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Abstract Using the 4 times daily ERA-Interim reanalysis dataset on global 1° X 1° grids for June — August from 1981 to 2016
the automatic method to identify meridionally-oriented shear lines over the Tibetan Plateau (MOSLs) is applied to determine
shear lines based on three parameters, i. e. In total 13 cases of MOSLs between 33° = 35°N are selected. Using synthetic analy-
sis technique, the structure and evolution characteristics of the MOSLs are studied. The results show that MOSLs are largely
located at the main body of the Tibetan Plateau within the scope of 80° = 100°E, extending along the east-west direction with a
quasi-horizontal distribution at 500 hPa, Its horizontal scale near 2000 km. In the vertical direction, the MOSL over the Tibet-
an Plateau can extend up to 480 hPa with a thickness of neary 2 km. The circulation background for the MOSL is characterized
two-trough and two-ridge pattern in the high-latitude region at 500 hPa, while the western Pacific subtropical high (hereafter
WPSH) and the Iran High are distributed on both sides of the Qinghai-Xizang Plateau respectively. On the dynamic field, the
extension of MOSL is consistent with the axis of positive vorticity zone at 500 hPa; there are zonally distributed positive vortici-
ty and ascending motion near the MOSL, corresponding to the non-divergence zone. Divergence and convergence zones are loca-
ted on the northern and/southern sides of MOSL, respectively. The positive vorticity zone near the MOSL can vertivally extend
to 350 hPa, and the ascending motion can reach 200 hPa. However, the shear line can only extend to about 480 hPa, sugges-
ting that it is a shallow weather system with a certain baroclinic property and a northward inclination with height. On the water
vapor and thermal fields, the MOSL corresponds to the water vapor convergence zone, and there is a high pseudo-equivalent
temperature center between 600 — 500 hPa on the southern side of MOSL. It obviously has a clear feature of high temperature
and high humidity. The evolution process of MOSL from its initial generation to strong development and then weakening takes
about 4 d. Along with the westward shift of the WPSH, the range and intensity of positive vorticity zone near the MOSL in-
crease, and the MOSL develops. With the invasion of dry cold air, the intensity of the MOSL decreases. Under certain extreme

conditions, the MOSL even disappears.
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Fig. 1

Distribution of 500 hPa wind field for the MOSL

(a. initial phase, b. mature phase, c. weakening phase; The black bold line indicates the MOSL,

and the black circle denotes the Tibetan P

lateau, the same hereafter)
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20 40 60 80 100 120 140 160°E

Bl 2 500 hPa fii % B2 3 F R BE 39 53 A6
Ca. FIIG BB o b, SRBR Y B, c. U555 W BE 5 B €4 S 2Ry g J R D) AR 2K
R AN S 2R A A H B (PR s dagpm) PR R 28 TR B (AL KO)
Fig.2 Geopotential height and temperature distributions 500 hPa
(a. initial phase, b. mature phase, c. weakening phase; the black bold line indicates
the MOSL, the black thin contour line indicates geopotential height (unit; dagpm),

the black dotted lines indicates temperature (unit; K))
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20 40 60 80 100 120 140 160°E
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Ca. FIHR BB b SR B B . c. 80555 B B 5 B (0 M S 48 g I
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Fig. 3 Geopotential height distribution at 100 hPa
(a. initial phase, b. mature phase, c. weakening phase; the black bold line indicates

the MOSL, the black thin contour lines indicate geopotential height (unit: dagpm))



G BIUAE TR UL R B G e SR D) 8 R A ) B R AT S BT 1093

40°N
35
30
25 T T T T T T
70 75 80 85 90 95 100 105°E
400
(b)
420
440
460 7
480
]
o
=
= 500
20
(&)
jam
520 —
540 —
560 —
580 —
600
30 32 34 36°N
B4 TR ) AR 2 A B 1Y 25 )3 AR 254
(a. 500 hPa, i £k J W) Ih W B » 52 26 A i e B B2 4 e 2 D ol 333 v B
PRGN FE W 3000 m LA T RS L S s b. AT 90°E 2 B D
Fig.4 Spatial evolution of the position of MOSL
(a. 500 hPa, the dotted line indicates the initial phase, the solid line indicates
the mature phase, the long-short-dashed line indicates the weakening phase,
the black circle denotes the Tibetan Plateau; b. Vertical cross section along 90°E)
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70 75 80 85 90 95 100 105°E

