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Abstract Through analyzing radiosonde observation data during pre-onset and onset period of monsoon, the authors

find that the second tropopause (ST) (also called tropical tropopause) is the main tropopause in western Tibetan
Plateau. This kind of characteristic can be seen in the two seasons. Double tropopause frequency is high in winter,
while the first tropopause (FT) (also called polar tropopause) is rarely seen in summer, in which there is only the
second tropopause. Before the monsoon onset, the height of FT is about 10752 m, with its temperature about 219
K, pressure 245. 2 hPa; the height of ST is about 16826 m, with its temperature about 202 K, pressure 93 hPa.
During the monsoon onset, the height of FT is 10695 m, with its temperature 229 K, pressure 257 hPa; the height
of ST is 17360 m, with temperature 198 K, pressure 89. 4 hPa. The difference of average temperature between the
two periods demonstrate that the temperature of ST is high in winter and low in summer; the FT’s temperature is
high in summer, low in winter. At hourly scale, the second tropopause height is in opposite phase separately with
its temperature, pressure, and wind speed, which means that higher tropopause height is accompanied with lower
pressure, temperature, wind speed. The FT’s inversion layer inhibits upward heat transporting and cloud height.
The FT plays an important role in atmosphere heating. From uniform mixing of wind speed, the authors can con-
clude that boundary layer height can be as high as 3500 m in May and July. The westerly jet have obvious seasonal
change. It is stronger in winter with hardly any easterlies. During the monsoon onset period, the westerly jet be-
comes weaker due to its moving away from Gaize to the north. While the easterlies becomes stronger due to moving

nearer to Gaize, and is on top of the subtropical westerlies.
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Fig. 4 (a, b) Wind speed and (¢, d) wind direction during (a, ¢) FM and (b, d) M]. White space shows missing data, black circles are the

height of first tropopause. and white circles are the height of second tropopause
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P 34 %

92 Chinese Journal of Atmospheric Sciences

Vol. 34

[ A Y RUA(ED o M I B B8y 78 X 00 - 49 XU
IR RGE Lo FM g—2F . MI P8 XS0 A
gk . HXGEAS AL A X RS E . B M B By
AL 1) A8 R B i e 2 00 3t X e BE O 55 . AL
ScAH MIFrBIN 6 A 2 H 13 I fie K XUE =
JFEM 12000 m 3] 22000 m. = BEHI A4, T
LU A i P XU 0 i 5 IR 2 i e R R 114 X
) T3 Y BUAR P XU e] ) A e 48 O L ey B2 A A
PR Bl o 2 X1 g 29 AURRE . H 6 R Y g B AR A
20000 m LA _F o U] S 78 XU 0 R 64 g B SR 2
#) 12000 m Zifr . 1 MU de R R A8 KU 1 13 2 )
PREhAEM . ATLATGH M B BOR KU (19 XU o £
TR B P XU X . IEW] M B B0y XU 2
[ AL AZ R 3t DX A0 b s R B A D i 2R
WAL BN 25 R X I 3
5. FEALTPERAR Z 1o A FM AT MT A XU (K]
da, b) AR, FFRURA B BOAR . 78 XU A XL
B2 XU PY AU A X 22 55 7 22

6 iS5

A Ao X ) X2 XU (FMD 2 XU K B
B (MJ) BASZE77 30 A A IR 2 SR T ik 5T
A LIS EIIN R — gt

(1) ZeXUFBUG 372 100 3 B A M % 02 71. 9%,
BRI, 2 XU R U7 2 T 3 AR 24Xy
5.79%, BRIl . Uk B v A VG S 5 ) X A% 2 XL
XoF i T D i B 2t AR AR

(2) Z5 KA X 30 2 T g AR A G, T 2
IR S5 AR AR AR X B /N, L5 — X632 v B AR Ak
OB — X2 T e A B R . M FM 3] MJ 56—
Xof U2 TR T v T I IO B WA .
PE RS — X2 T = 41K, T 56 %t 2 T
JEEARAC T . TN BEAS 02 T s i A Ak A0t
TR TR . A I B A AH AR 1L UiBH AR
A -5 RUBE 11 LR /NS s 1) RUBE 58 — X6
JE IO BEAR AR E RGBS 7 A, AH O R A
A . B IR R T, RN, AH R
X L T e B 23 AR

(3) Z=RUHX L2 AT -3 )2 R A32 7 Rl 4
il s JLTBA ARG, 10000~14000 m > P4 Ry
B R . ZE XU R B B T X2 2 47 5 T e )
Hi DX 1) R R AL BB A 2y, P XU I, PR

