61 2 Vol 61,No.2
2003 4 ACTA METEOROLOGICA SINICA April 2003

N

( 10008 1 ,610071)
BEOLE N
( , 100081) ( , , )
MMS5 2001 8 4 s
3
1 [12~ 16]
[1.2]
[3.4]
[ 17~ 20]
Betts- Miller, Aneth-Kuo, Arakawa Schu s
bert, FritshChappell, Kain Fritsch, Grell
[5~ 10]
R s Stensrud 121!
MCS (i
:2002 11 11

12002 7 22
: (40175028)



61

T 106L 19

204
Cressman ,
(T 106 ) ,
, 2000
, - MM5V3
MMS5
, Dudhia
[23]. An
s thes-Kuo Ll R Grell l9J;
Hong-Pan 24, Dud-
hia (51
2
3.2
, 2001
8 4 (22 . 8.5 Anthe Kuo
8.18 8.24 -0l
8.29 4 (1 M> 3.0
'8 5~6 10 "ke/(m® 8); (2)
294 mm, ( 0.3) ,
1949 ;8 18~ 19 , )
2001 . Nu( ) Nw( )
;8 24~ 25 V()
. ;8 29~ Betts M iller( BM) [7.8
30 9 b 9 2
, 460~ 933
mm
3 2
3.1
MM5 3.4 Grell 16.9] Arakawa Schubert
3] s Arakaws- Schu-
) bert Grell R
, 54 18 km, 23 ( ,
)7 4 5 B B



205

136 169,

Kain-Fritsch
(1980),

4.1

95 E, 45 km,

[10,25] Fritsch- Chappell

?

?

, 169
8

12:00Z 28
4 48 h

( CAPE)

B

)

4.2

B

12: 00Z,

80 70 80 90100110120 130 140

18 km, 169

4 )
5 12:00Z, 17 12:00Z,23
48 h 2

Kain Fritsch
8.5

150 180

2o 30 20 50
e - £ 3y N X .
6 NE -~ &4 g Vi ok S N IS SE o k\ \ .
,.»/ = yd V4 /4 H H i LY Y \ ‘\\ >
e e N 5 P, H h H y 5 s N T
< e P / i { 3 kY ey
S o e d H | i 5 " . o
\x"/ A P Ao { : L (I >
Yy V4 ' I e SEIEELES G v \ AN
o . # ; { i b \ N,
40 ‘ e /’ 4 R i 3 N 40
& , VS S I D N4 WS T
p A i { \ N
# R SUN ! i . S\
p: ~-. “7( s o H -_I
e F; i 1 ,
30 P X 4 i 3 _ 3o
LAy e Lo I T T i
= T A [REEeRELS N | S 3
o 7 i i ; D J
20 S — . T s R | RS - K \\ _H=o
= / : : | q e
ST / 3 % -
L iee. 0" S By " g, S 5
/ ) FR S .. T
1e i 7 H i 1 . \\ 410
oS i ' k) SN
4 T £ ] i i 1 A 5
[y ST 4 i H 3 e @
iy R i ! W 5\
o 80 ) 100 110 120" E
1 MMS5
( 54 km; 18 km)
X ont s X exp

EC(x exp X cont) sz
(1

Sy =
dA
EC

X ana

, EC

Sx _nor

EC(x &p— xmnt)sz
(2)

Sx, nor =

2
E(J(x aa— Xeont) dA



206

61

BN

110 112 114 116 118 120 122 124 125°E 00 102 104 106 108 110 112 114 116 118 120°E
R S B —— g oS i
10 25 S0 100 150

le)

20 SN e

19 X a :0. L
18 o> 7/ /
17 i/ 0H 3

iln 112 114 il6 118 120 122 124 125°E 106 108 110 12 114 L6 118 120 121°E
10 15 50 100 150 25 50 100 200 300 400

2 4 48 h ( ) ( )
(a8 4 12 ~6 12 ,b.8 17 12 ~19 12 ,c8
23 12 ~25 12 ,d.8 28 12 ~30 12 :mm)

1
( Dudhia ) (HongPan) ( Dudhia)

on Grell on on
1 on of f on on
2 on Grell off on
3 on Grell on of f
4 on Anthes Kuo on on Kuo
5 on Kair Fritsch on on Kair Fritsch
6 on Betts M il er on on Betts M dler
7 Grell on on