B 5 500 hPa i £ 43
Ca. WIIA BB o b 3B B 5 c. Il 555 B B 5 J (4L 52 28y iy JEUR U0 A8 2k L 1 52 X 9% JEE
TEAE A 1070 87 1) A BT (0,2 i 4k 3000 m DL B 77 78R JsL s 40
Fig. 5 Vorticity distribution of 500 hPa
(a. initial phase, b. mature phase, c. weakening phase; the black bold line indicates MOSL, shaded area

indicates positive vorticity (unit: 107° s™1), the orange line denotes the Tibetan Plateau)
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Kl 6 [l & 5 5 kKSR
CB R IX Ry KO- BORE R X, B 1075 s7 1)
Fig. 6 Same as Fig. 5 but for the divergence

(shaded area indicates convergence, unit; 107° s~ 1)
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Fig. 7 Same as Fig. 5, but for vertical velocity of 500 hPa

(the black bold line indicates MOSL; the black thin contour line indicates

vertical velocity (unit; 1072 Pa/s))
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Fig.8 Meridional-vertical cross sections of vorticity and vertical velocity along 90°E
(a. initial phase, b. mature phase, c. weakening phase; the black bold line indicates MOSL, the black thin contour line
indicates vertical velocity (unit; 102 Pa/s), areas shaded in red indicates positive vorticity (unit; 1075 s~ 1),
areas shaded in gray indicate the Tibetan Plateau)
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Fig. 10 Spatial pattern of temperature deviation at 500 hPa

(a. initial phase, b. mature phase, c. weakening phase; the black bold line indicates MOSL.,

the black thin contour lines indicates temperature deviation (unit: K))



1100

Acta Meteorologica Sinica

RG24 2019,77(6)

40° N
35 —
30
25
7
40° N
(
35
30
25
70
40° N
© L 528~ = 337
B2 7 7 >sgzos 3 3 > 3 s w s > 2 SO = = > s -—s—s—5-2
N> > > e T T T Z 7T T sy~ 777 — — > >
67/%s FOEN. 355&3 > b rNABB,Ba A N 356 >
N v vV LVv34O\RN»\7>ss%ss - =
35 wavaVvszqz/mm;%g
\\\‘?BNN“V\JA U v 44T e L o w348 VFFFF(/\7344 N
ARRARERS
AN R
MR
30 \1\/& N
o\, L VLV v
RN
lli&&&&&
iJ/J/LQ,NN
Ll b ﬂ548ﬂﬂ7”
25 : : L : ‘ $$¢‘71ﬂ 348 2 A 4
70 75 80 85 90 95 100 105°E
—
10 m/s
& 11 500 hPa fi Al 24 £37 I F1 X 45 Al

(a.

Ca. WIER T BE b, SRR B, c. U855 B B 5 B (0 ML S0 4 0y ey SRR D AR 2k
R AL AN 5 2R A AR 2207 R (A KO
Fig. 11

initial phase, b. mature phase, c.

Pseudo-equivalent potential temperature and wind field at 500 Pa
weakening phase; the bold line indicates MOSL,

the black thin contour lines indicate pseudo-equivalent potential temperature Cunit: K))



G BIUAE TR UL R B G e SR D) 8 R A ) B R AT S BT 1101

6.2 EFEMNEWISE

Ry 204 7 e A ) 7 2k B e AR AR B #R )
SERRRAE S R R A 22 A0 (BRE 224 47 T 1) T L) TR
KT

Tk B2 s 22 1 5 SCOA & 8 45 2 10 ol 25 i i i 1)
7S 2R A G 1) 1 3 4 X B (87°—93°ED A [] J2 Ik 1Y R
JEE XSO0 . 12 25 IR I 25 10 TR B T TR
gL WIAE B B (B 12a) , i R R D) 748 28 B 3 (32°—
35Ny 1F il 5 i 2 %5 B Al - R IR IR X, 2 B Uy I
fi i€ % 300 hPa 2245 . PR i e Ji A8 1) 28 4R & AR o
B X P o IE 33 i 2 v o0 e KA R 0.3 K A F ) 4%

