding stations(marked by @
and H) over the Tibetan Plateau (TP) and its surrounding areas. B indicates the
meteorological sounding stations constructed after 2015, and the black thick line

denotes the boundary of the TP with 3000 m.

2.3 MM

T R Gk DO B RHEE Z (R A2, SR 2005-2019 AEI -2 R AT IS S
TPEMMPITRES ERAEIRE”m (X MEASE (TBB) Tk (R 1), %
B B Xz TR 3 R HOE IR 55 ™ Chttp://satellite.nsme.org.cn ) o 7 728 X H K i 210 41 38 i
(10.3~11.3 um) FIZK{RIEIE (6.5~7.0 um) FRIFHIXTRE R RIEB R E= W, HTXREF
BERIBRZ I PSR, I B A T RO ARG SR s i R
Wt 6h DL 45 22 051 1R A 22 Gl i i e, RERS 15 31K & 1 E Hh B XU 254 A
IR EOR MG A R (R Do HEAD BRI ENL T 600 ~ 400 hPa Itf, 1ZRKEEIHIAN
AT R R =, AT T SRR R E A

R 1 Rzm-2 ZIEIETR LR

Table.1 The basic information about the FY-2 stationary meteorological satellite datasets

DRSS i Bt a6 g B AR KU TR TBB I 7 A
(ZPEERED MR
FY-2C 2005.6-2009.12  0.190.1° 6h 1h
FY-2D 2007.2-20155  0.190.1° 6h 1h
FY-2E 2010.1-2019.1  0.190.1° 6h 1h
FY-2F 2012.11-2019.12  0.190.1° 6h 1h
FY-2G 2015.6-2019.12  0.190.1° 3h 1h
FY-2H 2018.9-2019.12  0.190.1° 05h 1h

2.4 LI PT BRI 7 I 2
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158 FIFH 2R 7 vk OB 2015; Lin et al. 2020) Mok B BRI A HA K B A 0
159  (ECMWPF). EEEZHFEHHR S0 (NCEP). KEERMEMAFE (NASA). HASSR
160 J7 (OMA) FIHEA S (CMA) A B 5 R T Bk (% 2) B3R R RIRTES)
161 B RESRAZRAENR, 2022), AIEHANBRAALIRIRE ., AREREER, ZEIEET
162 B EE SR AESEE 0 N (httpi//datatpde.ac.cn). N T HERR RHRVE, ZOUR B%
163 IEEEZLRIGIAE/DRREE 18h LLE, SXFER I TA)FR & — 77 A A5 & R AR RN 5 7 AR
164 (AL 08 AT 14 i) AR CILSTI 20 AT 02 I BRI, 53— J7 AL HERR — LEif
165 [AVBUHARIA,  JEIH IR 4 A ORI 53 AT ARk BB A A B 1) 2 SR £ A AR TR AN BUS Rk
166 /. HEZMC T RGN IR A VA4 AT 225 Lin et al. (2020). ASHFFC{E A 5 R
167 A HrEdES 8 ERAS (Hersbach et al. 20200, MERRA2 (Gelaro et al. 2017). CFSR (Saha
168  etal. 2010, 2014). JRA55 (Kobayashi et al. 2015) A1 CRA40 (£ & :#%5 2018). FHFIHZ 5
169 FhE TR A PR, AR . MRS . Hh R BN IR AN ) 2 S T (0 5 4
170 JE. RIg. ARRHREE. OO BUE. SRR, SNBSS, LA AR A A R
171 BRI AARFE .

