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Abstract How far will the thunderstorm numerical forecast be used routinely? To answer this question, a three-di-
mensional thunderstorm electrification and lightning model coupled with a high-resolution mesoscale model is used to
simulate a thunderstorm process occurring in Beijing. In this paper, the characteristics of spatial-temporal evolutions
of kinematics, microphysics and electrification, as well as the probable interaction between them are analyzed.

Results show that a thunderstorm can be triggered without adding an artificial perturbation cell, in which the initial
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conditions are provided by the high-resolution mesoscale model. The meteorological information from the mesoscale

model includes horizontal nonhomogenous and vertical nonhydrostatic information and intense convective instability

can accelerate the thunderstorm development violently. The simulated electrical field, cloud microphysics field and

background fields are reasonable, and the electrical structure and its spatial-temporal evolvement are more complex,

which is closer to the real character of thunderstorm. At the same time, the coupling mesoscale weather model with

the electrical and lightning model can simulate a profuse amount of reasonable cloud flashes and negative (positive)

polarity cloud-to-ground (CG) flashes, and also the temporal evolution characteristics of cloud ground flash frequen-

cy are basically near to the observations. This indicates that the model has potential in the research and forecast of

thunder weather. The case simulation reveals that the temporal evolution trends of flash frequency, the maximum

graupel mixing ratio and the maximum positive electric field intensity are very similar.

Key words  high-resolution mesoscale model, thunderstorm model, nonhomogeneous initial field. electrical struc-

ture
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Fig. 1 Distributions of initial temperature (isoline, units: K) and specific humidity (colour) of the thunderstorm model: (a) Longitude -

height cross section along 38. 64°N; (b) horizontal distribution at 1-km height

—15to 30 interval 5 —15 to 30 interval 5

Y

()
i

Height/km

116.3°E 116.5°E 116.7°E 116.1°E 116.3°E 116.5°E 116.7°E
B2 BTEREEEEES CAA. m/s) UF 38, 64°N B R % T . (a) 16 min; (b) 32 min
Fig. 2 Longitude — height cross section of simulated vertical velocity (m/s) along 38. 64°N; (a) 16 min; (b) 32 min

14 (a) 14- (b)

12 12

10 10
g gkg g ] gkg
< 8 7 s 8 1.0
56 A 5 6 08
= 5 T 0.6

E 5 E 0.4

2 1 2 0.2

0 0

116.1°E 116.3°E 116.5°E 116.7°E 116.1°E 116.3°E 116.5°E 116.7°E

14 (©) 14 (d)

12 12

10 10
£ /k g /k
< 8 = 3 g gkg
= = 0.05
2 6 3 2 6 0.04
i ‘3‘ = 0.03

4 > % 0.02

2 1 2 0.01

0 0

116.1°E 116.3°E 116.5°E 116.7°E 116.1°E 116.3°E 116.5°E 116.7°E

3 B 32 min T5 2 2 BB AA RO PR T8 T 38, 64°N I E-m R CAN: g/ke): () B (D) WK (o
s (D KE

Fig. 3 Longitude - height cross sections of simulated 32-min hydrometeors mixing ratio (g/kg ) along 38. 64°N; (a) Total hydrometeors;
(b) ice; (c) graupel; (d) hail



P

1346 Chinese Journal of Atmospheric Sciences

32 4%
Vol. 32

—1.5t0 0.9 interval 0.3

(a)

Height/km
o—
~

W,
'{mf\\n

116.1°E 116.3°E
—0.9 to 0.4 interval 0.1

116.5°E

104

Height/km

8
6
4
)
0

116.1°E 116.3°E 116.5°E

116.7°E

—0.8 t0 0.8 interval 0.2

14; !(u; A \/0\/—"_bﬁ(b)

Height/km

]

116.5°E 116.7°E

R
116.1°E

—1.4 10 0.6 interval 0.2

mLﬁwj:%%ﬁ::EN%§%M)

