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Simulations of Mesoscale and Microphysical Characteristics of Cold Front
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Abstract Cold frontal precipitation case occurring during 31 Mar -1 Apr 2004 in South China is studied with CAMS
mesoscale cloud resolving model. The simulation results are verified with observational surface rainfall, satellite and
radar data. The occurring time, location, shape and orientation of simulated cloud bands and their evolution are con-
sistent with the satellite observation, The distribution of simulated radar echoes is in agreement with radar observa-
tion. The southwest — northeast band echoes mainly occurred at surface frontal line and post-frontal part. The differ-

ence of individual echoes in different parts of the cold front is great. The distribution and amount of simulated sur-
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face rainfall during the main precipitating period coincide with the observations. The mesoscale southwest — north-
east rain band moves southeasterly with cold front moving. There are four strong precipitating centers in the rain
band, whose lifetimes are beyond 3 hours, and move mostly eastward, which agrees with the moving of radar ech-
oes. The vertical motion of cold frontal clouds is deep and corresponding to the cloud area. The clouds appear in the
areas of convergence, positive vorticity in the lower level, divergence in the upper level, and higher equivalent po-
tential temperature. Near the surface front line, the updraft velocity is great, and the mass content of cloud water is
great, then the processes of ice particles riming and collection of cloud droplets by raindrops are the main microphys-
ical processes. However, in the wide rain band areas, updrafts only lie in upper layers, downdrafts are in lower lay-
ers, and there are mainly supercooled cloud water, graupels and snow crystals. Snow crystals are the main source

term for graupel growing, precipitation is mainly formed by graupels melting, cold rain process is more important.
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Fig. 8 Vertical cross sections of simulated hydrometeors mixing ratio and wind fields along lines LL (a, b), AA (¢, d), BB (e, 1), CC (g,
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k. N=TmER . B ERMK XX R AR
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T TE RGBS 0 WG S5 WY, SN B 3 Tl A 32 BERE
KA G T WAFE— SR MR KAy (B 4a), H5
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[l 8g il 8h ZVTE 4b Hh EH Zk CC 3k 5 T4
T K BE AR 04 (R 5d A0 24D . AR ]
HL BHALSEZEN S R, HaKEERMK, kS
AP AR, WA MRS RN, BRE XS
TRIEABAT VKT SR FARAE . MR LT AN S A &
KT BEX ARITRK S AR, FFASH
RI/K . AT LR I I R TRR A . oK EEY /3 A A7
HRRESR,

5 WEEAERESN

2 HOKEED) B AR B3 A2 T8 LR /K ) Hi 4 B
TR, AHASH A 5 R T AR ek 2 KA AT 4
1, BEZK A 3E HAE R T 0, 2F MR IR
KA MR T Y, B, Kk, &
A BESH R - R ELER RS, PR
H 2 BB I T Hbom B 2R B9 s (24, 33° N,
113.83°E) (faj Fx Bl) il i B Hb 17 8 28 /9 45
(24. 85°N, 113. 465°E) (f&j#f B2) (S & WLIE 4b),
Bl SARURE L B B A X B 22 A, B2 A3
REFF B TER T WFFEIX S K EEY 1) E

I3 S AR B AL 1 FE R AR RN 22 5, DA LR K
TS . T EHL AA 5 LL 38 SKEEY 73 A
KA s A, RS Bl S A0 A AT
X AT

Bl e Sk W s i B TR B R 2k, Bl S b FHs
R, PREBEX (T~13 2) ) b TR
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B2 £ 12 Z DA 2888 U, sk —0. 18
m/s, BZEH EFR, 5] 0.3 m/s, XA AR
R IRA I B2, k=13 ERREL R —2°C,
N1 I SE N =

