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Abstract Using the data of the Second Tibetan Plateau Scientific Expedition and numerical
simulation results with five-nested domain and high resolution of 333m of WRF model, the role
of local mountain-valley wind circulation in an orographic clouds and precipitation event on
17-28, September 2019 in Nyingchi region of southeastern Tibetan Plateau is investigated. The
results show that the precipitation event was caused by a passage of westerly trough and
Nyingchi station is located at the base of westerly trough with weak unstable stratification. The
orographic clouds and precipitation event is found to have obvious three-stage variations in the
afternoon, evening and night, and the local mountain-valley wind circulation has an important
role in the variation. In the afternoon, the strong solar radiation heating forms obvious upslope
winds at first, and produces the strong upvalley winds, which are blocked and lifted in the
windward slope, and induces strong mountain waves, as well as strong convective clouds and
precipitation. In the evening, the strong longwave radiation cooling forms obvious downslope
winds and cause the convergence and lifting process of warmer air in the valley, enhancing the
formation and development of weak convection and stratiform clouds on the valley. In the
nighttime, the downslope winds reach the strongest, and downvalley winds (mountain winds) are
further enhanced, and the strong lifting causes deeper stratiform clouds.

Keywords Clouds and precipitation, Local mountain-valley circulations, Nyingchi region,

Tibetan Plateau
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Ysidts, XARZ g “PNKIE” (ARFEAESE, 2019). BFFRERW], 558w 55 4R 00

ARSI K3, TR EIRER TR BA EEZ R (H21E, &l

8, 1979; {RFEMESE, 2002, 2019). {H[FIW, 56l i i ) 20 A o A 3250 5
ARHIMIEE R, S5l RIEIE . AR A T K FE (Yao etal, 2012).

AR R B ) O ERAR SR BB 78 % ((Yeh et al. 1957; Hahn
and Manabe 1975; Luo and Yanai, 1983,1984; Yanai et al. 1992; Wu and Zhang 1998;
Duan and Wu 2005; Molnar et al. 2010; Park et al. 2013), iXSUHff 58 a7 T 5 S AdURE
{0278 NI /K (SRR 31D i N = W N 182 1 L I O N = =223 = 2 T (SR i)
H A2 B K 2 Bl Fe e b o FSE b, MR AMESZ W 2 FFE KT B3 /0
PHARIKIRSELFE (Rotunno et al., 2001; Roe, 2005; Galewsky et al., 2005; FRJik
%%, 2013; Siler et al., 2015, 2016; Veals et al, 2018). ifi HLIHLFLAS B (¥ B . 9 FE 2%
WM = MK RIS (Garvertetal, 2007; FFfik%E, 2013).

e Ji 2 AP K I R AE XK G | AR SRS AN =5 A A0 55 7 T B AT SR A
— Lo TR E RO B o Mt R, R R EE s B WR R H AR, R
ZAEAERL “HRKAE” ARG K (Fujinami and Yasunari 2002; {2z k&%, 2007; V4
5, 2010). EPHZRAFE s AR (GAME/Tibet) 1T IBWIMBF 5L R, &5
BRI RE R 2 B8 G BUTR B HH B 22 R MR (XIZRT55, 1999; B BA<E, 2002).
5 = UK R e SR A URE AR BRI 7 035 KL 7R A R M T W R i A 2R S U DT
T R A G AR B B S H AR AR AR AN, = e PR IRt B A B SR Y
MR, Iz A K EES, WREER, BEIREAD, ARk G, ¥
4K, 2016; Zhao et al. 2018; Chang 2019). —S&¥{E AT 7Tt~ T R 2=
B AT B B I A B AE. (RETJH, Bithfe, 1999; Ak tiisk, 2011 R
WI%%, 2016; JHiE4%, 2018a,b).

MELERT LA 2, 758k B 2 MR K B A — SR URs (R AL, ) 0 = AR K
AR H AR b L2 ORUEAE, (B H AR R R ANIE 2, M SCHIBT TR D .
e JEU R R BB LR AR OR, MR ARR R ok, B BRI J) s 8. i H
ANTRI R A 3 2 o 50 KA I E AN R, R BORRAEIKF 5 [l 2 AR 1 5,
SR RURHTEIT ) SR . BT EARHTE SR T, AR X3 32 i R i
WO, BABEAYSIE, AR ae R E AR A IR SErmEEE
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FA MR X SRAG 1 2 A aR S 5 dhs » 455 B v 0 e s I B s e i
REBUE AR, WF7C 48705 75 8 i 2R R PR 2 [X A2 e o F o 25 R B K Al
FLsAR s f A