116.3°E

2 Ay o

12 N5 /\0 OM ]
g 108\ S¥EZ28. " Loao. ’
§ 45 =0:4-0. 2\ 0.4, (()-.D
SR\ ,V:oﬁo'w \% ——
‘5 N =0, - .
CEEENAZ \\/\_0(;{’\ ( f\b

02 =Y -04” | 0
4 \ /\o .4>'°'2r\2\—0,2
0.
2 \
2| OV | T
116.1°E 116.3°E 116.5°E 116.7°E

& 4 BUTE 3R R5 83 min HIATHREENT 38. 64°N S - A (. 107°C/m®): (a) 16 min; (b) 48 min; (¢) 61 min; (d) 83 min
Fig. 4 Longitude — height cross sections of simulated charge concentration (1079C/m®) along 38. 64°N; (a) 16 min; (b) 48 min; (c¢) 61

min; (d) 83 min

—100 to 60 interval 20

:
: \@\\/

\ M

Height/km

W A L0 O

116.1°E 116.3°E 116.5°E

116.7°E

— 120 to 80 interval 20

|\ s,
IE =t =),

80 1007 —
L — 10 100 /
—60—100—~ N
y:\o_’v,f/_j?{o\\—g—?—\__—zg,o

I=gs

116.1°E 116.3°E 1165°E  116.7°E

(=]

Height/km

S N A N >

B 5 BT 3% = 0 H e BT 38, 64 N - BE A (A7 : kV/m): (a) 16 min; (b) 48 min
Fig. 5 Longitude — height cross sections of simulated electric field intensity (kV/m) along 38. 64°N: (a) 16 min; (b) 48 min

IKUKELR T ¥+ HEoK P T s (8] 9 B R R4
FLfRT R B T EL AR % . JT IR R Z O BIETR
TR EE T (B 4b) B TE MR b B W
LT O AR =PS54, BEAUE] 55 min Ji5.
LR AR Oy B i, T IE R = AR e A
(E 40>, b2 BB IR EIE, i,
1E. T EHATEH (B 4d), k865 AR i i fif
LERGAUZ SN A S LA T Ay b A
] RESZ T R o A T A A ) R T BT 20 I 114 5
.

MEHABYRE LIE. i, FIER = REsm A
EAK (B 5b) s A B IERS LR E TS
LR EL I G, Y SR A R AR A
AR 2 ()38 B U HSR K J7 1) il g, Ry
T FL 37 P 5 RT3 BT o s [ 8 T 1 5 5 R
Ha Y AR, #HF] 24 min B, HUf KR
Yo © ik ) 80 kV/m, KEJ7 1AL M 16 min [
0. 04° ZEEEIS BE & B F] 24 min 14 0. 6° ZEEEISBE

BEE RS0 T R, BRAELE] 27 43 24 FDA
IR — BN, S IEHL A . Bl 6a Sk YCIE Hi A



6 4

BEANEAT BT 0 HER RO G AR 52 P il B R 9 B AU AT

No. 6 HUANG Liping et al. Numerical Simulation Experiments of a Thunderstorm Process Based on a . .. 1347
(a) - (b)
10— 14(\’//
8. S ~ 12 = I
AN £
§ 5‘ 2 8
EE — <D
3 4 3 6
N s
2. 4-
1 I \
ol 2
39.06°N "~ 0l —— i
39.04°N 382°N " =
39.02°N ™ o 384°N B
30.00°N " ———~{{ea3p 1644 38.6°N "~ ﬁ,/,T@;;;"/ 116.78°E
38.98°N > ° - N :
116410 11642°E 388N 16,70
F6 BHIERANNERRER: (0 EHA; (b fbN, 20 (2 LRIE O SEFEE

Fig. 6 Simulated lightning images for (a) positive cloud-to-ground (CG) flash and (b) negative CG flash. Red (blue) line: the channel of

positive (negative) leader

25

— (3]
w (=]

—_
(=]

Mixing ratio/g-kg~!

0 —~ ‘
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89

— MK

— =K — UK & —%&

.

