
 
  

 
 

2017 1 28 13:00-16:00 
 

 

 



 



 

 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

https:// upload.wikimedia.org/wikipedia/commons
/thumb/d/d0/Halo_Solar_and_contrail.JPG/420px
-Halo_Solar_and_contrail.JPG 1955 

1820 (H. ) 

 

 

Brandes
Hildebrandsson & de 

Bort (1907) Shaw 
(1926)

(1982)  

 
 



 

 

3

 
Ҧ  

http://www.jma.go.jp/jma/kishou/know/whitep/img/grid.png 

 



t=0.00625 s 
0.025 s 

0.05 s 
0.1 s 

0.2 s 

0.4 s 
0.8 s 

2.0 s 

0 

20 

40 

60 

80 

100 

0.2 0.4 0.6 0.8 1.0 

1

1 1

2

1 1 1

2

2

2

n n n n n

i i i

n n n
n n i i i

T T T T T

t x

T T T
T T t

x

k

k

+

+ -

+ + -

- - +
=

D D

- +
= + D

D
ɲx=0.01 cm, ɲt=0.00025 s 0
ϴ
Ҧ

1
0

0ϴ
 

0
ϴ

 

t=0

100ϴ
 

2

2

T T

t x
k

µ µ
=

µ µ

1.0 cm 
x=0 x=1 

x 

T 
Dx 

ix
1ix+1ix-

 

T: k:  

t: x:  

20.2cm /sk=

 



 

6 

Å  

Å  

Å  

Å
 

  
 

 

 

(http:// www.jma.go.jp/jma/kishou/know/whitep/1-3-1.html) 



1757  ( ) 

1823, 1845   

 

1904   
                   (V. )  

1922     

 
1881-1953  

2 Lynch (2008, J. Comp. Phys., 227, 3431-3444) Fig.1 :   



 

8 

200km 5  

1922   
    
   6 6  

─ │ ↕⅛∫√ 

 

145hPa/6hour 

 

 

 

  

 

Richardson (1922) 

(http:// www.jma.go.jp/jma/kishou/know/whitep/1-3-2.html) 



1904   
                   (V. ) 

1922     

1757  ( ) 

1823, 1845   

 

 
1881-1953  

1937     

1939     

 



 

  1946 1903-1957  

   
 

ENIAC (Electronic Numerical Integrator and Computer)  
17,468 30t 150KW 

(  



1904   
                         (V. ) 

1922     

1757  ( ) 

1950  24 ( φ φ )) 
             1 (Charney et al., 1950)   

1823, 1845   

1947  φ φ    
 

 

1937     

1939     

1949     

 

 

Lynch (2008, J. Comp. Phys., 227, 3431-3444) Fig.2   

 



 

12 

1946   

1950  24  

        

 45oN  736km 

 15 18  

 

 

24 2

35  

 24

24   
1949 1 5 03UTC 24  1949 1 6 03UTC  

(Charney et al., 1950) 
500hPa  

 



1904   
                         (V. ) 

1922     

1757  ( ) 

1955  (IBM701)   

1950  24 ( φ φ ) 
             1 (Charney et al., 1950)   

1823, 1845   

1947  φ φ    
 

 

1937     

1939     

1949     

 

 

 



1904   
                         (V. ) 

1922     

1757  ( ) 

1955  (IBM701)   

1959  (IBM704)     

1950  24 ( φ φ ) 
             1 (Charney et al., 1950)   

1823, 1845   

1947  φ φ    
 

 

1937     

1939     

1949     

 

 

 



 

15 
3 1959 )   

IBM704  

  

 
 

♪
ꜝ
ⱶ 

 

 

( ) 



 

16 

1959  IBM704  

1960   

30  

700  

1959  2015  

 36KB 108TB 

 12Kflops 847Tflops 

 
  

 381km 20km 

 1  100  

 1 /1  4 /1  

 



  

 

 

 

  

 