2 WIEHE SBUER A B

2. 1 WL &t

AW TS UL B R B B R e e SRR S B B K Y B R
SRR . ARZ IS A AR Z S 50 (94.33° E, 29.67° N) (K 1
RO D WIS O Ka B EE, G A RS Acs—it.
Ka WEB = EHEEAUWN S BIERE . 2m XARIRS B E5EDhae, woT AR,
BT RHI 2543477 o Tl 7R IL 2 2 E Metek A7) 4E7H) MRR-2 21, 3T
AR DR PR T8 5 R R 1S 40 AT S BT . R R I 08 R 3RS KUK 2 km BLR
HIRERY R . BRIA SR 7 M EESEE R, ER ML LT RRNER
DL R ROUI . RO B OCR4E E Thies WOBITREA, AT3RAS MR K
SRR R . M, MZEEE AR HERIRASARER. WEM L EERRS
PRI

2019 AR FEE (R bk 2 IR SR I B Ay 2019 4F 8 [ 23 H-9 H 22 H o MWL,
ALkt b, AL 52 21 A B LD IS LU ™ . AR SR 9 ) 17 H-9 H 18
H 8 — R BA B e Ka SIS0 i)l #h AT BUE B LB . 5346, FY-4A
FHER R PR Z@E SRR T (AGRD WL 4[5 5 B A4 (Black
Body Temperature, TBB) ##li ([0 53 #F%K dkm) tH A THEA S5 R R BRM
O TARK AR (ERAS) S8R FH TELAI46 -
2. 2 HUERHLEG BT

BUE AR R WRF (Weather Research and Forecasting) V4.3 fit. X}
2019 49 J 17-18 [ 75 e J5E 7R R MR 2 X1 — PR o B A A DA S E B FibL
HHHATBE R T SR 5 R E (B 1), DIARZuh (29.67°N, 94.33°E)
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ZARFRAEAR B U BRI ot B AR bR, B e B R MO S IS T AR AR . B 1°x1°HY
NCEP/FNL Fo#r 5Bl uwdnts, U1 2Jy 2019 <£ 9 7 17 H 12:00-9 H 19
H 00:00 C4Mbisf(a), Pt Ates UTC+6, TE, £ 1),

P i Y 2 T B SR FH v 70 9% SRTM (Shuttle Radar Topography Mission)
1 ASTER (Advanced Space Borne Thermal Emission and Reflection Radiometer
Global Digital Elevation Model) ik}, Z3#£2° 30m. £ WRF B I & 7
FrRIE, BEEEAERbEE B KA E L S AR, AR m R AR R, XS T
=T R EAT T U = MR K R S Dy & 3. B 1 4 TR e H it
T Ja A5 SR T2 DX M i FEE 20 A1, ] 35 e k7 122 DX L S AT R 25 1
TERAE

= FLE FE R Thompson J5 % (Thompson et al., 2004), & 1 5 fhfi
VPR e, XHUKaS AR KT 7 XS AL, W% 0 A7 ek B T KR & L, i
5E TR 2 P — A M\ 2= i RO 8 1ok = 7 9 Vi e 2487288 S T ) A e A, A4 WY
TR PR T 9 T8 B OB SN S B, T HAE TR BRI AL B DT B RS T S R O A
M EAA (BRFETSE, 2019).

*1 RARESYEIELRR

Table 1 Model setup and physical process schemes

Domain 1 Domain 2 Domain3 Domain4 Domain5
W% B 27 km 9 km 3 km 1km 333m
T Rk 150%150 250x250 250x250  100x100  211x211
TEHZ 52 52 52 52 52
1T e 50 hPa 50 hpa 50 hpa 50 hpa 50 hPa
RAZHMN TSR Grell-Devenyi - - - _
WRZETT % BMJ BMJ BMJ BMJ YSuU
GiiipuN S Noah Noah Noah Noah Noah
K AR I TT R RRTM RRTM RRTM RRTM RRTM
P /LS Thompson Thompson Thompson Thompson Thompson
VWIS Eta Eta Eta Eta MM5

(SN IIES Dudhia Dudhia Dudhia Dudhia Dudhia
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Fig.1 Nested domains used in the numerical model and the distribution of terrain height (shaded).

