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'"(�&(�&�?�"#�1"�������%�"!���&"(� ?��(��7"�� � !�����&���7 "% �--�!�
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,�&'��,� ��1�&(%�%�(� �����1?����� ��'�("�"%&'���  �*"���&"(4
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#"�(��&(� �++#4�		5

�4/� � �#�&(%��"--&����

��� �#�&(%��"--&����+� '"-7 &!&(%���!! !4� �4� < &�%�� @�;������A+� =4�
�& �?�?!� @$��A� �(�� �4� ����"(� @;��A� ,�!� �77"&(���4� �����-�-1� !�,� ��
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Annex X

Parameterisation of regions of deep convection, and improvement 
of the estimation of moisture data from satellite cloud soundings





Annex X

CGMS-XVIII WP-17 
Prepared by Japan 
Agenda Item: J

Parameterisation of regions of deep convection

JMA requires three parameters as information relating to areas of 
deep convection and desires all CGMS Members to exchange them through GTS 
for the achievement of global coverage.

(1) Total cloud amount,

(2) Mean brightness temperature for cloud covered area, and

(3) Standard deviation of brightness temperature for cloud covered area,

in a grid box whose size is l#xl°or 0.5°x0.5° latitude/longitude.

JMA developed a procedure to estimate three-dimensional distribution 
of water vapor using these parameters derived from GMS images. Its general 
conception is shown in Fig.T. The procedure has been used in operational 
data assimilation schemes of the JMA's numerical prediction model.

An impact study for the procedure shows that these parameters are 
effective to analyze moisture field in convective areas and to improve an 
accuracy of the prediction model, especially in the tropics.(see Attachment)
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Annex X

Fig.l Using GMS Cloud data and SYHOP observations, cloud condition can be determined. 
Moisture data are estimated using the typical vertical moisture profile data set 
which have been established by a statistical technique.

X—3



�((�:� �� @�"(�4A

�������			�$��.0�
; � � � � � � � � � �
1 ! � � � ! � � � 0 � � Q� � � � �
; � � � � � � � � � � N� Q

E��N���������	���� ��������(5�D

	����������� ����������	���	���������

�����	��>��� ���� �

����� ������	��� ���>�� ��>��	���

20

�,')'".� �%2%

E)*0� � !�

Q � � � � � 5 � � � � ! � � � � � � � � � ; � � � � � � Z � � & � � ! � � � � � 1 ! � � � � � � � � � � � # �  � � � �

� � � ) � � � � � � � ) . ) H % � � � � � � � � ) 2 & % � � � 2 � � � � A A %� Q � � � �



��������

Page

A b s t r u c t  1

1 . I n t r o d u c t io n  2

2 .  O b s e rv a t io n s  a v a i la b le  t o  e s t im a te  c lo u d  c o n d i t io n  3
a .  GMS c lo u d  d a ta  3
b .  Synop o b s e r v a t io n s  5

3 .  P ro c e d u re  t o  o b t a in  m o is tu r e  v e r t i c a l  p r o f i l e s
i n  th e  new s a t e l l i t e  c lo u d  m o is tu r e  d a ta  6

a .  C l a s s i f i c a t i o n  o f  c lo u d  c o n d i t io n s  6
b .  S m o o th in g  o f  v e r t i c a l  p r o f i l e s  o f  ra d io s o n d e  T -TD  7
c .  D e te r m in a t io n  o f  th e  t y p i c a l  T -T D  p r o f i l e  f o r  e a ch  c lo u d  c o n d i t i o n  8

4 .  E s t im a t io n  o f  th e  s a t e l l i t e  c lo u d  m o is tu r e  d a ta  i n  m o is tu r e  a n a ly s is  10

5 . M o is tu r e  a n a ly s is  i n c lu d in g  th e  new s a t e l l i t e  c lo u d  m o is tu r e  d a ta  10

6 .  An im p a c t  t e s t  o f  th e  new s a t e l l i t e  c lo u d  m o is tu r e  d a ta
o n  n u m e r ic a l  w e a th e r  p r e d i c t i o n  13

