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L N a i t o , Y .Goto a n d N . K i k u c h i , 
N a t i o n a l A s t r o n o m i c a l Observatory , M i z u s a w a , Iwate , 023 Japan 

T h e e f fec t ive a t m o s p h e r i c angular m o m e n t u m ( E A A M ) f u n c t ion s p r o p o s e d 
b y Barnes et al. (1983) h a v e b e e n c o m p u t e d from the g lobal ana lys i s data p r o v i d e d b y 
the Japan M e t e o r o l o g i c a l A g e n c y (JMA) s ince S e p t e m b e r 28 , 1983 . In g e n e r al , the 
o p e r a t i o n a l n u m e r i c a l w e a t h e r p r e d i c t i o n p r o d u c e s the t h r e e d a t a s e t s c a l l e d the 
a n a l y s i s - p h a s e a n a l y s i s data , the in i t ia l i zed p h a s e a n a l y s i s d a t a a n d t h e p r e d i c t e d 
v a l u e s . T h e JMA g loba l ana lys i s data are the a n a l y s i s - p h a s e ana lys i s data. For the u s e 
of th is file, it s h o u l d b e no t i ced that the results d u r i n g 1 9 8 3 / 1 2 / 1 - 1 9 8 6 / 6 / 3 0 are on ce -
a-day v a l u e s c o m p u t e d f rom da i ly m e a n g lobal data of t h e J M A g loba l ana lys i s data 
a v e r a g e d at each grid a n d e a c h leve l , o t h e r w i s e t w i c e - a - d a y (00 U T a n d 12 U T ) v a l u e s 
c o m p u t e d w i t h o u t a v e r a g i n g . 

T h e J M A g loba l a n a l y s i s data h a v e b e e n m a d e o n 1 .875-degree (2 .5 -degree 
before 1 9 8 8 / 3 / 1 ) l a t i t u d e - l o n g i t u d e grid Sys tem at s ix teen l e v e l s (fifteen l e v e l s before 
1 9 8 8 / 3 / 1 ) u p to t e n mi l l ibars b y the f o l l o w i n g a n a l y s i s a n d forecast m o d e i s . T h e 
a n a l y s i s m o d e l i s b a s e d o n a m u l t i - v a r i a t e O p t i m u m i n t e r p o l a t i o n m e t h o d i n 
t r o p o s p h e r e a n d o n a s inuso ida l f itt ing m e t h o d in s tratosphere , w i t h the init ial g u e s s 
of s ix h o u r forecast a n d t h e cut-off t i m e of s ix h o u r s after m a p t ime . T h e forecast 
m o d e l is b a s e d o n a 1.875-degree (2 .5-degree before 1 9 8 8 / 3 / 1 ) a n d s ixteen- leve l ( twe lve -
l e v e l b e f o r e 1 9 8 8 / 3 / 1 ) g l o b a l s p e c t r a l m o d e l after a n o n - l i n e a r n o r m a l m o d e 
i n i t i a l i z a t i o n w i t h p h y s i c s . T h e m o d e l h a s a h o r i z o n t a l r e s o l u t i o n of t r iangulär 
t r u n c a t i o n at w a v e n u m b e r 63 (42 b e f o r e 1 9 8 8 / 3 / 1 ) a n d i n c o r p o l a t e s fül l p h y s i c a l 
processes . The deta i l s for the analys i s a n d forecast m o d e i s after 1 9 8 8 / 3 / 1 can b e f o u n d 
in K i t a d e (1988) , K a s h i w a g i (1987) a n d K a n a m i t s u et al (1983) for t h o s e be fore 
1 9 8 8 / 3 / 1 . 

