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A Numerical Study on Cloud Structure and Precipitation
Mechanism of Low-Trough Low-Vortex Weather Process over the

Liupan Mountain Area

Liangshu Gao', Zhanyu Yao'", Shuo Jia', Pei Zhang', Lin An', Zhuolin Chang?,
Jianren Sang?, Wenhui Zhao', Weijian Wang'
1 Key Laboratory for Cloud Physics of China Meteorological Administration, Chinese
Academy of Meteorological Sciences, Beijing 100081
2 Ningxia Key Laboratory of Meteorological Disaster Prevention and Reduction, Yinchuan
750002

Abstract: Liupan Mountain area is water conservation forest base in the northwestern of China,
but the drought and lack of rain restricted the agricultural and economic development of this region.
Using the Weather Research and Forecasting (WRF) model, a precipitation process occurred in
Liupan Mountain area in southern Ningxia on August 21, 2018 was simulated as the basis of further
research on artificial precipitation enhancement technology in this area. Based on observational data,
the favorable circulation situation was analyzed, the microphysical structure and precipitation
formation mechanism in the precipitation cloud system were discussed. The results show that the
weather system of this precipitation process developed in the dynamic field of aloft trough
associated with low vortex, and the low vortex was at the slower moving compared with the aloft
trough because of the blocking effect of the Liupan Mountain terrain. The vertical structure of cloud
showed a remarkable “seeding-feeding” stratified structure, but the vertical microstructure was
different in different parts of the cloud system, resulting in the difference of contribution of cold
and warm cloud processes to precipitation. Besides, the precipitation on the east windward side of
Liupan Mountain was stronger than that in the west. Rain water was produced mainly by melting of
graupel and collection of cloud water by rain. The accretion of supercooled rain was the main
process of graupel growth. Layer of cloud water on the windward slope was deep with high water
content. It promoted the process of accretion of rain by graupel in the supercooled layer, and
provided abundant cloud water for the process of coalescence growth of raindrops, which enhanced

both cold and warm cloud precipitation process. The terrain had an impact on the development of
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clouds and the formation of precipitation, where the cloud water decreased the warm cloud process
weakened with the terrain height lowering, which also affected the growth process of the graupel.
Key words: Liupan Mountain; Numerical Simulation; Microphysical Structure; Precipitation

Mechanism
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1518

E NI KBRS IR R, REZYBRE . A A A B 5, P
ZRN TN SRR = R, WEAEMNIS%LL L  Pokharel etal., 2014; )&%, 2009a;
Jingetal.,2016; Xue etal., 2016 ) [Flitt, HuJE =8N i BAA HEALTE U FAIpE A AT N T
W = 2o ANFUZ  ANFRTESRHER Y, 5 RARGHEAER, P ERE) IR,
Xz MR O A B s K0 B 2% (BFESE, 2007; KREATAE, 2010; Houze, 2012;
FAEFESE, 2018). HNZ NAE L X2 3R Pa bt e = N TG O BeoR a1, PR A
WEFS B B K = SR AT BRSBTS ) ST %0 25 R AR BRI, 6 1 N Y
M ARBE TR D

B v R BB AR QR AN T A F AN 7235, BUBARAUAE 2 PR 7K BRI 7 b R H 4 R RBR R )
P, JCIHERT LK, BN EEHIT R T REREE L. Buzzi etal. (1998) FIH]
BOLAMEA AT BU A 50 A B, 3 E of B2 FR) 8 5 4 A S 1 PR H o Curic et al. (2003)
18 = 5 i X ARPSHIE 7t Western Morava valley i 28 i JE XTI AN 2 K Jie . AL R 152,
e AER N o R R R B 7 BRI, A HBARER, BN o BN ae, (& H#hE
JEHE P, Kirshbaum etal. (2007) 3B 7E MM FOUIM AN BB, IOl N R
BERGY S, HIEE X eI 2 K RTS8 s ETHRR, iR T s MR T . Giinther
Zang (2007) A FHIMMSHE 0 P R R 2R BT 1L & F MO BET 1 8 DA =BT 5T, 45 ok
AR5 X7 B ST PR 2 45 25 v PR A R T L Jk 30 IR R 91 R i B /K PR 77 A o R R 45 (1995)
FIH AR P o REERSBEAMBG (Z4E w2 D REBT R A ASIR L X ) — IR IR -5 AH
Stz BRI AT AT, R “seeder-feeder” [ /K AL 77 7F T ASTR 1L X XAt %
KA, R JE T AR LA AR A i I R K R R BRI . (EE N, BRI AR
N EBFRKRGHRIL RO RE TR BUERIIIT T . #/ N REE (2001) fEH =4E B, Xk
AR AEI A ) — ORI R 7K R AT~ $E b T AR 2 ARURL S S TR R ASE UL, 5 SRR O F 5 T
MBEINFEEA ¢, BRERCORIT, P AR EI 0, MIME RGO R SRR, PR
() B K AN SR [l o ) DR X252 (2007a, 2007b) FIFH kit J5 A ARPSHF T AR E 1L )
WAL ZE R AR AN R, TR BRI FE A 2 A RO R R A TR A, 25 1) 2 2 B K AT L
52 B G L 28 0l AR o HARARIDLGS SR S AR 2 L AE 3 G U ) ML T 2 A L = AR Rk B
FLF I, SRIRAE AT S /MR TR AL T: s A83% 1L b of SR Y Bl F) B 5 4 [X 5