172
173 % 2 e JRARIA AR SRR T 120 A 20 A A SRR v SR A T
174 Table.2 Basic information about the Tibetan Plateau vortices derived from the Yearbook and the
175 reanalysis datasets
el FLAL 0P S T o 72 S ¢ e S 2001-2019 43 2001-2019 4FHEZ:T
(> mERIRA L BE R ERA
FE IPM H - 2001-2019 455 317
ERAS5 ECMWF  EXM 0.2590.25¢  1950-2020  68.7 53.3
CFSR NCEP ES 0.520.5° 1979-2020 69.1 53.1
MERRA2 NASA % 0.5990.625° 1980-2020 65.0 51.3
JRA55 JMA HA& 1.25%1.25° 1958-2020 64.7 51.1
CRA40 CMA Hh 0.5990.5° 1979-2020 67.6 52.8
176
177 2.5 ERIGHAL KT
178 RERGERBIX LB BR T BRI H A 2087 A6, 3877 LR ) A
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M FH 20 R SR GE B R AR R B A TR AL i AR R B, B vy <Uie (Gray 1977
Emannual and Nolan 2004; Tippett et al. 2011). Ptz (Midhuna et al. 2020). ZXK/E
(Ditchek et al. 2016) HIJz45 X (Tippett et al. 2012, 2014) %, RIE5—kEFREESZH
RIS, FRIE 245 (1984) B8 Gray (1977) & KA IR L 1 R AR IR AL B ds

i& GQian:

i 2 1 1 )((RH-30
Gom =1 14(¢ +13) $—34/+1 )\ oV /op M Ya=7 [( 30 )j Y
[¢6-34

A B C D E F
Hr, A, B. C. D. ERIF R ERAFTRED, [EEARED . FEXAD.
RIRZET. J2 45 A8 5 TR P T0 A 520

i, MRESR (2021) FIVHAR BT AR 1 AR L AR AL Grey:

Gypy =€Xp(—12.214+0.138AT —0.141AD +0.389¢ +0.019RH +1.473H) 2

A M2, AT AD. & RH. ¢ H 330U 2 (Te-Ta » BA7: T
ER S BUE % (Deoonra—Da2oonpa, HA7: 1078571, 500 hPa A7 (Fifiz: 107°s71), 500 hPa
MXHREE (Bl %) ZREE (Bl Rat) MNGIRERE CHAAL: km). o EARIAAE B $
Goian F! Grey AENE 1R I Hb S B AN [ 10 X 107 b F02 A0 AR 15 S0 100 BTG I 26 ORI 2 FE PR R I (e
12255 1984; MRESR 2021), ASCREH RS G PAt s JRAS L 70 0 i X e R AR I 2B B
R IH R E R

3. GRAHT
3.1 EFMCHIHNG s T 525 57

B AR RS T HE Th S1R FRR SR LR S R S (R D), (B A LERE,
AFEENT. HARM ., RS LB IR i [R5 5 b — 5 (EImG), (s RIS
RIS AN 2 3 22 57 (B 2) o AR50 v BRI 2 SR 5 T i JEU R b X (90 BAAR),
A A 790007 AR IR A T R R P (P& 2200 MM, AN FE)EE A0 M RS 3w R
TRIREHOIU R 73 (70%LA ) A7 F 90F LAVGHLIX (&l 2b-F) o AN [F] ) F- 50 A B SR s R Bz i
0 AR PR TR 77 A A B ) v SR AR TR (RO VR 73 31 AL 08 . MRS (2015). BkiE S
Z=[E~F (2017) #1 Lin et al. (2020)K H iz % v FEAIRE H 02 772 Feng et al. (2014) 1 Curio et
al. (2019)R FH f LARER i [ AR o0 (1 7 i AT 203455 (2019) &4 1A 2 AT 140 e
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Jrik, VLEAEPFEE (2014) ML NCEP/NCAR FR40#T Rk N TIRAMKIRSE . X iE—bRH
e R P AR 1T 2 SRR B EEE L. 554, Curio et al. (2019)#1 Lin et al. (2021c)fHF 5T
WY, FE GCM L i 73 20 By e TR I [ R 2 R o A p T v SR P R X o R b v SRR VR 1
VB b 7 L — D (KRB AR 78, I8 H R F 22 BORE AT 7 B 43 LU e SRR IR ) 2 2
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(a)Yearbook (b)ERAS
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i ST IR B R 73, T e R I PR K 0 a2 v AR A BT i SR A P AR A B
W TTHE T ) 4 v DR AR 0 AR P S vy AR P 2 A X ke

Fig.2 Spatial distribution of the TPV sources during 2001-2019 derived from (a) the Yearbook, (b)
ERAS, (c) CFSR, (d) MERRA2, () JRA55, (f) CRA40. The black dash line divides the TP into
the eastern and the western part by 90, and the number denotes the proportion of TPVs
generated from the western and eastern TP. The blue rectangle indicates the dominant region of

the TPV sources.