7 . Summary and  re m a rk s  15

A c k n o w le d g e m e n ts  17

R e fe re n c e s 18



�2',$%/,

�� � �  � � � �  � � � � � � �  � � � � � � � � �  ���� �� � � � � � �  �& ! � � � � � � � 0 � �  � � � � � � � � � � �� & � �

 � & � � �� �  � � �  � �� � ! � # � � � � � � � � � � � � � � �& � � � � � � � � � � � � �� � ! � # � � � � �� � � � � � � �& ! � � � � � "

� �  �  � � � � � � & � � ! � � � � � � � � � � � ! � � ! � � � � � � � �  � � �  �  �& � � � � �

� � � �  � � � � � � � � � � � � & � � � � � �& ! � � � � � � � � � # � � 0 � � � � � 0 / � � � �# � � � � �  � �� � � � � � 0 � � =5��

� �� & � � � � � � � � � � � & � � � � 4 � � � � � � ! � & � � � � � � � �  �& ! � � � � � � �  �  � � � � Q5;�� � � � � =5�� � �� & � �

� � � � � � � � � ! � � � � � ! � � � � � � � � 0 � & �� � � � � � � � & � � � � � � � � � � �  % �  & � � � �  � � � � & � � � � �&� �� � � � �

� �� & � � � � � � � * & �# � � � � � � 0 � � � 2 � 0 � � � � � � � � � ! � �& ! �  � � P�� � � �   � � � � � � � � � � � �� & � � � � � � �"

� � � �  � 0 � � � � � � =5�� � � � & � � � � � � � � R � ! � � � � � � � � � & � � � � � � � � � � � % � ���  � � � �  � � � � � � � �

� � � � ! � �� � � � � � � � � � � � � � � �& ! � � � ! � � � � �  � # � ! � � � � � � &  �� � � �� � � ! � � � �&� 0� !� � � � �'51�

� � � � � � 0  � !# � � � & � � � ! � � � � �  ���� � �� & � � � � � � � � � � � � � � � &  %� � � � ��� � � � � � � � � =5�� � �� & � �

� � � � � � � � � � � � � � �% � ��� � � � � � 0 / � � � �# � � � � �  � � � � � � � � � � � & � � � ! � � � �  �& ! � � � � � � � �  � ��

�& � � � � � � � � � � � � � � � � � & � � � � � � � � � � � � � � � � � � � � 0 � � � � � � =5�� � � � & � � � � � � �

� � � � �� � ! � # � � � � �� � � � � � �  � �  � � � � � � � � �  �� � � � � � �  � � � � � � � � ����� � � � � � � � � � � � � � � � � �

�� � � � � � � �  N � + � , � � � �   � � � � � � � � � � � � � � � � � � � � & � � � � � � � � � � �  � � � � � +B , � � � �  � ! & � � � � � � � � �

� � � � � � � � � � �  �& ! � � � ! � � � � �  � � � ! � � � � & � � � � � � � � � � �  � � P�� &  � � �  � � � � � � 0  � ! # � � � � �  � � � �

� � � � � � � � � � � � � � � � =5�� � �� & � � � � � � � � � � � � �   � � � � � � � � � � � & � � � � � � � � � � � � � P�� � �  � � � �# � � � �

� � � � � � � & � � � � � � � � � � �  � � � � � � �� � � � ! � & �  � � � � � ! � �� � � � � � � � � � � � � � � & � � � � � � � � � � � � � � - �

� � � � � � � � � �  � � ! � � � � � � � � ! � & � � +B . �C 8�� ) � B . �C D � , � � � � � � � � � � � � � ! � � �  �  & 0 � ! � � � � � � �

� ! � & � � +CAD� � ) � B . �C M� %� B . �C D� � ) � C A b� , �

� � � � # � ! � � � � � � � �  � � � �� � � � �'51� � � � � � � � !� � &  � � � � � � � �# � � � � � � � � � � � � � � � � � �& ! � �

� ! � � � � �  � � � ! � � � � � � � � & � � � � � � � � � � �  � � � � �  � � � �� � �'51� � � � � %� ��� � � �  � � ? � � � � � � � ? �

� ! � � � � �  � � � �  � � � � � � � � � �, � ! � � � � ! � � � � � � � � � �  �� � �� � ?� � � � ?� � ! � � � � �  �

