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Abstract The bimodal distribution of the South Asian high (SAH) corresponds to the east-west
oscillation of its center locations on a quasi-biweekly timescale of 10-20 days in summer, which has
significant impact on the water vapor distribution and transport in the upper troposphere over the Tibetan
Plateau (TP) area. In this study, we used the daily averaged European Centre for Medium-Range Weather
Forecasts Interim Re-Analysis (ERAI) datasets, and the phases composited analysis method which bases
on the east-west oscillation indexes of the SAH in July—August. The results show that, for the TP mode
of the SAH, the water vapor content is abnormal high (low) in the upper troposphere over the TP (Iranian
Plateau, IP). For the IP mode of the SAH, the opposite occurs. In association with the centers of the SAH
moving westward from the TP to the IP, the centers of positive anomaly of the water vapor content in the

upper troposphere also gradually propagate westward from the eastern TP to the west of IP. Further
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diagnosis shows that, in the upper troposphere, except the abnormal meridional adiabatic transport plays a
counteract effect in the northern and southern TP, the water vapor tendency anomalies over the two
plateaus are mainly contributed by the abnormal zonal adiabatic water vapor transport and their
convergence and divergence anomalies. While the abnormal upward diabatic water vapor transport due to
convective over the TP are mainly counteracted by the residual term (water vapor condensation and
evaporation). Therefore, when the water vapor content anomaly is positive in the upper troposphere over
the TP (IP), there are abnormally weak (strong) convective over the TP. Corresponding to the center
locations of the SAH and the centers of positive anomaly of the water vapor content in the upper
troposphere moving from the TP to the IP, both the abnormal convective and upward diabatic water vapor
transport continuously enhanced over the TP. Meanwhile, the water vapor condensation anomaly in the
upper troposphere also continuously enhanced. Furthermore, with the SAH moving westward, the
abnormal convergence (divergence) of the adiabatic water vapor transport in the upper troposphere
mainly occur to its west (east) sides, which is the main reason for leading to the zonal propagation of the
centers of water vapor content anomaly.

Key words East—-west oscillation of the South Asian high; Tibetan Plateau; upper tropospheric water
vapor; distribution and transport
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HZWMZERIX (Asian Summer Monsoon, ASM) XFift JZ2 /KI5 A B E TR,
H DA I v R A A A X g sk Bk (Fuetal., 2006; RE#R%, 2011; Ploeger et
al., 2013; Rolfetal., 2018). Wr7LRM, BFHi R ALK EEABUKIR
SRR, WHON “REUKIE” (Xuetal., 2014), [AJRH 202 YO BR [F P32 15
IR RORIE (Yuetal,, 2017; Nutzeletal,, 2019; Yanetal., 2019; FRBUE%E,
2022).

P e A AL BRE 2 B = AT B R SO R G, IR X 2
20 ASM b 73 7KK 3 AT AiAE Han i) = LK (Park et al., 2007; Wright et al., 2011;
4TSS, 2014; #yR58M 51517, 2015; Randel et al., 2015; #%%:, 2017;
Vogel et al., 2019). BFFLFRN, =2 R L H mE MU DXOR RS ER, 51
R (RPEEALIRIED (o TE B AR 48 Pk R0, “ IR, Bedexhim E K= 1)

AKEIIEEHA 2] EXHAE (Park et al., 2009; F4ut%s, 2012; Panetal., 2016; Chen
3
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etal., 2019). B S UREFM A DORE T B 1% LSRRI A A b X ik,
EREREKIR “HEIR” TEFLAHE 3~4 FRE, A5 %H, MME ASM  EXHRZE-
NIRRT R AR B KR A (%%, 2011; Garny and Randel, 2016; Santee
etal., 2017; Legras and Bucci, 2020). Tfi7E 75k = J 25 25 005 1 S5 2 U1 S i
ETEHTHIE R (E%RES, 2014; %, 2016), RV EE KB
WA, KRR IR S B R T DL B (Kunz et al., 2015; Fadnavis and
Chattopadhyay, 2017; Ma et al., 2022), K75 DAy S8 T 1 26 i, A
98 e SR AG A L 2R R i At DX 3R N 3 P AT P = CFF R %245, 2019, 2020b;
Bianetal., 2020).

B2 . ey s v o0 8 BRI AT A 75 e SR A7 B) v b X O A e B
X, EXUERSARAE, AEEd OO T XX, 43 AFR T e 5SS
AR JFARAS (Zhang et al., 2002). BEREM, & ENIESENGES
I A ROEE4RAE (Nitzel et al., 2016; Yang and Li, 2016), {ELEAS[E & RE |,
FLAHAE B0 ASM_EXHAR 2 /KR 2 A IS IR BT AN IR P21 &, B2 100 hPa
b R R CB A D BESET, E R R X KA A E e (I,
R B SR X (KR S R (R (Yanetal., 2011, SV BFFANIX 2 mE W5
JER) “HEIN” fEH TS50 (Fanetal., 2017; Yangetal., 2019). Z8BlHh, Fprit
() ROBE b, B 2 e s O B8 s 1 £ B s S R 4, 75 v Ji A ) B
KRB RG-S AT R ESE, 2020a). MiZWEREY, Hils
JEVEH CRARED AR mom (55) RIS E W L p SR s, 2
A R A S A ) T 2R A

2 g R B KA AR I (CERIAME &, 2016; REMESE, 2018;
Zhuetal., 2018). FZHEE K< e5) (Dethofetal., 1999; Wangetal., 2018) Al
WAERIREI (L et al., 2017, 20200, HEZEFEGW&EEAA RFERE NIRG R
#iE (Garny and Randel, 2013; Vogel etal., 2015). A 7E 10~20 K& (HEBE ) I
() ROBE b, 7 P iy s v oS B8 75 o Ji 0] 8 B sy it IX A 2R 8 7 1) ) 46 1)
P (FIFRE Ik A —TU3R%) (Renetal., 2019; Wei etal., 2019; Amemiya and
Kaoru, 2020). Mol TS RN, EZFT5 NN RE L, BRI &
I3 134k, 56 e S5 AR 3 R B AT ZR T 7 [ AL i AR B B AR H - (Pan et

4



110
111
112
113
114
115
116
117
118
119
120
121
122
123

124

125

126
127
128
129
130
131
132
133
134
135
136
137

al., 2016; Luo et al., 2018; Honomichl and Pan, 2020; Fujiwara et al., 2021),
BT RALLAMRIN S BB 170 B 45 R B, #E0U RURE 2 B 2=l = R
LI EXS iR AR ZE T N AR B2 IR S, R RE B, KIS AEAE
PG T LR 3RS M7 (Randel and Park, 2006: i#fiZsf12=@F, 2008). #
XU RUE A B2 il R SR U IX KSR R R B E N YRGE S, TH#E
s b KR AT AR R . R H T KO I B B E A T B AN 2, R
D 5K AT AR BAR SR RIEA T3 W8, Shb RGN . FEEXUR R |,
PERE R S AR —VE R, R R KRR G R AR AR R B AR ? R LS R S
PGSR TR KA EE B (TR RO Hnik XA BRI TTEk ? Rt A
SO RS AT, B FUE R IR ASM W) 5 40 A AR S 0 2R N AR AL
RIEEESE,

ARICHIREZRIN S : 28 2 ¥R AT BRI 705 7%. 58 3 #i o NI [k
IR—PUIRYZ 5 KIRrAn Z2 AE P I R S5 2R o 56 4 BB 0 XU I [a) RO B0 ir 45 3R
5% 5 M AU IR .

