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ᴫủ Ἦᵌ  П  

₁*
  Е  

ԃЫӅГ Г קּ ṕ 

̓ ̓  

    

MM5 (The Fifth-Generation PSUùNCAR Mesoscale Model)3.7 2009

8 (Morakot)

̢ (4DVAR) ̢

72 2200 mm ̢

̡

̢ 

72

1.5 500 mm

0.5 600 mm̢

(Goni)

600 mm 2010 ̢

̢

0.75 ̡0.5 ̡0.25

72 40% 920 mm ̡43% 1010 mm ̡44% 1020 

mm ̢ 

MM5̡ ̡  

 

* 32001 300   Email: hcy@atm.ncu.edu.tw 
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ϩɁ⁸Ṥ 

3.7

3000

̢

̢ 

̢Leslie et al. (1995)

̢

̢ 

(3DVAR)̡ (4DVAR)

(EAKF) ̢

Huang et al. (2002) MM5 3DVAR

̢Hsiao 

et al. (2010) 3DVAR

4̢DVAR

(Guo et al. 2000)̢Zou 

and Xiao (2000) Xiao et al. (2000)

(BDA)

4DVAR

̢Park and Zou 

(2004)

BDA BDA

̢

(Ensemble Kalman filter) (EnKF)

(flow-dependent)

̢Wu et al. (2010)

EnKF ̡

Y̢ang et al. (2012) local 

Ensemble Transfer Kalman Filter (LETKF)

̢

Huang et al. (2011) BDA 4DVAR

BDA

̢ 

̢Chien et al. (2008) (2004)

̢Wu et al. 

(2009) (1998)
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1/4

̢ 

2009 8

2400

50

̢

̢Hendricks et al. (2011)

(2009)

(Goni)

̢

̢Chien and Kuo(2011)

̢

̢

̡ (Etau)

̢Wang et al. (2011) ECMWF 

(European Center for Medium-Range Weather 

Forecasts)

CReSS

W̢u et al. (2011)

̢

̢ 

Huang et al. (2011) MM5

(CAPE)

3000J/kg ̢

BDA

̢ BDA

̢

(geostrophic adjustment)

̢ 

Huang et al. (2011)

̢

̢ 

ϰɁ ѯᾝף Ṕךּ  

(ϩ) ּךṔѯᾝ 

1. MM5ӂ ч֬э(4DVAR) 

(4DVAR)

(Pennsylvania State 

University; PSU)

(National Center for Atmospheric Research; NCAR)

MM5 Zou et al. (1997)

MM5 (MM5-adjoint) ̢
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̡

Zou 

et al.(1997,1998)̢  

2. ֬э(BDA) 

MM5 

4DVAR (Four Dimensional 

Variational Data Assimilation, 4DVAR) (Zou et al. 

1997) (Bogus Data 

Assimilation, BDA)

Zou and Xiao 2000 2012 Fujita 

(1952)

̢ 

(PCI = 23.4°N, PCJ = 

128.3°E) (PC)̡

(Rout) 34 (knots)

(R34kt) JMA̢

1̢

̢ 

ף .3 Ỹ 

Huang et al. (2011)

MM5

̡ ̡ 45̡ 15 3

34

20hPa 1 ̢

Kain-Fritsch scheme MRF 

scheme Goddard SFC 

graupel scheme RRTM 

scheme Goddard shortwave 

scheme̢ NCEP GFS

(CTR)

̢ 

(ϰ) ּךṔ  

2009 8 1800 

UTC 3 AUG

40

̢ 2

̢ 1230 UTC 6 AUG

955hPa 40m/s̢ 1200 

UTC 5 AUG  

1  ̢ 

128.3°E, 23.4°N 

 PC R34kt Rout 

A 

B 

D 

E 

G 

H 

950 

960 

970 

960 

960 

960 

300 

300 

300 

260 

300 

300 

500 

500 

500 

500 

400 

600 
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1  MM5 45 15 5 ̢ 

 

 

2  ̢ (UTC) 6 ̢  ̢

 

 



Є דּ                          ҳϫϚ ϡ  

 

96 

1600 UTC 7 AUG

10km/h

15  0600 

UTC 8 AUG

̢ 

ϽɁ ί чᾄ 

NCEP GFS

BDA

980hPa

955hPa

35m/s

40m/s ̢ 

̢

(PC)̢ JMA PC

960hPa Rout

500km R34kt 34 (knots)

300km

B̢ A B

(950hPa) D B

(970hPa)̢ 

30 3

̡ ̢

15 1000, 950, 900, 850, 800, 750, 700, 

650, 600, 550, 500, 450, 400, 350, 300hPa

1.0, 1.0, 1.0, 1.0, 0.98, 0.965, 0.95, 

0.925, 0.90, 0.875, 0.85, 0.75, 0.65, 0.5, 0.35

̢ 

3

(983 hPa)