IS b 2 AR R ) AR R AR PR KUY e
BRI, 2 6 H b Ay LUG P9 KUl B 34 T R )
14000 m PAF

(4) 57 it PG S A ) Sl DXl 2 i PR | g )
TAE R L RE RS W 2 B Hb 8760 m (K. ZEIE
— X9 J2 TR 33 B S /R M 2] M 8000 ~
10000 m AR TR K

HTASC G WA 2 A I 55k, B E] 452
5, NIRRT S), T 25 22 WLk fin LA
58 BEAE LI T B i AS I SR i . 25 FoUi il ¢
BHAWT RS, Wl FRATT S v A AR 3 Ji
HXAXTILZ S UZ I RS IE RN B T2 RRAC
i Py HLL FE

XTI AL 14 e A (8 TR AT R AR 3 ek 2% %
i)z R i R GR B 2 P, 40 Birner (2006)
A PR 2 W IR S T 5 AR MR AR Z T
BT 5 SEBR R AR R 25 570 X0 X3 )23 Tt A 2 Joi
S X it 2 IO % b R R TR A T iR Al £l
FRATTRAHE 1 1y R AR 2 0 I J2 T X e % |
TERASME BT,
Bt it H R 22 %48 JICA (Japan International Co-operation
Agency) T HSZREGVEFF I H H e LI I T A =
B TAE, B EARRRBARE B TR AR XGRSO B
SRR BF AN LI 50 o 25 T R B . R R R B 2 S
KERFEFRESLIE “JICA b HR LK EAENI .07 HH
Bl R b i B .

SZ 3wk (References)

er. B, FER. 5. 2008, e LA HoO F CHy 1943
AR ST (1], B4, 27 (2): 249 - 258, Bi Yun,
Chen Yuejuan, Zhou Renjun, et al. 2008. Study on H;O and
CH, distributions and variations over Qinghai-Xizang Plateau
using HALOE data [J]. Plateau Meteorology (in Chinese), 27
(2): 249 - 258.

Bian J C, Chen H B, Lu D R. 2005. Statistics of gravity waves in
the lower stratosphere over Beijing based on high vertical resolu-
tion radiosonde [J]. Science in China (Series D), 48 (9); 1548 —
1558.

Bian ] C, Chen H B. 2008. Statistics of the tropopause inversion
layer over Beijing [J]. Advances in Atmospheric Sciences, 25
(3): 381~ 386.

Birner T, Dornbrack A, Schumann U. 2002. How sharp is the
tropopause at midlatitudes? [J]. Geophys. Res. Lett., 29 (14),
1700, doi: 10. 1029/ 2002GL015142.

Birner T. 2006. Fine-scale structure of the extratropical tropopause



14 W Je A - 2 XUkEE A o 7 70 D Y S S 0 3t DR A A 9 28 20 A

No. 1

CHEN Xuelong et al. Analysis of Atmospheric Structure in Gaize Region of Western Tibetan Plateau . . . 93

region [ J]. J. Geophys. Res., 111, D04104, doi: 10. 1029/
2005JD006301.

KA, ZRhE, WIEE, 4. 2006. I PH b XN 2 A AR R AE 2 BT
[I). R4 5854, 22 (1): 11 -16. Cai Fu, Li Ji, Ming
Huiging, et al. 2006. Climatic characteristics of tropopause over
Shenyang [J]. Journal of Meteorology and Environment (in Chi-
nese), 22 (1). 11-16.

FRikig, FatE,. Bk, 2006, _EXTRE-FERE S et BRAFST
it e R [J]. KAURk%, 30 (5): 813 -820. Chen Hong-
bin, Bian Jianchun, Lii Daren. 2006. Advances and prospects in
the study of stratosphere-troposphere exchange [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 30 (5): 813 - 820.

Miee e, TR, PINTAR, 45, 2007, BRIGHE X T 2 X2 RS
ko #r (1], WA 4. 26 (6): 1280 -1286.  Chen Xuelong, Ma
Yaoming, Sun Fanglin, et al. 2007. The rainy season character of
troposphere at Mt. Qomolangma region [J]. Plateau Meteorology
(in Chinese), 26 (6); 1280 — 1286.

IR, 2001, 5 8 iR I B FE O b X 1 2 P 2 X i 2 =2 T
R RS Y AT SE (D, b [ SRR ST Be i 1 A e S0
Cong Chunhua. 2001. The exehange of mass between strato-
sphere and tropophere around the Tibetan Plateau [D]. M. S.
thesis (in Chinese) , Chinese Academy of Meteorological Sciences.