: on , off



2 : 207

4.3 (0Q) (H) (A) (D)
(R),200,500 850 hPa ()9 s 1~ 7
(U), (V) (w) (T) 2 4 48 h
2 4 48 h
R U v w T
(mm) (hPa) 200 500 850 200 500 850 200 500 850 200 500 850
1 45.5 0.39 0.33 0.53 0.42 0.49 0.36 117 3.33 2.48 0.28 034 0.26
2 36.2 0.86 0.63 2.53 0.75 1.19 1.49 0.60 0.89 1.57 0.72 280 3.36
3 28.0 0.72  0.52 1.02 0.47 0.70 0.53 0.61 0.78 L.11 0.52 090 1.09
4 23.2 0.25 0.19 0.19 0.23 0.27 0.12 0.45 0.87 104 0.11 024 0.08
5 28.1 0.41 0.34 0.47 0.34 0.32 0.30 0.92 0.94 1.26 0.57 037 0.26
6 61.8 0.26 0.15 0.61 0.30 0.22 0.31 0.63 0.64 L18 0.21 017 0.57
7 11.2 0.28 0.24 0.57 0.28 0.30 0.37 0.82 L1l L73 0.13 020 0.6l
Q H A D
200 500 850 200 500 850 200 500 850 200 500 850 200 500 850
1 0.38 0.53 0.52 0.02 0.05 0.03 1.8 1.76 2.06 165 161 1.68 1.34 144 1.46
2 0.44 0.8 1.54 0.34 0.28 1.60 1.22 1.26 1.53 1.26 1.47 1.61 1.62 1.30 2.07
3 0.48 0.69 0.8 0.06 0.08 0.11 123 1.13 1..06 121 115 1.0l 1.09 103 1.07
4 0.15 0.24 0.15 0.05 0.02 0.02 0.89 105 0.96 0.8 0.96 0.85 0.71 079 0.73
5 0.61 0.47 0.50 0.02 0.10 0.03 1.68 0.99 1.27 1.28 0.94 1.10 1.19 0.84 1.04
6 0.71 0.54 0.45 0.05 0.06 0.10 1.40 0.74 L.15 0.96 0.73 1.01 101 056 1.10
7 0.29 0.42 0.46 0.03 0.03 0.06 138 1.00 1.57 1.20 0.99 1.35 1.02 092 147
A , D , ; 1.00
9 , W,
) 1, T )
, 8.18 2 48 .
h 2 3 , 1~ 3
1~ 3 , , 850
s hPa 1. 00
, 0. 11, 1 ,
45.5,36.2,28.0 1~ 3 0. 05 " "
s
) )
s u,v,T,Q ,
1. 00,
1. 00 , 1 s
, 500 hPa
3.30, 850 hPa 4~ 17 , 7
2. 06, 11.2, 4~ 6 20,
6 61.8,

2 U V,W,T,Q.H 4



208 61
~7 , , 4 ,
1. 00, Kuo Betts M iller Kain-Fritsch
u,v,T,0,H 0.20~ 0. 50, ,
, 3 500 hPa
Betts-M iller s
, 61. 8, (1) 4 ,
Betts-Miller 8.29 , 0. 16, 3
Anthes Kuo Kain-Fritsch , Betts-Miller 0.03 )
, (2) 8.18 uv,w,T,Q
3 , 8. 24 8. 29
4 ;
3
3 3 48 h 500 hPa
R U Vv w T Q H A D
8.5 27.0 0.25 0.27 0.92 0.23 0.55 0.03 0. 86 0. 86 0.77
8.18 30.0 0.15 0.24 0. 67 0.16 0.34 0. 04 1. 06 0.90 0. 60
8.24 35.3 0. 30 0.26 1.08 0.29 0.43 0. 04 0. 82 0.91 0.92
8.29 55.3 0.35 0.42 1.05 0.39 0. 60 0.16 1. 06 0.96 0.92
2
5
, 8.18 10 %
~ 20 % ( ), 8.18 8.5 2001
8. 29 , 1949
) , 5 6 ,
50 mm/h, 24 h 250 mm
3
, , 8.5 ,
) 4 , 30
, N, 117 E, 54 km, 101
, 101, 18 km, 103 103
, Grell, Kuo, Kain-Fritsch Betts-
, M iller )
, 8 5 00 5 4 24 h
) ,4



4

2 209
33°N
32.5 1
32.0 1 Vs 5
31.5 0 20510
31.0 5@0\, <5 4250
30.5 1
30.0 1
29.5 1
29.0 A
28.5
28.0
118 118.5 119 119.5 120 120.5 121 121.5 122 122.5 123°E
38 5 08 ~6 08 ( )24 h
( : mm)
20 100 110 120 130 140 160°E
Illll”lllliv.llllllrl'rlll\ %‘IHI’\}”J*TI””;
i A g 40°N
30 g g 30
E ¢
20 ; L@A’/O . g 20
10 ‘gﬂﬁ% \,-E 10
s 8
;_! Illlf'{k\kﬁ.ljlmlllllIIllVIIIIIII||lll||llI|ll|||lll
100 110 120 130 140°E
4 8.5 MMS5
( )
Betts-M iller , hPa (T)
, Grell " ,3
( ) " , T, U,V 12 h
s , 12h , 12h
, ,  Betts-Miller U
51 10 5 24 h