2 BRI i
2.1 FrABHR

ARSCHTH ) T EMEEE A 4.2 A Aura TERER G (Microwave
Limb Sounder, MLS) & HKIT =40 . Bt Al Bl 2005~2018 4F, T Ht
> 316~68 hPa 3t 9 )5, /K-F 43 #¥ %y 168~198 km, I B 43 ¥ %4 1.3~3.1 km,
IKIEBE RS B AE 25% LA (Livesey etal., 2015). AfET40HT, K MLS /KI5E
TR E] 2.5°K 2.5 F KT P L

KAZMERN . AL E . W TRy ANt < 45 22 25K H European Centre
for Medium-Range Weather Forecasts Interim Re-Analysis (ERAD F-0 41 % Kl (Dee
etal., 2011). FTHINS BN 1979~2018 £F, IN[E] 73R 6 h, KT 0y 19X
15 FEHE DY 1000~1 hPa 3t 37 /Z . FIH] MLS ZKITEE X 2 & B0 BORKIT
BARHIEAL 4 SRR Y], ERAN BT I FRAE T s I S A 1 b 0eHi = 7KV R I 25
i AE (Jiang etal., 2015; FHREIZE4E, 20200).

AR R [F N BOZE H ) NOAA a4 KA KB FE 5 (Outgoing Longwave
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Radiation, OLR) ¥t} (Liebmann and Smith, 1996), HUARAEXIESN, K4
M N 25°X2.5% L J% Climate Prediction Center (CPC) 4=ER#% mi& H F /K Hd
(Xieetal., 2007), 7KF73##%J)y0.5°X0.5%

AICEBEEZE T~8 H UG SCRMREZ) (ERRFTUR B, i e T & i X
SFHER N (Nitzel etal., 2016; BUEMRAULRFE, 2021), T A il
ERRKAE S ERE RS EEES, 2019). KA GE R H T, BT
OISR

2.2 ML RERKTHE
ARSCHYF RTHARE S 00777 (Yuetal., 2014; JERZESE, 2019, 2020a) 1515
AR R L IR L AR dm B3R o 55, AT ERAL ZKCT A% i L i i =
W SAAE TR BT ) BB RESE S  500 J2, X 501 AN, BE)E I BT AR BT
Em, =p,/(9x500) . ik, ¥ ERAI K LILEmRu LRV, Wiq. f
o Mt HARMAELRIMAE 0=do/ dt KMHEIFERSER L. &5, FAR
QD ~ Q4) HHEEZHARTE m KIbast . LA f,, K R
PLREEAT R0, 13 2UAHARPIAN ST 0 F O, 2 A K IR B M~ KRBT R 4
A2 sy FORIE I R S R AR 5 0 2R 50 . 26, 133
FHARFEANSEAH I 6,_yyy A O,y Z KR R R AR = Fy, B AR 55
JETHT 6, 1 7K i R A P
m, =m,qR*cosg¢dAdg  (2.1)
f, =m.quRcosgd A (2.2)
f, =m,qvRd ¢ (2.3)
f, =m_q0 R’>cosgdidg (2.4
0.9 300 K [ 400 K LA 10 K AIAIFE3E 11 AN, 6., 9 295 K 3 395 K LA

10 K J9lalka 3t 10 NMERT . o, ABTEBCET AR RINIAE, rONHIEREAR,
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ZFEEE R, KK R rRZ ) 4 B[RRI [R ] o B A A 48 4%
B KR B R R RN ) A B R A, KPR R R A [F]
DIAHARR A S T _E B KR Bl AR I B A KV E I A ™ ],
5E SCNHTJE R KRB 22 IFBR DL 3600 s. HI 7KV RS T IR R 9
M ] =—(FR]+[FD-[F]+S (2.5)

[FI+[F I AKE R B R . s IR, FEKISE 2 R 5T
Bk (Schneider et al., 2006), KT (/N OB AZEKR (B4, 2TEMBEZE LR
SEANAR B, U E SCRNAR SRS S5 10 6, F 6, 2 18] BT AU 1L 1% 5 () SR T
¥,
23 M FEER-TEIRGIESR

BT Renetal. (2019) Y8 X AF 35 Wi R AR - PHHR G R 4 (5 SCRIFR SAHD,
Bl 200 hPa 35 i (25°9~35N, 73°-93F) FIFHIEJE (25°~35N, 459~
65 ) X I 1 I n 34 v 2 (0 2248, FEARAEAG . I ERAI BN 34 = FE 445 19 1) SAHI,
HRT 1 OMNF=D B, FlE RO T HEmEE (PR HX, FONER
mE AR R BAS. B la 4 H 7 E 3 SAHI ThREM 240, T
W, SAHI IS )41 7 i IAE 10~30 K& B35 1, 125 I 18] i J91 0 o 22 i it 95%
WEERIIIRTE 10~20 Kig, X3 WFHEXUE RZ 2 5 225 W e AR - T4 1
2 B[] JE 4
2.4 HEXEIEFR S AE

XU I R REAS 5 IR BUTVEIN T . 5 56 R8BI 1) 7438 H 73,
A 5 KIFEh Py LBrmmiths), REEHRFE. REIEH R 10~20
R B LR, A9 B U B ) RORE i) A

FH IR I8 S PRI 35 i 55 S 15 280 4 00 ek ) B I 11 i I v R — 1 i 3
H (Ja3CEFR SAHIB), FELL SAHIs FIME KT 1 UM T—1) Jubrdk, Pkt 114 (99)
ANIE () FiE, 2 XIE (50 Bi4E SAHIs ek () IR NIE (4 {HALH .
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SRR AR R () EAMAHKHERETE 3 RIFTERR, JRGIEF MG s
REGAFEIME R R, HEarEHEas, 32 SAHIs KT ER K 14 RHEN
JATERIERE . Bl 1b g5 7 HEXUR IR L AR SAHI AT 200 hPa b R F. i s H O fir
EIZ AR . HIE b B AR WL, 554 (11D 74H SAHIs ik Fi
(%) {8, %6 2. 6 (9. 13) fitH SAHIg EAHEILE () H—F. ETHIH
JErO AL B AR, I b SRR T L, F e RO AL EE S 1~3 A
Ar T e T 89, A 4~11 fiAH B R Al PE R sh B B & 5 50, 5 12~13
P AHRR ETE 50E P, 25 14 AR 25 8m . AT WA T SAHIe 73 21 iU
DG FR I R v] AZRAE B I i i Hh o7 B 1) AR T iR 1 R

N T ARIERERURAE IR I R 0 SE R, FRATITE @ R A A R T 6 H
A9 HH%E. FIH Bretherton etal. (1999) (5 EEERIAE R EMHE, AT tIEK%
T EAT B RS o A SCERBER IR AT /00T T I ES T, T

J_K
PRI R R A g, CGBBL, ppmvs 1 ppmy = 10©) K{E. AV R

X 24 B 22 B 40 e SCN (g, —a,) 1 g, 100, g, NE P,

K1 (a) 1979~2018 £F 7~8 H SAHI TG R TE (FRESLED DL 18] A I 2 2
B 95% EF /K AT IR AR (ISR L) ; MR RIZL G 2 2 7053 37 95% B {5 7K P har e Al
Markov ZLME 3% REARbR NI [ 3] CBRLAr: R, AMIRARAR K. (b) HEXUREFA IS 1R
T SAHIs (FRELSEE) M1 200 hPa bR L i [ f oAy B e 8 CHE tasieel) BEALAH A2 1k
Fig.1 (a) The averaged power spectrum (black solid lines) of the SAHI, and the frequency (blue solid
lines) with which the power spectrum of each time period exceeds the significant at the 95%
confidence level in July—August from 1979 to 2018. The black and red dash lines denote the
significant at the 95% confidence level and the Markov red noise spectrum respectively. The
abscissa shows the time period (units: day), and the right ordinate shows the frequency. (b) Phases
evolution of the SAHIg (black solid lines) and the longitudes of the centers of the South Asian high

(blue solid lines) in the quasi-biweekly cycle

3 T . 1R s AR A 5 e 75 R s R B J S 7K A P 9 RRAIE
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T MLS ZKPEE (R TS AN R, AN RERAE 76 B ¥ i IR A iR 5, X L
BT R RS, AL PINAER, JE SR B ERAI 45 R LE.

