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Abstract The interannually geographic pattern of the upper tropospheric water vapor mass anomaly is
dominated by the uniform mode and the east-west dipole mode over the Tibetan Plateau (TP) regions in
July—August. In this paper, the relationship between the two leading modes and the adiabatic and diabatic
water vapor mass transport from the troposphere to the stratosphere are analyzed based on the European
Centre for Medium-Range Weather Forecasts Interim Re-Analysis (ERA-Interim) datasets and the Hy-
brid Single Particle Lagrangian Integrated Trajectory (HYSPLIT) trajectory model. Results show when
the water vapor mass is dominated by the positive (negative) phase of the uniform mode, namely more
(less) water vapor mass over the entire TP area, the intensity of the South Asian High (SAH) and the
upward diabatic water vapor mass transport are enhanced (weakened), thus both adiabatic and diabatic
water vapor mass transport from the troposphere to the stratosphere are stronger (weaker). The regions
and layers of the occurrence of the adiabatic and diabatic water vapor mass transport from the troposphere
to the stratosphere change little from positive to negative phase of the uniform mode, though the layers
where diabatic water vapor mass transport from the troposphere to the stratosphere is slightly higher for
the positive phase. When the water vapor mass is dominated by the positive (negative) phase of the west-
east dipole mode, namely more (less) water vapor mass in the west (east) of the TP, the SAH center shifts
westward, enhancing the adiabatic water vapor mass transport from the troposphere to the mid-latitude
stratosphere in the northwest and northeast flank of the TP, and the meridional adiabatic water vapor
mass transport from the troposphere to the tropical stratosphere at upper layers in the south flank of the
TP, but weakening the meridional adiabatic water vapor mass transport from the troposphere to the mid-
latitude stratosphere in the north flank of the TP. Meanwhile, the diabatic water vapor mass transport
from the troposphere to the stratosphere is enhanced over the TP, though weakened at upper layers in the
south flank of the TP and at lower layers in the north flank of TP. Vice versa, when less (more) water
vapor mass in the west (east) of the TP. The trajectory model simulation experiments for the positive
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phase of the uniform mode confirms that higher frequency of the trajectory enters the stratosphere adia-
batically over the TP regions. And trajectory model simulation experiments for the positive phase of the
west-east dipole mode is also in agreement with the analyzed results, showing higher (lower) frequency
of trajectory entering the stratosphere adiabatically in the northwest, south and northeast flank (north
flank) of the TP.

Key words Tibetan Plateau, water vapor mass transport, adiabatic and diabatic, HYSPLIT

155

PR ARRAERIRTE R G I E EZ M (Dessleretal., 2013). —7J7
T, P JE KT S B 965 8 2 e 0 ) A/ AR e i, B e R e R A WA
(Gettelmanetal., 2011); 5 —J7H, FREKAZ 5 FREGHFER, W5
i H B PR Z A SR I 70 A (Lelieveld et al., 2018). Tt /2 KIS0 i i i
IR RN 2 FECFRZ AR EL, XA Z AR G (Foster etal., 2002; Solomon
etal., 2010, HALZA RN 2 NPt = B AR A F e K %4k (Randel etal.,
1998; Anderson et al., 2012). B, 1 XA A1~ U2 B KR4 Ao, 3L 4
R R L (RS, 2018).