3.2 M E SR 2 1 2
3.2.1 500 hPa AHX} iR i
B R RIR R & BRI S 3 RS R4t (Linetal. 2021b), At 500 hPa [ AH %
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Fig.3 Spatial distribution of the large-scale circulation parameters in the warm season
(May-September) during 2001-2019 via ERAS5: (a) relative vorticity in 500hPa (unit:1.0<10° s7%),
(b) average relative vorticity over the eastern and western TP, (c) vertical velocity in 400hPa (unit:
Pa s1), (d) average velocity over the eastern and western TP. The blue rectangles denote the
western and eastern TP to calculate the regional mean in panel b and d. In the panel b and d, the
dot, rectangle, and the horizontal line denote the average value, the median and the range of
standard deviation, and the top and bottom error-bar indicates the 95% and 5% percentile,

respectively.

3.2.2 MiuHUE AN FF 500 hPa #a &

o SR PO A AR I 2 s S b TR R A s s e (PR RS 1996: 2= P45 2002;
2= [HFFIERER 2005; Li et al. 2014), I A BN Fé 5 v J e 3 181 2 i SR -t AT 26 5 U0
K Z (Lietal 2014; Feng et al. 2014; Xl z==EFIZ=EF 2016; 5kilE H fMZ=EF 2018; 2=
“F Linetal. 2020; Lin et al. 2021a). & 4 5} | 2001-2019 4t ERAL 15 & Ji J AT I
DX 33 S AR AR b T2 AR o SRR ARAE e s rh O KA X, TE i JRIA ), e
£ 78 LAV RIMAK /R e R F oSS RN X I (& 4a). WP EE, & R 7
INFGE T R AR X (] 4b). o A T2 (¥4% 45 400 hPa (¥ b THE Bhxt R i,
T2 s AR, AR S I XA A X (B 40, im J5 P (KA & SR v S AR
Eag, AT R R RRITE R (B 4d).
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Fig.4 Same as Fig.3, but for (a, b) sensible heat flux (unit: W m2) and (c, d) divergence in 600hPa
(unit: 1.0x<108s71).

3.2.3 AR A A

e SRR I8 2 R A RE S 45 L S v SRR e A IR SR A S ML IX 2 57, B 5
gt T PR AR AR BRI B A 1A 0 A . Grey SO e SRR I 19 5 A il X3y v R VG B
Bt DX 7] AR S AR A e S R, R E XS R A BEORRR AR B v SRR Y A 18] A — 2
Goian [FIAF W et SR K B 7 A J T v B P ML IX 2 Ggian Al 1 S A K AR AL B A ey L
RIRAERRE, JF HAE T E PG AL A AT IR e 0 = R R A, PR DR S X AT B, I
Ee R AR  wmE rh AN AR O A7 Gian X o BEAE, Gaien W E T PUE AR
R R A AR 2R, i 7Y AN i A AR R X3, 3K AT RE 2 DR DA X 38 P B 5

(Western disturbances) FrI3% ik X i (Dimri et al. 2015), 20 711 511 500 hPa A6 7 f 14
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G RZE[E S, 2018), HrhBah B RO BT BRI R R O 2 #5252 (v R AT
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FTF 774 v 3 B R 5l (Wang, 1987; Wang et al., 1987; 11 F&4%,1996; H 345, 2015; Wu
et al., 2018), AW 5T F @ BB Sy BRI Ge k55 & B AKIR I & & (Dellosso and
Chen, 1986; Shen et al., 1986a,1986b). a5 4 w25 1R 22 R 2 100 B /K 1) AR A 4
TFRIIEAHIRIR B, S BE T Bk b v i hoxs vy B AIG IR A 2B (A R M) o