Bl 2 g5t T 2T I 1 RS B BRI KA B A X 22 41 P 38 1 A 22 1 4 B
WA E T (209-40N) WITEE M. BRI, FAS s R X Ex 2
KR & A AR R IR . R e e 2 7 e e SRS B, MILS B0k 7E 7 5 e
70°~95E (i IR 30°~60F) & 1) _EXfiit/= 316 hPa RN Z T bHiT, 7K
AERMmMEH W EENE (FO H, KRSEREME (K (B 2a). Hiok
IR B IR R ZE [ 7 LU AE 215~178 hPa Sk =ik i ok, 2958 30%, 7KK & & 11 i
72 oy LBt BEAL /N . JEALith, ERAI SR EXHARZ 350 hPa B XHiJZ T fffi,
HimEE (FREE X AKE S EmEE S EERNIE (f) E (B 20, {HK
VRE R R ZE o U EXHRE AN, 78 1% BUR, /KR & &= 5 2 1 43
LLAE 250~200 hPa & JZ B i/, £18-35% o A 0 i T A7 A o JEUAEAS 1), MILS
A ERAI F/KIRE B Z A 0 EA T AH S B 04 (B 2by dDo Hewl s, xRy
P WV 5 R AU S A AE, e B R i 2 KIS S B — B ARk, JF
HAR A EMAZWAE 350~125 hPa R JZ (A 340~360 K 554 /2) k.

22005~2018 4 7~8 HF ML B2 (a, © Tl S (b, d) B R &k
KRS B AU w22 [ 20 B (R, B %) I s JRA T (209~40N)
WSE—ZFEHIHE, Hrh MLS %8k} (51D, ERAI %kl (451D, BAFIRL G55 R
Azl AL KD MDRZ TRIAL B . T s XIRER MKV S B W 2281 1 90% & (5 /KT 56
X 42k

Fig2. Height—longitude cross sections of percentage differences in water vapor content relative to
climate mean (shading) over the Tibetan Plateau latitude belts (20=-40N), for (a, c) the Tibetan
Plateau mode and (b, d) the Iranian Plateau mode of the South Asia high respective, based on MLS
data (left column) and ERAI data (right column) in July—August from 2005 to 2018. The black and
pink solid lines denote the potential temperature (units: K) and the tropopause locations respective.

Black dots indicate the differences in the water vapor content significant at the 90% confidence level

MAEACT 51 E, B 3 45 1 e R M e e XU S 45 B ) _E X2 7KV s Bl
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St 2. BRI, PSR X R KR A AR AR
o T R JFAEAS I, MLS BERb EXAZ 316~121 hPa, & H L
FREE R s (s Ao BRI B SR 2R RAT S 5D X, KRS R %
FEONIE (50 {5, FEAEH R R S (BT SR A KIS & Bz IE (5D
fE A0 (B 3a) o G 75 5 g Ji o G g 3l 0 (OLR 7T 195 W m™). ERAI
PRl FXHLZ 350~125 hPa 5 LI EE 3L, (H/KIR & & 1Ef 2 1 = B X fwlt
e R X (209~30N) KA & & fmz LB N RERNFE (& 3c). mik
o AP A SRS B, MILS BT ERA AR R 7KR & fim 22 35 AR S K 20 A (B 3b.s
d). HE5 ERAI &ML, MLS rh i i B il X 3 2K & B 1E Mm%, [FS
TE F IR LA xRt g3 . (B 3b).

B, ZAEPRNER, WLE R R E SRS, MLS 1 ERAI BRI
FAE 5t ZEEmEE (PR X KRS RmE (1K), 5K 25
o SRR A I A o RIS 7 R B DX %o UL 2 KR A3 AT B AR AL 5 X I B R L
MERREY . BT REFHBI R, EEHALIR T, &5 EXREKA
R EROK ) 340~360 K 450 )=, FEAEXUR RE BT 70 i .

32005~2018 4 7~8 H B E L (a, ¢ Tl A (b, d) HF I EARAS I A Bk
(1) EXHARJZ KRS BRSSPI 22 E GHE, BAL: ppmy), Hrb MLS 24 316~121 hPa
SRR (31D, ERAI N 350~125 hPa "R =111 CH%ID. LA ELMSLLIE 7733k
7 200 hPa _F A7 $4 s fE (CBAAz: 103 gpm) ARG JR A AR O B, B B S5 28 %8 OLR (#A
fir: Wm2); 3T 5 XEER BRI S S i 22l 1 90% B 15 /KT~ e 96 A [X 3

Fig3. Difference in the composited upper tropospheric water vapor content relative to climate mean
(shading, units: ppmv), for (a, ¢) the Tibetan Plateau mode and (b, d) the Iranian Plateau mode of the
South Asian high respective, based on MLS data averaged for 316-121 hPa pressure layers (left
column) and ERAI data averaged for 350—125 hPa pressure layers (right column) in July—August
from 2005 to 2018. Red contours and dots denote the potential height (units: 102 gpm) and the center
locations of the SAH at 200 hPa respective. Blue contours denote the OLR (units: W m2). Black

dots indicate the differences in the water vapor content significant at the 90% confidence level
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4 YEXU A FR I AR R R A 1B A K IR AR A
4.1 EXHRE AR BIHESE IR F R E

K 4 2t SRR IR B2 KT R KT o A B LA AR
o BRI, e A A 1 B E KIS R A L (2 A 3R A 3k
HLARH, 360 K S8M)=, 28 2 SrAH R M s i Lo T 7 i e B A 78, 7 e R I i
RER G R PR R e 5D HIDKOKIR S B R ONIE (B0 i, KRS E
Fw R (R, AGREEIE (G0 BHE PO TR &R ARIE (PR M (&
day). FERER TSRO PERES), 5 4. 6 A0AH, KIS EIE S O v ) R
el om, RO ERD SRR L OES, KISR0 v
)£ BT B 7 0 e DX 2008055 (] dap—~as) o RIS 75 5 Ji AR A0 IR (R /KR
GRAFE RO (B das). 5 9. 11, 13 f7AH, ARl R I & o0 a8 2 0 B
JR, KPR B I S O A A A B i D (3 X IZ P e g, T LK

U RO ) 14 ) e A 9 B A T e SR X R 5 (1] dau~ae). BEAD,
5 13 RLAH AL T i R AL AR tH BUHT AR S R S, (H3Ss, XX g —
) FE AL RE . H ] 4bi~be FT L, 340 K 55 360 K 25/ 2 ML EE S, (HTE
7 B R B IX (209-30ND, JKIRE B A AR5 75 e A DXAH
JEHGRAES 4. 1L ALH, XSS R (B 3c~d).

i
o
gl
¥j¢

}

K 4 BTSRRI R A RINEE 2, 4, 6, 9, 11, 13 {4 (ar~as) 360 K Fll (bi~bs) 340
KR AR S B H (HE, A ppmv) BIZKSE A 206 S22l A 1) AKXy 200 hPa
_F1¥) 12560 gpm. 12530 gpm. 12500 gpm fi7 # & FEAEH AL . Z0 0 S0 27 200 hPa b Fg E i
JER DAL E . 3T IR BKVE B A R 7 909 A5 KT 46 i X 35