5 � � �& ! � � � � � � �  �  � � � � � � � � � � ��� �  � � � � � � � � � � � � & � � � � � �& ! � � � � � � � � �# � � � � !� �

! � � � �  � � � � � � �  �& ! � � � � � � �  � � � � � � � � �  � � � � � � � � � # � � � � � � � � �  � � � � � � � � � � �� & � � � � � �& ! � �

� � � � %� �  � � � � � � � � � � � � � �� & � � ! � � � � �  �

� � � � �� � � � �  � � � � � � � � � � � � � � � �& ! � � � � � � � � � � � � �  �  � � � � � � � � � � ����  � � � � � � � � �

� � � & � � � � � �& ! � � � � � � � � � � � � � � � & � � ! �� � �� � � � � � � ! � � ! � � � � � � � � � � � !� � � � # �  � � � � � � � �

&  �� � � �� � � � � � � � � � ! � � � � ! � � � � � � � � � � � � � �+� B < )R < 5 ,�� ����� �� � ! � # � � � � � � � � !� � � � & � � �

� � � � � � � � � ! � � �  �  � � � � � � � � � � & � � ! � ! � � � � � � � � � � ! � � ! � � � � � � � �  � � ! �  � � � � � � � � �� � ! � # � � �

1



�� 	+,$(&)/,.(+

W a te r  v a p o r  i s  one o f  th e  m o s t im p o r ta n t  a tm o s p h e r ic  p a ra m e te rs  f o r  nume­
r i c a l  w e a th e r  p r e d i c t i o n  (NWP) m o d e ls .  I n  o r d e r  t o  o b ta in  r e s u l t s  b y  NWP 
m o d e ls ,  e s p e c ia l l y  f o r  r a i n f a l l  f o r e c a s t s ,  i t  i s  e s s e n t ia l  t o  u se  a c c u ra te  
i n i t i a l  m o is tu r e  f i e l d s .  T h e r e fo r e ,  a n a ly s e s  o f  m o is tu r e  f i e l d  s h o u ld  be 
p e r fo rm e d  w i t h  s p e c ia l  a t t e n t i o n .

I n  t h i s  r e s p e c t ,  u se  o f  o b s e r v a t io n s  w i t h  h ig h  a c c u ra c y  i s  q u i t e  im p o r ­
t a n t .  A t  p r e s e n t  s i t u a t i o n ,  ra d io s o n d e  o b s e r v a t io n s  a re  o n ly  r e l i a b l e  f o r  th e  
u p p e r  l e v e l  m o is tu r e  a n a l y s is .  H o w e v e r, ra d io s o n d e  o b s e r v a t io n  n e tw o rk  i s  to o  
s p a rs e ,  e s p e c ia l l y  o v e r  t h e  o c e a n , t o  p e r fo rm  a c c u ra te  m o is tu r e  a n a ly s e s  w i t h  
c o n s id e r a b le  r e s o lu t io n s  i n  h o r i z o n t a l  and  v e r t i c a l .

To p r o v id e  m ore in f o r m a t io n  o f  u p p e r  l e v e l  m o is tu r e ,  r e t r i e v a l  m e th o d s  o f  
w a te r  v a p o r  p r o f i l e s  f ro m  s a t e l l i t e  s o u n d in g  h a ve  b e en  a t te m p te d ( e .g .  S m ith  
and  H o w e ll ,  1 9 7 1 ; H ayden e t  a l . ,  1 9 8 1 ; L ip t o n  e t  a l . ,  19 86 ; e t c . ) .  The 
r e t r i e v e d  w a te r  v a p o u r  f i e l d s  showed a s u b s t a n t ia l  a c c u ra c y  u n d e r  c lo u d - f r e e  
c o n d i t i o n ,  b u t  f i n e  v e r t i c a l  s t r u c t u r e  c o u ld  n o t  be r e t r i e v e d ;  th e  r e t r i e v a l  
m e th o d s  c a n n o t  d e te rm in e  th e  m o is tu r e  f i e l d  i n  c lo u d  r e g io n s .

