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1.1

(Conditional Instability of the

Second Kind CISK) /

CISK

(positive feedback)
( )



«C )
(Sea Surface Temperature SST)
SST 26~27 « )
3 5 « )
15 1897 85 1996 100
348 ( 1998)
100 348
3 4
8 3

30 53



1998 (ZEB)

1998 10 14 16 1998

1.2

(1999)

(1996) MM5 (Dot)

GR (Grell 1993) AS (Arakawa and Schubert 1974)
AK

(Anthes 1977)



MM5

Anthes (1982)

Tripoli (1992)

10

Braun and Tao ( 2000 ) Bob ( 1991 ) 72

MM5 2.5

( Bulk-aerodynamic

scheme) ( Deardorff 1972; Grell et al. 1995 )

Blackadar (1979) Medium-Range Forecast
(MRF) (Hong and Pan 1996)
Burk-Thompson (1989)

Bulk-aerodynamic Burk-Thompson

MRF scheme

(2000)  MM5 (1990)

(IMA)
(NCEP)

4



(ECMWF) 1990

Flo
(1997)
CISK
1.3
4
MM5 5

(Flo)
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45 15
(Nation Center
for Atmospheric Research ; NCAR) (Penn

State University; PSU)

MM5

2.1

2.1.1 Blackadar (PBL scheme)
Blackadar ( Blackadar 1976, 1979;

Zhang and Anthes 1982; Oncley and Dudhia 1995 )

Richardson number (R1)

Ri 0.2
0 Ri 0.2
Rib 0
K-theory

(Bulk-aerodynamic scheme) ( Deardorff

6



1972; Grell et al. 1995 )

Ri 0
2.1.2 MRF
MRF(Medium-Range Forecast) ( Hong and
Pan 1996 )

(Bulk-aerodynamic scheme ) ( Deardorff 1972;
Grell et al. 1995 )
( counter-gradient )
( MM5

0) MRF

h H_Ri 6.V ()

~ gl (h)-6.]

(1)
Rior 0.5 V(h) 6.(h)

2.1.3 Burk-Thompson

Burk-Thompson ( Burk and Thompson
1989 ) Mellor-Yamada level-2.5
( turbulent

kinetic energy TKE ) MM5



Burk-Thompson

local-K Blackadar

2.1.4

MRF Blackadar

- -1
Co = K (mz—a—\ym] (mz—a—\PhJ (2)

-1 -1
YA ku, z Z
C.= k¥ |[In=2- In| —2 4+ 2 |- 3
q (nzo mJ |:Il( Ka Zoj h:| ( )

C, = u2 /V: (4)
Co C,
Ka u Za. O W
m LIJ h Z0
ZO

Delsol et al. (1971 )

z, =0.032u} /g + Z,, (5)

Burk-Thompson



Louis (1979) Co Cq

3bRi
C,=C,|1- 6
’ N{ 1+3bcCN(—zaRi/LJ”2} (8)
2bRi
Cp=C,|1- 7
° N{ 1+3mCM—QRH%Yu} (7
b =c¢c =5 Cu
Zo Garratt ( 1977)
z,=0.0144u’ /g + z,, (8)
Bulk-Thompson MRF Blackadar

Zo MRF Blackadar

2.2

(1990)
MM5

MM5

( Ueno 1989 )



Rankine vortex

( 2)
5
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Pc P
Pcm Pcm

Pen = 0.1156Z700+642.7309 (Z700 700 hpa

)

2.3

2.3.1

Cressman 1959

15
L o
A:‘=—;NM) AL (13)
D W, W =0 , r=R
=
A W a
0 k k
i i N

343

11



155 r

( 10 km)

2.3.2

MM5

Threat Score TS

Anthes 1983

MM5

TS=C/(F+0-C)

mm 2.5 mm 5 mm 10 mm 15 mm 20 mm

Bias Score BS

Anthes 1983

MM5

12

(14)

0.

