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Abstract

and ozone satellite homogenized) water vapor data to analyze the interannual geographic pattern of water-vapor-mass

In this study, we used monthly averaged ERA-Interim reanalysis datasets and SWOOSH (Stratospheric water

anomalies in the 340-360 K layers and its maintenance over the Tibetan Plateau (TP) region in July—August. Results
show that interannual variations in the geographic patterns of water-vapor-mass anomalies have three dominant modes,
namely, uniform, abnormal east-west dipole, and south—-north dipole modes. In association with the positive phase of the
uniform mode, that is, more water vapor mass over the entire TP area, stronger convective and upward diabatic water-
vapor-mass transport over the TP region leads to an enhanced convergence of the water vapor mass. The strengthened
South Asian high (SAH) results in an enhanced divergence and convergence of the adiabatic water-vapor-mass transport
over the TP and to its west. The opposite occurs when there is less water vapor mass over the entire TP area. For the
positive phase of the east-west diploe mode when the water vapor mass is more/less in the west/east of the TP area, the
convective and diabatic water-vapor-mass transport, and the convergence and divergence of diabatic and adiabatic water
vapor mass in the upper troposphere all enhanced over the western TP but weakened over the central and eastern TP.
Meanwhile, the center of the SAH shifts westward, giving rise to an abnormal westward adiabatic water-vapor-mass
transport and contribute to the abnormal convergence of water vapor mass from the TP to the Iranian Plateau in the upper
troposphere. When the water vapor mass is less/more in the west/east of the TP area, the results are opposite. For the
positive phase of the south-north dipole mode when the water vapor mass is more/less in the northern/southern TP, the
center of the SAH shifts northward, giving rise to an abnormal northward adiabatic water-vapor-mass transport in the
northern TP in the upper troposphere and a stronger upward diabatic water-vapor-mass transport in the lower layers,
which both lead to abnormal convergence of the water vapor mass. In contrast, the divergence of adiabatic water-vapor-
mass transport and the convergence of diabatic water-vapor-mass transport are weakened in the southern TP, and vice

versa when less/more water vapor mass occurs in the northern/southern TP.
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Fig. 1 Height-longitude cross sections of the percentage differences in
the water vapor content relative to zonal mean (shading), potential
temperature (black solid lines, units: K), and tropopause (pink dashed
lines) averaged over the Tibetan Plateau latitude belt (20°-40° N) in
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Fig. 2 Horizontal distributions of water vapor content (shading, units: ppmv) averaged for (a) 350-360 K and (b) 330-340 K layers in July—August

from 1979 to 2013, based on ERA-Interim data. Pink solid lines denote the tropopause location

W] & R AEEAE S T R AR . HE 3an]
W, 551 REAE ) BB TE 75 ek e SR S S 20 i X A
FORIEAE, Bz X KV B AR A R A R A
e A, I HLAE T R o R T R B R P i X A
Ko KAE X AE T e Je h X S AR R — R b 4
i, SAMERBIKES AL 5 2 FFAE ) = ME
TE 75 e J5 VG 30 2 A7 B v R 9 AR, T e s R AR
NFAE, RIAREEMN T (E 3.
3 RFAIE ) & AAMELAE T 9k e SR AL B0 A TR, T R
MR AAE, R vE AR TR (E 3e).
H 3 4~ EOF & 3 AU [A] R & 1) A2 mT 50, BAT T
EIEE P E R AREE (B 3by dy D). DU
fIE 1) 2 AR AT (8] R E KT 1 ks, AT
skt aE . AR E RIS, H TR

BT

RNT A BiRRER, K443 T FH SWOOSH
LR AR BRI TR R0 1. 56 2 RIS 4 K4
) B [0 25 0] o0 AT o S AT I T 25 B STk 2 40 0 N
47%. 18.9%. 6.5% (147 hPa) F 46.8%. 20.1%.
6.3% (316 hPa). HHIE 4 A UL, P9ANSE K T K iR
S 2 ) A AR AE AR AL o 5 A1) A2 T VR A )
(1 2 18] o A A0 B R BN AR i B (] 4a.
b) FIRPUER A (K 4e. d), 5K 3 4 ERA-
Interim PERHIZE R+ — 5. & 4 SFERERN
A IR e JEAL S AN DA N IEAE, P A R
K LR N IEME, X5 F ERA-Interim #5845 31 (1)
F AL 8 A% S i 2 TR R R X AR R (A 4e.
). 1M % 4 FF1E 7 2 5 A ERA-Interim %% ¥} £3 £



PN - N 44 %
244 Chinese Journal of Atmospheric Sciences Vol. 44
3
(b)
40°N 2
g
0] o m
30°N o 91 (_%
E —_
=
20°N 2
B o e R L e o o B B e e e e BSL A e e s o e
3
(d)
2 -
“—
2 1]
8 m
o 07 3
IS N
= 11
_2 .
-3
3
2 .
g ]
1 m
o
o 97 S
E w
=
-2 4
FC T s s e e e e e B