AR, (B RS A O TERE BRI (FMVAREE, 2009b; ABJCE4E, 2013). D EIFEE
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(2012) KAl R HUE AL AWRE, 0o R A 7E R LI X ) — VR R O Rt A7 st 56
R, R ol TG R IR A A R B FHE R, 5 B P IR i bk, 389 m T
IO P R S T

BH 2 A EE T AN S5 , B FU R B R = R K i FE A T —
SEMHE R o %8 75 5 SR A AR SR I, KA I R oo S 2 R e /KO R e o S A
by 1T B /K 2 OB T R Rl 2 A, B 2 i AR K ) B DT IRAR /N, (H A2 T 1) = R
Tl (UEEEE, 1999 JHESE, 2018). BFESE (2009) B FLHEALHU TR 52/ A FEME A I,
T i FE R A ) T30 R K P R e A AN B ETHEF R R, (Rt kAR T (A
B M2, (AR W B = N BRI o REREREE (20100 XFRAT LI R K IR 243
PIEREE AR TR I, B KO AR R L & AR I R 2 K, LR KL WKERR G
VA = K, H B UKARRL 7 5 /K b B R BT 28 BN, ThFf /K S8 K . FRIREE (2013)
S AL R X T 2 R K (R T FR e, 7ESSIRA A AR e KRR, HuJ% B /K 5 22 iy
B IR THE IR S e B AR A, WO 2 D1 O R B 2 T L A=A B K TR Fw
(W@ Froude B0 H WL T, BER MBI FRER, W= MBI AR S o MR SR T,
AT EE R IR R . TR (2016) A, RILHIENT & )2 5 AIK 5 0 8 2>
ARG K, AEF 38 () OB R 4 RR I TR 00 22

FNEILAL T P AL X AR R i, B H 2 AL, 2 A NS 2 103 R AL E g K Lt
A T H PGB e, DLz RE L, AR L8 T/ NREETE, 47
BSESON B, BB 1002 A H (JEEZ4105.6° E-106.7° E, 34.9° N-36.13° N),
W AR BN, PSS, FSELLRZIX IR A AR PRI RE, 2wt 3, MO E
1500-2200m G AT WE4). A GIHERAD, TREEMILX ONELD) FRKE
FE500mmbL I, 37837 1 B AR AL 100-300mm ¥ AR FEK &, X Bk T 5 Ak X S n]
Bee 7K 2 p 2 g 11 P A LI ) A R 0%, 385 LD X T 5200 1) 2 2R P R 7= A s =
IREIRAT Ko ST ANBELLHBIX 25 B 7K IR A 25 3 A R AIE LR M T e B 7K PRI SR, 45k A 48
G325 25 R FOWL AN F- 3 A GRLIF J 7 9T, (E Eb T L X3 T 00l T s A e B A i
FIARBIST, RLNEHR G Z , 2 B K A B AR AE K B AL BRI T 2

AT FERANTLX KB, A BRI XK B BRI, S A 38, 78
ZHIX TP R AN TR R A A —. (BRI H AL, X = RN TR AE L AR EA
JRE, TEEINER T . A TN TR R ROR 1A, A 0 ZEXHZH X K = R A LA
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Fa o B KB LA R b T PR S I FF FRIR N I o A SO Hh RO BB B CWRE, JEH 20184
B2 RAEAE N DX — B KRR AT W A BB AL, A S B2k, NCEPH- 704
BBk, FY-2G 1R 5l #odl DL 2 4 8 R iA Ba A e 4 R . AR bR AL b = S A S A
XA K = R TR G0 o B /KT AT L) B T o) FL AR 52
2.FEK R SIIZE