Grell

6

Kuo, Kain-Fritsch
500 hPa

Betts- Miller
(U, V)

850

: 12h



210

61

Kuo

hPa

5.2

9.0
28.5

8.0

)s
36 h

U,

1K

(a)
I°E
]'l (c)
18 119 120 121 122 I23°E
5 4
(a Betts— Miller , b. Grell
d. Anthes— Kuo ;
200 hPa U, V
3 10,
50
|2 12 h, 3 850 hPa
3~ 6 K, 500 hPa 1~ 2 K, 200

Betts- M iller

33.0°N -
\ (b)
32.5 S
\
32.0
—
31.5 ‘
o /r.\_/" - <
30.5 o < O 7
T
30.0 D CC):;? ““—j
29.5 f."
-
29.0 -
/
28.0 D) PP
118 119 120 121 12 123'E
33.0°N .

()

24 h ( mm)
, c. Kain— Fritsch N
50 mm s
100 mm )
Grell s u,v
" T
7 925 hPa
v, T
, 1~ 12h




211

30

27

24

21

15

Ulm,/s)

12

(a)

W(m/s)

30

w8

12

18

27

24

21

18

TK)

15

30

(b)
27

241 ¢
21
18
15

121 -

Be6 20014 8H 5~7H Kuo(o o),
Kain-Fritsch(+——+ ) ,Betts-Miller( + — + Y F R 5
Grell ¥ R (&I TR )# 500 hPa 31 1 H(U, VYA

850 hPa A FH (T AR XA F B X T
(a. U{m/s),b. V{(m/s),c. T{(K))

— ot

0.9] s o ®

——orm_t

0.8

Ta) ;

7 Betts Miller

Grell

0.2

925 hPa (a), (b)

0.4, 0.7
0. 4( 7h) :



61

212
12 h s 8 9 Kuo Grell
. " 2 h 28 h 500 hPa
24 h u, Vv 700h hPa T
s s 2 h, u, v, T
0.2 . , )
, u,v,T 28
s h, 120~ 123 E )
u,v,T ,U v, T
" 925 hPa " " 30~ 33 N
( ) Kuo Kain-Fritsch , u v, T
Betts M iller s
. < 35°N
N DNRE \
34 Joo34
33 33
32 32
BEANY MLESY
30 30
29 29
28 28
27 27
26 26
25 25
115 116 117 118 119 120 121 122 123 124 125°E 115 116 117 118 119 120 121 122 123 124 125°E
35°N Q)}%ﬂ/\)/
34 " ((
33
32 B8 Kuo i BH5HHHM(Grell FR)EHS 2 h Y
31 KRR K BBE32(a), 500 hPa i) U,V BIEZH
(b), 700 hPa B4 T B2 (c)
30
29 [
28 \
27 l
26
K
e

5
115 116 117 118 119 120 121 122 123 124 125°E



2 : 213

35°N

34
33
32
3
2 B9 [FE 8, et 28 h

29

28

27

26

115 116 117 118 119 120 121 122 123 124 125°E

25

5.3 , Kuo , Grell
, Kain-Fritsch  Betts- Miller
10 11 4 10 11 ,
24 h )

, Betts-Miller Kuo )
300 hPa, Kain Fritsch
500 hPa, Grell
Betts-Miller ,
30~ 31 N, Kuo 3
,  Grell



# B (hPa)

# BE(hPa)




215

Hi B (hPa)

o E(hPa)

1000

MM5V3

3.0

100

200

300 1

400 1

500

600

700

800

32

Anthes Kuo

1007 kg/(m?” s)

31

11

=0.3

32

( =(P-P)/(Ps— P), MM5
) Grell, Kair Fritsch
Arakawa Schubert , Grell
150 hPa,
Betts- Miller



216 61

[ o S

, (2) 8.5
12 h
, ,12~ 18h
U,
) v, T , u, Vv
. , , T 12 h
(3)
2001 4 , 3 .

(1) ; )

(4)
, , 2~ 3d ,

, 1980. 225pp
, 1998. 505pp
s B . .o . ().