E s t im a t io n s  f ro m  o t h e r  ty p e s  o f  o b s e r v a t io n s  h a ve  a ls o  b e en  a t te m p te d .
F o r  e x a m p le , C h is h o lm  e t  a l . ( 1 9 6 8 )  in v e s t ig a t e d  th e  r e la t i o n s h ip  b e tw e e n  
s u r fa c e  s y n o p t ic  o b s e r v a t io n s  a n d  th e  c o lo c a te d  TEMP d a ta  and d e v e lo p e d  a 
d ia g n o s t ic  a p p ro a c h  t o  e s t im a te  h u m id i t y  a t  s ta n d a rd  p re s s u re  le v e ls  (850m b , 700mb, 
500m b, 400m b) f ro m  s u r fa c e  o b s e r v a t io n s .  Jo n as  (1 9 7 6 )  d e m o n s tra te d  t h a t  th e  
u p p e r  m o is tu r e  d a ta  e s t im a te d  f r o m  s u r fa c e  o b s e r v a t io n s  h a ve  c o n s id e r a b le  
a v a i l a b i l i t y  f o r  th e  u p p e r  l e v e l  h u m id i t y  a n a ly s is .

The c lo u d  im a g e s  o b s e rv e d  b y  m e t e o r o lo g ic a l  s a t e l l i t e s  h ave  a ls o  b e e n  u se d  
t o  e s t im a te  w a te r  v a p o r  f i e l d s  ( Thom pson and W e s t(1 9 6 7 ) ,  S m ig ie ls k i  and 
M a c e (1 9 7 0 ) , W a lc o t t  and W a rn e r (1 9 8 1 ) ,  M i l ls ( 1 9 8 3 )  e t c . ) .  W o lc o t t  and  W a rn e r 
(1 9 8 1 )  a p p l ie d  s a t e l l i t e  c lo u d  d a ta  t o  m o is tu r e  a n a ly s is  w i t h  th e  a d d i t i o n a l  
in f o r m a t io n  o f  th e  p re s e n t  w e a th e r  o b s e r v a t io n s  as f o l lo w s  ; i f  p r e c i p i t a i o n  
i s  o b s e rv e d ,  r e l a t i v e  h u m id i t y  i s  assum ed t o  be  100% fro m  th e  s u r fa c e  t o  th e  
c lo u d  t o p  l e v e l .  I f  n o t ,  i t  i s  assum ed t o  be 100% o n ly  a t  th e  c lo u d  to p  l e v e l .
T h e y  showed t h a t  th e s e  d a ta  a l lo w e d  a NWP m o d e l t o  im p ro v e  th e  f o r e c a s t  o f  
r a i n f a l l  r a t e s .

A t  Ja p a n  M e t e o r o lo g ic a l  A g e n c y (J M A ), u s in g  c lo u d  d a ta  o b ta in e d  b y  GMS (GMS 
c lo u d  d a t a ) ,  v e r t i c a l  m o is tu r e  p r o f i l e s  h a ve  b e e n  e s t im a te d  and u se d  i n  th e
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t o  be o v e r e s t im a te d  b y  th e  m e thod  o f  MSC i n  Ju d ge m en t o f  c lo u d  to p s  f ro m  th e  
GMS c lo u d  d a ta .  As m e n tio n e d  b e fo r e ,  w h e th e r  th e  o b s e rv e d  Tgg i s  a t  c lo u d  to p  
o r  a t  la n d  s u r fa c e  i s  ju d g e d  b y  c o m p a r in g  th e  TBB w i t h  c l i m a t o lo g i c a l  lOOOmb 
te m p e ra tu re  o f  GMSSA. I f  t h e  s u r fa c e  te m p e ra tu re  i n  th e  la n d  a re a  i s  lo w e r  
th a n  th e  lOOOmb te m p e ra tu re  o f  GMSSA, i t  i s  ju d g e d  t h a t  th e  o b s e rv e d  Tgg i s  a t  
c lo u d  t o p  b u t  n o t  a t  la n d  s u r fa c e .  T h is  e r r o r  h a p p e n s  f r e q u e n t l y  o v e r  th e  
la n d  i n  w in t e r  s e a s o n . The same e r r o r  i s  a ls o  fo u n d  i n  th e  T ib e ta n  p la te a n  
due t o  i t s  h ig h  e le v a t io n .  T h e r e fo r e ,  t o  o b t a in  s a t e l l i t e  m o is tu r e  d a ta ,  we 
m u s t ta k e  a c a re  o f  th e  a c c u ra c y  o f  th e  c lo u d  a m o u n ts  f ro m  th e  GMS c lo u d  d a ta  