M8 H 21 H 08 i (Abatitfa], R 500hPa FEHI T LIE R, A F HlFG A —4
RN, T B P S R R RE R VU R R SRR, R, R T B A KRR S, 3%
fFRA4F. 700hPa b, FEH R P EA IR R, 72 B AL AT B s O e 3
(750nPa) KVEE RoR, 757 B M A H IR A A X AR 78 KV kAT B ) 2%
AT )T 7 5 S DO IR K ) A

50°N

50°N

a5 eV
q aoen {2

3N Tosd s

30°N

s
95°E 100°E 105°E 110°E 15°E 2 0

12018 £ 08 A 21 H 08:00 (a) 500hPa #1 (b) 700hPa B (#5Zk). REH (4
%), Wm (BEEK); (¢) 750hPa 7KRBES
Fig.1 The geopotential height and temperature at 500hPa (a), 700hPa (b) and vapor flux at 750hPa
at 08:00 BJT on 21 August, 2018

MKz =5 B2 (FY-2G) TBB (Black-Body Temperature) & (B 2) EF, 12K (&
2a) T E A ISR = A, LA EAE 750hPa AKVTEE KEX, =TGR E-30C
F|-50°C 2], ZIEGE, =FRE WE, = REG R M 7 ), #1115 1 (& 2b),
Xz BIRERAL T 7 L r A A P AR L X, = X dm e g e, R oR,  HeO iR E AR T -
50°C. 3| 18 I (B 2¢), mHRIMXFEHARILIX, EHIMN 5 BrE 78 FALTE R 1 — SRR 1)
Mt BERXF AN T BRIEEE A . 45618 3a 1 12 /N EARREK, FTLAE Hitt
PR EERAEETEMEN. T E SR AR GBI AL E b, #a X 12
NI EBEKIAS] 70mm BLE, oSEE L XK SRA, - BB R, 1 BRI R /K o T P 3,
ARAG-TU R AR PR K X (L0 5] 2¢ SR B SRt = i AL B AE [ — 3, 3RFEK XY
AT RE S I X B A K. IR EE KRR A% 500hPa AEBAEAT 700hPa % 3EFIME
TR, KSR RIR S R
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22018 £08 A 21 H FY-2G ZEK TBB (C) % (“W"REABLBIN[ R
E): (a) 12:00 ; (b) 15:00; (c) 18:00
Fig.2 Black-Body Temperature (TBB) from satellite FY-2G (units:°C) at (a) 12:00, (b) 15:00 and
(c) 18:00 on 21 August, 2018 (the symbol + indicates the location of Liupan Mountain station)

40°N

36°N —

32°N
102°E 104°E 106°E 108°E 110°E 102°E 104°E 106°E 108°E 110°E
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£ 1900 KA LS E)

Fig.3 (a) Observed, (b) simulated and (c) simulated (with lower altitude) 12-hour cumulative
rainfall (units: mm) from 08:00 to 20:00 on 21 August, 2018. The black dotted line indicates
altitude over 1900m ASL
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3. = ARBEERM
BIERERSHIRE

ASCR R ERER . WRE (V3.9.1.1 fRA, CARHE 38R 6h, F9HRA
1°x1°[¥) NCEP 53 H7 BURME A BRI UE A AL FA&AF, BT 2018 48 08 H 21 HIRAESE
P XA — G R

BUX LA (36.00° N, 106.10° E) Ay, WEN—HEHREME (K4 Fin), HEE
739924 18km. 6km. 2km, T ELJ5 7] b 73 N ASERIFER] 30 )2, KP4 5 2507351 7 100X 100,
151X 151, 217X217, BHEZEKA S4s, 18s, 6s. HEHUE A i 70 M PR BoR 2= 50 98
% CREB%, 2011): Thompson /5% Lin 7%, WSM6 /7% Morrison2 /7%, AT =
WIER 7 2R (ORI ARG , 255 ML T A6 /I R T K [ g AU 5 R, e 5 000 45 SR 34047 X L
PN L X = A FE I e = 7 % Lin 7%, AR A Lin 7%
(RIS R A B R 2R T R E : KBRS RRTM 7 %, 20482 Dudhia 77 %,
N7 S5k Kain-Fritsch (R HJESCHD) H %R Mah, 25 ZAME IER MMS
Monin-Obukhov /7%, Fifilfiid #%75 %4 Noah land-surface model /7%, 5277 %N YSU
TR, ARSCWHT R ER A i RN AE R, 10min HiH — K.