100

ZREE N 33N BT . TE R B i 22 41 B e BE A AE L i
FRAE 58 % B BE (B 12b) , w8 JRURE U] A8 £k BT %) 1 T
JE A 2 DX B Dy 31°—36° N i [ A BT 3G K, ot B
KAEIL R 2 35°N BT . 5 35 5] 0.5 K., Ui BH & Ji
Tt ) 7 0 B ST 1) Wz DX 5 B AT 4 5 5 D55 B B (I
12¢) » i JEURE U] 78 28 B 3T 119 1 3 52 i 2 X 31 1] L 7
Ul /N I e IR L T R R RE R R A U R R AR R
500 hPa DLF, £E U) A8 4k B 3 34°N 3 B 97 1 2 i
2, UL A SR AU AR AU B, Do i R R 1) AR 2k
B TR IX L, LB TR X

.00 U
(@) 706)5 0

B 12 ¥ 90°E i B Mk 22 3 135 I
Ca. BIHE B B b, 3R BE B BE e D855 W BE 5 BB ML S 2k S 8 SR ) I 2%
B0 2 S (2R O TR AR 2 R - KO L BB B 7 R 5D

Fig. 12 Meridional-vertical cross sections of temperature deviation along 90°E

(a. initial phase, b. mature phase, c. weakening phase; the black bold line indicates MOSL, the black thin

contour lines indicate temperature deviation (unit: K), black shaded area indicate the Tibetan Plateau)

HT L AT DL o ey B D) AR R A TR X, IR
JBE i 26 415 Y B AR K o die KRB AR R ) A8 4 7
5 5 V9 2 IR A & Ol v IR U1 AR 26 B T B
555 » DT 5 L 5 Rk 55

P 13 45 W RO 24 it FO PR i i 90°E 4 2 1%
TE A2 0 o ABORH 25 57 3 1 3 0 A AT RS R S
A R E e JEE IR A ST, 20165 2 1A, 2018)

SRR VI AR 2R |45 400 hPa D) F B 24 437 3 B
SUEREAR T I, YU AR L B RABETRE .

R RSP A £ 1 LA B TiE 8o 3,300 hPa D b 3%
o PG K. W HE (& 13a) F1 8 5% (& 13b) By B,
600-—500 hPa = B |, 7 = J5 R B A48 28 0 e A —
AMMBAH S A7 =354 K Rl s A FROE X 1) b
iR 28 34N BT PR Ut D) A8 4R g K <) &5 5
RIAMRZATEE & 2T 150 i FRAE . 98055 B
B 130) i A€ X I g W 4 . IR &8 32°N DI .
o Do D) A 2 A VAR R R A R e — 3 4 8 F A 6
PRI R LK T — B 40 G A A G AR X T X



1102

A5 B BER AL ¥ DX ) 17 0 e AR . ol
LT L s ¥ 2 IR AR 2 ol R DR ) A i R UK
SR RN T, 347N RUAL J2 R Ar 24 07 Il 2k % 4k
DX DL s B By B i o 5 4 (RO 25 A 3l 20 T T BE

100

KM 2019.77(6)

Acta Meteorologica Sinica

S B 45 DR ABCR 24 7 38 7K P73 AR R R AT 4L
S DX T A 8 U] A R A I e A 1 % T K o AR
A RE B X HL

> 362—
200,4\/‘?3609/»

\K%’SM

7 / 7 Fd 7 35

—~ 300 —

Height (hPa

28 30 32 34 36°N 28 30

32 34 36°N 28 30 32 34 36°N

B 13 ¥y 90°E fEAH 24 3 i A1 R 3 (o X (= 100w) ) I B ]
Ca. WIHR BB b SRR Y B . c. 98055 B B 5 B (ML S o v TR D) AR 2k
B 20 A5 (LR R B 2 A0 TR CER AL < KO B 68 B 5 O 9 6 s D
Fig. 13 Meridional-vertical cross sections of Pseudo-equivalent potential temperature

and circulation (vX (—100w)) along 90°E

(a. initial phase, b. mature phase, c. weakening phase; the black dold line indicates MOSL, the black thin contour lines

indicate pseudo-equivalent potential temperature (unit; K), black shaded areas indicate the Tibetan Plateau)
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Fig. 14 Meridional-vertical cross sections of water vapor flux divergence along 90°E

