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A Case Study of Summer Precipitation Process in the Central
Tianshan Area using Multi-radar Observation and Model

Simulation
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Abstract Measurements were conducted using a micro-rain radar, a Ka-band cloud radar and
a microwave radiometer to analyze the fine vertical structure and evolution process in an
orographic precipitation process in the middle Tianshan area. In addition, a high-resolution
simulation is made to analyze the instability and its influence on the generation of the clouds.
The observations show that the precipitation was generated due to the convergence between
the southwesterly wind flew across the mountain ridge and the northernly wind that induced
due to the thermal forcing by terrain. Because the observed convective updraft was not strong
enough, the low-level northernly flow turned to the south as it approaching the high-level
southwesterly wind, forming strong wind shear. After the precipitation occurred, the
low-level convective clouds were confined below the windshear layer, and the cloud tops
were generally flat and low, indicating the windshear layer has a significant inhibiting effect

on the convection. The model simulation suggests the influence of the wind shear on the
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development of precipitation clouds and the change of thermal instability on the northern
slope of the Central Tianshan Mountains during this precipitation is very important. The
advective transport of considerable potential temperature by upper-level southerly winds
made the upper layer above the wind shear layer more thermally unstable, and made the layer
below it more thermally stable, thus suppressing low-level convection and promoting
upper-level convection. If low-level convective updrafts were not strong enough to break
through the stable laminar junction caused by vertical wind shear, convection will be
confined below the vertical wind shear layer, preventing intense precipitation.

Keywords Central Tianshan, Multi-radar observation, Wind shear, Potential divergence
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Kl RATHAPEE AR, B 20 2 ULKICAFZ L, SR,
ARVGK B 2500km,  FE Ik BEE — My 250~350km, i FE AL FTIA 800km UL E (B
I, 2004). WRFLEM (CHIRLME oM, 1997; £ HoE%, 2008; &fERSE, 2011;
SRIEFAE, 2015), Kl SRR P E W) R E 5, HAL PG Ry (1A ) A 8 DA KL
R VUHS AL X B A R B\ 1 TEAE A3 KA LA R A HEN, FRAERIE AR FHE T N
R E IR, SRsAmERHAGEZ EED, AREZRED, \LXZ D, L2
FE M/ HRRIE. SR JE4E (2008a) FH R L L X THI NV 40 (5 A SR 1Y 40.4%, 4
S8R K & 409.1mm, b KRR XTE R A3 1 AL 3 — e B R AL A ], fH 4
FERAESP A PR K A 165.5mm, T RER KA M IX 25 K R FEF R —.

H AT 2 2380 KL B AT R R 35 5t KRS RIS 0 TP 1A 5T
(BpEtl, 2003; FEF525R4%, 2007; #Rme%, 2012; sOT4E, 20210, Hrr, #kig
& (2012) B IR uh 2 AR SLill SRk OB H PR S BT, AR KE A
HA IR R R F, FHAL 2 1 X Bk 2 AR IR AE SR Al s X, T PR o Bk &
e X, KRS EAMRMEX . B REFPMES) (20080) FI 43 B iz H Bk b7
KA TR K E AL, SRR RKAEKES MG BKES MR, UK
22 SRR A R RS TE F /KR a A AN, T B 8 3 4%« /KPR S R A R 38 22 57 ke
SE ¥ BRIGAN (2017) &5 T AT B RLRT & Sl LI K4 3 o oK 1L S 2R R K H AR AL TR H
Rty X A& R 5 X L B H R IR AR 1 B AR o8, £ R, Rl B
H I SR IR T HR & R ATRE , BRI T I X Rl . Z2RES (2013) i 23
R A IEMIM R L JbH— R E W R 4 A, H A Rl 2 R ey e
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FEL X —H T AR & R 2 B~ DA HPAIRZ B AT AR y Be K = AR e R it 1A
Fsh 1146k ZEEESE (2017) FH Weather Research and Forecasting (WRF) A5 2% Fh K
L A 38 % R AN BEAT AL, o 70 v TR o 3 2 5 A ) 5 M A T P RS AR B I 32 R
B 70 AR AL SO I 2 R ) A sa T HE BRI LR & B e m sk s R 5 IRE R
MR SR RIS &, R R RR R4 ERCAR R REKY], TR
B ZERR = Bk AR, e — S BOR R AR 2 el T 2 BB R R, ARRBER L
OB T, ML LR S, AR REIE B T T 52 2 E v XU ], Hal
HAERAS & AR = K R L, S EUE ORI AR B E ORI A . SR, ARG
TR SRR, HAFAE e BN, DL RUIARS A, Xtz
TEARIRIE T, X L B TR = RENS S B 2= RS A 45 ) X 0L B