A̡ B D B

3c ̢ 

1

̢ E B (R34kt) 

260km̢ E

̢ G

B Rout (400km) H

B Rout (600km)̢

B G

H ̢ 

72 4

B

̢ B 5

5d̢

B

5e̢

5f̢ 
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3 ̢(a) ̡(b) A 950hPa Rout 600km R34kt

300km̡ (c) B A 960hPa̡ (d) D A 970hPa̢  

 

 

4 C B B B ̢

̢ 
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5 2009 8 (mm)̢ (a) (c) (d) (f) B̢   

(a)̡ (c) (0000 UTC 6 0000 UTC 7) (b)̡ (e) (0000 UTC 7 0000 UTC 8) (c)̡(f)

(0000 UTC 8 0000 UTC 9̢ 50mm̢  
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0 24

Equivalent Threat Score (ETS)Bias 6a 6b

B ETS

24 200

Bias

̢ 24 48

B 24

50 ( 6c 6d)

B 24 350

Bias 1

̢ 48 72 B

6e 6f Bias

B 24

25

̢ B

̢ 

ӂɁ ≡ чᾄ 

(ϩ) ᴺ₆Ỷ  

850hPa 0000 UTC 6 

AUG

7a ̢

7b ̢

90°E 120°E 5°N

15°N̢ 

90°E 120°E, 5°N 15°N

8 ̢ NCEP GFS

35 1000, 993, 983, 

970, 954, 934, 909, 880, 845, 807, 765, 719, 672, 

622 571, 520, 468, 420, 376, 335, 298, 263, 231, 

202, 175, 150, 127, 106, 88, 70, 55, 40, 26, 13, 0hPa

20 35

̢ 

1200 UTC 5 AUG 50%

aMS1.5 aMS0.5 0000 

UTC 6 AUG 2009 50%

MS1.5 MS0.5̢ 0000 UTC 

6 AUG 2009 aMS1.5̡

aMS0.5̡ MS1.5 MS0.5 aMS1.5_B̡

aMS0.5_B̡ MS1.5_B MS0.5_B

2 ̢ 

1200 UTC 5 AUG 0000 UTC 6 

AUG

̢

aMS0.5 aMS1.5

72 ̢
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6 (CTR) B 72 24 (a)̡ (c)̡ (e) ETS (b)̡ (d)̡

(f) Bias (0000 UTC 6 0000 UTC 7)̡ (0000 UTC 7 0000 

UTC 8)̡ (0000 UTC 8 0000 UTC 9)̢  
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7 0000 UTC 6 AUG NCEP GFS (̢a) 850hPa (90°E 120°E

5°N 15°N)̢ (b) 5°N 15°N x 90°E 120°E km y km  ̢

 

 

8 ̢ ̢ ̢

̢ 
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50% MS0.5

MS1.5 72

9b

100mm̢ 

B

B

0000 UTC 6 AUG aMS1.5̡ aMS0.5̡

MS1.5 MS0.5 aMS0.5_B̡

aMS1.5_B̡ MS0.5_B MS1.5_B

̢ 

10 72 ̢

1200 UTC 5 AUG aMS0.5_B 

aMS1.5_B

0000 UTC 6 AUG MS0.5_B 

MS1.5_B

̢ 

850hPa

8

MS0.5_B MS1.5_B

12 36

11 ̢ Goni

̢ 

MS1.5_B MS0.5_B

B

0000 UTC 6 AUG

(0000 UTC 6 AUG

0000 UTC 7 AUG)

10% 40mm 12a 12d

(0000 UTC 7 AUG 0000 UTC 8 AUG)  

2  ̢ 

90°E 120°E, 5°N 15°N 

  

09080512 

 

09080600 

 

09080600 

aMS1.5 

aMS0.5 

MS1.5 

MS0.5 

50% 

50% 

 

 

 

50% 

50% 

 

aMS1.5_B 

aMS0.5_B 

MS1.5_B 

MS1.5_B 

50% 

50% 

 

 

 

50% 

50% 

Ϙ 

Ϙ 

Ϙ 

Ϙ 
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9 0000 UTC 6 AUG 0000 UTC 9 AUG 72 (mm) ̢(a) MS0.5 (b)

MS1.5 ̢ 100 mm̢  

 

 

10 ̢C N B

B aMS1.5_B̡ aMS0.5_B̡ MS1.5_B̡ MS0.5_B 72 1̡2̡3

4 ̢ 

 