, s .MM5 CRAY-C92 , 1999, 10(2): 129~ 140
Grell G A, Duclhia J, Stauffer D R. A Description of the Fifth Generation Penn State/ NCAR Mesoscale Model (MMS5). NCAR T echincal Note
/NT - 398+ 1. A, 1994. 138pp
Anthes R A. A cumulus parameterization scheme utilizing a one— dimensional cloud model. Mon Wea Rev, 1977, 105: 270~ 286
: Observational and theoretical bask. Quart J Roy M eteor Soc, 1986, 112: 677~ 692
: Single column tests using GATE wave . BOMEX, AT EX, and Arctic ai+

,1997. 1~ 7

Betts A K. A new convective adjustm ent scheme. Part
Betts A K, Miler M J. A new convective adjustment scheme Part
mass data sets. Quart J] Roy M eteor Soc, 1986, 112: 693~ 709
Grell G A. Prognostic evaluation of assum ptions used by cumulus paratmeterizations. Mon Wea Rev, 1993, 121: 764~ 787

Kain J S, FritschJ M. A one dimensinal entraning/ detraining plume model and its application in convective parameterization. J Atmos Sci, 1990

,47: 2784~ 2802

85-906- 04

, 1998, 22(4) : 548~ 561

() . ,1983,6(2): 64~ 139

,1997,8(9): 69~ 78
, 1998, 56(2) : 247~ 254
, 1996. 190pp



2 : 217

16 s . . . 1992, 11(2):213~ 221

17 s s . . , 2002, 26(2): 206~ 219
18 R R .MM5 . , 2001, 12(1): 41~ 53
19 . . , 1999, 25(4):41~ 53

20 Wang Wei, Seaman N L. A com parison study of convective parameterization schemes in a mesoscale model. Mon Wea Rev, 1997, 125 (2): 252
~ 278

21 Stensrud D J, Bao Jianwen, Warner Thomas T. Using initial condition and model physics perturbation in short— range ensemble simulations of
mesoscale convective systems. Mon Wea Rev, 2000, 128: 2077~ 2107

22 . . , 2001, 27(11):58~ 61

23 Dudhia J. Numerical study of convection observed during the winter monsoon experiment using a mesoscale two-dimensional model. J Atmos Sci,
1989, 46: 3077~ 3107

24 Hong Song-you, Pan Hua— Lu. Nonlocal boundary layer vertical diffusion in a medium range forecast model. Mon Wea Rev, 1996, 124( 10):
2322~ 2339

25 Fritsch ] M, Chappell C F. Numerical prediction of convectively driven mesoscale pressure systems. Part  : Convective parameterization . ] A+

mos Sci, 1980, 37: 1722~ 1733

THE IMPACT OF PHYSICS PARAMETERIZATION SCHEMES ON
MESOSCALE HEAVY RAINFALL SIMULATION
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Xue Jishang Yan Hong

( Chinese Academy of Meteorological Sciences, Bejing 100081 ) ( World Meteorological Organization, Geneva, Switzerland)
Abstract

Based on the non— hydrostatic version of M esoscale Model version S(MM 5) and the data sets of four heavy
rainfall scenarios occurring in Aug. 2001 in China, the impacts of three non— adiabatic physic processes includ-
ing cumulus parameterization scheme, planetary boundary layer schemes and radiation parameterization schemes
on dynamic and thermodynamic element predictions of heavy rain in China are investigated, with deeply analyz
ing the effect of cumulus parameterization schemes on mesoscale heavy rain simulations and discussing the feast
bility of using model physics perturbations in ensemble simulation of heavy rain.

T he results show that non— adiabatic physic processes have less effects on the short — range forecast of
geopotential height. Planetary boundary layer schemes and cumulus convection schemes have more impacts on
heavy rain than radiation schemes, the most influences of two schemes of planetary boundary layer and cumulus
convection are on the divergence of moisture flux, vertical velocity, unstable stratification , which are the three
basic conditions of torrential rain. The great influence of planetary boundary layer is on the thermal fields in the
low levels. T he forecast variance between convection schemes grows fast in the beginning to 12— h time periods
of simulation , with the variance structure being a good correlation to that of sub— grid rain, in the later periods
of simulation with less correlation and decrease during 12— 18h time periods, then oscillates in the subsequent
integral period . T he structures of dynamic and thermal fields and the initial field using for model integral are all
different since 12— h.
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Planetary boundary layer and cumulus convection schemes affect basic conditions of triggering convection.
T he accuracy of heavy rain forecasts is very sensitive to these parameterization schemes. The key of success of
heavy rain ensemble prediction is to find out these sensitive factors and perturb them. For the storm rain events
with a more homogeneous thermal environmental condition in China, the numerical model ensembles could be
created by perturbing the planetary parameterization scheme and convection parameterization.

Ensemble Prediction System of heavy rainfall can be constructed by two methods, one is by using different
PBL and convection process parameterization schemes , the other is by using different parameter in Grell
scheme. Different PBL and convection process parameterization schemes affect not only the mesoscale weather
system, but also the initial condition of the model, reflecting the uncertain impact of non— adiabatic physics
in model on heavy rain simulations.

Key words: Heavy rain, Numerical prediction, Non— adiabatic physics, Ensemble prediction