B LA 85 B A Jie 5 R FH 22 AR o 52 % T X 2 P/ el R 47 Wy TR U0 412 A
NI RE. BRE 2 PG LI BES 3R 45 S8 4 ERAARG 4l i 8, 1 [N Ah 3 T
ZAHAS A (Shupe,2007; Wang and Sassen,2001; #5645, 2011; R2$75%%, 2015) Fl
=REKREANEE R U B A Eh 71 FR R 7T (Smith et al.,2009; Bougeault et al.,2001;
Stoelinga et al.,2003; 5K fH [E %%, 2020). 40 Simth et al. (2009) F| A N &= 111 S
B TE TSI TR WL I 45 RS Foriy M Bk AT Ge v 0 Hr 45 SRR BT ) (/K 4 o
PR B, 32 2 phaln JRUI 2 & i & 5 iT i BT . Bousquet et al. (2003) Ji i i 3EFIATL
A2 ) R TR TGS WL B 2R BRGSO R BELAR , AT 0 A 1 AN TR RUE LT ) BH ZE A0 FH
P F SE A H A B 7K 40 AT BB . Alikins etal. (2016) FIJ I Hi I AR 2 U B s Xt —
U I Ll B S AT e U e it B i B LU SRR L TR 3 1 i — M im i V) AL S
B AB RN 25 SR AR W R T Yt VAR T2 s A G o 25 ik ) B AL

2019 47 A 27 H, R th X 4b T B ZF74 78 XA T J2 B 1 00 V8 rE Al
TERRFEEFE K. TATRHMM L. Ka EREHIE, C WERRAHREEZHHEN
WEIR = B /K SR EAT T ORI, 85 & SO S T AT I T 9 B S AR AT 1 Al B
Mo ARRPEAGIRE S, FEAEAIE] R L ACSRIIR TR, BRI, BARAE LA ik
TERRAYIAR o e TR BERE, ASCHIEFE 1 b Rl K ) R AR R R i B R = A 2
FEANEER, FFE5 G v P R BB A OO 25 SR AT 0 M, 18 W /K I AR ) g AR g 4
K S RPN ARSI 25 2= K HISE I, DA 7 R WL % 2= B AR R A I Fe AL R B A,
D 2 B0 IE AT TS B (U 0 45 SR S 4%
2 BRI
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2.1 WIEHE

ARWFFEXT 2019 4 7 H 27 AR R LR AR B — IR IR AT 1 2 T8 S W IR0,
A8 AL e 2 L AR C WBOR U IE . R BB ih . Ka WBRER S HE L
FY-4A #ik DR, Hr C WBRATEIAN T LB ARG AL, TN B B AR R S v
THERFAORE S, Ka WBREBZFEA TR LA LB (A E & 1 fr
7~ AR ZENFR 1R, BRI EE 41, SR BRI R A 4 H 0 (European Centre
for Medium-Range Weather Forecasts, f&# ECMWF) FI Copernicus SZ546 % 3L R $2 L1
ERAS FEAM TR (4 #E3%A 0.2520.25°) WAL TEY Lk AT /04T .