M 9a H AT K1, Bl MM =K & & RN
0.83 g/kg, M TFEEZTFHAE 102 (7°C), H
F Bl SEEHZHRE, DR K2R, i
AR, W E—HEMERER X 16 )2 (—1370),
Bl st R W AKAR A, FK SR RKME N 1.0 g/kg,
fLF5 7 )2 (15°C), (H 3|5k b i 9 K H A
0.73 g/kg, MHIKIBORE A 8 JZikE KN 6.
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TR ARG — 2 (B 90, 3X A I %
HAH LA IE R R Hh 8 R (NCrr), 7E 6~8 )2 NCrr
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T A RO FE T A BRI TS IR s T RN Y
BAREIAE K, R K /NI S IR R D B
KETH . BFEEEPTES 10~17 )2 (T~—177C),
KA N 0.56 g/kg, M FEEZR EHEAE 13 2,
WROR R B RE BB 14 )2, B8 72X
10" kg™ o 2 KR I J KA B0 o8 B R T %
TE R K B STk B . W XA TS, St
i i K AESS 16 12, 3551 0. 065 g/kg, Bk
W BN T 21 )2 (—38°C), H4.8X10°kg ™', 1M
KR EG S AR R RA(E R 6. 7 X107 g/kg,
PFE 14 2, HREORE RO, 755 14 2R3 T
1.6X10" kg ', XJEh PR K R ER/NT
300 pm AYKRLT, R AT DR Z , (AR
RN,
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Fig. 9 Vertical profiles of hydrometeors (a, b) mixing ratio, (¢, d) number concentration and (e) updraft at 0100 UTC 1 Apr: (a, c) Bl;
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FIEEE . (H BRI KT Bl &8, S RMET DLk
0. 30 g/kg, i T 18 )2, HiZmn/KFmm
Frar i, M Bl i S e & mEam/ N T K
T, X5 B2 G, B2 K Y b BT
AN Hdg RAEAUA 0. 94 X102 g/kg, (i T mas 21
2 RO R R 20, 765 21 JRRE T 11X
10" kg ', B2 giFTiR A BOK BE /N T BL A8, AR
JAUA 200 kg, AR BL AR 1/19,
5.1 WAKREIRELCH

MAFR 1AL, FRE IR B 2 W A sl
(Acr), ™ % #lf IF = # (Cer) DL K #& 1Y fl {1k
(Mgo) , A1 E ik (Mso) FERE/N, R
Acr WL BTERFALZRAR /N, A S TR 7 AR B b 20
. M 10a A] LLE i, Bl g M i FE 2R HE K
7 RAERR XAl 7K. Cer 7255 8 JZ iR B KKy
1.8X10 °g-kg '-s ', BRINAFERIHE ., Mgr 1y
BEREHIIE 12 2, 58 1.7X10 g - kg ' -s!,
XFHIZK 3G 5 Cor BDTRRAE Y . WA 2 JZRIA

*x1

MER LR R g iR

=K, LA 2% (Sve) R0, AIHI = K Fld
S MZKIE R E R TE, PIE A& AR,

ML 10b AT LA MYy % B2 5 F9 i 15 4 DTk 5
KAy B B 2 i i Al Ak o F2 . Mgr 1 i KAE.
HEZESS 11 )2, 28] 0.95X10 % g-kg ' -s7 ', M
Cer 1R/N, A& Mgr 1 1/10, X2 a5 F7K A3 K AR
RN, TS =K E R e v X, K2 T
= FEONEMZE R, 1765 8 JZm KRS T
—0.11X10 *g-kg '-s ', XA AHIKIE B K
Y Bl G ZE R, BodmiKIgRK e E2EE
T, 3 K g TR R 9 K S B A S B R K ML A
B, B AR AL P AR K B B R L R
5.2 BRHEREm

H 3R 2 AT, IR 12 4>, i Reigy)
AR B A TR B R A K R ¥ T VR P A LA
Jf Cir 5 Cri, & & % A B AEIF Csr 5
Crs, ZTHRSE M H Acg. T i B i FE 1L Asg LI
KT ARSI R Mg, okl A B X 7 Sl A

Table 1 Source-sink terms of raindrop and its microphysical processes conversion rate

Bl (24.33°N, 113. 83°E)

B2 (24.85°N, 113, 465°E)

LT PREX 0 ke s BBURK | R0 e ke s T
Cer R R 2 7% 1.8 8 0.014 12
Megr R L7 12 0.95 11
Acr =W A3 0. 096 10 0. 0071 13
Msr ESfnY0] A 0.0013 12 5.7X10°4 12
Svr T A28 & —0. 025 1 —0.11 8

*2 BRERTIRERMESERELR

Table 2 Source terms of graupel and its microphysical processes conversion rate

Bl (24. 33°N, 113. 83°E) B2 (24. 85°N, 113. 465°E)
T M IR 5 WHE X RRAE/10 9g-kg 157! HBZ K RIAE/107 g kg™ + 57! LR