P32 AR Bk [ H e A R 2 17 _E k. mEe R, B3
N7 XX P B R KPR 1) P32 R ) AR i1 (Fucetal., 2006; %%
S, 2008; Randeletal., 2010; N#EEHSE, 2011; Ploegeretal., 2017; Yuet
al., 2017), A&4mEERAAEH e 5 X (REESE, 2006; FRm4E,
20090, R R X SRR AR FH BBk Eh (FHZLBESE, 2014, 5% [ERRESS,
2016; XZIRSE, 2017), BARKAL SRR T8 52w R . 7
L mE KRR EFHE S LR Z T i 6 9¢ (Randel and Park, 2006
Parketal., 2007; FRuk%F, 2010; Wrightetal., 2011; Garnyand Randel, 2013;
GG B IA{T, 2015; Lietal, 2017). thah, EZEFHE S EHL X K25
W, DRI T S5 05 THT S 1916 I0E 2 THAR T, 638 J2 TOURH 552005 T P A 58 S M A )
IRZ AR IR = B 4t (R SRS, 2014; Wuetal., 2015; B4, 2016).
1L Wi SE AR, (E TR R R 0 T 0 T M X KR A P92 1 T B R
PG T R, 17 7 T e AL MR AR TG, DUKIRIAFR 2 e & 3o £ 5 Gl
Hi R AZEEF, 2008; FERIZESE, 2019a). PLAFBESRIGHISE BIIEE, HimE
JE R A ZR AL B R AKVRE N IRZ () 2l TE  (Berthet et al., 2007; FRotEE,
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2012; Vogeletal., 2014; Garny and Randel, 2016; Fanetal., 2017).

B2 e S S SR A X KR 1) T3 JE AR B 1 2R P AR A 3 B2 RS B
IR V. ey 1 S 6 PR R o I 2 s v i 00 I8 P 5 585 R o 1 T P £ % B
A REA R T Z RS, HET Mg NP HUZ 7KK & & (Randel et al.,
2015; Zhangetal., 2016). FgVmHKa3) 3240 A R 775 (eddy shedding)
AR R i i 5 TR 2 R R R G AR LA S 233 ORI 2 1) T 2 KR AR i 1
54k (Dethofetal., 1999; Ploegeretal., 2013; Vogeletal., 2016). IAb, /%
SFAZEgF (2008, 2012) HIBFFUEE BRI, B 275 el e IR A 13 XKV )~
T R REA B S AR BR A AR AARFAE, HLAR AT 5 =R XU i 5 A
o, TG 5 AR P TR R SRR AR B A . R, Hl
o S % 1 X KR )R AR S S SR 2 KR A B R R, H
X7 T R A LD

XoF T ek e S S SRR X 7~8 H AL KPR B R RO 9T 45 SRR
TR e 5 A S 120 X I S KT B A s S TR A S R AR A
SR FE AR R R PRI A AR, e X A
AR L e A S I e AR R4S, 2019b), IX AT Re s 51 ke 5 8 a5
e & 120 4k DX 7K TR 5 1) S 22 P A48 R A 248 A A 1 5 AL, o 045 /K VR = 1)
SRR ERAS . AR DX DL S AR R S . AR SR AT G X S g —
LRI R

ASCHHESE LR : 58 2 F o AR BT I BERVRI 73250 58 3 84 B KV &
S e R KRB R A TR BRI O R B 4 504 HHU R R (1 45
o 55 RN RS GRS .

2 BRI
2.1 &H

YR L I 45 % W, ERA-Interim ( European Centre for Medium-Range
Weather Forecasts Interim Re-Analysis) P57 8T 5 R} 6] 75 78 i Ji S J&] 420 i (X _E X6}
J2—F TRZR KR AT AEAR )R AE S TR 3L (Jiang et al, 2015;
Davis et al, 2017; FEFIZE4%, 2018). ASCHIE/H ERA-Interim F 73 Hr 5k}, P
R EE BFE =4 K MA . RS, LRI <R3 5,
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Fy (6) = [, ma0,H (6, 12,0,.4,, 0(@))R? cos gd 2dgd (3)

X A NEE, ORNSE, o N, R ZHERVE, ¢ N, u N
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g NEINEE; M x<x<uif, H G, x2» x) 1, FME 0. 6.4 300 K
#1390 K PA 10 K Jylalbadt 10 NEERZ, 6.4, 9295 K £ 395 K BL 10 K 9[H]
L1 AERZ . 6, W& SR EARERE R HELR IR, R
I3 B RS E A [ A2 [a) 26 ROKIR BT EDE R, B O S BRI R E 48 KR
Jof B