2 AN [RIIBAS B B 3 73 )3 30 AN [ ROBE R 7, AT A B G AR R K = 1
RAETH — AT W . o, C WBRRARFERMAGBELT, FmkaH
IS [H) 9 6min, f KA EAE09 75km, BAMEAREE 9 BddE, HIRHr = B35 W)
MK SERRAE: Ka BBAE B s BB R A RHI J7 200 B b T #EAT 44, 58k
— R T 2028 Smin, HOKHHEEAE N 37.5km, 3E S T HERR K = B35 P K 2= 00,
AT LLGESN = K . EESNZRL, RGERR S NE . S EG MEKEGRE
BT TE KRR H ZE IR EE )™ B, G AR 7 9 FT DAL R A B B 7K B 1] 2 B R IR JE Y
RLIAS S, TR 7R A R FH 3 B 72 07 sUBEAT R, I TE) 73 HE0 30s, e v
J% 7 3100m. SRR KRR, 2 ik 2038 B O v 2 L B AR, AR SC LR H]
JE AR B AT T IE CRIBEPH S, 1992). TFEIEHME, HRBEKIIFEER TR
i RE Sy B 3.1 79D, T XAy R b StIX C& 1) fh 3-8 OW E
B, A BEXS 12 JR B X H) 2 B KOAR A0 5 A0 AT A Ji I R HEAT T 7T



139

140 BT 1 R LB Y S A 28 e A7 B, BRI R R C IR BOR R IS A TE I (4% 75km),
141 ARG B2 N PUE SE RN
142 Fig.1 The topography of the northern slope of Central Tianshan Mountain and the location of the
143 observation instruments, the yellow circle indicates the C-band weather radar scanning range, the red solid
144 line indicates the cloud radar scanning range
145
146 F 1WA AR = Z AR AN e
147 Table 1 Main indicators and performance of the observation instruments
E WA /P I I8 73 5 22 [ 73 B RN it
C¥BRS  5.47GHz/5.48cm 6min 150m SR T A A
KaJkBtz  35GHz/8.59mm 5min 150m ST RA T AR A
MWL 24.23GHz/1.238cm 30s 100m BRI Ak
BE. SERETE
e RS — 2min 50m,100m,250m RS, B, KT
148
149 2.2 BT R
150 AR EHE AT DL T A B K R b s SR RS A A R AR R AR, TS T KO
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B IR, 75 G G ks BERUE AR . BRI, AR e b R 1 R A R R AL
i, FERRE R E DA, EE RN K B R AR R T, AR SCRI A A R AUE
Pl WRFvA. 1.1 SRR K AR . BLr 330y 0.25° X0.25° , IF[alfalk& >y 6h i
NCEP F4Hr B EME R AT a5 AN 556 A, SR AR RS AT R, B X 85
N=E (B 2). B—)2 (do1) WK TP # 0y 9km, JK-FH% i %0y 600 X500, 7
78 IV DA 8 6 78 8 R 40 X, 2 1 DRAIE R R G IR B 7K AR mT e 7 AR R I 1 Ui
RARGHBAFEEN; FH )R (d02) XK 3km, KP4 S3Ch 511X
400, B 1WA IASMIX 2 A0, AR T OREET X . S =)E (d03) X K
SRR 1km, KPR SECN 697 X535, ALFE T HIEEEE P AR LG X, s
# v (43.00° N, 78.35° E), HEHEJj A =ZRHAXIRACKHH o bR, L4 33 2,
JZTRS KA 50hPa, 4R (a4 2019 45 7 H 26 H 14 I, #5548 36 /N .