c a lc u la t e d  b y  MSC, e s p e c ia ly  o v e r  th e  la n d  a r e a .
We u s e  3 p a ra m e te rs  o f  th e  GMS c lo u d  d a ta  t o  c l a s s i f y  th e  c lo u d  c o n d i­

t i o n s :  th e  t o t a l  c lo u d  am oun t i n  a g r i d  b o x ,  t h e  mean TQB a t  c lo u d  t o p ,  and 

th e  s ta n d a rd  d e v ia t io n  o f  th e  TQB. The t o t a l  c lo u d  am oun t i s  u se d  t o  s p e c i f y  
th e  i n t e g r a t e d  m o is tu r e  c o n d i t io n  i n  th e  g r i d  b o x ;  I f  i t  i s  0%, th e  m o is tu r e  
c o n d i t io n  i s  th o u g h t  t o  be  d r y ,  o r  i f  i t  i s  100%, i t  s h o u ld  be m o is t .  The 
mean T__ a t  c lo u d  to p  i s  u se d  as  a p a ra m e te r  t o  g iv e  v e r t i c a l  s t r u c t u r e  o f  th e

O D

m o is tu r e  i n  th e  g r i d  b o x . From  mean Tgg a t  c lo u d  t o p ,  we com pared  th e  mean 

l e v e l  o f  c lo u d  to p  u s in g  TEMP d a ta  a n d /o r  g u e s s  te m p e ra tu r e  f i e l d .  We do n o t  
u se  GMSSA. The s ta n d a rd  d e v ia t io n  o f  th e  Tgg h a s  a n  in f o r m a t io n  a b o u t c lo u d  

ty p e  i n  th e  g r i d  b o x ; I f  i t  i s  la r g e ,  we r e g a r d  t h a t  th e  m a in  c lo u d  ty p e  i s  
cu m u lu s  and  t h a t  th e  t r a n s i t i o n  la y e r  f ro m  m o is t  ( c lo u d )  t o  d r y  a re a s  i s  
t h i c k .  I f  i t  i s  s m a l l ,  th e  c lo u d  ty p e  i s  re g a rd e d  a s  s t r a t u s ;  th e  t r a n s i t i o n  

la y e r  i s  t h i n .

I n  th e  c o n v e n t io n a l  e s t im a t io n  m e thod  o f  s a t e l l i t e  c lo u d  m o is tu r e  d a ta ,  o n  
th e s e  3 p a ra m e te rs  h ave  b e e n  u se d  i n  th e  c l a s s i f i c a t i o n  o f  th e  c lo u d  
c o n d i t io n s .  The new m ethod  u s e s  th e  Synop o b e r v a t io n s  as  w e l l  as  GMS c lo u d  
d a ta ,  w h ic h  w i l l  be  d is c u s s e d  b e lo w .

627� �0+(8�(2'#$3%,.(+'

The GMS c lo u d  d a ta  g iv e s  th e  in f o r m a t io n  s u rv e y e d  a b ove  c lo u d s ,  so  t h a t  i t  
h a s  e s s e n t i a l l y  no  c lu e  t o  e s t im a te  th e  m o is tu r e  c o n d i t io n s  i n  th e  la y e r s  
b e lo w  th e  t o p  o f  th e  c lo u d .  On th e  o t h e r  h a n d , S ynop  o b s e r v a t io n s  o f f e r  c lo u d
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f ro m  P^-50m b t o  P ^+50m b, and  th e  mean h u m id i t y  a t  t h i s  l e v e l  I s  o b ta in e d .
The mean h u m id i t y  i s  re g a rd e d  as  th e  sm oothed  v a lu e .

( 3 )  The v e r t i c a l  p r f i l e  o f  r e l a t i v e  h u m id i t y  i s  r e c o n s t r u c te d  w i t h  th e  sm oo th ­
ed v a lu e s .

