5 44 55 3 1) NI T Vol. 44 No. 3
2020 £ 5 H Chinese Journal of Atmospheric Sciences May 2020

JEFEE, ARSR, R, 5. 2020. 5 27 58w 5 %R 8BRS KRR R 1) TR R A R bR L e 1) T2 R 28 AN e B i D],
KSR, 44(3): 503-518.  TANG Nanjun, REN Rongcai, WU Guoxiong, et al. 2020. Interannual Anomalies of Upper Tropospheric Water Vapor
Mass and Its Transport into the Stratosphere over the Tibetan Plateau Area in Summer. Part II: Adiabatic and Diabatic Transport into the Stratosphere
[J]. Chinese Journal of Atmospheric Sciences (in Chinese), 44(3): 503—518. doi:10.3878/j.issn.1006-9895.1905.18268

BEEERaENEL EXNREKIREREEFERE
RHERRE. IL: [P RENBNIIELE LR

BEE " Ay RE#> Emam

| MR E B TR AR R ETRTE S E A0, #iat 210044

2 v R e K AR LT AR R BRI A S S A 1 R 9286, ks 100029

3 P ERFERE RS, dba 100049

4 R E R TREKFRE R ERE WE LRSS/ AR SR EH R AR A L=, M 210044

W OE HEF7~8 A HemE R G X X R KRR B A B R A R A R RN AR AR AR R T
F 5. AHET ERA-Interim F 47 %08 1HF]H HYSPLIT (Hybrid Single Particle Lagrangian Integrated Trajectory)
U, AT T AN R T AT BN R KRS B )P I R A R R BB R (0 R ARRAE , AR HEm R
AR E R (D) I, X R M v e R i e SR X A ] B KR B R R eI R (35D, H
7 1o J % SR S KR B 1) P I R I A A AR A A S g (55D KRR B8R R 2 5 R0 4, KRR & 19 °F
it E AR AL AL F 0 2 XA Z OO, R2 KRB B 2 4, KVRT T 2 R 3 & H ) J= ik
Wi e ME R L KRR R VG2 /R Ay, KRR e PR A e, e R E I AR ARV R &
AT E AL f i, 75 58 im0 e 2 KRBT ) AT TR 0 8 v 2 A At O i, T T 9 e S A6
TRIRJTT B 1) P 2 T2 R 8 [ e AR R B SR R TS o [ B 7 8 iR A B s /KVR T 2 T30 2 R AR A T A H i
T 75 7 e it o 00 v 2 R G AL J2 /K PRBT B )~ 3 2 Y AR A 3R B 95 o ZKVRBT i R 2D/ 2R 220 23 A IS A S i 45
Ho PN &5 SAESE T /AR B B AR M 2 47, 8 m J B8] 1 X 26 Rtk N T 2 O Sk m %2 ;-
WESE TRV B 2T 2/ RNt Hm RUAL . AR ACAEE 048 Bk P2 USRI R 2, 1T 7 98 e S
Fe 0 4 At NP3t 2 AR MR D> o

kIR HEEE  KRRELR ARFIEEL R HYSPLIT Ui

TEHRS  1006-9895(2020)03-0503-16 PESES P434 XHRFRIRES A
doi:10.3878/j.issn.1006-9895.1905.18268

Interannual Anomalies of Upper Tropospheric Water Vapor Mass and
Its Transport into the Stratosphere over the Tibetan Plateau Area in
Summer. Part I1: Adiabatic and Diabatic Transport into the Stratosphere

TANG Nanjunl’z, REN Rongcaiz’ ' WU Guoxiongz’ ’,and YU Yueyue4’1

WHSHER 2018-12-12; MIEFALARAEA  2019-06-20

fEEEN A, 5, 1987 FA, MLwTA, EENFENHEFREY R AP 7. E-mail: tangnanjun@sina.com

BIEE (L%, E-mail: rrc@lasg.iap.ac.cn

RENRE  E RS M SR LT (A 2 TiH XDA17010105, EK AREHEEETIH 91437105, 91837311, i [EAF R ATEALS

HAWIAIH QYZDY-SSW-DQC018

Funded by Strategic Priority Research Program of Chinese Academy of Sciences (Grant XDA17010105), National Natural Science Foundation of
China (Grants 91437105, 91837311), Key Research Program of Frontier Sciences of Chinese Academy of Sciences (Grant QYZDY-
SSW-DQC018)


https://doi.org/10.3878/j.issn.1006-9895.1905.18268
https://doi.org/10.3878/j.issn.1006-9895.1905.18268
https://doi.org/10.3878/j.issn.1006-9895.1905.18268
https://doi.org/10.3878/j.issn.1006-9895.1905.18268

504

xR M 44

Chinese Journal of Atmospheric Sciences Vol. 44

A=

1 Collaborative Innovation Center on Forecast and Evaluation of Metrological Disasters (CIC-FEMD), Nanjing
University of Information Science & Technology, Nanjing 210044