AR CAHTI, GFZET7 R T7 EX Y = KRR (Liu et al.
2016), AAEAMEHAMSEHRENIGL T, ®E T 2 FUAEZSHNTTE (MY TT
%, BL AR, 3FMI % (Thompson /7%, Lin 7%&. WSM6 %), 364
FURMERES, BRI R TR AL BB 5N SE FAE S 3EAT T 5
CIGHIE o G LG, #f e B R L R G & S HU T R AR 2 Fios. AT
HmhJ5 %, £ 2 FraJr S ah S Re 08 B B I OR LR VS Bl RO A2 (18
AL, R LX) TR I 5 2R AN K AR AL 2 e i i 3t 5 I SR . (] A2-Ad),
AU /NS B KB 5 B A 55 R 80y 0.907, BRI, RS B AT FH 50 b vk Bk o 7
{EC AR EIDALIIN LIS
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172 terrain {m)
173 2 AL X I,
174 Fig.2 Domains for the numerical simulations used in this study
175
176 %2 BEASHKE
177 Table 2 Configuration of the model
D1 D2 D3
SZ S AN G 327 D I_l:l‘
K I'Eﬂ”;ﬁ* B 9 km. 600%500  3km,511X400  1km, 697535
HEHZH 332
M HTE Grell-Freitas 77 %
([BC/PilyaES Thompson J5 %
KR T & RRTMG %
IR AN NS RRTMG /7 %
Fifi T I AR 7 Noah J5 %
i T 07 56 Monin-Obukhov(Janjic Eta) /7 %
R TIPS MYJ 7 &
178
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3.1 REFEHN LE = BETRE
Kl 3 AT ERAS Fr BT BERHK 2019 45 7 H 26-27 H 500hPa /% 700hPa I it /i 3
Y, GO =N S &R TR P EAL & . A 3a "] L 7 H 26 H 20 i} 500hPa = /% I,
St R R AEE — MR R R, WO KB 25 X O VURE A2, o i T
VRN DU /R, DU ARE R v PR AR B K, S m R IR A . RE AR AR
A K R AL P (el , FLrh RS A, T 50N 245 7 H 27 H 14 1 (& 3c), BEEH
W R AL R R N 25 50N, S5t Rl A R 7 188 I 1) 2R A% 378 g LR W AW e e A4
fiF 80F /iy, BRI 5] S A s R NS IX , bl R A R A A
W) Ry DX SZ Al v RS s . 255 ] 3b L, 27 H 14 1N 700hPa i fE F BRI
A A TE 5 T 2R, KLl X AT 2 A P8 XS TR  Z BRI P R <
FEEH, X R TR R BRIR IR A R TR R SR A

"o e « o
RIEECE SRR RN

RN e = Lol ol SN
& =

3 ERAS5 H TRl (a) 7 A 26 H 20 i 500hPa. (b) 7 A 26 H 20 i 700hPa. (c) 7 F 27
H 14 I} 500hPa. (d) 7 A 27 H 14 It 700hPa fi3h &l (Skdk, #4i: gpm) KXz, fith
SELNRE S, L= A Ot s T e AL E
Fig.3 ERAS reanalysis data (a) 500hPa at 20:00 on 26 July, (b) 700hPa at 20:00 on 26 July, (c) 500hPa at
14:00 on 27 July, (d) 700hPa at 14:00 on 27 July geopotential height field (solid line units : gpm) and wind

field distribution, the dark read curves indicate the trough and the red triangle is the location of the station.
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FITH ], MR IR RN 2 B IATEAL B . HIE 4a v WL 7 ] 27 H 17 B 800hPa & i _F 75
RS IRAEAR B A2 L L LKA 3 N Fg R 0, bRt SR AW, S5k
I B L 11 P P b A e N b 3 2 T i A S s 1 S DU R i R L 5 1
SRIEAJE e . S 4b B BT 0L, 7 A 27 H 17 B Rl Jb3 4km B
ToARALR, T 4~6km R R EE X, AAE B ROKT R B YA, EIA R INKEAE
W1 BT RIRIFAE dkm Ao s B R AE RN AR AR e K. 1B 4c AT 4d Dy FY-4A
1E PR 4R S AR CAGRD [1id1E 2 /] We = B, HKERA 0.55~0.75um,
KN 0.65um, ZE[E 43 HFF N 500m, EEHTEE . WA, FREERN (R
%%, 2017). 1F 15:00-15:15 BF C(PEImE) Kbl kg KT = 27 5, S ARIC—7Erg
Ry MG, b 23 2 0 B AR, 3l s A7 R P A6 T [ 71 B S A v P 2 v RO A
=, W EIAYE, 5 s RBEARE AR AR . £ 17:00 £4 (B 4c. d) 3
mIFIEA BEKIE T, SR AR b2 R T BERUIC, b R AL s R i Ak Ty A E B Rk R
mER IR o E, o R R, WS R RN RS £ 17:00 A4
(B 4c. o B sUFRE KIS, IR ErmE AR, s TEEARYS), K%
ek, sTEEA—, ZIBURSHHE. soh, ERUR A E 2B YRR RHE, ®
W ki o R Ll b B2 R IR 2 RS 2 AT