17 

ѝ ḌʱѦ  В ḌʱѦ  ӴʝCPU  

100  

10  

1  

100  

10  

1  

Cray-1 

S-810/20 
XMP 

SX-2 

SX-6 

 
Blue Gene/L 360TFLOPS  

CM-5 

 

SR8000 

SR2201 

CP-PACS 

ASC Red 

ASC Q 
ASC White 

1970 1975 1980 1985 1990 1995 2000 2005 

VPP5000 

FLOPS 

1  

В ѝ ḌʱѦ  

 

 

GRAPE-3 

MDM 

ᾐ  

ֻḌ 

 

S810 
MFLOPS 

S3800 
8 GFLOPS 

S-3800 

SR8000 
 

9.6 80GFLOPS 

SR11000 
 

140 80 120 50 
GFLOPS=27.5T 

 
64G 640 40TFLOPS 

 
MDGAPE-3 1PFLOPS SR16000 

847 TFLOPS 

SR16000 

2010 

SR11000 
RSCC 

2015 

10  

 
 11PFLOPS 

 

1 (TFLOPS): 1 1   

100   
55PFLOPS 

10 200  

 



 

15.1 asuca 

 
1000km  

 
100km   

 

 

 

 

  

 

63.5km 

5km 

381km 

381km 

305km 75km 

10km 

20km 

24km 

270km 
180km 

270km 

20km 

40km 
55km 

110km 

 



500hPa 5 RMSE  

 
 

  

1995 1 -2016 8 12  

4

 

(m
) 

 



⅍ Ι˔Ḹ ( ˔Ḹ) ˿ 2016 ₴4 ᷀  

 
 

 
 
 

  
UTC  

 

 
GSM  

 
20km 

100  
84  (00,06,18) 

  
  

  
  264  (12) 

 
MSM  

 
5km 

50  
(48+2) 

39 (3 ; 
ллΣлоΣΧΧΧΧ) 

   
  

 
 

 
LFM  

 
2km 

58  
9   
( ) 

  
,  

 
 

WEPS 

 
40km 

60  
264 hours (00,12) 
β 27  

54 /  

  
  

 
 

TEPS 

 
40km 

60  
132 hours (00,06,12,18) 

β25  

  
β  
  

 

 

 

 

Ћ ɠɅɩ 
(GSM)  ɟȻɠɅɩ 

(MSM)  

ᾯ᷂ɠɅɩ 
(LFM)  

http://www.jma.go.jp/jma/kishou/know/whitep/1-3-5.html 

http://www.jma.go.jp/jma/kishou/know/whitep/1-3-6.html 



ֺ ˔ ᾍ  

Ћ ɠɅɩ GSM 

ɟȻɠɅɩ MSM 

20,000km 

2,000km 

200km 

20km 

2km 

200m 

 

 

 

0.1        1       10    1        100   1  

 

 

 

 

 

 
 

 
ᾯ᷂ɠɅɩ LFM 

 

21 

 

 
 

 

Å  

Å /  

Å  

 

http://www.jma.go.jp/jma/kishou/know/whitep/1-3-4.html  



2016 8 27 21
264 11  

http://www.jma.go.jp/jma/kishou/know/whitep/1-3-5.html 

GSM(Global Spectrum Model) 

 

20km 

 

10-20
 

 

 

T1610 



 

  

2km 5km 

 
1 8 39  

 

 
1 24 9  

 

 
 

10  

 

http://www.jma.go.jp/jma/kishou/know/whitep/1-3-6.html 



 
  

 

 

 

 

 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 



 
  

 

 

 

 
 

 
 



Ι˔Ḹ ѫ  

26 

   

 

 

GOES  

METEOSAT 
(image: © ESA) 

 

 

HP  

YS  

 
HP  

HP  

 
HP  

 
HP  

 
HP  

GNSS  
 

 

GOES(image: © NOAA) 

Metop 
(image: © ESA) 

NOAA 
(image: © NOAA) 

DMSP image: ©NASA  
 

Aqua 
image: ©NASA  

COSMIC 
(image: ©UCAR 

TerraSAR-X 

TanDEM-X 
image: ©EADS Astrium. 