2 State Key Laboratory of Numerical Modeling of Atmospheric Sciences and Geophysical Fluid Dynamics, Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029

3 University of Chinese Academy of Sciences, Beijing 100049

4 Key Laboratory of Meteorological Disaster, Ministry of Education (KLME)/Joint International Research Laboratory of
Climate and Environment Change (ILCEC), Nanjing University of Information Science & Technology, Nanjing 210044

Abstract The interannual geographic patterns of the upper tropospheric water-vapor-mass anomaly are dominated by a
uniform abnormal mode and an east-west dipole abnormal mode over the Tibetan Plateau (TP) regions in July—August. In
this paper, we analyze the relationship between these two leading modes and the adiabatic and diabatic water-vapor-mass
transport from the troposphere to the stratosphere based on the European Centre for Medium-Range Weather Forecasts
Interim Re-Analysis (ERA-Interim) datasets and the Hybrid Single Particle Lagrangian Integrated Trajectory (HYSPLIT)
trajectory model. Results show that when the water vapor mass is dominated by the positive (negative) phase of the
uniform abnormal mode, i.e., there is 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), which means both the
adiabatic and diabatic water-vapor-mass transport from the troposphere to the stratosphere are stronger (weaker). The
regions and layers where the adiabatic and diabatic water-vapor-mass transported from the troposphere to the stratosphere
change very little from the positive to negative phases of the uniform mode, although the layers in which the diabatic
water-vapor-mass transported from the troposphere to the stratosphere are slightly higher for the positive phase. When the
water vapor mass is dominated by the positive (negative) phase of the west—east dipole abnormal mode, that is, when
there is 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 flanks of
the TP as well as the meridional adiabatic water-vapor-mass transport from the troposphere to the tropical stratosphere in
the upper layers in the south flank of the TP. However, the meridional adiabatic water-vapor-mass transport from the
troposphere to the mid-latitude stratosphere in the north flank of the TP is weakened. Meanwhile, the diabatic water-vapor-
mass transport from the troposphere to the stratosphere is enhanced over the TP, whereas it is weakened in the upper
layers in the south flank of the TP and the lower layers in the north flank of the TP. When the opposite occurs, there is less
(more) water vapor mass in the west (east) of the TP. Trajectory model simulation experiments for the positive phase of
the uniform abnormal mode confirm that higher frequency trajectories enter the stratosphere adiabatically over the TP
regions. Trajectory model simulation experiments for the positive phase of the west—east dipole abnormal mode are in
agreement with the analyzed results, which show higher (lower) frequency trajectories entering the stratosphere
adiabatically in the northwest, south, and northeast flanks (north flank) of the TP.

Keywords Tibetan Plateau, Water vapor mass transport, Adiabatic and diabatic, HY SPLIT trajectory model
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Fig. 1 Percentage differences in the composited water vapor contents averaged from the 340 K to 360 K layers relative to climate mean (shading)

based on years with (a) whole region more water vapor mass, (b) whole region less water vapor mass, (c) west more/east less water vapor mass, and (d)

west less/east more water vapor mass over the Tibetan Plateau in July—August. Solid lines denote the 12520-gpm potential height isolines at 200 hPa

and dots denote the South Asian High center. Red (blue) denotes the significantly abnormal positive (negative) years and pink denotes the climate

mean
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Fig. 2 Composited meridional flux of adiabatic water vapor mass (shadings, units: 10* kg sfl) and flux vectors of adiabatic water vapor mass (vectors,
units: 10 kg s ) at (a—c) 370 K and (d—f) 350 K layers, based on years with significant uniform abnormal modes in the Tibetan Plateau water vapor
mass in July—August: (a—d) The years with whole region more water vapor mass, (b—e¢) years with whole region less water vapor mass, and (c, f) years
with whole region more water vapor mass minus the those with whole region less. Black dots indicate the composite differences in the adiabatic water-
vapor-mass fluxes significant at the 90% confidence level. The red (blue) solid lines denote the tropopause locations in years with whole region more

(less) water vapor mass
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Fig. 3 Composited diabatic water-vapor-mass flux (shadings, units: 10 kg sfl) averaged over the (a—c) 35°—45°N, (d—f) 25°-35°N, and (g—i)
15°-25°N latitude belts, based on years with significant uniform abnormal mode in the Tibetan Plateau water vapor mass in July—August: The years
with the whole region more water vapor mass (first line), years with whole region less water vapor mass (second line), and years with whole region

more water vapor mass minus those with whole region less (third line). Black dots indicate the composite fluxes or differences significant at the 90%

confidence level. Red (blue) solid lines denote the tropopause locations in years with whole region more (less) water vapor mass
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Fig. 8 Percentages of the frequency of trajectories entering the stratosphere adiabatically in the 340-390-K layers relative to the frequency of the
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more/ east less water vapor mass and the west less/ east more water vapor mass. The colored dots denote the layers in which the frequency of

trajectories entering the stratosphere are highest
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