(a. initial phase, b. mature phase, c. weakening phase; the black dold line indicates MOSL,

blue shaded areas indicate negative vapor flux divergence (unit; 107° g/(s + cm? « hPa)),

areas shaded in gray indicate the Tibetan Plateau)

B — 8 B RHE P I Bl i BE T e 1) B Ay

(2) 500 hPa |- b2 3K 7 4 95 4 (4 B 3 JE 35
1o DR D) AR 26 1) A R T AR mR
L2 RS N N 87 7 W it N = R e D2 S A
T 2 AR P R A AR AL . T D) AR 2k
AR S R T R R S MR A B W R L T
RPN =i Sug .

(3) 7oy Ji R 17 748 28 B 30 A T I8 BEE A L R AR 1)
AR 2 56 0] 5 1F i BT 2R AR — B0, IR T JC R L
DX B 3T o 2 B 1) OE i B Al A R % 350 hPa, Fi G
A 2 400 hPa; YIAE 2k UL FJtis sl i 3, R
M b Ttis 2 KAE X, 3 B J7 0] & b JHis gl a) fift
% 200 hPa £ 47,

(4) 7o T 1) A 28 A VA 3ok v, 8l g A
JIGER RIS [FVRRAIE o oo D R U0 A8 4 B 30 ) L 088
TR VRS R B DA S b TS Bl B DA v B B B
e WG B B 22 058 B B AR 55 . IE IR B O
FEE A o0 4 52 F 500 F 550 hPa, Ho 58 B L)
SRR Y B A AR R WA B B 2 U5 Y B AR 5

(5) ey JEUAREE 1) A 2 B R 07 F B2 X, 2 BH R Y UK
VRIL IR . DDA R U M A7 7 B DX 45 4 o 5 DX 9 B LA
SRR B B R SRR . ¥ B S A ) SR 5 Y I i R )
ARLR R T 2 K R A 23 3 BOY) AR 4R 0 2
INEEEET,

A BT W2 A B T R P) AR LR 4 4
0 3l R AE B 5 2 A R o S 4 R R ) AR
LRIIA T, AT 2% 36 BRI e i 1) A 4 A9 918y
G e i B I 3T R 7 R i AR e B B
FRC SR I 2 PRI A K A ok R o 7 g e Al A A
PIAE FE 6 T o5 D ) A8 4 5 M R E S T R R Y
i AL 1 (AR A i — B IR N 2. e, R
S50 R TR E — 251 13 A B A U A
T BT B 25 3 % T b 28 A Y g DR D) A £ 11 &
HRFIEIR T H G i — 2450

S % ik

#f K #1990, P BRI AL = R PR U LK D E = -5
. MRS 22, (4 15-19. Bao Y Z. 1990. The anal-

ysis of satellite cloud chart for medium precipitation of shear line



1104

cloud system over the Tibetan Plateau. ] Chengdu Inst Meteor,
4. 15-19 (in Chinese)

AIm, BB . /N, 20000 =4 2 5 2 B K O 5 i R
“96. 175 T A A o ROBERCE AL B R4, 19(4) : 401-
414. Deng Y P, Cheng L. S, Zhang X L. 2000. Three-phase
cloud explicitey precipitation scheme and mesoscale numerical
simulation for generated cause of the "96. 1" snowstorm. Plat-
eau Meteor, 19(4): 401-414 (in Chinese)