Fig.4 Horizontal distributions of water vapor content anomalies (shading, units: ppmv) at (a1—as) 360
K and (bi—be) 340 K isentrope layer composited in phases 2, 4, 6, 9, 11, 13, based on the
quasi-biweekly cycle. Red solid lines from the inside to the outside denote the 12560 gpm, 12530
gpm, 12500 gpm potential height isolines at 200 hPa respective. Red dots denote the center locations
of the South Asian high at 200 hPa. Black dots indicate the water vapor content anomalies

significant at the 90% confidence level
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Fig5. Longitude phases evolution and latitude phases evolution of water vapor content anomalies
(shading, units: ppmv) averaged over the Tibetan Plateau latitude belts (20=-40N; left column) and
the central and eastern Tibetan Plateau longitude belts (80=-100E; right column) at (a, ¢) 360 K and
(b, d) 340 K isentrope layer, respectively, based on the quasi-biweekly cycle. The phase 15-21 are

repetitions of the phase 1-7. Black dots indicate the water vapor content anomalies significant at the
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Fig.6 Horizontal distributions of (a;—as) OLR anomalies (shading, units: W m™2) and (bi—bs)
precipitation anomalies (shading, units: mm) composited in phases 2, 4, 6, 9, 11, 13, based on the
quasi-biweekly cycle. Red solid lines and dots are same as fig.4. Black dots indicate the OLR

anomalies and precipitation anomalies significant at the 90% confidence level
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Fig7. Height—longitude cross sections of diabatic water vapor mass fluxes anomalies (shading, units:
10% kg s%) over the Tibetan Plateau latitude belts (20=-40N) composited in phases 2, 4, 6, 9, 11, 13,
based on the quasi-biweekly cycle. Pink solid lines denote the tropopause locations. Black dots

indicate the diabatic water vapor mass fluxes anomalies significant at the 90% confidence level
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Fig8. Horizontal distributions of (a;—as) water vapor mass tendency anomalies (shading, units: 10*
kg s™1), and (bi—bg) the vectors of adiabatic water mass fluxes anomalies (vectors, units: 10* kg s71)
and their divergences (shading, units: 10* kg s™1), and (c1—cs) the divergences of the diabatic water
vapor mass fluxes anomalies (shading, units: 10* kg s %) over the 340-360 K isentrope layers
composited in phases 2, 4, 6, 9, 11, 13, based on the quasi-biweekly cycle. Red solid lines and dots
are same as fig.4, and pink solid lines denote the tropopause locations. Black dots indicate the water

vapor mass tendency anomalies or the divergence anomalies significant at the 90% confidence level
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Fig9. Longitude phases evolution of (a) the divergences of the adiabatic water vapor mass fluxes
anomalies (shading, units: 10* kg s™%), and (b) the divergences of the diabatic water vapor mass
fluxes anomalies (shading, units: 10* kg s™%), and the water vapor mass tendency anomalies (black
contour, units: 10* kg s*) averaged over the Tibetan Plateau latitude belts (20=-40N) at 340-360 K
isentrope layers, based on the quasi-biweekly cycle. The phase 1521 are repetitions of the phase

1-7. Red dots denote the center locations of the South Asian high at 200 hPa in different phases

B 5 TR R R TR, RIS o B i i A i S b X 7K VR B
P B R T KR R ) S AR A PR A K DT iR

Kl 10 g5t T HERURRIEIA S AR T, FHiEE R (809~100E, 20°~40N) AR
BRI R (409~60F, 20°-40N) Hh[X 7% 340~360 K 5/ 2 1 /KA IR
B 10a AT, 7R e B IX,  ZKVR0E SR I 5 KT A B S
KV R AR IS 8 SRR, B AR & AR A BB EA T, (HE W &
fE W ST R o 3K 2 i SR /KR SR A R 16 5 A TR 2 5 1 ARV R p e
WA, 5 1~5 (6~13) MAHFIRTUAM (E) H, AREAK (B4, H
HEE 3 (10D RLAHEN (Ko 3% W g WV ey i PO fi ) 75 98K s SR CBPFBA s i)
ERTE R SR B DX G 2 S w5 (5D PEAK SR H 2> (2D, (BAE EXHR
BERRENER GBg PHE/KRREIRLAGRIE R E IR (B DTk,

B 10c AL, 7EGBA S R AIX, KV TR S S B AL A 1 RS % KR
JREAEME R R W AFAEAANZE . Bk, AKSFREBIEREES 6 MAlAz
K, KRR (AR BUE U ITES 8 (4 MiMlE IR, &G (&
HID BI# . HMNEERE, KIRBEMI 5 5 KRR & 2R W AT, JF
HERT AN Bk, 2 X KRS 50 AR, 7KIVRR 4 #d i%
S I TTER T Oy

ZFA I BA SRR, B 100y d AT, AN LK AR 2K SR R e
HIORE S 2 S KIR AR ) (& i)) A3 S BE LA P A8 b — 80 (RO
FCrp A S X, KR A 1) A5 PR B S ) M K T /KRR SR A 1) S
HHKIR R EL RS 2% (8 10b). MEFRMEEIX, KRR %

18



505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533

AU 7 B S KPR B A S R, IR KK R 4 v 48 AU
W] 10d) . TX 3B P e S X FR Ko B A FAVHIORE S R AR A R T

Hile) 7 &

10 J T XU PR I AR P-4 10 7 el 5 (80 =~ 100°E,, 209~40N;; 72 41)) Al B i J5 (40>~
60E, 209-40N; £%1) HiX 340~360 K 454)/= (a, ¢ KIRBTEMIA AT (REIL).

KRR E AR (AL SE) AEELaR CR(SEZ) BIURE o DLARIAR T (B S2k), (b,
d) KEFEEEL R ChEsid) MAn Chemag) LREERER-AMHMRNL. $ER
AN 104 kg s L b (d) L esiZiF K a (o)

Figl10. Phases evolution of (a, c) the water vapor mass tendency anomalies (black solid lines), the
divergences of the adiabatic (red solid lines), the diabatic (blue solid lines) water vapor mass fluxes
anomalies, and (b, d) the divergences of zonal (pink solid lines) and meridional (pink dash lines)
adiabatic water vapor mass fluxes anomalies, and the residual term (yellow solid lines) averaged
over the Tibetan Plateau (80=-100F, 20=-40N; left column) and the Iranian Plateau (40<-60E,
202-40N; right column) at 340—-360K isentrope layers, based on the quasi-biweekly cycle. The

units are all 10* kg s™%. The red solid lines in Fig.b (d) are same as Fig.a (c)
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Fig.11 Same as Fig.10, but for (a—b) the northern Tibetan Plateau (80=-100E, 30<=-40<N; left

column), and (c—d) the southern Tibetan Plateau (80=-100E, 20<-30<N; right column) respective

5 S5 ATHE

AR EZ 7~8 H I AR - PR R4, a7 I8 g B AN AH & Al
Jiik, MEAEXUAMEIAIERE, BEi o 1 e R A 1 X RE KR A A AR
EESUE IR, EELHRUR

(1) #EXUAGEPA I RE A, PR B R e O b sy SR U A 2 B R IR,
gk e S S R I 3 DX IR AR R S Lt R B E AR O 1 2 [ IR 9 A 3k
PR e e 2 R ARSI, R R (B D X EXRR KIS &
SeH R (D, R L s 2 A7 B o SRR S I A AR S RO 45 3R o RIS 2 A v T
UL P CROD SR AR AR S (D 7H, X2ERKEEIE
SH LA AR T 2R A .