The black dot is the location of the Nyingchi meteorological station.
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= (B 2c), PHRFERGLE— SR AR . 78 500 hPa = (B 2d), PHRG<Ii
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WRESEALE, KR R B T ke v

Fig. 2 Distributions of geopotential height (contours, units: dagpm, the thick solid line is 588
dagpm), wind field (arrows, units: m s') and 500-hPa moisture fluxes (shaded, unit: g s* m?) at
1200 LT on 17 at (a) 200 hPa, (b) 500-hPa), and at 0000 LT on 18 at (c) 200 hPa and (d) 500 hPa
in September, 2019 from the NCEP reanalysis data. The brown dot is the location of Nyingchi

station, and the brown line is the outline of the Tibetan Plateau.
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NPEIE R SR A R E (CAPE) #/1v. 600-350 hPa i+ i Z 1K, 600 hPa
LA A 350 hPa BL 3 LLEST, BRI, A2 R A 55 A e hHit iR UR 4 5%
o B 3b IRIAH AL (R ER 2R o A gt — 25 rT LAE 2, 7E 600hPa R AR 24 A7 i bl
 FESE N R NI &, RIAELERE AR @ B4R
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I I £ SR B/8e(K)
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B3 201949 H 17 H 18:00 #RZuh (a) i E (B, F&minfE (4f) B4,
(b) frif CE) FAMSAREL (4a0) 45046

Fig.3 (a) Profiles of temperature (black) and dew point temperature (green), and (b) that of
potential temperature(blue) and equivalent potential temperature(red) at Nyingchi station at 18:00

on September 17 2019

4 N FY-4A TS 2 1) Ak =2 (Black Body Temperature, TBB).
M 17T HAJEFFAE (B 3a), ARZEHL X Pa g Andbml s o0 2 B i g5 0 in ik, B
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Fig.4 Time evolution of TBB (unit: K) observed by FY-4A satellite at (a) 15:00 September 17, (b)

18:00 September 17, (c) 03:00 September 18, and (d) 14:00 September 18.
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Fig 5 Simulated (color shaded) and observed (circle with number) accumulated precipitation
amount (mm) from 13:00 on September 17 to 15:00 on September 18, 2019. The circles are the

location of stations and the numbers are the accumulated precipitation amount.
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Fig.6 Height-time distribution of radar reflectivity (dBZ) derived from (a) Ka-band radar, and (b)

WRF model from 12:00 on September 17 to 16:00 on September 18.

NHE—5 T R LB AN E B2 RO E KSR B2 A 45 A REAE, T TR
T e SRR S A AR 2 Ka I B T IR &5 SR AT 04T, S BB AR UL 45
R, B 752019 49 A 17 H 14:00 #2356 1 5 1A WL -5 H0E AP 35 T 23
AL, BT AR R P 3 km A2 A7, WL AR UL ) 2= T v JBE 4 A 1 5 3
Ifi 4-5 km 47, kR 7-8 km, TR AGHEAR L) 5.2 km, M = EL) 2.2
km, BN R 7 L R R, X5 T E R A s
TIBEE AR GR3ETE, YLAERE, 1984). B = BEY) 2-3km, BEREEY
2 km, Ui B = R o I B 2 JEREAR 2, T Ho i B s i i o m, B
P L3 v FEE BN, [0 B A RIS I S Ik S5 L 5, R B R AE T AR T AR v

12



248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

IKVBE SRR S LN GR, SR R BEE KV R, AR A T RS . B
AU = P B A A S T oW —F.

10 Cloud Radar RHI 2019091714 dBZ
40
(a)
35
8-
30
25
6 - E
=
ﬁ 20
- 4 o EEAN b s
s o . . E
R g Mg e LLBRLIL W
f”‘\""«"-‘*";“,‘“\‘ \ v\*a..‘\“ﬁw‘,‘!‘\\:} 10
2 1§ Mg YO .
R . % 1.. i “u\au <
LA b
0 T T T T T T 0
0 5 10 15 20 25 30
X/km
2019091714 dsz
0o a0

(b)

Ykm

o] 10 15 20
X/km

7 2019 £ 9 H 17 H 14:00 W A FEIAE RS R EEHHH 24, (@ Ka =ik, (b) WRF
FEAEL o BRI PR AR fa P55 S ML T 0 o

Fig. 7 Cross sections of radar reflectivity (dBZ), (a) observed by Ka-band radar and that modeled

by WRF model at 14:00 on September 17, 2019. The height in the figure is above the surface.
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