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Abstract A stratiform precipitation in Northwest China is simulated by using the PSU/NCAR mesoscale model
(MM5) with a new double-moment explicit microphysics scheme. The simulation results show that the threat score
of 24-h precipitation forecasting at the categories 0. 1 - 9. 9 mm is high while the threat scores of threshold greater
than 10 mm are low and the predicted precipitation locations have bias error compared with observation. The results
indicate that the model has certain prediction ability for stratiform precipitation. The output result of new added ra-
dar reflectivity calculation in the model agrees with the radar echo on the Range-Height Indicator (RHI) display at
Yan’an station, which has the characteristic of stratiform radar echo and 0°C isotherm bright band exists.

To explain the physical mechanism and processes of the simulated stratiform precipitation formation, a three-
layer model is proposed. The first layer contains ice crystals and has no supercooled liquid water. The second layer
contains supercooled liquid water and is the region for different ice phase particles growth. The boundary deck be-

tween the first and second layers is not fixed. Below the 0°C isotherm is the third layer which contains warm cloud
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water., The first layer precipitating ice crystals to the second layer clouds is called “seeder” zone and the second layer

supplying supercooled liquid water is called “feeder” zone, in which ice crystals can grow and multiply very rapidly.

Once the snow and graupel which produced in the second layer fall below the freezing-level, melting occurs, and pre-

cipitation is formed in the third layer. At the same time, rain water continuously grows at the cloud water droplet’s

expense for the warm cloud processes. The second layer is called “seeder” zone with respect to the third layer. The

output of the model could provide the stratiform cloud field spatial structure of three-layer model, the microphysical

values profile and the different hydrometeor particles sources analysis reveal the main precipitation formation proces-

ses and explain the precipitation formation mechanism of three-layer model at Yan’an station. The three-layer model

illustrates the entire mechanism and processes of the stratiform precipitation formation completely and comprehensively.

Key words two-moment scheme, three-layer model, microphysical process, radar reflectivity

1 5|8

BRE R EEWIFEE K &, JUHE
JBIRE = RN GRIE AT T R N TR
FEARAM XIS WEFRIATR AR 2R = B KB LY
BLA A AR RRAE TG S8 B AT 31 2 AR 22 A A8 1
1950 4, Bergeron 7EAF 5T HIE = I 2 ) 5 2 = %)
TR HAT KA B R FRELR B -2 AL X
BRI 7= LR G R4 A AT . 20 b2 70 4R4R LA
K, EWNANKTZR = AT T KB SN IR I FI AL,
W55, HAI TAEA Hobbs %™ Hl Herzegh 551 %}
H 2 B SUNE 5 F FH R 7K ) v RUBE O B A5 A48 T
RGN, T TR V4 A6 TR 00 8 B R AT 110 0 A — it
257 BURI AT AR S K% . Rutledge il Hobbs™ ™
R HE A2 ARV 2 S B 7 S B )
XL T T BUERAL . BEUL R BN, Fifh o
ML = a6 . AR TR AR, #aE
RS TR R AR HE SR N A SR R
R BB B T P 26 B e = 2R MK B 13
PIPRRRIE, B T R S R B 2R B
“RERh-HEZG” MU s AR 3 AR RE RN E TR
W 2 R R T e RS . VG A R AN SR R RS O R —
e R AR BB T TR Z R = b “fifl
— ML ST EREE AL | AR T B T R
YRR, A MMS SR TR IR A R AL
WEEIVE IR . 20 4l 80 AREAR, FREJFRAL TS
JER = N LREAKRIRIETE . R 065 3 3 R 151
OYNTEA R T TR [ 2 R R K 0 SO 25 A R AR s Tl
SUROESTE R T e NN D e () A e R S uR i)
WA AT LB, B b REEEW T REN, K
REKBORLAE S T o R rpife— B R it
INHERZE P UK a7 T Rl # b &0t =SB B

VP 1 T 8 A o o = () O 5 T T
BEARR VK A TE T V5 LR TP oA BRI IR 1G5 VKR
AT K K G i A KBS B, B B BRI
n EEAEI K (Bergeron $ F2) . 7E 11 127K 2 L AE
HH B VK it 22 T 4D Al R DK & 55 2o 8 7K Al A A
VKERTEN O°C 2t e ASE =B Bt . kAR AR e
PRRLKTE » 7K 3 K BEE S5/ o T Rl IR 2
AT LORE Z FR A 2R 2 BRI B = 2 A5,

h T R 2K IR, LT R oK
ARDL » A5 DB PG A6 M X B KR 2R = 2R L
P ERLZE ALY 5 E N B K T AL A TA . AR SR
MMS5 H IS EE 3K 2 P 37 860 P bl X
R — 2R = B K A TEUE AT T AR
PEBLIN L, A 5 — )2, FE AT IL IR B KR TR
At 220 ) fole BRI A A R 3 A AR SR E = R AR
FEIPLK R .