(2) EXHRZATIG T SRR, BRRE XIS, A R X KR
S BARAL B EH T ARG A 48 VS S . T IR AL I KRR A AR
BT R AT A KR M 2 A R, BRI W AR A I BOR K
VLR ) AN [ 4 FA A8 S ARIRTE S O 45 2R

(3) 5 ey St DOt i 3 57 5 (0 3 B 1) b /RIS AR I s 5 0, A2
EXRE SR SR AR ORISKIESS 78 %) HHRIE,  BIRAGRSR A2 ot
RN K o T I ey s o AT ORISR /K B L S e el e S 1) B R e i

20



563
564
565
566
567
568
569
570
571
572
573
574
575
576
S77
578

579

580
581
582
583
584
585
586
587
588
589
590
591

MBI, X N 75 e et S e DXt JAE 37 20 A e L] B (R KPR AR 8 T 12 7 3 A
Wi om, (A B iR KBRS S it A T 5
ETARREFRZ B w, BEE R s R L s, miE 7w,
H R IR A] T UL 2 A 2 A A 10 2 2 X sk ey 7 v i 2 0 P A 3 A B v D
o TS 5 FRI KR F- 3 S5 4 A A i P 3 222 DX 3t iy v i AL 7 P 4% 20 B B sy
JEAEHES (1 81 ~be) o fEX i 7 238 i BB LBt — 25 ) A AN SR IE
LR G 7 HERUR I ) RUEE b, 2 5 b S 1 R KR A
AL A I T2 2 FEAVRFAE, 793 2 FC 25 R A B FIniR AR ASM 3R 2 Goxt
EAOREMR T N AR . ARSI T A R, HERR UL EREAR,
F 7K PR B 2 AN 288 A AR HE XU IR 18] RUSE R AR, o B it A 2w
V. ey Fs A0 X 3SOK PR A AR ) 2 BTk o ARORIRATRE 3t — 25 45 B 2 P50 £k
PR RIS, RN S H A i A2 .

=N
7t
%

FOE T JPL B MLS TR e . B ECMWF #2461 ERAI F /0 #r 5%
Blo B NOAA A1 CPC 43 | #2E ) OLR Hds Al B K £

27530k

Amemiya A, Sato K. 2020. Characterizing quasi-biweekly variability of the Asian
monsoon anticyclone using potential vorticity and large-scale geopotential height
field [J]. Atmospheric Chemistry and Physics, 20(22): 13857-13876. doi:
10.5194/acp-20-13857-2020.

Bian J C, Li D, Bai Z X, et al. 2020. Transport of Asian surface pollutants to the global
stratosphere from the Tibetan Plateau region during the Asian summer monsoon [J].
National Science Review, 7: 516-533. doi: 10.1093/nsr/nwaa005.

R, A, BREUE. 2010, IV E KGR AR TS R EE IR B R A
[J]. KRARI2, 35(5): 897-902. Bian Jianchun, Yan Renchang, Chen Hongbin.
2011. Tropospheric pollutant transport to the stratosphere by Asian summer
monsoon [J]. Chinese Journal of Atmospheric Sciences (in Chinese),

35(5):897-902. doi:10.3878/j.issn.1006-9895.2011.05.09
21



592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620

Bretherton C S, Widmann M, Dymnikov V P, et al. 1999. The effective number of
spatial degrees of freedom of a time-varying field [J]. Journal of Climate, 12(7):
1990-2009. doi: 10.1175/1520-0442(1999)012<1990:tenosd>2.0.co;2.

R oE, BIA4Z. 2015, PRUCEEXSIAL T 5T BN IAUZ 8302 ik R AT, 5 20 A
[J]. KARF#, 39(5): 875-884. Cao Zhigiang, Lii Daren. 2015. Simulation and
analysis of troposphere-to-stratosphere transport caused by two severe convection
events [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 39(5): 875-884.
doi:10.3878/j.issn.1006-9895.1411.14175

MRk, TRFEFE, SRR, 2011, e NV ook TN 2R RUX B ZERRL S b R 7KV R o
HIBY RN [9]. "Bk, 69(3): 464-471. Chen Bin, Xu Xiangde, Shi
Xiaohui. 2011. A study of the dynamic effect of the South Asian high on the upper
troposphere water vapor abnormal distribution over the Asian monsoon region in
boreal summer [J]. Acta Meteorologica Sinica (in Chinese), 69(3): 464-471.

Bk, AREETE, M, 2. 2012, B ZE 0 SR DO Z K IREE TR R AL
AT [3]. HhERYF AR, 55(2): 406—414. Chen Bin, Xu Xiangde, Yang Shuai, et
al. 2012. On the characteristics of water vapor transport from atmosphere boundary
layer to stratosphere over Tibetan Plateau regions in summer [J]. Chinese Journal
of Geophysics (in Chinese), 55(2): 406—414.

Chen Q L, Gao G L, Li Y, et al. 2019. Main detrainment height of deep convection
systems over the Tibetan Plateau and its southern slope [J]. Advances in
Atmospheric Sciences, 36(10): 1078-1088. doi: 10.1007/s00376-019-9003-3.

MR, RS, 2547, 2022, s JER R S AR R R — PR P ek
YERBIRE e RE [J]. KRARFE, 46(5): 1198-1208. Chen Quanliang, Gao Guolu,
Li Yang. 2022. Advances in Studies of Deep Convection over the Tibetan Plateau
and Its Effect on Stratospheric—Tropospheric Material Transport [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 46(5): 1198-1208. doi:
10.3878/j.issn.1006-9895.2201.21118.

Dee D P, Uppala S M, Simmons A J, et al. 2011. The ERA-Interim reanalysis:

configuration and performance of the data assimilation system [J]. Quarterly

22



621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649

Journal of the Royal Meteorological Society, 137(656): 553-597. doi:
10.1002/c;j.828.

Dethof A, O'neill A, Slingo J, et al. 1999. A mechanism for moistening the lower
stratosphere involving the Asian summer monsoon [J]. Quarterly Journal of the
Royal Meteorological Society, 125(556): 1079-1106. doi:
10.1002/gj.1999.49712555602.

Fadnavis S, Chattopadhyay R. 2017. Linkages of subtropical stratospheric intraseasonal
intrusions with Indian summer monsoon deficit rainfall [J]. Journal of Climate,
30(13): 5083-5095. doi: 10.1175/jcli-d-16-0463.1.

Fujiwara M, Sakai T, Nagai T, et al. 2021. Lower-stratospheric aerosol measurements in
eastward-shedding vortices over Japan from the Asian summer monsoon
anticyclone during the summer of 2018 [J]. Atmospheric Chemistry and Physics,
21(4): 3073-3090. doi: 10.5194/acp-21-3073-2021.

Fan Q J, Bian J C, Pan L L. 2017. Stratospheric entry point for upper-tropospheric air
within the Asian summer monsoon anticyclone [J]. Science China (Earth Sciences),
60(09): 1685-1693. doi: 10.1007/s11430-016-9073-5

Fu R, Hu Y, Wright J S, et al. 2006. Short circuit of water vapor and polluted air to the
global stratosphere by convective transport over the Tibetan Plateau [J].
Proceedings of the National Academy of Sciences of the United States of America,
103(15): 5664-5569. doi: 10.1073/pnas.0601584103.

Garny H, Randel W J. 2013. Dynamic variability of the Asian monsoon anticyclone
observed in potential vorticity and correlations with tracer distributions [J]. Journal
of Geophysical Research: Atmospheres, 118(24): 13421-13433. doi:
10.1002/2013jd020908.

Garny H, Randel W J. 2016. Transport pathways from the Asian monsoon anticyclone
to the stratosphere [J]. Atmospheric Chemistry and Physics, 16(4): 2703-2718. doi:
10.5194/acp-16-2703-2016.

Honomichl S B, Pan L L. 2020. Transport from the Asian summer monsoon anticyclone

over the Western Pacific [J]. Journal of Geophysical Research: Atmospheres,

23



650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678

125(13): €2019JD032094. doi: 10.1029/2019JD032094.