P A v SRR A AR AR BN T AL 22 5 Sk S I T A 4ot v B AR I A B 1 5
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K, 500 hPa K ELIKF i34 A7 T 5500-6000 m Ab. & e ¥ g4 te ik 4500 m, [k
TE b TE R AN B P M T J2 ORI L e A R T v SRR Y& 3l o AH S, TE MK
7o FEE SRR 1 v B R St DX, b A4 AR 1 s 72 B AR 703 P85 S AN R v AT TR 1
TEB (WREGR, 2021). BT BE AN, bR N Ront A 7] X3 e IR AR 21 1
FESCERIE L 330 TRIATL A1) A 1R L e AR08 LT FRORIT 7 P S SR BRI At 25 BRI S 1 T (0 4L, B
B T e ST 2 TR 4 A T TR AT DX 6F I8 7 S 7 3 L ik 1 Ji A
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Fig.5 Spatial distribution of TPV generation index via ERA5 with Grpyv () and Ggian (b). The

1 152 3 4 5 6 7

proportion of TPVs generated in the western and eastern TP are shown in the panels, and it been

calculated as 0 in the region with negative Ggian.

3.3 AR RS 5 SR AR A B I Bz
3.3.1 WL GRS i AR b ) Sk

BT EE R — M RERRARS, @R ERRu OR M, 38007 0 3|
—H R RARIA: 4, TR SR AL T AR, B AR 2 U8 T e SR T Y
i R BRI E R AR A fegi R Bl (Curioetal. 2018). PEZE M= MEEBIRAFE ZHER,
S/ v SR 7S S DX /D L F) R B, — 77 THD e B AR A = R A% B R AT NI U5 b 3E AT 1 s
53— 77 TR 2 v 22 2 T8 DR R 6 R A3 v B 1 3t DX P 0 b 2 AU S 2, AT R
T A B RIE B  EE

FY-2 ik TRl 2D AP KR AN TE R4 58 2 728 KUK s BE (VR TG AE 1997), &1 6 45
H T TR & AR A7 B HRUZ T E (400 ~600 hPa) b 7 FRI 21411 7K A I8 T 228 U MR
REESA EAICSMER 1 HARXAE IRLEE RS E =5, B R o T
BEPEHEMEF X, FHENS3L, fEEN 119 (E6a). EHFEHE
Z IR B AR X B AL AMRIK IS I SR A 7 2 e, BRIGTE IR3 M I X2 P2 9 1IR3 52k
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Fig.6 The distribution of blackbody bright temperature in the mid-troposphere (600-400hPa)

derived from IR1 channel (a) and IR3 channel (b).

TE = R EHIX, BT FK RN = a B BUD, KRN TARE T RN ER S A AN 2
(RIS, 2 2 2 28 AR A ROUL I 8 B e S5 7 P 4 X ) P A B X 0, 76 v SRR )
R G 30 2 A R X IR IR B — 3 (B 7D, BE A e SRR TR E o JE 2 1 3 [X s 2 ik
RAEE NS . JUHRKIRIEIE 1 2 8RR SR D Z X MR S E S5 R, HIR
H(2002) FUEZRFSSE (2014) MorHTREA T, TR/KIKER DRI HRIERRZ 2 KR
BEELR, PEEEBM 3RS MR RR & IR RBEAE KRR,
B REAR LT 1 S W v SRR X 3 ) BT, N UTE Bl A R KV ik o AR L Rt 3l O
54 5 e SR AR G SAR RS B, E 5 A7 AR S VIIIE R, X — 07 T PR A — i e S
RsE s A & R KR /K A= & (Shou et al. 2019; Li et al., 2020; Lin et al. 2021b),
— 75 T PRI B0 AL IV SO A R TR IR e O KEREE 2013), [HILZE & 404 = Al
ZIERGURE,  REAE LT M [0 e S 11T Al AT
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Fig.7 The data available ratio of atmospheric motion vector (AMV) in mid-troposphere in the
warm season during 2005-2019 derived from IR1 channel (a) and IR3 channel (b). It is defined as