For Comput ing t h e E A A M funct ions , the sea l eve l pres sure , the geopoten t ia l 
h e i g h t a n d the w i n d ve loc i t i e s at e a c h l eve l are u s e d . In add i t i on , m o u n t a i n h e i g h t s of 
t h e s a m e gr id S y s t e m are u s e d for e s t i m a t i n g sur face p r e s s u r e s o n l a n d a n d for 
Comput ing sea l e v e l p r e s s u r e s o n o c e a n w i t h the Inverted Barometer (IB) h y p o t h e s i s . 
T h e surface p r e s s u r e s o n m o u n t a i n s are c o m p u t e d from the g e o p o t e n t i a l h e i g h t s b y 
u s i n g a c u b i c s p l i n e i n t e r p o l a t i o n t e c h n i q u e w i t h e s t i m a t i n g t h e t h i c k n e s s 
t e m p e r a t u r e s b y the s a m e t e c h n i q u e s . Vert ical in tegrat ions of the w i n d t erms of the 
E A A M func t ions are d o n e from surface pressure o n l a n d (or the sea l eve l pres sure o n 
o c e a n ) to t e n mi l l ibars . T h e integra l f o r m u l a to e v a l u a t e t h e E A A M f u n c t i o n s are 
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bas i ca l l y d u e t o the e q u a t i o n s (5.1), (5.2) a n d (5.3) of Barnes et al (1983) , b u t the axial 
c o m p o n e n t o f the E A A M funct ions is d u e t o t h e e q u a t i o n (5.3) m u l t i p l i e d b y -1 for 
c o n v e n i e n c e - N o s m o o t h i n g h a v e b e e n d o n e after e v a l u a t i o n . D e t a i l s o f t h e 
e v a l u a t i o n c a n b e f o u n d i n N a i t o et al (1987). 

A c k n o w l e d g e m e n t s . T h e a u t h o r s t h a n k t h e staff o f t h e N u m e r i c a l P r e d i c t i o n 
D i v i s i o n , the Japan Meteoro log ica l A g e n c y , for s u p p o r t i n g this work . 
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AAM(JMA) 87 * 01 From 1983 to 1993 

Year 

1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

Number of 
Measurements 

150 
357 
365 
549 
730 
732 
730 
730 
730 
1120 
1440 
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1. I n t r o d u c t i o n 

A s d e s c r i b e d i n t h e IERS Technical Note 2, t w i c e d a i l y a n a l y s i s v a l u e s of 
e f f e c t i v e a t m o s p h e r i c a n g u l a r m o m e n t u m ( E A A M ) f u n c t i o n s ( B a r n e s et al, 1983) 
h a v e b e e n c a l c u l a t e d f r o m N M C g l o b a l a n a l y s e s t h r o u g h o u t 1 9 9 3 . T h e s e i n c l u d e 
v a r i a b l e s w h i c h r e l a t e t o E a r t h r o t a t i o n a n d p o l a r m o t i o n . S t a r t i n g 1 O c t o b e r 1989, t h e 
o p e r a t i o n a l S tar t d a t e of t h e S B A A M , a m o r e c o m p l e t e s e t of a n a l y s i s a n d f o r e c a s t 
v a l u e s of E A A M f u n c t i o n s a n d r e l a t e d a n a l y s i s p a r a m e t e r s h a v e b e e n p r o d u c e d . 

2. S B A A M D a t a 

F o l l o w i n g S u b - B u r e a u s p e c i f i c a t i o n s , t w o fi les h a v e b e e n p r o d u c e d b y N M C 
b e g i n n i n g 1 O c t o b e r 1989. T h e first , a n a n a l y s i s fi le, c o n t a i n s h e m i s p h e r i c v a l u e s of t h e 

E A A M f u n c t i o n s %\, %2, a n d X3/ e a c h of w h i c h is f u r t h e r p a r t i t i o n e d i n t o w i n d , 
p r e s s u r e , a n d p r e s s u r e + i n v e r t e d b a r o m e t e r c o m p o n e n t s . T h e S u b - B u r e a u a l s o 
r e q u e s t e d t h a t w i n d t e r m s b e c a l c u l a t e d t o 100 m b , a s w e l l a s t o t h e t o p of t h e m o d e l ; 

h o w e v e r , t h i s is d o n e o n l y for t h e %3 t e r m . A s a r e s u l t of a n e a r l i e r f o r m u l a t i o n , all 