G, BCR . BIRYE. 2009. 2000—2007 4F B 2= ¥ 5 i SR AR iR
VAL T L H7. R4, 28(3): 549-555. He G B,
Gao W L, Tu N N. 2009. The observational analysis of shear
line and low vortex over the Tibetan Plateau in summer {rom
2000 to 2007. Plateau Meteor, 28(3): 549-555 (in Chinese)

ff e, IBE. 2011, B 0w AN R 2R B U1 AR LR i 3 ) VB R
HESR M. R 4. 30(3): 568-575. He G B, Shi R. 2011.
Studies on dynamic and thermal characteristics of different shear
lines over Tibetan Plateau in summer. Plateau Meteor, 30(3):
568-575 (in Chinese)

fa e, 2013, i RUIAE L WF T [ R R AT S 33(1) .
90-96. He G B. 2013. Review of the Plateau shear-line studies.
Plateau Mountain Meteor Res, 33(1): 90-96 (in Chinese)

AR 2002, FH RS AR JEat: g, 251pp.
Li G P. 2002. The Dynamic Meteorology Study of Tibetan
Plateau. Beijing: China Meteorological Press, 251pp (in Chi-
nese)

T L SRR, 2016, R ST A I I
AR B HG X i SRR 163 A IR S . AR A, 40(1) ¢ 131-141.
Li G P, Lu HG, Huang C H, et al. 2016. A climatology of
the surface heat source on the Tibetan Plateau in summer and
its impacts on the formation of the Tibetan Plateau vortex. Chi-
nese ] Atmos Sci, 40(1): 131-141 (in Chinese)

iy, FET. 2017, KRG E R T m UK D) A 2 1
KIE Q K EBWIAT. WIFRSE, 36(2): 317-329. LiS S,
Li G P. 2017. Diagnostic analysis based on wet Q-vector of a
shear line with rain on the east side of Qinghai-Tibetan Plateau
under the saddle pattern circulation background field. Plateau
Meteor, 36(2): 317-329 (in Chinese)

X . XTIz R, XA #AF. 2015, 6 Fiith 3% $1GE HE 5% kL7 O 175 8
JECHL X A HL AT, UG R, 35(4) : 398-404. Liu C, Liu Y
M, Liu B Q. 2015. Comparison of six sensible heat flux data-
sets over the Iranian-Tibetan Plateaus. ] Meteor Sci, 35(4):
398-404 (in Chinese)

XV BT, WPl 1987, TR R D)L B BT, R R AR
6(1): 56-64. Liu F M, Pan P S. 1987. A study on the moving
southward of shear line with quasi E-W orientation over Qing-
hai-Xizang Plateau. Plateau Meteor, 6(1): 56-64 (in Chinese)

B pugE. 1963, &= E m AR M U AL LE R 4. KR F IR
33(3): 305-319. Luo S W. 1963. Formation analysis of shear

KR 2019.77(6)

Acta Meteorologica Sinica

line over the eastern Plateau in winter. Acta Meteor Sinica, 33
(3): 305-319 (in Chinese)

T, AT, 2018, — U D) AR 2k 2 B 1 BU(E A 0L 45 I Bk 45
MIFRAE. ® A 4. 37(2): 406-419. Luo X, Li G P. 2018.
Numerical simulation and stage structure characteristics of a
plateau shear line process. Plateau Meteor, 37(2): 406-419 (in
Chinese)

BET. wAnty. 1983, FMERRKAREREM IR, L5,
(5): 2-4. Lv]J N, Huang F J. 1984. Analysis and research on
the weather scale system of Qinghai-Tibet Plateau. Meteor
Mon, (5): 2-4 (in Chinese)

TREEL. WA . 2015, 19812013 4 67 JI T HEMLIX V)AL %
WM. AR %4, 73(5): 883-894. Ma J L, Yao X P.
2015. Statistical analysis of the shear lines and torrential rains
over the Yangtze-Huaihe river region during June — July in 1981
—2013. Acta Meteor Sinica, 73(5): 883-894 (in Chinese)

ik, SRIFHE. AT, 2003, HEERERBHXEFTTERES
BB B K Bk, AR K F 244, 12(3) : 61-68. Ma L, Zhang
Q M, Zhao C N, et al. 2003. Formation and forecast of spring
snow-disaster weather in the eastern pasture-area of Qinghai-Xi-
zang Plateau. J Nat Disast, 12(3): 61-68 (in Chinese)