TR, FOR, AR, 25,2017, B AR SARE EXHRE TR E X KR AR
R [J]. 5244k, 75(6): 934-942. Huang Ying, Guo Dong, Zhou Shunwu, et
al. 2017. The relationship between South Asia high and water vapor variation in
the upper troposphere and lower stratosphere in summer [J]. Acta Meteorologica
Sinica (in Chinese), 75(6): 934-942. doi: 10.11676/gxxb2017.065

Jiang J H, Su H, Zhai C X, et al. 2015. An assessment of upper troposphere and lower
stratosphere water vapor in MERRA, MERRAZ2, and ECMWF reanalyses using
Aura MLS observations [J]. Journal of Geophysical Research: Atmospheres,
120(22): 11468-11485. doi: 10.1002/2015JD023752.

Kunz A, Sprenger M, Wernli H. 2015. Climatology of potential vorticity streamers and
associated isentropic transport pathways across PV gradient barriers [J]. Journal of
Geophysical Research: Atmospheres, 120(9): 3802-3821. doi:
10.1002/2014jd022615.

Legras B, Bucci S. 2020. Confinement of air in the Asian monsoon anticyclone and
pathways of convective air to the stratosphere during the summer season [J].
Atmospheric  Chemistry and  Physics, 20(18): 11045-11064. doi:
10.5194/acp-20-11045-2020.

Li D, Vogel B, Bian J C, et al. 2017. Impact of typhoons on the composition of the
upper troposphere within the Asian summer monsoon anticyclone: the SWOP
campaign in Lhasa 2013 [J]. Atmospheric Chemistry and Physics, 17(7):
4657-4672. doi: 10.5194/acp-17-4657-2017.

Li D, Vogel B, Mdler R, et al. 2020. Dehydration and low ozone in the tropopause layer
over the Asian monsoon caused by tropical cyclones: Lagrangian transport
calculations using ERA-Interim and ERAS5 reanalysis data [J]. Atmospheric
Chemistry and Physics, 20(7): 4133-4152. doi: 10.5194/acp-20-4133-2020.

Liebmann B, Smith C A. 1996. Description of a complete (interpolated) outgoing
longwave radiation dataset [J]. Bulletin of the American Meteorological Society,

77(6): 1275-1277.

24



679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707

LiuY M, Lu M M, Yang H J, et al. 2020. Land-atmosphere—ocean coupling associated
with the Tibetan Plateau and its climate impacts [J]. National Science Review, 7(3):
534-552. doi: 10.1093/nsr/nwaa011.

Livesey N J, Read W G, Wanger P A, et al. 2015. Earth Observing System (EQS)
Microwave Limb Sounder (MLS) version 4.2 x level 2 data quality and description
document [R]. Pasadena: Jet Propulsion Laboratory.

LuoJL, Pan L L, Honomichl S B, et al. 2018. Space-time variability in UTLS chemical
distribution in the Asian summer monsoon viewed by limb and nadir satellite
sensors [J]. Atmospheric Chemistry and Physics, 18(16): 12511-12530. doi:
10.5194/acp-18-12511-2018.

Ma D Y, Bian J C, Li D, et al. 2022. Mixing characteristics within the tropopause
transition layer over the Asian summer monsoon region based on ozone and water
vapor sounding data. Atmospheric Research, 271: 106093. doi:
10.1016/j.atmosres.2022.106093.

NUzel M, Dameris M, Garny H. 2016. Movement, drivers and bimodality of the South
Asian high [J]. Atmospheric Chemistry and Physics, 16(22): 14755-14774. doi:
10.5194/acp-16-14755-2016.

Nuzel M, Podglajen A, Garny H, et al. 2019. Quantification of water vapour transport
from the Asian monsoon to the stratosphere [J]. Atmospheric Chemistry and
Physics, 19(13): 8947-8966. doi: 10.5194/acp-19-8947-20109.

Pan L L, Honomichl S B, Kinnison D E, et al. 2016. Transport of chemical tracers from
the boundary layer to stratosphere associated with the dynamics of the Asian
summer monsoon [J]. Journal of Geophysical Research: Atmospheres, 121(23):
14159-14174. doi: 10.1002/2016JD025616.

Park M, Randel W J, Gettelman A, et al. 2007. Transport above the Asian summer
monsoon anticyclone inferred from Aura Microwave Limb Sounder tracers [J].
Journal of Geophysical Research: Atmospheres, 112(D16309). doi:
10.1029/2006jd008294.

Park M, Randel W J, Emmons L K, et al. 2009. Transport pathways of carbon monoxide

25



708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736

in the Asian summer monsoon diagnosed from Model of Ozone and Related
Tracers (MOZART) [J]. Journal of Geophysical Research: Atmospheres,
114(D08303). doi: 10.1029/2008jd010621.

Ploeger F, Ginther G, Konopka P, et al. 2013. Horizontal water vapor transport in the
lower stratosphere from subtropics to high latitudes during boreal summer [J].
Journal of Geophysical Research: Atmospheres, 118(14): 8111-8127. doi:
10.1002/jgrd.50636.

Randel W J, Park M. 2006. Deep convective influence on the Asian summer monsoon
anticyclone and associated tracer variability observed with Atmospheric Infrared
Sounder (AIRS) [J]. Journal of Geophysical Research: Atmospheres, 111(D12314).
doi: 10.1029/2005jd006490.

Randel W J, Zhang K, Fu R. 2015. What controls stratospheric water vapor in the NH
summer monsoon regions? [J]. Journal of Geophysical Research: Atmospheres,
120(15): 7988-8001. doi: 10.1002/2015jd023622.

R, RIEHE, Cai Ming, 45. 2014. Vit /= —XZ AH LA HIRT 78 3t e - 45 i A 1o
BRI R E RS s [0]. 5544k, 72(5): 853-868. Ren Rongcai, Wu
Guoxiong, Cai Ming, et al. 2014. Progress in research of stratosphere-troposphere
interactions: Application of isentropic potential vorticity dynamics and the effects
of the Tibetan Plateau [J]. Acta Meteorologica Sinica (in Chinese), 72(5): 853-868.
doi: 10.11676/gxxb2014.076.

Ren R C, Zhu C D, Cai M. 2019. Linking quasi-biweekly variability of the South Asian
high to atmospheric heating over Tibetan Plateau in summer [J]. Climate Dynamics,
53(5): 3419-3429. doi: 10.1007/s00382-019-04713-4.

Rolf C, Vogel B, Hoor P, et al. 2018. Water vapor increase in the lower stratosphere of
the Northern Hemisphere due to the Asian monsoon anticyclone observed during
the TACTS/ESMVal campaigns [J]. Atmospheric Chemistry and Physics, 18(4):
2973-2983. doi: 10.5194/acp-18-2973-2018.

Santee M L, Manney G L, Livesey N J, et al. 2017. A comprehensive overview of the

climatological composition of the Asian summer monsoon anticyclone based on 10

26



737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765

years of Aura microwave limb sounder measurements [J]. Journal of Geophysical

Research: Atmospheres, 122(10): 5491-5514. doi: 10.1002/2016JD026408.

Schneider T, Smith K L, O'gorman P A, et al. 2006. A climatology of tropospheric

zonal-mean water vapor fields and fluxes in isentropic coordinates [J]. Journal of

Climate, 19(22): 5918-5933. doi: 10.1175/JCLI3931.1.