N M C %3 v a l u e s c a l c u l a t e d b e f o r e O c t o b e r 1989 w e r e m u l t i p l i e d b y a m i n u s s i g n . T h i s 
w a s s t o p p e d o n 1 O c t o b e r 1989. T h i s file a l s o c o n t a i n s a n a l y s e s of z o n a l m e a n z o n a l 
w i n d , z o n a l m e a n t e m p e r a t u r e s , m e a n s u r f a c e p r e s s u r e a n d l o w o r d e r s p e c t r a l 
coef f ic ien ts of s u r f a c e p r e s s u r e . W i t h t h e e x c e p t i o n of t h e s u r f a c e p r e s s u r e f i e ld s , all 
a n a l y s i s p a r a m e t e r s a n d E A A M f u n c t i o n s a r e d e r i v e d f r o m a n i n i t i a l i z e d g l o b a l 
a n a l y s i s . T h e c o m p l e t e a n a l y s i s file is p r o d u c e d t w i c e d a i l y , a t 00 a n d 12 U T C . T h e 
s e c o n d file c o n t a i n s 21 se t s of fo recas t v a l u e s (00-h t o 240-h) of t h e E A A M f u n c t i o n s a t 
1 2 - h o u r i n t e r v a l s s t a r t i n g a t 00 U T C . T h e s e v a l u e s a r e g l o b a l l y i n t e g r a t e d . A m o r e 
c o m p l e t e d e s c r i p t i o n of b o t h files is f o u n d i n T a b l e 1. 

T h e s e d a t a a r e a r c h i v e d m o n t h l y , a n d a r e a l s o a v a i l a b l e f r o m a d i a l - u p Service 
a t N M C . T h e a n a l y s i s file a n d fo recas t file a r e t r a n s f e r r e d o n c e d a i l y a r e m a i n t a i n e d o n 
a 1 0 - d a y r o t a t i n g file. A n a d d i t i o n a l file i s p r o d u c e d for t h e d i a l - u p Serv ice o n l y a n d 
c o n t a i n s h e m i s p h e r i c v a l u e s of t h e E A A M f u n c t i o n s a n d f o r e c a s t v a l u e s of z o n a l 
m e a n z o n a l w i n d s . C o m p l e t e I n f o r m a t i o n o n t h e N M C files a n d d i a l - u p S y s t e m is 
f o u n d i n a N M C U s e r ' s G u i d e , a v a i l a b l e f r o m t h e S u b - B u r e a u . 
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Table 1. Content of S B A A M Files 

Variable 

x2> *2> x2» 

Analysis File 
Specification Arrays ize 

(8,3) hemispheric values of wind to 
lOOmb, wind to top of model (50mb), 
pressure, pressure + inverted 
barometer 

zonal mean zonal wind 
(m/s) 

zonal mean temperature 
(K) 

mean global surface 
pressure (mb) 

low-order spherical 
harmonics of surface 
pressure 

5 degree latitude bands, 
12 mandatory pressure levels 
( 1 0 0 0 - 5 0 m b ) 

5 degree latitude bands, 
12 mandatory pressure levels 
( 1 0 0 0 - 5 0 mb) 

4 wave, triangulär truncation 
20 wave, zonals only 
with and without inverted barometer 

(37,12) 

(37,12) 

(1) 

(30) 
(21) 
(30) 
(21) 

Forecast File 

*2» *2 . x2> global values of wind to 
100 mb , wind to top of model, 
pressure, pressure + inverted 
barometer, forecast lead times 
every 12 hours (00-h to 240-h) 

21 arrays of 
(4,3) 

3 . N M C G l o b a l A n a l y s i s a n d F o r e c a s t S y s t e m 

T h e N M C g l o b a l d a t a a s s i m i l a t i o n a n d fo recas t S y s t e m is d e s c r i b e d i n d e t a i l b y 
K a n a m i t s u ( 1 9 8 9 ) . T h e g l o b a l a n a l y s e s a r e p r o d u c e d e v e r y 6 h o u r s w i t h a n 
i n t e r m i t t e n t a s s i m i l a t i o n of d a t a t h a t u s e s a 6-h fo recas t a s a n in i t ia l g u e s s . A d i a b a t i c 
n o n l i n e a r n o r m a l m o d e i n i t i a l i z a t i o n p r o c e d u r e is p e r f o r m e d o n t h e a n a l y s e s a n d is 
n e c e s s a r y f o r d y n a m i c b a l a n c e . T h e i n i t i a l i z a t i o n p r o c e d u r e w a s c h a n g e d o n 14 
D e c e m b e r 1989 t o a p r o c e d u r e w h i c h in i t i a l i zes o n l y t h e a n a l y s i s i n c r e m e n t s . T h i s n e w 
p r o c e d u r e r e d u c e s t h e effect of t h e in i t i a l i za t ion o n t h e a n a l y s e s . 