Fra W], . 1984, EH T 5 R 500 £ B UL L 5 K
REHF. BIHK 4%, 3(3): 50-57. Qiao Q M, Tan H Q.
1984, The structure of 500 mb shear line and large scale circula-
tion over Qingzang Plateau in summer. Plateau Meteor, 3(3):
50-57 (in Chinese)

FOR SRR AT SR BLEE 2 iR 4L, 1981, B 4F 3 9 i JiE 500 2
EARA I AR R g iF 5T, Jba. Bh2g Ak, Lhasa Battle Group
of Meteorological Sciences on the Qinghai-Tibet Plateau. 1981.
Study on 500 mb Low Vortex Shear Line of Tibet Plateau. Bei-
jing: Science Press (in Chinese)

M s . B oude, Kk, 1984, 1979 48 5—8 A i wm B AL FL %
LB B MW RS K% (7): 25, Tao S Y, Luo S W,
Zhang H C. 1984, The meteorological science experiment and
observation system of the Qinghai-Tibet Plateau in May — Au-
gust. Meteor Mon, (7): 2-5 (in Chinese)

FFL, IREDR. 2017, 5 56 5 I T ) B 46 8L B0 25 43 BT BB
EBMTIT. KL%, 75(2): 275-287. Wang Y H. Xu G Q.
2017. Preliminary analysis of the gravity wave drag on Qinghai-
Tibet Plateau and its numerical simulation. Acta Meteor Sinica,
75(2) : 275-287 (in Chinese)

SEME, BILE, B RAE. 2004, 75 58 M B 5 w0 9N B 2 A fE T
M. R ¥4, 62(5); 528-540. Wu G X, Mao ]
Y, Duan A M, et al. 2004. Recent progress in the study on the
impacts of Tibetan Plateau on Asian summer climate. Acta Me-
teor Sinica, 62(5): 528-540 (in Chinese)

TR 5. 1984, 500 22 0 I AR ER ) K UBERRAE. R4, 3
(1): 36-41. Xu G C. 1984. The climatologically synoptic char-



G BIUAE TR UL R B G e SR D) 8 R A ) B R AT S BT 1105

acteristics of the shear line on the 500 mb surface over the Qing-
hai-Xizang Plateau. Plateau Meteor, 3(1): 36-41 (in Chinese)

TREIY . Mafdtar, BASE. 2000, 55 S R AR £k 2 2 R ROEE o #r
B FCWUEHTIT. w4, 19(2): 187-197. XuJ F, Tao ] H,
Xia J P. 2000. A meso-scale analysis of Qinghai-Xizang Plateau
snow storm and its vortex source study. Plateau Meteor, 19
(2): 187-197 (in Chinese)

BEA. 1980, 35 i J5 5% W D)L £ A A B 4 . R gk, 38
(2): 142-149. Xue Z. 1980. A case study of a shear line produ-
cing heavy rainfall on Qinghai-Xizang Plateau. Acta Meteor Sin-
icas 38(2): 142-149 (in Chinese)

WEF o, FhVEEIC, BERZE. 2014, B RY LB THE. &R
K4, 33(1): 294-300. Yao X P, Sun J Y, Kang L, et al.
2014. Advances on research of shear convergence line over
Qinghai-Xizang Plateau. Plateau Meteor, 33(1): 294-300 (in
Chinese)

MEIE, B, R E. 1957, 7G5 e IR B H B 04 I 3 45 1 A
XE KA. AR, 28(2): 108-121. Ye D Z,
Luo SW, Zhu B Z. 1957. The wind structure and heat balance
in the lower troposphere over Tibetan Plateau and its surround-
ing. Acta Meteor Sinica, 28(2): 108-121 (in Chinese)

NI, R, BREZ. 1977, T 5 A R SR AR 3t IX B 7 AR O Y
. KR, 1(4): 289-299. Ye D Z, Gao Y X, Chen
Q. 1977. On some features of the summer atmospheric circula-
tion over the Tsinghai-Tibetan Plateau and its neighbourhood.
Chinese J Atmos Sci, 1(4): 289-299 (in Chinese)

MREIE, A, 1979, FORE R AR . db et Bl oE AL,
278pp. Ye D Z, Gao Y X. 1979. Meteorology of the Qinghai-
Xizang Plateau. Beijing: Science Press, 278pp (in Chinese)