Simulation time/min

B 7 25K R R T L B AR DL I ] 36 A ]

Fig. 7 Time evolution of the simulated maximum hydrometeor mixing ratio

(DN FELE T8 ], 3B A 434 27 min (1 HE far v BE (&
W) FTLAE S, 78 DN L b SRR, R B Ol
IEF R AL, IER AT 7. 5~11 km &
b, HMETE 1X10° C/m’ s AT 5~7. 5 km
EREAL, HME R 0. 7X 107 C/m®, 7E 7.5 km
JEAL, TE . BH A DX 38 S A BT[] ) e e R
o B e R W 5 TRV FLAE S 35 1 70 FRL A DX W 2 o
FIR B HINHEE . 25, EXSET i
HLfF X [0) T & S, & SRt Bt rp A AT B R /K Py )
(R 8 s B e A TE F A [X %, 30 3 B i) K
oA, I O TE R A B o LR,
6b J& 33 41 28 Bb & AR 1) — R S b DN A R . X R
33 min MHLETEBEY (BN FTLAAEL, N

JSTE 9.5 km R AL, [RIFENT F 1E B HL faf X 38 A4k
BRHUT . HEL 30 B B K Ry s TR B e v B AR [
5 R L IE R AR &5k, AT 9. 5~11. 5 km
FBEAL . HE S 0.5 X107 C/m’, fHLfi L T
4~9.5 km EREEAL, HUOMEHR 0.8X10¢ C/m?, fH
FEIEHLAT DX b 7 A AE— AR 55 B S et s A
LR B A IE LA X AR, 527 min (9 1E
SN NI = 7 N N A 54 = il i T I R )
Gt 2T A LN R T T . DN R Y U2
ey S SR o 1 Ly L S KT A O N Ay A I SR
Zoad— BRI KO S & 8, Bemi e T k. B
BT GO o 3K BV ) M N TE 5 Shao 451257 L
TR A V5 (SO A5 381 g DA P 30 3 235 4 2 — B0 .



P

1348 Chinese Journal of Atmospheric Sciences

32 4%
Vol. 32

WA TN F 25 R G Y .
3.3 EF=HERERELEHE

B 7 25 T REABLAY A 7K B B K o 2 Ll Bl A A
I AR ke, AT LA B, FRIE S 5 s R
KR, mIHHEALE 26 min BIAFR A 11. 53 g/kg.
I IE B IR AR 40 m/s, =T BE A 3]
13.5 km, B X —H kR, ERAARRKR
{HAE 34 min A4 iR 8 e KAE 47 m/s. = T BEAE
31 min Bk SR AME 14 km GEFT FFHS R KE
3min), HFHMABI7E, =M 30 min FF
TG > T AE A A B A K R,
T UKeh S BIT IR PRI, VKA, T 25 min A3
KAH 3. 57 g/kg. FJGHY 20 min 7247 HAH T B
P, 2 49 min BVKEERLEBARME 1. 17 g/kg, #5H

450

UKARVR FEREREA BT, (HASAE AT . HdR R vk
FETE 1.2 ~2.2 g/kg B NS MEAEBGRE BT
SWMEZHET, M 13 min FRGH G . Hm Rk
—HUB RS, T 63 min 35 f K1Y
20. 83 g/kg, HHH AU NS . 90 min
IKF) 16 g/kg Zidys FHKHEE K R H S ik
RIEAEE , TR — H DA PRy s B o ST
52 min J 85 min f3KF| 11. 34 g/kg 1 14. 53 g/kg,
ZIENE T AR E L m RN, I ad—
BTG, 76 min FHARIERAME 0. 39 g/kg,
Z e o RAEFS A e R (HASEA R,

8. 9 35l Sy UL A o O VL 7 5 B AR A HL AR
BRI AR R, TR S, R REN
il 35 min A4y, FoKIE 97 HL 37 9 B2 0 B A I [R] 2

— Positive electric field intensity
400 | - - - Negative electric field intensity

350
300 ¢

250

200 |
150 ¢

Electric field intensity/kV -m’!

100 ¢

............

o

1 4 7101316192225283134374043464952555861646770737679 828588

Simulation time/min

P 8 R H e T A AL e ] 5 A ]
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