a valid observation with at least one AMV in each grid of 11?9
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Fig.8 Monthly available ratio of AMV observation in the warm season during 2005-2019 derived
from IR1 channel (a) IR3 channel (b). The red and blue line indicates the western and eastern TP,

respectively.

3.3.2 AL BERERT v SR v Y5 i/

FIH 2005-2019 4F 5-9 H FY-2 R&FIE - TR = EIW IRL A IR3 228 K= Al = TH L i
SRS R IR IR AT AT, 204 DU 5 2 — IR IR B 7 R )2 )2 2= 328 RO =
mns 17%7E PR = B B B R 1) = R PSS B = 728 K™ i o £E 78 3™ il BE %
I S A 2K 22 BV RT AR 21 58 D9 T A B (o B IR B — 2 B,
ST BRI 10 F5 4 A0 o a0 AN 8 U Bk (3R 3 REWISD, AL 91% (263
EE 27 /MISi ) BOVE R R I BB N W vE A B . X 5AERISSE (2019) S8R EAE R
JRA A5 B 510 A2 — UK o 3K — 7 THI 7 PR g 228 SO0 D0 5 Ak 808 R kI vy 7 0 1t XA
BRI L, 3 — 3 T o B A e A g RUBE SRR GE s i R 2 3l s g AL v 0 AL
ARERAEBRINAL B2 . B 9 #E— P an i 1 7RG T2 18 B i A LE R IR R 23 A7
FEZE T 18 B i RS IE AT, 90% W 2K U T = JEUZR A B IX o 17 28 e A T ARG Iba Yt b K i 7
%, 600 LA FARIR R H I By 90 DAVY, VT i S5 PE A A 7 LN 1 6 A5 L

* 3 DA RARIR T2 2005-2019 4 5-9 H AE KL IE 45

Table.3 Modulation of TPV source by the satellite datasets in the warm season during 2005-2019

BAEAMNEE FEMRE L RIERMIRLSE  BIERIKR LS

KA SN A B 1) M VY SR 2R
MY 131 88 263 27
5l 25.7% 17.3% 51.7% 5.3%
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Fig.9 The TPV sources via the Yearbook and the modulation by the satellite datasets in the warm
season during 2005-2019: (a) the TPV sources via the Yearbook, (b) the TPV sources modulated

by the satellite datasets.
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e BRI EEVERS (18] 10b). ey Ji 1 35 0 DX PRI 14 R 2 BB v ST s 00 1) K
W 524K (2022) (A F0E —E00: X 2014 45 7 H 19— UARTR AR (i 2 Wil % 1, X
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Fig.10 Wind vector in 500hPa and the identification of TPVs at : (a) 08:00 on 8 August 2018, and
(b) 08:00 on 10 August 2018. M denotes the new meteorological sounding stations over the
western TP, and A and @ indicate the TPV center identified without and with the new

meteorological sounding stations.