MM Yuetal. (2014, 2018) THRERARER T, BHAAA o EIRETEE
Tl FRRAREE N 200 =, RIEEMEEESRISEER us ve g o IR
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1979~2013 4 7~8 H H ik =1 S S JH 4 X 330~360 K /= 7K IR5T & -~ EOF
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33K P AR AIE 1) 22 (P ) RO 1 DA AN B A AT o 58 SCRFAE ) bR AL TR) &
HAEMERT 1 ARERFE, HTER. Bk R w R A CEA R
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1992, 2002 #1 2004 4F; RGN E M IEMAH (2R 1984, 1992,
1994. 1995 A1 2011 4F, LAy (PEA/ZR%ZD 4 1981, 1987, 1991, 1993,
1998. 2005 #2009 4.
2.2.3 BB A AR

ARk PEEE 4 R Hybrid Single Particle Lagrangian Integrated Trajectory
(HYSPLIT) B, 70 B whii 2 m) -~ B i Ze it . HYSPLIT Bzt
2 Z HT MR RX AR AL (Luo et al., 2013; HZLHESE, 2014).
HYSPLIT HUZE R % BA H 53, A B aa 0 BRI SE — 55 Il B 2 7] 7
B =43, TR — BRI AL E st AN 2 A B e AR B
RIIZFNFIE (Steinetal., 2015, AL HIHET BN BRI MM L . %

Aii/b . P2/ 2D M TR 296 U 7~9 AEARE RS 300, T
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Fig.1 Percentage difference of composited water vapor content averaged from 340 K to 360 K layers
relative to climate mean (shading, unit: %) based on the Tibetan Plateau water vapor mass (a) whole
more, (b) whole less, (c) west more/east less, (d) west less/east more years in July—August. Solid
line denotes 12520 gpm potential height isolines at 200 hPa and dots denote the South Asian High
center, the red (blue) denotes the positive (negative) significant abnormal years, the pink denotes

the climate mean
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Fig2. Composited of meridional adiabatic water vapor mass flux (shadings, units: 10* kg s™!), adiabatic

water vapor mass flux vector (units: 10 kg s™!) at (a—c) 370 K, and (d—f) 350 K based on the Tibetan
Plateau water vapor mass whole abnormal mode significant abnormal years in July—August: (a—d)
the water vapor mass whole more years, and (b—¢) the water vapor mass whole less years, and (c, f)
the water vapor mass whole more years minus the whole less years. Black dots indicate the compo-
sited and difference of adiabatic water vapor mass fluxes significant at the 90% confidence level.
The red (blue) solid lines denote the tropopause location in water vapor mass whole more (less)

years
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Fig3. Composited of diabatic water vapor mass flux (shadings, units: 10* kg s™!) averaged over (a—)
35°—45°N, (d—f) 25°-35°N, (g—1) 15°-25°N latitude belt based on the Tibetan Plateau water vapor
mass whole abnormal mode significant abnormal years in July—August: (a, d, g) the water vapor
mass whole more years, and (b, e, h) the water vapor mass whole less years, and (c, f, i) the water
vapor mass whole more years minus the whole less years. Black dots indicate the composited and
difference of diabatic water vapor mass fluxes significant at the 90% confidence level. Red (blue)

solid lines denote the tropopause location in water vapor mass whole more (less) years
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Fig4. Regression of intensity of water vapor mass transport (shadings, units: kg s™!) from the troposphere
to the stratosphere in (a—c) 370-390 K layers, and (c, d) 340-360 K layers on the whole abnormal
empirical orthogonal function (EOF) mode time coefficients in July—August: (a—b) adiabatic
transport, and (c—d) diabatic transport. Black dots indicate the regressed intensity of water vapor
mass transport from the troposphere to the stratosphere significant at the 90% confidence level.
The red (blue) solid lines denote the interface between the isentropic surfaces and the tropopause
in water vapor mass whole more (less) years. In Fig. a and Fig. c, the solid lines from inside to
outside are the interface between 380 K, 370 K isentrope and the tropopause respective. In Fig. b
and Fig. d, the solid lines from south to north are the interface between 340 K, 350 K, 360 K
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