2 MMSHEXZMEBARBNINE

HEERHRETFIHE

TEART 7 P v ROBE X MM 3l I HESE Py
FEH A ) Reisner 2 J7 260 3L F R F WS H0 i
W, Bl — RN, %Xt
TR RN AR T35 5 LA T 4345 AR A U4 1 Eb 75 7K
AR IERE T oAb WA S8, T AR
K. WK, VKA. SRR & K R B
FeE A % T i B AR SEEL T 3.5 R
) 3.7 R FHEAF T BRI TAE R, A ITE
i (B A b 45 A SE B Tl . S T S T (M S T
NI 285 S A7 %6 Fe oA o A B A b =5 1 T 5
BRI R R TR,

L IR O Fis ) ST AT R S50 Tk R
BHTF Zu=ZLut Zit Zo+Zo CRfif: mm®/m®) 5§



2
No. 2

XS PHALH X — K2R = (K = W B EE A6 A 2 S B L (0 B AR L I 5
ZHAOQO Zhen et al. A Numerical Simulation of Cloud Physical Structure and Microphysical Processes . . . 325

Zo=10 lg(Zo+Zs+Z+Zy) (Bfii. dBZ), KiT
x RIS 33 53 A R -

n, = NoyDsexp (— D), €))

xE[r D1 UKD s (F) . g (BT No oA
B, ax MIEESE A AR, Now A 5D
Jok,
“ K%
o | KI5
Hrp, K[ K]S 2R x MUK B E . XF
M. [KIZ=IKI5,

z. = 1018J Din.dD, , 2)

18 NOrF(7 Jrar)
0 T

XF TR UKAIRL F- K &5 s VK9
[ K |7 B, AT DA R vKOR: il Ab 42 ok 1158
TIBSR, MAZIEE R,

Zo =1 3

oo 2
Zo =107 " -~ |‘; DindD,, =
1018 ‘| IIE ‘|; NOWE7(+ZX+QX) i )

Hr, Do b FIRE ER s Now A 2Rl G
M AERORL T RS HL, | K| =0. 224 | K[,

A AR RBOR B (m ) Rl &k (kg/
kg) AlA:

N, = Dol e, (5
g KIOWNO)&ESE_’_&J ’ 6

po FKEIEE (kg/m®). H (D, (5), (6) Zaka[
HEH -

50°N t—

40°N

30°N

20°N

90°E
1 9 H 17 H 08 B 500 hPa fif iy B[ 54k (B gpmy) ], IREEGLEL AL O JRIRIG: (a) 28t (b) B
Fig. 1 Geopotential height (solid line, gpm), temperature (dashed line, “C) and wind vector at 500 hPa at 0800 LLST 17 Sep: (a) Synoptic

100°E 110°E 120°E 130°E

analysis; (b) model simulation

Z. = c, )

X NX
Horp,
< 6 \VPD(7+aT+a)
i 18 _MY X X
G =0.224 X 10 <rtpw) [T +a0) ]
[F] 2
s 6 V(7 +a) T +a) (g’
Ze =10 (L) ST N

3 &=

2003 49 H 17 H, 3295 K- fll #4755 R Ah
FEL VY P BRI SR AT S e 2 Akl g, 3R
PYACHE X AR B T — A RTE B 2R = Kk R
o WFERREL 12 /N AT BEFT SR EE R T/h 3
M. 95 16~17 H, 500 hPa [& FEKW |25 S IE
PSR, 9 A 17 H 08 Bf (L. FED Pk
PRI R SR (UL 1a), 5880 i 34 m BE 4k
PUH B fE 90°E B, HERAE 27°N, Wi b 45 B b
XA P R ER A R -2 -5 R A
— KA.

RERILAZEZE (36. 6°N, 109. 5°E) Kyrfuly, ik
I IE] Ky 2003 4F 9 H 16 H 20 iF~18 H 08 B}, {4
NCEP 1° X 1° 43 5 RHME AR 1R . R AR 7.
ZHERHRETTFE . M50 30 km Fl 10 km,
XA R 2 min B FORL, )2 o ArEE
g3 32 )2, ATV AN SO A oY S A5 2 A5 A . X
— i FIRA A (Reisner 1) 3 2438 5 22 F1 Grell
X SEE T % KBNS R = Y3y
ZEM Grell XPi S 8L T 5. BRI EECR A T

50°N

40°N

30°N

20°N L.

90°E 110°E 120°E 130°E



X A B % 32 45
326 Chinese Journal of Atmospheric Sciences Vol. 32
41°N{ @) 41°N{ (b)
40°N ] 40°N ] ]
39°N1 39°N S
9
oN J oN J 19 0 {
38°N 38°N -3 Q, T
ESY
37N 37N 17 SN
10 10— R I B\
20 10, | V4 A
36°N 36°N * oo & 0o,
‘@ﬁ 2> '°1
35°N 1 35°N 1 < T /i ‘\
0y CHBEY
34°N 1 34°N w® O § é
10 <\2fl
33°N{ 33°N{ 10
19.0 10
104°E  106°E  108°E  110°E  112°E  114°E 104°E  106°E  108°E  110°E  112°E  114°E

B2 24 /NEFREOK CRLAZ: mm): () SE0L; (b) b, + RN

Fig. 2 (a) Observed and (b) simulated 24-h surface precipitation (mm). “—+” stands for Yan'an station
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Fig. 9 Model simulated profiles at Yan’an station: (a) Mixing ratios of cloud water, rain water, ice, snow and graupel at 1100 LST 17
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Fig. 10 Model simulated profiles at 1100 LST (a, ¢) and 1400 LST (b, d) on 17 Sep at Yan’an station: (a, b) Number concentration of
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