NG, Zedien, FFEHE. 2001b, T B R AR X 1 25 iR
JEXE Z MR BT (1], BHAmdf, 46 (22): 1914 -
1918. Cong Chunhua, Li Weiliang, Zhou Xiuji. 2001. Atmos-
pheric mass exchange between stratosphere and troposphere over
the Qinghai-Tibet Plateau and its surroungding [J]. Chinese Sci-
ence Bulletin (in Chinese), 46 (22). 1914 -1918.

Defant F, Taba H. 1957. The threefold structure of the atmosphere
and the characteristics of the tropopause [ J]. Tellus, 9: 259 -
274,

Duan A M, Wu G X. 2005. Role of the Tibetan Plateau thermal
forcing in the summer climate patterns over subtropical Asia []].
Climate Dyn., 24 (7). 793 - 807.

Gettelman A, Kinnison D E, Dunkerton T J, et al. 2004. Impact of
monsoon circulations on the upper troposphere and lower strato-
sphere [J]. J. Geophys. Res., 109, D22101, doi: 10. 1029/
2004JD004878.

Hoinka K P. 1998. Statistics of the global tropopause pressure [J].
Mon. Wea. Rev., 126 (12). 3303 - 3325.

Khalili A. 1975. Some characteristics of the tropopause over Tehran
[J]. Pure and Applied Geophysics, 113 (1): 365 - 374.

DU, SRIEAF. 2006, FRSVRIBH Y XU R 5 28 L RRIE B A
JIEZmALERTT [J]. SRk, 64 (5): 564 -575.  Kuang Xu-
eyuan, Zhang Yaocun. 2006. The seasonal variation of the East
Asian subtropical westerly jet and its thermal mechanism [J]. Ac-
ta Meteorologica Sinica (in Chinese). 64 (5): 564 - 575,

R, 2007, FHEEE RS AL MBI R R (D] P ERE
Be KW PRI i 220738 3¢, Li Peng. 2007. The relation-

ship between tropopause and ozone in Tibetan Plateau [D]. M.

S. thesis (in Chinese) , Institute of Atmospheric Physics, Chinese
Academy of Sciences.

Bk, BT, FEE, 4. 2008, ERE-WRZEHEAEHRNZ
RN BARE RS RRRMER R — Bt ] RARFE,
32 (4): 782-793. Lii Daren, Chen Zeyu, Bian Jianchun, et al.
2008. Advances in researches on the characteristics of multi-scale
processes of interactions between the stratosphere and the tropo-
sphere and its relations with weather and climate [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 32 (4). 782 -793.

ThMaE ., WOA S, DR, 25 2005, ) ICLR AL AR S BORM M RCIL
oo B DXV R A 5 R A [T, TR X B 5 R, 19
(3): 40 - 46. Ma Weigiang, Dai Youxue, Ma Yaoming. et al.
2005. Analysis on the boundary layer and spatial profile of North-
ern Tibetan Plateau area by radiosonde data [J]. Journal of Arid
Land Resources and Environment (in Chinese), 19 (3): 40 - 46.

Palmén E, Nagler K M. 1948. A analysis of the wind and tempera-
ture distribution in the free atmosphere over North America in a
case of approximately westerly flow [J]. Journal of Atmospheric
Sciences, 5 (2): 58 — 64.

Randel W J, Seidel D J, Pan L. L. 2007. Observational characteris-
tics of double tropopauses [J]. J. Geophys. Res., 112, D07309,
doi: 10. 1029/ 2006]JD007904.

Reed R J. 1955. A study of a characteristic type of upper-level fron-
togenesis [J]. J. Atmos. Sci., 12 (3): 226 - 237.

Reichler T, Dameris M, Sausen R. 2003. Determining the tropo-
pause height from gridded data [J]. Geophys. Res. Lett., 30
(20), 2042, doi: 10. 1029/ 2003GL018240.

Reiter E R, Glasser M E, Mahlman J D. 1969. The role of the trop-
opause in stratospheric-tropospheric exchange processes [ ] ]. Pure
and Applied Geophysics, 75 (1) 185 - 218.

Sastry P S N, Narasimham A L. 1966. Some characteristics of trop-
opause over India [ J]. Indian J. Meteor. Geophys., 17 (4): 567 —
572.

Seidel D J, Randel W J. 2006. Variability and trends in the global
tropopause estimated from radiosonde data [ J]. J. Geophys.
Res., 111, D21101, doi: 10. 1029/ 2006]JD007363.