Ceg RIS GRS 1.1 13 0.33 13
Csg TRl 0.11 14 0.5 15
Csr T TS S R o & 0. 044 14 0.13 14
Crs & 5 Ve TR R R A 0. 032 13 8.3X1074 13
Cri UK 55 3 V4 G Bl R Ak B 0. 024 13 1.5X1073 14
Asg T A s 8.0X1073 15 0.13 15
Cig RS R 8.7X1073 14 1.4X107¢ 13
Crg Tl 1oL V2 W T 5.2X1073 13 2.7X10°3
Cir T VA TR 5 DK A i b Ry 5.4X1074 14 3.5X107° 14
Svg I BEARIE K —0.012 15 —0.017 13
Acg Ve Z T Y A S 0 7.4X1071 18
Mrg T P 0
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Fig. 10 Instantaneous microphysical conversion rate of (a, b) rain drops, (e, ) graupel, (g, h) snow and (i, ) ice mixing ratio and number concen-

tration of (¢, d) graupel at 0100 UTC 1 Apr: (a, c, e, g, 1) Bl; (b, d, f, h, j) B2
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Fig. 10 (Continued)
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A BRIk U 3 bRk
M 10e A[ 1, Ceg /& Bl S # i REH K
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KA H . R LS H I 2 B, 76 BTk
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ML I 2 7K 5 FR T AT B TR, gk
Tk 2 v T ) B R U0 B e ol e A 2 T K TR I A
A, AR BT, A 10f vl %0, X F B2
R Csg B ELER AR, 7R X 15 )2 Csg 1)
IRMEIEF] 0.5X10 g kg ' -s, T Ceg MK
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A, FEGE Svi BRI KRR B RE
JEiEE Als SEFEEEA T, T IR B Y
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®3 SEMERREMYEIRENE

Table 3 Source terms of snow and its microphysical processes conversion rate

Bl (24.33°N, 113.83°E)

B2 (24.85°N, 113. 465°E)

& Py X BORMH/10 Pg- kgt est HMBURK BR(H/10 Pg kg tesTt R
Ces = G A I 0.17 14 0. 31 15
Svs = R 0.016 14 0. 065 16
Cis TR UK 5.9X1073 16 0.013 16
Ais VKA 25 R Y A BhAL 4.2X1073 16 1.3X1073 16

F4 KBRHENREMYMETRELE
Table 4 Source terms of ice crystal and its microphysical processes conversion rate
Bl (24.33°N, 113.83°E) B2 (24.85°N, 113. 465°E)

VK A T Py L RRAE/10 g-kg 1 -s7! HBLUZE RRAH/10 3 g kg !+ 57! HEE R
Pvi UKERAZAL 3.6X1077 21 4. 2X1077 20
Pci KA 4.3X1075 14 9.0X1075 14
Aci Ve I 1] K Y B Sl AL 0 0
Svi UK R BEAE 0.023 14 8.5X10°3 16
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a South China rainstorm and the influence of complex topog-
6 4 an . .
Zale raphy. Acta Meteorologica Sinica ( in Chinese), 2002, 60

ASC R A T CAMS 41 24y 37 1y h
JUEE 2 4 R X MIMIS V3, 25 45 S5 {0 b T R - A 12
L TIRBURE XA 2004 43 A 31 H~4 A 1
H AR R R 2 B K i R AT T RLEL A, 232
PR 258
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WA VB AT 0 AR R T RS 2. A RN BT
AAA i Sl 3 /N AT AL . TR AR 2 1] AR
Wk Al i 47 I RS 3l 5 [ B A R B0 7 1) — B

(2) [ 2t BUAE T 2k DL R BB R e 25 R
— . EEPYREARACAPR . S L AL [u]
PR EERR . MBI ANRIFRAL I [l 5 P A 22
AR, FERE I AL Uk g 1 DI el gz R, B
PRR s s A ZUER 22 00 IXI [B1E oA B o3
A TR A RS

(3) MTHELMIT N = X, M Tz sl R,
EIRR K ERZE RIS B2 AL Xh 0.
RAEIX . LAEREE N . Rl R Z B X

() (e LR AT, b T B R A . =K
TR VIATPRL T AR AT R Al 5 2= T e = P Y
FE A R R I R VS T A R AR LA
FE, XAy, RN PR, L
THEFZA T2 SR FERAE 2K, A
AR A = TR SO K0 200 H ) fl
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Fig. 4 Simulated and observed radar CAPPI reflectivity at 3-km height at 0100 UTC 1 Apr: (a) Observed in Hong Kong (colored shading:

rainfall rate; scan radius is 300 km); (b) simulated radar reflectivity (contour interval is 10 dBZ) and surface wind fields