20°E 40°E 60°E 80°E 100°E 120°E

-0.05 -0.005 -0.0005 0 0.0005 0.005 0.05

1979 1983 1987 1991 1995 1999 2003 2007 2011
Year

K3 1979~2013 4E ERA-Interim %t} 7~8 H 330~360 K E /K= IE T W17 3 A EOF f-fiE M= (4D AR RN [0 RE (4
F1): (a, b) B IEERE; (¢, & B24FEME; (e D HIFMAE. (b dv O o, 4 () BHERFIRAEL KRR RBCK

T 1 UMD

Fig. 3  First three empirical orthogonal function (EOF) modes (left column) and their normalized time coefficients (right column) of water-vapor-mass

anomalies in the 330-360 K layers over the Tibetan Plateau in July—August from 1979 to 2013, based on ERA-Interim data: (a, b) First, (c, d) second,

and (e, f) third EOF modes. The red and blue bars denote normalized time coefficients greater than 1 and less than —1, respectively
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Fig. 5 (a—d) Height-longitude and (e—f) height-latitude cross sections of percentage differences in the composited water vapor content relative to
climate mean (shading) over the Tibetan Plateau latitude belt (20°-40° N) and longitude belt (70°—105° E) in July—August, based on ERA-Interim data:
Water vapor mass (a) whole region more years, (b) whole region less years, (c) west more/east less years, (d) west less/east more years, (e) north

more/south less years, and (f) north less/south more years. Pink solid lines denote the tropopause location and black dots indicate significant differences

in the water vapor content at the 90% confidence level
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Fig. 6 Regression analysis of water vapor contents (shading, units: ppm) on the time coefficients of the water vapor mass anomalies (a—b) first, (c—d)

second, and (e—f) third EOF modes in July—August, based on ERA-Interim data: (a, c, €) 360 K layer, (b, d, f) 340 K layer. The solid red (blue) lines

denote the tropopause location in significantly abnormal positive (negative)-phase years. Black dots indicate the regressed significant water vapor

contents at the 90% confidence level
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Fig. 7 Regression analysis of the outgoing longwave radiation (OLR;
shading, units: W mfz) on the time coefficients of the water vapor mass
anomalies (a) first, (b) second, and (c) third EOF modes in July—August,
based on ERA-Interim data. Black dots indicate the regressed OLR

significant at the 90% confidence level
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Fig. 8 Regression analysis of 200-hPa potential height (shading, units:
gpm) and horizontal wind (vectors, units: m sfl) on the time coefficients
of the water vapor mass anomalies (a) first, (b) second, and (c) third
EOF modes in July—August, based on ERA-Interim data. Black dots
indicate the regressed potential height significant at the 90% confidence
level. Solid lines denote the 12520 gpm potential height isolines and
dots denote the location of the center of the South Asian High. Pink
denotes climate mean and red (blue) denotes significantly abnormal

positive (negative)-phase years
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Table 1 Correlations between eigenvector time coefficients
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Fig. 9 Height-longitude cross sections of diabatic water-vapor-mass
fluxes (shadings, units: 10* kg sfl) (a) climatically averaged and
regressed of the water vapor mass anomalies (b) first and (c) second
EOF modes time coefficients over the Tibetan Plateau latitude belt
(20°-35°N) in July—August, based on ERA-Interim data. Black dots
indicate the regressed diabatic water-vapor-mass fluxes at the 90%
confidence level. Solid pink line denote the climatic tropopause location
and solid red (blue) lines denote the tropopause location of significantly

abnormal positive (negative)-phase years
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Fig. 10 Height-latitude cross sections of diabatic water-vapor-mass fluxes (shadings, units: 10" kg s (ab) climatically averaged and regressed on
(c, d) the water vapor mass anomalies third EOF mode time coefficients over the western (70°-90°E; left column) and eastern (90°-105°E; right
column) Tibetan Plateau longitude belts in July—August, based on ERA-Interim data. Black dots indicate the regressed diabatic water-vapor-mass
fluxes at the 90% confidence level. Solid pink lines denote the climatic tropopause location and solid red (blue) lines denote the tropopause location of

significantly abnormal positive (negative)-phase years
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Fig. 11 Horizontal distributions of the divergence of diabatic water-vapor-mass fluxes (left column, shadings, units: 10 kg sfl) and the vectors of
adiabatic water-vapor-mass fluxes (vectors, units: 10* kg sfl) and their divergences (right column, shadings, units: 10* kg sfl) accumulated from the
340-360 K layers averaged in July—August, based on ERA-Interim data: (a—b) Climatic mean, water vapor mass (c—d) whole region more years minus
the climate mean, and (e—f) whole region less years minus the climate mean. Solid pink lines denote the climatic tropopause locations and solid red
(blue) lines denote the tropopause locations of significantly abnormal positive (negative)-phase years. Black dots indicate significant differences in the

divergence of water-vapor-mass fluxes at the 90% confidence level
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