JERE, ARRA, AREEE, 55, 2019. H T e JElh X KT R TR I S AR 48 2

A28 P A% B R SR AE A B VR JE LI IX BT EE [9]. KR, 43(1):
183-201. Tang Nanjun, Ren Rongcai, Zou Xiaolei, et al. 2019. Characteristic of
adiabatic and diabatic water vapor transport from the troposphere to the
stratosphere over the Tibetan Plateau and its comparison with the Rocky
Mountains in the summer [J]. Chinese Journal of Atmospheric Sciences (in

Chinese), 43(1): 183-201. doi: 10.3878/j.issn.1006-9895.1804.17255

R, KA, REME, 5. 2020a. B Z=7 ke R AR 8 B R KRR B A

[~ B A S A b e L KV R R 3 [J] KR, 44(2): 239-256.
Tang Nanjun, Ren Rongcai, Wu Guoxiong, et al. 2020a. Interannual anomalies of
upper tropospheric water vapor mass and its transport into the stratosphere over the
Tibetan Plateau area in summer. Part I: Leading patterns of water-vapor-mass
anomalies [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 44(2):

239-256. doi: 10.3878/j.issn.1006-9895.1905.18267

JERE, AESR, REME % 2020b. B 3=y e 5 1 B R AR R

()~ E AR S A b S B I 50 T2 A IR L iy [J]. KRR, 44(3):
503-518. Tang Nanjun, Ren Rongcai, Wu Guoxiong, et al. 2020b. Interannual
anomalies of upper tropospheric water vapor mass and its transport into the
stratosphere over the Tibetan Plateau area in summer. Part Il: Adiabatic and
diabatic transport into the stratosphere [J]. Chinese Journal of Atmospheric

Sciences (in Chinese), 44(3): 503-518. doi: 10.3878/}.issn.1006-9895.1905.18268

AR, 1B, REME. 2020c. FH i E R M B 10 UTLS KA 25 REE 1 22 U8 55 R

X [0 KA B 54k, 43(2): 275-286. Tang Nanjun, Ren Rongcai, Wu
Guoxiong. 2020c. Comparison of upper troposphere and lower stratosphere water

27



766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794

vapor spatial and temporal distribution between reanalysis data and MLS
observations over the Tibetan Plateau [J]. Transactions of Atmospheric Sciences (in
Chinese), 43(2): 275-286. doi: 10.13878/j.cnki.dgkxxb.20170706001.

HIZLEE, WSO, #EEENN, 55, 2014, 7 ek J5 X _E X Z — P E XK
FiAARAASAE [I]. B RS, 33(1): 1-13. Tian Hongying, Tian Wenshou, Luo
Jiali, et al. Characteristics of water vapor distribution and variation in upper
troposphere and lower stratosphere over Qinghai-Xizang Plateau [J]. Plateau
Meteorology (in Chinese), 33(1): 1-13. doi: 10.7522/j.issn.1000-0534.2013.00074.

Vogel B, Ginther G, MUler R, et al. 2015. Impact of different Asian source regions on
the composition of the Asian monsoon anticyclone and of the extratropical
lowermost stratosphere [J]. Atmospheric Chemistry and Physics, 15(23):
13699-13716. doi: 10.5194/acp-15-13699-2015.

\Vogel B, Mdler R, Ginther G, et al. 2019. Lagrangian simulations of the transport of
young air masses to the top of the Asian monsoon anticyclone and into the tropical
pipe [J]. Atmospheric Chemistry and Physics, 19(9): 6007-6034. doi:
10.5194/acp-19-6007-20109.

Wang M R, Wang J, Duan A M, et al. 2018. Coupling of the quasi-biweekly oscillation
of the Tibetan Plateau summer monsoon with the Arctic Oscillation [J].
Geophysical Research Letters, 45(15): 7756—7764. doi: 10.1029/2018GL077136.

FRRIF, Higk. 2016, B2 2= R UAVIERATIR 7 5 B L LB 2R P IR O 9% &%
[J]. KA EF2E, 40(4): 853-863. Wang Lijuan, Ge Jing. 2016. Relationship between
low-frequency oscillations of atmospheric heat source over the Tibetan Plateau and
longitudinal oscillations of the South Asia high in the summer [J]. Chinese Journal
of Atmospheric Sciences (in Chinese), 40(4): 853—863,
doi:10.3878/j.issn.1006-9895.1509.15164.

Wei W, Zhang R H, Yang S, et al. 2019. Quasi-biweekly oscillation of the South Asian
high and its role in connecting the Indian and East Asian summer rainfalls [J].
Geophysical Research Letters, 46(24): 14742-14750. doi:
10.1029/2019GL086180.

28



795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823

Wright J S, Fu R, Fueglistaler S, et al. 2011. The influence of summertime convection
over Southeast Asia on water vapor in the tropical stratosphere [J]. Journal of
Geophysical Research: Atmospheres, 116(D12): D12302. doi:
10.1029/2010jd015416.

T EE, X0, T, 55, 2018, T el e B R AR 2 i I B2 2 KU BILAR [J].
KAFBLE, 42(3): 488-504. Wu Guoxiong, Liu Yimin, He Bian, et al. 2018.
Review of the impact of the Tibetan Plateau sensible heat driven air-pump on the
Asian summer monsoon [J]. Chinese Journal of Atmospheric Sciences (in Chinese),
42(3): 488-504. doi: 10.3878/}.issn.1006-9895.1801.17279

B, ALK, RIEME 5. 2016, 576 58 2 T 25 70 A . #8000 U &
AN M [0 "R ¥R, T4(4): 525-541. Xia Xin, Ren Rongcai, Wu
Guoxiong, et al. 2016. An analysis on the spatio-temporal variations and dynamic
effects of the tropopause and the related stratosphere-troposphere coupling
surrounding the Tibetan Plateau area [J]. Acta Meteorologica Sinica (in Chinese),
74(4): 525-541. doi: 10.11676/qxxb2016.036

Xie P P, Chen MY, Yang S, et al. 2007. A gauge-based analysis of daily precipitation
over East Asia [J]. Journal of Hydrometeorology, 8(3): 607-626. doi:
10.1175/JHM583.1.

Xu X D, Zhao T L, Lu C G, et al. 2014. An important mechanism sustaining the
atmospheric "water tower" over the Tibetan Plateau [J]. Atmospheric Chemistry
and Physics, 14(20): 11287-11295. doi: 10.5194/acp-14-11287-2014.

Yan R C, Bian J C, Fan Q J. 2011. The impact of the South Asia high bimodality on the
chemical composition of the upper troposphere and lower stratosphere [J].
Atmospheric  and  Oceanic  Science  Letters, 4(4): 229-234. doi:
10.1080/16742834.2011.11446934.

Yan X L, Konopka P, Ploeger F, et al. 2019. The efficiency of transport into the
stratosphere via the Asian and North American summer monsoon circulations [J].
Atmospheric  Chemistry and  Physics, 19(24): 15629-15649. doi:
10.5194/acp-19-15629-2019.

29



824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852

Yang S, Wei Z, Chen B, et al. 2019. Influences of atmospheric ventilation on the
composition of the upper troposphere and lower stratosphere during the two
primary modes of the South Asia high [J]. Meteorology and Atmospheric Physics,
132(4): 559-570. doi: 10.1007/s00703-019-00706-4.

Yang S Y, Li T. 2016. Zonal shift of the South Asian high on the subseasonal time-scale
and its relation to the summer rainfall anomaly in China [J]. Quarterly Journal of
the Royal Meteorological Society, 142(699): 2324-2335. doi: 10.1002/qj.2826.

Yu P F, Rosenlof K H, Liu S, et al. 2017. Efficient transport of tropospheric aerosol into
the stratosphere via the Asian summer monsoon anticyclone [J]. Proceedings of the
National Academy of Sciences of the United States of America, 114(27):
6972-6977. doi: 10.1073/pnas.1701170114.