EARTESGIN TR RSS2 S5 e JEL 0 oo e WLl R 7598 LB 1) I ELT IR 2
SISt R Ay T AT T T PR AR /K A R 2 A BRI 7 A AT AN B TR R 2 1R AR, (R LM
FH 225 AT SR A 65 PR i Yl A D8 8 A BRI R (& 110 7 2015 “E LAHTHY 14
 (2001-2014 4F) v, 7£ 85 LA G AL X A I B A= e, 15 7E 2015 4 UG 9 5 4F
H 8AMIIR A T B, o BT (KR 1 3.2% . 7 2001-2014 4R [ A 3.5% R AE ) 8500 €
X, fE 2015 FFLLSEA 11.7% KR A2 BRAEIX — X I8, 9005 il N & 4 %Ik 1) =22
FE R, TR N (KR A Sl 2 DX ARG A R L B BN K, 389 o AR B 20 45%.
TR0 e S PR SRR A A4S 95F AR X FRIEG I AR B EE B DR K FEAIS, e 95100 [X 35
M 34.3%FF{KF] 28.1%, 100F PAZR A 17%FE(RE] 12.4%. 7EMEZE, FEPUNEER T &R
P FAIA 1 EE B 7 2.50%7E 2015 “ELAJE 1S INE] 17.5%, 381 7 fi: A, 2R
B RRHE 2015 4Rl Ja 2B T v SR U B X (0 B I35 R A B B AR AL (R 4. X2
FHA Y 7E o TR 0 DX T R T R 2 st e AR A S 8 K S DA R A S PG I AR
FSCU M A 2R T B 3 2 o T s R VG A DXCPR A BORHEE = T3 ) o 3 2R 2, T e R
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Fig.11 Proportion of TPV source via the Yearbook in every 5latitudes before (black line,
2001-2014) and after (grey line, 2015-2019) the era of new meteorological sounding stations over

the western TP.

%% 42001-2019 FHEZ= (5-9 ) AT R iU A e R AT (90 LLPL) xS LB (%)
Table.4 Proportion of TPVs generated from the western TP in the warm season during 2001-2019,

before and after the construction of the new meteorological sounding stations.

A 2001-2014 2015-2019
e 2.5 17.5
ERA5 78.6 79.7
CFSR 76.8 75.9
MERRA? 68.9 69.6
JRA55 70.8 69.9
CRA40 74.0 73.1

EREHARE, B SRR RR S BE, FAEAE 2007 SR B T MRFBRI = JEUIR
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Fig.12 The TPV trajectory from 15-17 May, 2017, identified as C1716 in the Yearbook derived
from (a) the Yearbook, (b) ERAS5, (c) CFSR, (d) MERRAZ2, (e) JRA55, and (f) CRA40. Contour
shows the geopotential height in 500hPa at 08:00 (Beijing Standard Time) of 16 May, 2017, and

[J and @ denotes the TPV source and TPV at 08:00 (Beijing Standard Time) of 16 May, 2017.
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{ISEIENAS

(2) TFIH 2005-2019 4F FY-2 HuEk i P TBB HUN i 2 2 22 128 KU kLGS
e SRR AR Th I REA T B i, SRR S R 2 B LA (0% AL ) AT LI 28
e SR PR P A X

(3) dgJasrir 1 AE R AETdALR) 3 MRl (iR SO wT G, R
Hh i JE IR R L 0 22 e, G5 SRR WL BN (R PR BRGS0 £ T 0 A 52
I, AERGIN T VR e, AR b A BT v R G B AIG L ESR Y T

AR e SR AU 2 R T IR G B R A 5 — e SR U R SR e SR IR AR, (H
2SS E Z B2, A3 — R R TR 6k Z I TR S, A2l
ZIRBRDT e AR YR 73 A, DLIRAb e R PG B X R SR A L o 58 2 IR BERHS 2
as R, FATN AR 2 s FAKR AR T & S U S, AR 25 (0 510 32 3 e JE 78 F 4R 25 il AN 2
FRISEIR, 32 B S R v S 2R Tt X RIS s RO o U A MBI 2% 1, 100 i BRHEE
i B I HER R, U m RS R, E AT BB RSB A R R M e, B
A VAT TR LN P T TR XFE 23 AT SR R0 U ORI BN T FE ) (Bao and Zhang
2013). B BUEAE A BRI BOR s R, PR i e 23k, G BERIE Z i
T v S X ) O A A v ) AN RV PR 20 B R )2 B T AN R R R G
FIEIR, EFEMHHL X A RE ESE 248 (Sinclair, 1994; Simmonds et al. 2008; Neu et al.
2013).
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