98°E 100°E 102°E 104°E 106°E 108°E 110°E 112°E 114°E

E 4 —RHEEDXE (REP%: MwEsSE; 2851 . RELUXE)

Fig.4 Three-nested simulation domains (color shadow: terrain height, red box: Liupan Mountain

area)
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SRR ATTT UG, B R ATIEAR . GBI KBRS 45 RIEA 5, HE
B R AL S P R r . 3 4h, FEBEY 3h BARPEK S SLBEK BEAT AT EE (NG, R
K NS B PEALI AL, BER RGARRE, FOKX AR T s, FKXEE &,
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IR, ARG R, BLUAT DL BHERR ORI L AN R IR (38, BEADL
3km BA B F RG] S AR A 3 5 S AR AR L CRBBMER L 3km LR XURAELL) .

X = RERS AR i B8 495 7D R, B = R385 bR R AEH
JEHWI4, 500hPa AF7E S fiAE, 700hPa £1KIR, JEBIEIIRE R.

ST E , BEAGEAHEL T O B K R B B KR B2 L P& X R GER ) 7 1) A S IR
S o FERLFERIE b, ASCIEA BN A IR, 3t — 35 0 A I AIRE AR PR K = R ) B S5 4
BRI DA% 7S 25 Ll i /2 06T o 7K ) 520

Y T T T T T T T T
102°E 104° 106°E 106°E 10°E 102°8 104 106°E 108°E 10° 102°€ 104°E 106°E 108°E

E 52018 £ 08 A 21 BEREERHFE (BAL: dBZ): MM (a) 12:00; (b) 15:00; (c)
18:00;4%#0 (d) 12:00; (e) 15:00; (f) 18:00 (LI EIFHER/NELLXIE)
Fig.5 The combined reflectivity (shaded) of observation (a) 12:00, (b) 15:00, (c) 18:00 and
simulation (d) 12:00, (e) 15:00, (f) 18:00 (red box: Liupan Mountain area)
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Fig.6 The observed (black) and simulated (red) Sounding profile of 53915 station: (a) 08:00, (b)
20:00
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5. ZBEIKRIIER LS R BEIK T AR AL
5.1 ZAMERMYIESEN

WRIEAT ST, ARRBEK FEE N T E AR X, TR AR 2km T
B AR KB (ZK. w0k Fy B WA MEKER T il = BRI 4
FFAE. 1] 8 A2 12 B A 17 Bh@ AL (35.67° N, 106.2° E) 7KE & 7K & 14 A T
K.

M 8 (a, b) AL, AFE X =k 1T B S5 2 A 1. 105.05° E R F—
ANPRIEIE, ZKXEURE, SKERE, HEEZILTPRAKS (8#E REESKRET
0.01g/kg FITIERIKED, TME A E/KEWEIC, E3biE =4 7HRRbEK, 3R R
BEKTTRRECK . AR 106.3° E LS WARTE— 8K, ZKEKER S, oREEEIR,
FENMEFTEZUT, NHERES.

f£105.2° E-105.8° E b REBONIRE, ALK OKE EEI A 1E 8-12km AL,
IRPEEILF]-40°C, HARE/KERN 0.14gkg. F. M XM T 5K @I I—80, SR EKED
FIEF) 0.19g/kg F1 0.65g/kg, T HIXIR FIAE 6km =¥, BT 4km FEHRL. =KX
IIARAE 3-8km =2, S KEXA T ZHBEX, &KEKEL 0.7g/kg, 5-8km (0°C £-15T)
ZIFIE A 2K, MK EBRIERMBEX . AT IAE 2 % /K G Z 50 A i AN ) o 8km =y
JE VAL e R OK R SRR AR IX, 0°C 2 s (Skm) BAEMIdA X, [FIRFAEAE
AR SR, HhEHEKEROERNSE, Ml&EmEKEXEL0CE, =ME
XAFETRL T /KA K. B EARAIKAH 0°C LAk A X 2 UK K IR A A T B X DARAE N
AR A 2, IEFhgE i M N I W SR (B A AEIE, 2005;
BAEHANZE ST, 201, FEUOKIREE, UK. A K RKIR A ™ A 10 DL i F2 B &
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