T h e N M C g l o b a l f o r eca s t m o d e l h a s 18 ve r t i c a l s i g m a l a y e r s a n d a h o r i z o n t a l 
r e s o l u t i o n of 80 w a v e s w i t h t r i a n g u l ä r t r u n c a t i o n . T h e E A A M f u n c t i o n s a r e c a l c u l a t e d 
a f t e r a v e r t i c a l i n t e r p o l a t i o n f r o m t h e s i g m a c o o r d i n a t e s t o c o n s t a n t p r e s s u r e l e v e l s 
(1000 m b t o 5 0 m b ) a n d a g r i d w i t h h o r i z o n t a l r e s o l u t i o n of 2.5 l a t / l o n . T h e r e f o r e , 
w i n d i n t e g r a l s a r e c a l c u l a t e d t o 50 m b . P r e s s u r e t e r m s a r e c a l c u l a t e d o n t h e m o d e l 
s u r f a c e , w h e r e t h e o r o g r a p h y is a n e n h a n c e m e n t of S i l h o u e t t e o r o g r a p h y ( M e s i n g e r et 

al, 1988) . O n 14 D e c e m b e r 1989 c h a n g e s w e r e i m p l e m e n t e d i n t h e s u r f a c e p h y s i c s 
p a c k a g e w h i c h w e r e d e s i g n e d t o r e s u l t i n a m o r e r e a l i s t i c c y c l e a n d p a t t e r n of 



*-5 

e v a p o r t a t i o n . I t is fei t t h a t t h i s c h a n g e w i l l r e s u l t i n m i n o r c h a n g e s i n t h e f o r e c a s t e d 

s u r f a c e p r e s s u r e . 

R e s u l t s of s o m e of t h e N M C c a l c u l a t i o n s a r e s h o w n i n t h e 1993 I E R S A n n u a l R e p o r t . 
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A A M ( N M C ) 87 * Ol 

Year 

1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 

Number of 
meas. 

182 
358 
352 
333 
326 
630 
630 
656 
679 

From 1976 to 1993 

Year 

1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

Number of 
meas. 

686 
696 
722 
679 
711 
720 
718 
1100 
1429 





EFFECTIVE A T M O S P H E R I C A N G U L A R M O M E N T U M F U N C T I O N S C A L C U L A T E D 
A T THE U.K. METEOROLOGICAL OFFICE A A M ( U K M O ) 83 *01 

T h r o u g h o u t 1993 , 0 0 - h o u r a n d forecas t v a l u e s of e f f e c t i v e a t m o s p h e r i c 
angu lar m o m e n t u m ( E A A M ) funct ions as d e s c r i b e d b y Barnes et al. (1983) h a v e b e e n 
ca l cu la ted t w i c e d a i l y , f r o m 00 a n d 12 U T C . T h e f u n c t i o n s are a r c h i v e d at 2 4 h o u r 
i n t e r v a l s t o 6 d a y s , t h e l i m i t o f t h e U K M O g l o b a l m o d e l . T h e m a t t e r t e r m s are 
c a l c u l a t e d w i t h o u t a p p l y i n g the i n v e r t e d b a r o m e t e r correct ion . T h e U K M O g loba l 
m o d e l a n d d a t a a s s i m i l a t i o n h a v e b e e n d e s c r i b e d i n t h e IERS Technical Note 2. 
C h a n g e s are r o u t i n e l y d o c u m e n t e d i n e a c h " Q u a r t e r l y r e p o r t o n n u m e r i c a l p r o d u c t s 
f r o m B r a c k n e i l . " 

T h e U K M O f o r e c a s t fi le is s e n t t o t h e S u b - B u r e a u e v e r y three m o n t h s . 
S t a r t i n g i n m i d - 1 9 9 0 , t w i c e d a i l y t r a n s m i s s i o n s of t h e s e d a t a w i l l b e c o m p l e t e d u s i n g 
t h e G T S d a t a l ink . 
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AAM(UKMO) 83 * 01 From 1983 to 1993 

Year Number of Year Number of 
meas . meas . 

1983 
1984 
1985 
1986 
1987 

241 
366 
365 
306 
721 

1988 
1989 
1990 
1991 
1992 
1993 

725 
727 
721 
679 
713 
728 

IERS(1994) Technical Note No 17. 