25



BS=F/0

( 1 )
0.25mm 2.5mm 5mm 10mm 15 mm

Mean Error ME

N
ME= ﬁZ(Pm ~-P),
n=1

36 155

Mean Absolute Error MAE

N
MAE=ﬁZ(| PP, D,
n=1

13

(15)

20 mm

(16)

(17)
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(1998)
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( 8 9) 14 1800 UTC
( Westerlies )
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4.1 MM5

PSU / NCAR

MM5 ( Fifth-generation
Penn. State / NCAR Mesoscale Model ) MM5

Anthes Warner
( Anthes and Warner 1978 )

( )
( Grell et al. 1995 )

MM5

( Blackadar 1979)
(Bulk-aerodynamic scheme) ( Deardorff 1972; Grell et
al. 1995 ) Medium-Range Forecast (MRF)
(Hong and Pan 1996) Burk-Thompson

(1989) Dudhia (1989)

Kuo ( 1974 ) Arakawa-Schuber (1974 ) Grell (1993)

18



Chappell ( 1980 ) Kain and Frisch ( 1993 ) Betts

and Miller (1986 ) (
) ( warm-rain Hsie and Anthes

1984) (simple ice Dudhia 1989)

( mixed-phase Reisner et al. 1993 )

MM5
o=(R-PIP-R) R P ?

PR
P=P'c+P +P P'=P-P P

( terrain-following

coordinate )

4.2
MMS 2.11
45 15
71x81 91x91 DO1
D02
16 o ¢ 27 )
Grell(1993)
Goddard Graupel (Tao and Simpson

1993)

19
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30 36 MRF
Burk-Thompson 24
4 30
NOPBL
24 12
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4
6
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10~20
12 24
Burk-Thompson NOPBL
MRF Blackadar 12
Burk-Thompson 84
NOPBL 122 40
18 Burk-Thompson 155
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NOPBL

24

24

188 NOPBL

202

Burk-Thompson

MRF

36
Burk-Thompson

181

24

187

5.2

18(a)

Blackadar

231

220

12

24

Blackadar

317

149

CLIP (

211

0.25 mm

22

192

80

Burk-Thompson

Burk-Thompson
30 NOPBL
24

30

247 36

334 NOPBL

205

4

NOPBL 178 MRF

( 1998 )

146
188

~298

TS
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0.4)

Blackadar

24

(TS<0.4)

NOPBL

(

NOPBL
.4 3
12 18

Burk-Thompson

30

12

0.2

18(b))

18(b) 19(a) 19(b)

Burk-Thompson
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24 TS
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12 24
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( 0.418) MRF Blackacar
( 0.608 0.605)
(2.5mm 5 mm 10 mm 15 mm 20 mm) 4
Burk-Thompson (2.5mm 5mm
10 mm) 0.25
mm NOPBL
MRF Blackadar