GCOM-W1  
 

 

 

 
image: ©JAXA  

Terra 
image: ©NASA  

 

GNSS  

Megha-Tropiques 
 

 

 

image: ©CNES  

HP  

GRACE-A,B 
image: ©NASA  

GPM  
 

 

 
image: ©JAXA  

26 
 

http://www.data.kishou.go.jp/kaiyou/db/buoy/buoyphoto1.jpg


ѝ⁹ Ћ Ḹ  
  

 

MW  

  

 MW  

  

GNSS  GNSS  

 

 

 

   

 
        2 20  

27 
 



  
WP  

 

 

GNSS  

 

  MW  

 
 

 
 

50

 

 

  

GNSS  

MW  

MW  

 

 

ѝ⁹  

 

50  

28 
 



 

29 

 

  
 

 

 

 

 
 

 
 

 
 



ֿӓ ὖ  
Å  
Å  
Å 3x108  

Å Ҧ  

 

  

 

 

Å  

 

 

 

 

 

 
 

 

 



 
  

 

 

 

 

 

 
 

 
 

 
 

 
 

 



 
  

 

 

 

 

 

 

 
 

 
 

 
 

 
 

 
 

 



 

850hPa ... 

925hPa ... 

950hPa ... 

... 

 

 

21ϴ 

14ϴ 

 

 

ꜘ ы ˔ ̸  

33 

 
 

 

 

 

 

ï  

ï  

 



 
  

 

 

 

 

 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
     

 
 

 

 

 



⅍ Ι˔Ḹ ˔Ḹ ˿ 2017 ₴1 ᷀  

 
 

 
 
 

  
UTC  

 

 
GSM  

 
20km 

100  
84  (00,06,18) 

  
  

  
  264  (12) 

 
MSM  

 
5km 

50  
(48+2) 

39 (3 ; 
ллΣлоΣΧΧΧΧ) 

   
  

 
 

 
LFM  

 
2km 

58  
9   
( ) 

  
,  

 
 

WEPS 

 
40km 

60  
264 hours (00,12) 
β 27  

54 /  

  
  

 
 

TEPS 

 
40km 

60  
132 hours (00,06,12,18) 

β25  

  
β  
  

 

 

 
 

GEPS 

 
40km 

100  
264  (00,12) 
β132  (06,18) 

27  

 
 

  
β  
   

 
 

35 
 



 

http://www.jma.go.jp/jma/kishou/know/kisetsu_riyou/method/ensemble.html 

     
  

      
  

  
  

50 60km  

 
Ҧ  

 
 

7  

50
 



 

  

 
 

 
 

 
 

 
 

 
 

 
 

 



 

http:// www.jma.go.jp/jma/kishou/know/whitep/img/typhoon.png 

 
 

 

 

(Yamaguchi et al.,2014) 



 

http:// www.jma.go.jp/jma/kishou/know/whitep/img/typhoon.png 

 
 

 

 

(Yamaguchi et al.,2014) 

2006 8 7 12UTC
 

                                 , 2006  



 

 
 

 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 

 
 
 
 

 

 

  

MSM10 8 03UTC  
3  

 
 

10 8  
15 JST 

 

 

 

 

 

 

 



 

1.  
  1)  
  2)  
       

 
 



Kill Devil Hills, 
North Carolina 
(2011/8/25) 

Central Grand Station, NY(2011/8/27) 

Irene (27 August, 2011) 

From NASA's web 
North Carolina

(8/27 12UTC  

8/28 12UTC 

(2011 8  

 

40   
158  



+ 5-day 
forecast 

( ) 

(2011 8  
5   2011 8 26 12UTC 24  

 95%  
 EU center Grand ensemble 

   

  95% %   

95%  (hPa) (hPa) 
90%

95% 99%  