ABIAE . w5 SCIR JBUE IR, 2007, 30 4F >k 52 i e AR R it U7 i R
R IR TLAFRAE AT, R4, 26(3): 466-475. Yu S H,
Gao W L, Gu Q Y. 2007. The middle-upper circulation analy-
ses of the Plateau vortex moving out of Plateau and influencing
flood in East China in recent years. Plateau Meteor, 26 (3):
466-475 (in Chinese)

HRIAE, RSO, R, 2013, T 13 4F 7 5 m J5L U AL £k gl B Hof
rpE B KSR A TS E. SRR 4, 32(6): 1627-1537. Yu S
H, Gao W L, Peng J. 2013. Statistical analysis of shear line
activity in QXP and its influence on rainfall in China in recent 13
years. Plateau Meteor, 32(6): 1527-1537 (in Chinese)

TR, ThpetE, B4 IRAE. 2016, 5P X WYk ) B IX S 5 TR
RS, BJRA 4. 35(3): 708-725. Zhang Y B, Ma X
H, Ran L K, et al. 2016. Characteristic analysis on two re-
gional rainstorms at Guanzhong in early summer. Plateau Mete-
or, 35(3): 708-725 (in Chinese)

SRMEAL, BREREG . BLSCEE. 20000 RAFEFEIA . 4 MR, L.
& MM, 368-370. Zhu Q G, Lin J R, Shou S W, et al.
2000. The Principles and Methods of Weather. 4th ed. Beijing:

China Meteorological Press, 368-370 (in Chinese)

Broccoli A J, Manabe S. 1992. The effects of orography on midlati-
tude northern hemisphere dry climates. J Climate, 5 (11);
1181-1201

Dee D P, Uppala S M, Simmons A J, et al. 2011. The ERA-interim
reanalysis: Configuration and performance of the data assimila-
tion system. Quart J Roy Meteor Soc, 137(656) : 553-597

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(7-8). 793-807

Flohn H. 1957. Large-scale aspects of the "summer monsoon" in
South and East Asia. J Meteor Soc Japan, 35A: 180-186

Li R, Min Q, Wu X, et al. 2013. Retrieving latent heating vertical
structure from cloud and precipitation profiles. Part [[ : Deep
convective and stratiform rain processes. J Quant Spectrosc Ra-
diat Transfer, 122, 47-63

Li Y D, Wang Y, Song Y, et al. 2008. Characteristics of summer
convective systems initiated over the Tibetan Plateau. Part [ .
Origin, track, development, and precipitation. J Appl Meteor
Clim, 47(10): 2679-2694

Liou K N, Chou H C. 1987. Atmospheric radiation: Progress and
prospects // Proceedings of the Beijing International Radiation
Symposium, Beijing, China, August 26 — 30, 1986. Science
Press, 699pp

Min QL, LiR, Wu X Q, et al. 2013. Retrieving latent heating ver-
tical structure from cloud and precipitation profiles. Part [ .
Warm rain processes. J Quant Spectrosc Radiat Transfer, 122
31-46

Murakami T. 1958. The sudden change of upper westerlies near the
Tibetan Plateau at the beginning of summer season. ] Meteor
Soc Japan, 36(6): 239-247

Shen R, Reiter E R, Bresch J F. 1986. Numerical simulation of the
development of vortices over the Qinghai-Xizang (Tibet) Plat-
eau. Meteor Atmos Phys, 35(1-2): 70-95

Smith E A, Shi L. 1992. Surface forcing of the infrared cooling pro-
file over the Tibetan Plateau. Part [ : Influence of relative
longwave radiative heating at high altitude. J Atmos Sci, 49
(10> . 805-822

Tanaka K, Ishikawa H. Hayashi T, et al. 2001. Surface energy
budget at Amdo on the Tibetan Plateau using GAME/Tibet
10P98 data. ] Meteor Soc Japan, 79(1B): 505-517

Tao W K, Smith E A, Adler R F. et al. 2006. Retrieval of latent
heating from TRMM measurements. Bull Amer Meteor Soc, 87
(11): 1555-1572