Burk-Thompson

( 1.021) 2.5 mm 5 mm
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5.3
4
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15
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40 mm
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21 (b) 45 km 15 km  MM5
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24 Burk-Thompson
16
NOPBL 3
45 km MM5
Burk-Thompson
MRF NOPBL
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16 MRF Blackadar
Burk-Thompson
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MRF 45 km
MRF (15 )
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NOPBL Braun and Tao ( 2000 )
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15 1897 85 1996
2 12 26 86 108 80 27 7 348
0.02 |0.12 |0.26 |0.86 |1.08 |0.80 |0.27 |0.07 |3.48
0.6 3.4 7.5 24.7 |131.0 |23.0 |7.8 2.0 100
1 2 83 |4 5 8
2 10 |13 |28 |23 |13 1
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( 9810)
Tt |C ) |( (km)
(hpa)
(n/s)
10 |10 |06 10.5(141.5|1002 {13  [T.D. |W 15 - --
12 10.5(140.5|1000 {13  [T.D. |W 15 - --
18 10.5(139.0/998 |18 WNW 20 |100 | --
10 |11 |00 10.6(138.0/998 |18 WNW 20 |100 | --
06 10.8(136.2|990 |23 WNW |20 |100 | --
12 10.8(134.8|980 |28 W 20 |150 | --
18 10.8(133.7|980 |28 W 20 |150 | --
10 |12 |00 11.2(132.8|970 |33 WNW |20 |250 {100
06 12.0(131.3|965 |35 NW |25 |300 |120
12 12.7(130.2|965 |35 NW |25 |300 |120
18 13.7(129.1|960 |40 NW |25 |300 |120
10 |13 |00 14.7(127.7|1940 |45 NW |25 |350 |150
06 15.5(126.2/930 |51 NW |25 |350 |150
12 16.0(124.8|920 |55 NW |22 |350 |150
18 16.5(123.4/920 |55 NW |18 |350 |150
10 |14 |00 17.0(122.7|1920 |55 NW |18 |350 |150
06 17.4]121.8/930 |51 Nw |18 |350 |150
12 17.9|121.4/945 |45 NNW |15 350 |120
18 18.7|121.5945 |45 N 15 350 |120
10 |15 |00 19.5(121.0|945 |45 N 15 |350 |120
06 20.21121.0[945 |45 NNW (15 300 |120
12 21.0(121.1(945 |45 NNW |15 300 |120
18 22.6(121.8(948 |43 NNE |15 |300 |120
10 |16 |00 23.8(122.4(955 |38 NNE |22 |300 |120
06 24.81122.8(965 |33 NNE |22 |300 |100
12 26.2(124.4970 |33 NE |26 |300 |100
18 27.7/126.5(975 |30 NE |28 (300 | --
10 |17 |00 28.9(128.4978 |30 NE |40 (300 | --
06 30.4(130.1/985 |28 NE |46 |250 | --
12 32.8(132.0/985 |25 NE |46 [250 | --
18 36.9(135.8/985 |25 NE |73 250 | --

36




/ 6 12 18 24 30 36
(

km)
MRF 64 110 177 190 229 317
Blackadar 89 103 188 198 243 334
Burk-Thompson|73 84 155 188 247 -——-
NOPBL 88 122 231 220 202 205

/ 0.25 mm (2.5 mm |5 mm 10 mm 15 mm 20 mm
MRF 0.608 0.339 0.171 0.078 0.045 0.059
Burk-Thompson|0.697 0.432 0.315 0.173 0.115 0.034
Blackadar 0.605 0.359 0.247 0.119 0.058 0.027
NOPBL 0.418 0.189 0.098 0.021 0.01 0

/ 0.25 mm (2.5 mm |5 mm 10 mm 15 mm 20 mm
MRF 1.147 1.035 1.067 2.051 0.323 0.294
Burk-Thompson|1.021 0.917 0.849 0.951 0.897 1.356
Blackadar 1.267 1.185 1.521 2.59 0.457 0.552
NOPBL 0.587 0.325 0.207 0.07 0.025 0

37




/ 6 12 18 24 30
MRF -13.749 |-52.82 |0.271 -3.324 |-13.158 |-16.556
Burk-Thompson|-37.383 |-48.066 |7.57 15.230 |5.161 -11.464
Blalckadar |-36.462 |-55.45 [-7.294 |1.491 -10.966 |-21.756
NOPBL -36.625 |-54.201 |-24.948 |-19.955 |[-37.387 |-34.63
/ 6 12 18 24 30
MRF 33.446  |54.212 |35.7 27.808 |43.234 |39.24
Burk-Thompson|37.589  [50.321 |42.163 |31.809 |57.206 |43.82
Blalckadar |37.314 [56.819 |41.9 28.118 |40.616 |40.95
NOPBL 36.741 |56.088 |37.435 |33.862 |43.918 |41.61
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1 bogus

P mid
Pt
Psea
Temberature
2 TE(P) Tc(P)

T(0,P)
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