Son S W, Lee S, Feldstein S B. 2007. Intraseasonal variability of
the zonal-mean extratropical tropopause height [ J]. J. Atmos.
Sci.s 64 (2): 608 - 620.

Stohl A, Bonasoni P, Cristofanelli P, et al. 2003. Stratosphere-
troposphere exchange: A review, and what we have learned from
STACCATO [J]. J. Geophys. Res., 108 (D12). 8516, doi: 10.
1029/ 2002JD002490.

Taniguchi K, Koike T. 2007. Increasing atmospheric temperature in
the upper troposphere and cumulus convection over the eastern
part of the Tibetan Plateau in the pre-monsoon season of 2004
[J]. J. Meteor. Soci. Japan, 85A; 271 - 294.

Tian W, Chipperfield M, Huang Q. 2008. Effects of the Tibetan
Plateau on total column ozone distribution [J]. Tellus B, 60 (4):

622-635.



P 34 %

94 Chinese Journal of Atmospheric Sciences

Vol. 34

FRM, Bis{. 2007, FRAIRITIL 2 (14 2245 728 1k K 5 %0 J2 T
KRR (1] KSR, 31 (5): 937-949.  Wang Minyan, Li
Daren. 2007. Preliminary analysis on seasonal variation of deep
convective clouds and its association with the tropopause in East
Asia [J]. Chinese Journal of Atmospheric Sciences (in Chinese) ,
31 (5): 937 - 949.

FETUE L XBERE . ERME, 25 2008, KA T IR 1Y
SRS (1], ZRACEER (RRRERD . 30 (2); 155 -
165. Wang Weiguo, Liu Xiaolu, Wang Haoyue, et al. 2008.
The variation character of global atmospheric heat budget at trop-
opause [ J]. Journal of Yunnan University ( Natural Sciences Edi-
tion) (in Chinese), 30 (2): 155 - 165.

FE. Bik(. 2007, FIH GPS e 500 537 5 96 S X I J2 T
Atk (1] A SRR BEE, 17, 913 - 919.  Wang Xin, Li
Daren. 2007. Using GPS occultation data for analyzing tropopause
structure variation in Tibetan Plateau [ J]. Progress in Natural
Science (in Chinese), 17: 913 -919.

WuY, XuJ, Yuan W, et al. 2006. Spectral analysis of 10-m reso-
lution temperature profiles from balloon soundings over Beijing
[J]. Annales Geophysicae, 24 (7): 1801 - 1808.

Xu X D, Zhang R H, Koike T, et al. 2008. A new integrated ob-
servational system over the Tibetan Plateau [J]. Bulletin of the
American Meteorological Society, 89 (10): 1492 - 1496, doi: 10.
1175/2008 BAMS2557. 1.

MAEIE, i 1979, G R RG [M]L deat: Beg L.
62-257. Ye Duzheng, Gao Youxi. 1979. The Meteorology of
The Qinghai-Xizang (Tibet) Plateau (in Chinese) [ M]. Beijing:
Science Press, 62 - 257.

Ye D Z, Wu G X, 1998. The role of the heat source of the Tibetan
Plateau in the general circulation [ J]. Meteorology and Atmos-
pheric Physics, 67 (1): 181 -198.

Zhan R F, LiJ P. 2008. Influence of atmospheric heat sources over
the Tibetan Plateau and the tropical western North Pacific on the
inter-decadal variations of the stratosphere-troposphere exchange
of water vapor [ J]. Science in China (Series D; Earth Sciences),
51 (8): 1179-1193.

KT, AR, BRE, SF. 2005, BrEE 1960~1999 4R — Xz
T fes BE AR AL e S AT (1], AR FFE ik, 1 (3): 106 -
110. Zhang Guangxing, Li Juan, Cui Caixia, et al. 2005.
Change trend and analysis of abrupt change for the first tropo-
pause height over Xinjiang in 1960 — 1999 [J]. Advances in Cli-
mate Change Research (in Chinese), 1 (3): 106 - 110.

ARk b, aRERRK, TR, 1989. T RIS Z IO I 5S040 R AE R
HEmEF [J]. KPR, 9 (4): 417 - 426, Zou Jinshang,
Zhang Jiangqiu, Wang Bingzhong. 1989. The characteristics of
temporal and spatial variation of tropopause over China and its
controlling factors [J]. Scientia Meteorologica Sinica (in Chi-

nese), 9 (4). 417 - 426.