Ueda H, Kamahori H, Yamazaki N. 2003. Seasonal contrasting
features of heat and moisture budgets between the eastern and
western Tibetan Plateau during the GAME IOP. ] Climate, 16
(14) . 2309-2324



1106

Wu G X. 1984. The nonlinear response of the atmosphere to large-
scale mechanical and thermal forcing. J Atmos Sci, 41(16):
2456-2476

Wu G X, Liu Y M, Zhang Q, et al. 2007. The influence of mechan-
ical and thermal forcing by the Tibetan Plateau on Asian Cli-
mate. J Hydrometeorol, 8(4). 770-789

Yanai M, Li C F, Song Z S. 1992. Seasonal heating of the Tibetan
Plateau and its effects on the evolution of the Asian summer
monsoon. J Meteor Soc Japan, 70(1B) . 319-351

Ye D Z. 1981. Some characteristics of the summer circulation over

the Qinghai-Xizang (Tibet) Plateau and its neighborhood. Bull

KR 2019.77(6)

Acta Meteorologica Sinica

Amer Meteor Soc, 62(1): 14-19

Yin M T. 1949. Synoptic-aerologic study of the onset of the summer
monsoon over India and Burma. ] Meteor, 6(6): 393-400

Zhang X, Yao X P, Ma J L, et al. 2016. Climatology of transverse
shear lines related to heavy rainfall over the Tibetan Plateau
during boreal summer. ] Meteor Res, 30(6) . 915-926

Zhao Y C. 2015. A study on the heavy-rain-producing mesoscale
convective system associated with diurnal variation of radiation
and topography in the eastern slope of the western Sichuan plat-

eau. Meteor Atmos Phys, 127(2); 123-146

T OP VO YO VYUV TPV OPV OV OPVOVON YO

AP AN A AN AN A AN AR AN AR AN A AR A A AN

MAMAT 5 2020 £ E(SKFR)

(R FMOP SR FF 1925 4F, Bl P EAL R EE  PEAKLF S EDMNEEERIB¥FARM A, EEPIRE X
AR Je FL 38 OBk 52 1 2L A QBT PR 1938 305 B N A KA K TR 8l 245 19 25 D 38 5 30 W A BT B0 T B R LT ik
S48 s BIF 9T AR TR 4 S B S 28 R T B 308 5 1 55 KR % 2 PP A DL SO AR TR SCRY 2 AR THR 55

CRB A SCRT 2003 451 2005 45 72 2 T U 5 3 b e A B R BT I8 0 B 38 AT R I 38 0 VB8 SRR R IR E
Tl B 2 AR )72 52013 4R R F ] R BT 2 300 ) 3 44 42 752013 ,2015 ., 2017 48 A [ 58387 8 R F B R SR AR T s
2007—2011 4E 1 20152017 4F 345 rf [ Rl 2 5 AR B2k SRS 01 T T8 H 1% B, 2008.2011.,2014 2017 4545 B “ o
H i BHE T 52003-—2007,2009 2016 4 4 i R 2 H R (5 S AFTE BT E g | Fp [ 2N A 2 R BT 52012,2013,2014, 2015
AR ARV v ] S L [ R S W 2 AR ) 5 2016.,2017 ,2018 4F K o [ [ B 448 F 2 AR )

(RRFW A RABFEF R T RN G — EBU) FHEd) b B KRR Sl 0 5 M B o5 i & R 55 b
EHAZIA RN EEFEEXN R TENNEIR G O A IR RS = ) S AR A =R RE A
e AL A

CRG 2RO T SUR N WA F L B A & AT

2020 474 4R 4L 6 1, Ay 240 JT/4F

R & A5 . 2-368 (P9 BM329 ([ B)

WM HE : b TR R B KT 46 5 EAR R E SRR F IR HE
Mg 3B 25 A - 100081

1Bt Z H i 010-68406942, 68408571 (f& 1)

i i : cmsgxxb@263. net; qxxb@cms1924. org

WIF| £ 7T http: / www. cmsjournal. net/qxxb_cn

TFPARAT . AU R AT A A AR AT

J % TEARYS

3 2. 11001028600059261046



