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Abstract An integrated vertical-slantwise convective parameterization scheme, based on the vertical Kuo-Anthes and slantwise Norde-
ng convection parameterization schemes, is presented and introduced into the MM5 model. By employing MM5 model with the pro-
posed scheme, some numerical simulations are conducted with the snowstorm event occurred over the southern China on 28 — 29 January
2008 as well as Typhoon Haitang (2005) process as the examples. The results indicate that the atmosphere was mainly convective-sta-
ble in the vertical direction in the simulation on the snowstorm event, but with a conditional symmetric instablity occurred in the lower
troposphere; and that when the area of conditional symmetric instability (CSI) developed toward the upper levels, the strong rising mo-
tion as the trigger mechanism released large amount of energy of CSI, producing more convective precipitation with the total precipitati-
on much more closer to that of the observed. In the simulation, the developing and strengthening of CSI were corresponding to changes
in the intensity of snowfall, the convergence, and the strong ascending motion of air, revealing CSI to be one of the important mecha-
nisms responsible for the initiation and growth of the snowstorm. The results from a 72-h explicit simulation on Typhoon Haitang indi-
cate that the CSI occurred mainly at the lower levels in the typhoon, with well-defined spiral structure; and that CSI tended to have a
larger impact on the intensity of typhoon than on the track. The minimum pressures at the typhoon center for 72-hour runs with the in-
tegrated vertical-slantwise convective parameterization scheme used were 3 hPa on average with the maximum of 8 hPa, lower than
those of the runs with only vertical cumulus parameterization scheme involved. The simulation results are encouraging as introducing the
influence of CSI into the model can better improve the warm core structure at the middle and upper levels of the model typhoon, with
the strong and persistent upward motion of air to cause much more convective precipitation and the latent heat released through convec-
tion in turn to make the typhoon develop further.

Key words Snowstorm, Typhoon, Conditional symmetric instability (CSID, The integrated vertical-slantwise convective pa-

rameterization scheme, Numerical simulation
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#1 MMSV3. 7R EESHEE
Table 1 The main parameters configuration in the MM5V3, 7
model as used for the simulation on the snowstorm event
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Fig. 4 Height-time changes in the stability over the heavy snow center (27.5°N,117.5°E)

(a. The inertial instability with the absolute vorticity shaded in unit: 10 °s~! and the vertical velocity by solid lines, in m/s;

b. Vi, and — s /0p. with the shaded area for Vip,<C0 in unit: PVU, and the contours for — dfs./3p

among which the areas circled by the dotted lines are for — 96./0p<C0 and those by the long dashed lines are for CSI)



168

3.3

2.7

2.1

1.5

Precipitation (mm)

0.9

0.3

00:00
28Jan
2008

06:00 12:00 18:00 00:00 UTC

29Jan

BS54 1 h SRR K G B[R] AR £
(27.5°N,117.5°E)
Fig. 5 Timporal changes in the simulated precipitation

at (27.5°N,117.5°E) in the time interval of 1 h

100

200
300 1~
400
500

600

Height (hPa)

700
800
900

1000
00:00
28Jan
2008

06:00

12:00
29Jan

—
80 90

00:00 UTC

Precipitation (mm)

Acta Meteorologica Sinica S 2010,68(2)

B R 1 h B K o A 320 8 486 L s 0 e KB K o
P4 B 20 5 e K T L R o A B ) — 3K, Rl 28 H
19 B Jy A DAHCRE 30 B 30 1 RIS v] DU ML AE 5
&L B, 400 F1 600 hPa |25 I K A7 16 4
1R R RN B 5 33X O B 5 I R R AR AL T A R Y B
WIE 23
3.5 BRAKEEMERDW

AR I A4 1 24 h BRUKR BE R K st
TRPERE K LA W & 2 0 (D Al LB W % F R K
H0 (27, 5°NL 117, 5°E) s Kuo 2 B8 840 19 KR B j¢
IK RN B K 43 3124 9 20 mm Fl 10 mm (] 7a) ,
RRBEREK G BT BFEKER 2/3 Z247,24 h X
KoK Hh O o7 B D R B K (B R 16, 2 mm, Kuo-CSI
R 56 A5 400 14 K R BE B K AN X 37 B K 43 51 15 mm