Yu Y'Y, Ren R C, HuJ G, et al. 2014. A mass budget analysis on the interannual
variability of the polar surface pressure in the winter season [J]. Journal of the
Atmospheric Sciences, 71(9): 3539-3553. doi: 10.1175/jas-d-13-0365.1.

bS5, AT, 2008. R R LXK ZLAMEN S (AIRS) BERHR B ALY X
N EX AR KIRFRE [J]. KRR, 32(2): 242-260. Zhan Ruifen, Li
Jianping. 2008. Validation and characteristics of upper tropospheric water vapor
over the Tibetan Plateau from AIRS satellite retrieval [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 32(2): 242-260, doi:
10.3878/j.issn.1006-9895.2008.02.05

Zhang Q, Wu G X, Qian Y F. 2002. The bimodality of the 100 hPa South Asia high and
its relationship to the climate anomaly over East Asia in summer [J]. Journal of the
Meteorological Society of Japan, 80(4): 733-744. doi: 10.2151/jmsj.80.733.

Zhu C D, Ren R C, Wu G X. 2018. Varying Rossby wave trains from the developing to
decaying period of the upper atmospheric heat source over the Tibetan Plateau in
boreal summer [J]. Advances in Atmospheric Sciences, 35(9): 1114-1128. doi:
10.1007/s00376-017-7231-y.

PR, AR, 2022, B 2= 5 L i s P 2R 2R — DU 4R 7 1o 12 R BB 2R A L R LR X
tb [J]. KSR, #F). Zhu Chuandong, Ren Rongcai. 2022. Relationship

30



853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881

between two types of east-west oscillation of the South Asian high and their
different influences on weather [J]. Chinese Journal of Atmospheric Sciences, in

press, doi: 10.3878/j.issn.1006-9895.2106.21075.

31



882

883
884

885
886
887
888
889
890
891
892
893
894

12 - 25

10 ~ 50

8 :
S - 15 &
3 6 i S
@ ~ 10 3
> : L

2 -9

0 - 0

0 5 10 15 20 25 30 35 40
Time period/d

2.0 95°E

15 .

1.0 85°E
z o
? 05 65°E

1.0 -

15

-2.0 45°E

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Phase number

1 (a) 1979~2018 4 7~8 J SAHI iR M IME (FRELSRE) LU A 8] J 1 (1 2h =
W 95% B 5 KA IS A (IR SEZ); RRERIZL R A7) 7 30 95% BLA5 /K-~ Ha 4 Al
Markov ZLME 3% RARAR NI [ ] CBRLfr: R, A ARbR K. (b) HEXUREF RIS iR
T SAHIg (FRELSEEL) 1200 hPa b Rg R Ik A B2 (RE s e) BEAIAHRAR L

Fig.1 (a) The averaged power spectrum (black solid lines) of the SAHI, and the frequency (blue solid
lines) with which the power spectrum of each time period exceeds the significant at the 95%
confidence level in July—August from 1979 to 2018. The black and red dash lines denote the
significant at the 95% confidence level and the Markov red noise spectrum respectively. The
abscissa shows the time period (units: day), and the right ordinate shows the frequency. (b) Phases
evolution of the SAHIg (black solid lines) and the longitudes of the centers of the South Asian high

(blue solid lines) in the quasi-biweekly cycle
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Fig2. Height—longitude cross sections of percentage differences in water vapor content relative to
climate mean (shading) over the Tibetan Plateau latitude belts (20=-40N), for (a, c) the Tibetan
Plateau mode and (b, d) the Iranian Plateau mode of the South Asia high respective, based on MLS
data (left column) and ERAI data (right column) in July—August from 2005 to 2018. The black and
pink solid lines denote the potential temperature (units: K) and the tropopause locations respective.

Black dots indicate the differences in the water vapor content significant at the 90% confidence level
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Fig3. Difference in the composited upper tropospheric water vapor content relative to climate mean
(shading, units: ppmv), for (a, c) the Tibetan Plateau mode and (b, d) the Iranian Plateau mode of the
South Asian high respective, based on MLS data averaged for 316—-121 hPa pressure layers (left
column) and ERAI data averaged for 350—125 hPa pressure layers (right column) in July—August
from 2005 to 2018. Red contours and dots denote the potential height (units: 102 gpm) and the center
locations of the SAH at 200 hPa respective. Blue contours denote the OLR (units: W m™2). Black

dots indicate the differences in the water vapor content significant at the 90% confidence level
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Fig.4 Horizontal distributions of water vapor content anomalies (shading, units: ppmv) at (a;—as) 360
K and (bi—bs) 340 K isentrope layer composited in phases 2, 4, 6, 9, 11, 13, based on the

quasi-biweekly cycle. Red solid lines from the inside to the outside denote the 12560 gpm, 12530
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gpm, 12500 gpm potential height isolines at 200 hPa respective. Red dots denote the center locations
of the South Asian high at 200 hPa. Black dots indicate the water vapor content anomalies

significant at the 90% confidence level
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Fig5. Longitude phases evolution and latitude phases evolution of water vapor content anomalies
(shading, units: ppmv) averaged over the Tibetan Plateau latitude belts (20=-40N; left column) and
the central and eastern Tibetan Plateau longitude belts (80=-100E; right column) at (a, ¢) 360 K and
(b, d) 340 K isentrope layer, respectively, based on the quasi-biweekly cycle. The phase 15-21 are
repetitions of the phase 1-7. Black dots indicate the water vapor content anomalies significant at the

90% confidence level
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Fig.6 Horizontal distributions of (a;—as) OLR anomalies (shading, units: W m™2) and (bi—bs)
precipitation anomalies (shading, units: mm) composited in phases 2, 4, 6, 9, 11, 13, based on the
quasi-biweekly cycle. Red solid lines and dots are same as fig.4. Black dots indicate the OLR

anomalies and precipitation anomalies significant at the 90% confidence level
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975  Fig7. Height-longitude cross sections of diabatic water vapor mass fluxes anomalies (shading, units:
976  10* kg s™?) over the Tibetan Plateau latitude belts (20=-40N) composited in phases 2, 4, 6, 9, 11, 13,
977  based on the quasi-biweekly cycle. Pink solid lines denote the tropopause locations. Black dots
978 indicate the diabatic water vapor mass fluxes anomalies significant at the 90% confidence level
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Fig8. Horizontal distributions of (ai—as) water vapor mass tendency anomalies (shading, units: 10*
kg s1), and (bi—be) the vectors of adiabatic water mass fluxes anomalies (vectors, units: 10* kg s™)
and their divergences (shading, units: 10* kg s™1), and (c1—¢s) the divergences of the diabatic water
vapor mass fluxes anomalies (shading, units: 10* kg s™!) over the 340-360 K isentrope layers

composited in phases 2, 4, 6, 9, 11, 13, based on the quasi-biweekly cycle. Red solid lines and dots
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996  are same as fig.4, and pink solid lines denote the tropopause locations. Black dots indicate the water

997  vapor mass tendency anomalies or the divergence anomalies significant at the 90% confidence level
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Figl10. Phases evolution of (a, c) the water vapor mass tendency anomalies (black solid lines), the
divergences of the adiabatic (red solid lines), the diabatic (blue solid lines) water vapor mass fluxes
anomalies, and (b, d) the divergences of zonal (pink solid lines) and meridional (pink dash lines)
adiabatic water vapor mass fluxes anomalies, and the residual term (yellow solid lines) averaged
over the Tibetan Plateau (80=-100F, 20=-40N; left column) and the Iranian Plateau (40<-60E,
20=-40N; right column) at 340—-360K isentrope layers, based on the quasi-biweekly cycle. The

units are all 104 kg s™*. The red solid lines in Fig.b (d) are same as Fig.a (c)
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