5000 10 —==Sm!’
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222 WA B, L0 = A I A B
223 Fig.4 July 2019 at 17:00 (a) ERAS reanalysis data 800hPa flow field and (b)Vertical distribution of wind
224 simulated by WRF field along the east-west profile of the station, (c and d) FY-4A satellite true color at

225 16:45-17:00 and 17:00-17:15, the red line is the position of the profile and the red triangle is the position
226 of the station.
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229 3.2.1 MBS HIHRRHE

230 AR ST LI R R R 2. (] Ba) Wow, HTH R OKBHAR S R, T
231 HOFAAE IR Lyl b O T v, SRS R L X RS2 BT R B A RS TR AT LR e
232 & (BRiGZE, 2017; 3E4RSE, 2017), AR T R4, 16~17 i CEPIlE T KD
233 OCJE@mEALT 4.5km ity: FXHRERIZ (&l 5b) WoR, I [HAH G B H T T
234 EMPES, HE 4~5.5km AT B R, il ORI BE 2 A AT B v s R I T =
235 WE-TEOAN, ik EKNRE RV RIE R, MXHEE>80%; KIEEZRL (&
236 5¢0) R, MAKKRAERKEKKTELE, 16~17 BE 3km PL R KK EZ KT 6g/m3, A
237 JRiH IR KR A R R AR R A
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Fig.5 Microwave radiometer observations 27 July 2019 from 06:00 to 17:00(a) temperature (units: °C). (b)

relative humidity(units:%). (c) water vapor concentration (units: g/m’)
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Kl 6 AN 2.4 PP 51k 96 28 R 7 N 2 3 Bl 2 . HH 18] 6a v] A, 16:04 T 1A+
05 ] PAY A UL 7 i 00 A7 7 T AR /NP T X, 7 g O [ R P A 99, 6 Sy i 3
15dBz LA_F g Al ity . 28 17:03 (& 600 3 PH RS M1 A, B ik [l 30t [X T AR
WK, B BT 3 e, 5 [k 0 as ) 30dBz BA B 4541 6b FIE 6d R,
2R A BELE C BB TR Ik e U S I SR TR A AL BN A X, i B E A AL E
NEIX, B K R A I R A A7 R B 2 1K A R B )AR, R)2 iR 2 9k
)51 AT B AL IR, e A R R L A e R
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Fig.6 Reflectivity factors at (2)16:04. (c)17:03 and radial velocity at (b) 16:04. (d) 17:03 27 July

2019 ,the red dot is the C-band weather radar position and the red triangle is the Ka-band cloud radar

position, elevation angle: 2.4°

M 2019 4= 7 A 27 H 35GHz = 5 1A RHI R 45 ki e L fg e 58, TR 8
SRR, RS R, LA BRI A= R A M AR R . &
7427 H 15~22 I = Wik SR 2 EE R 1 TR R ) ARk, 1K 8
SRR T 28 T — B[] B Sz S 3 R~ BRSSP B I 1) s FE AR A, 5 T30S 2=
P B 2K R BE TGV RIS, {HL 2 2% hE B YRR A A B AN, A 3 BRI AR R A
MR m REVR K JEES . WK Ta TUE, 1E15~16 N = fFik e s B 2L P
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Fig.A3 Spatial distribution of 12-hour accumulated precipitation from 08:00 to 20:00 (a)Observe,
(b)MThompson,(c)MLin,(d)MWSM®6,(e)BThompson,(f)BLin,(g)BWMS6,and (h) Variation of hourly
precipitation with time for each model, July 27, 2019. R in b-g is the correlation coefficient between the
simulation and observation for the 36 stations. R in h is the correlation coefficient between the simulation

and observation for the 3 stations in the middle Tianshan area.
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