1.2 ®
1.0

0.8

0.6

0.4

0.2

0.0
00:00
28Jan
2008

06:00 12:00 18:00 00:00 UTC

29Jan

B 6 XITH(25°—29°N,116°—120°E) 1 (a) & B 3 B (5248 . m/s) Fll
AH IR BE CBHSE - %00 L B (b) [ 7K 2 14 1 Ja] 3 A8

Fig. 6 Temporal changes in (a) the vertical velocity (solid line,unit; m/s) and relative humidity

(shaded, unit: %) , and (b) the averaged precipitation over the area (25°—29°N,116° - 120°E)

F127.3 mm (& 7b) . B K DL K 8 .24 h X
Tt R K e R K R CRRUBE R K + 5 L R 7K
JUTFEA . 8 TR S 50k Jr 6 Bk =Y
5 UA) 2 38 3 % 3L A 7K 3R B R L AT L AR R 3 2 8K
b7 SEAE /N KRB i 7Kt 1 [ B 386 R T ) 3
K35 AR B K Sy FE R L Az i . X T
[ K Hr0 (26, 0°NL 114, 0°E) , 75 21 3R 56 s T 15 ) 4
[DUPESoN

“J 437 (Schultz 1999) 43 B W] 8 1A S 55 14 M
X FR AN A — Bl AS B o T AN 2 — SR 30 AL A

AR X B0 7 A o K AN AR E IR TR AR 3 AN
5o AT AT — >t AN BE T E fBURE X A AE . A
3.3 7.3, 4 W M B LERES OO X b a8 — FAL T
o R RE PR A T IAL 2 5 2 A S A O e 3L )2 AR
REVIZELMIE MG EJrisgh, (85 X Easfy
TE B BRE L TH12 Bl ] AR S 25 AR PR B OR A E 146 T
LA A8 A0 2% 1 1 0 R S A B P9 R T R T 2
T KE . IF Bl Bt i T B - R RS Rl
7 58 AT LA I B 2% 1 P 0 PR AN B E R B A
171 482 i A K T A1 T



BT 4 - T E-WURL O R — A S B T 5 A S B R R e A

40°N

36

32

28

24

20

104 108 112 116 120 124°E

— T e
5 10 15 20 25 mm

40°N
© S

36
32
28 B ‘5“‘31’]‘.1 ¢

2, wzspﬁ 10

15 ;&104?

24 ( /
20

104 108 112 116 120 124°E

169

40°N

36

32

28

24

20

104 108 112 116 120 124°E

— T E—
5 10 15 20 mm

104 108 112 116 120 124°E

B 7 2008 4E 1 28 H 00 iF—29 H 00 B 24 h #8L E A (a,b) T 4 FEH K
B T X i M B /K e (B2 200 DM (e D) SRR 1 B TH B 5 mm) (ac. Kuo i85, bod. Kuo-CSTit#)
Fig.7 The 24 h simulated cumulative resolvable scale precipitation, convective precipitation and total

precipitaion (the contours are in the interval of 5 mm) from 00:00 UTC 28 to 00:00 UTC 29 January 2008

(The shaded areas are for the resolvable scale and the solid line is for the convective precipitation

in Figs. (a) — (b), the solid line is for the total precipitation in Figs. (¢) — (d);

(a), (c) are from the Kuo experiment, (b),(d) from the Kuo-CSI experiment)
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Table 2 The main parameters configuration in MMb5V3. 7

model as used for the simulation on Haitang
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Fig. 8 The observed and simulated tracks of
Typhoon Haitang during 15— 18 July 2005
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Table 3 The simulated and observed center pressure
of Typhoon Haitang (Unit: hPa)
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6 955 954 955
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48 950 942 920
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66 945 944 935
72 949 950 950
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Fig. 9 Vertical cross sections at the south-north direction through the typhoon center
(dot line is for — d0s./dp, unit; K/Pa; the areas with the geostrophic moist potential vorticity <C0 are shaded, unit:PVU)
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Fig. 10 Temporal changes in the mean convective

precipitation over the region from the typhoon
center to 200 km with the respective Kuo-CSI
scheme and Kuo scheme used
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