( 4 )  The p r o f i l e  o f  r e l a t i v e  h u m id i t y  i s  c o n v e r te d  t o  t h a t  o f  th e  T -T D .

6/7� �#,#$1.+%,.(+�(-�,"#�,08./%*������8$(-.*#�-($�#%/"�/*()&�/(+&.,.(+

U s in g  th e  sm o o th e d  TEMP d a ta ,  t y p i c a l  v e r t i c a l  p r o f i l e s  o f  T -T D  a re  d e te r ­
m in e d  s t a t i s t i c a l l y  f o r  e a c h  c lo u d  c o n d i t io n s .  I n  t h i s  p ro c e s s ,  we h a ve  t o  
ta k e  c a re  o f  th e  f o l l o w in g  p o in t s ;  ( 1 )  The a c c u ra c y  o f  th e  GMS c lo u d  d a ta  i s  
n o t  s a t i s f a c t o r y  o v e r  th e  la n d .  As m e n tio n e d  i n  s e c t io n  2 - ( a ) ,  t h e  c lo u d  
am ount o v e r  th e  la n d  i s  te n d  t o  be  o v e re s t im a te d .  T h e r e fo r e ,  s a t e l l i t e  c lo u d  
m o is tu r e  d a ta  i s  p e r fo rm e d  o n ly  o v e r  th e  o ce an  a re a  and  th e  TEMP d a ta  o b s e rv e d  
a t  s t a t io n s  o n  is la n d s  o r  s h ip s  o v e r  th e  o ce an  a re  o n ly  u s e d . ( 2 )  I f  t h e r e  i s  
a n  in v e r s io n  l a y e r ,  t h e  m ean TgB a t  c lo u d  to p  has  so m e tim e s  tw o  o r  m ore 
c o r re s p o n d in g  l e v e l s ;  i n  s u c h  a c a s e , th e  h ig h e s t  one i s  s e le c te d  a s  th e  le v e l  

o f  th e  c lo u d  t o p .
TEMP d a ta  u se d  f o r  t h e  s t a t i s t i c s  w e re  a c c u m u la te d  f ro m  F e b ru a ry  1984 t o  

June  1986 . The a c c u m u la te d  TEMP d a ta  w e re  s o r te d  a c c o r d in g  t o  th e  c lo u d  
c o n d i t io n s .  U s in g  th e  s o r t e d  d a ta  th e  m ost a p p r o p ra te  e s t im a te  o f  T -TD  v e r t i ­
c a l  p r o f i l e s  f o r  e s c h  c lo u d  c o n d i t i o n  was d e te rm in e d .

F ig u r e  5 show s one o f  e x a m p le s  o f  th e  h is tg r a m  o f  th e  sm oo th e d  TEMP T-TD 
v a lu e s  a t  850mb l e v e l  f o r  th e  c lo u d  c o n d i t io n  N o .56 ( t o t a l  c lo u d  am oun t i s  
80%-99%, mean c lo u d  to p  l e v e l  f r o m  450mb t o  660mb, p re s e n t  w e a th e r  F re e ,  and 
th e  lo c a t i o n  i n  t r o p i c s ) .  I n  th e  c o n v e n t io n a l s a t e l l i t e  c lo u d  m o is tu r e  d a ta ,  
th e  mean v a lu e  o f  th e  h is t g r a m  o f  th e  s o r te d  TEMP d a ta  was u se d  as  th e  v a lu e  
o f  th e  t y p i c a l  T -T D  p r o f i l e  o f  a c lo u d  c o n d i t io n .  H o w e v e r, i n  t h e  new s a t e l ­
l i t e  m o is tu r e  d a ta ,  n o t  o n ly  th e  mean v a lu e  b u t  a ls o  th e  mode a re  u se d  t o  
s p e c i f y  th e  t y p i c a l  T -T D  v a lu e  a t  r e fe r n c e  le v e l s .  T h is  i s  b e ca u se  t h a t  th e  
mean v a lu e  d o e s  n o t  n e c e s s a r i l y  mean th e  r e p r e s e n t a t iv e  m o is tu r e  v a lu e  f o r  th e  
c lo u d  c o n d i t i o n .  I n  th e  e xa m p le  shown i n  f i g u r e  5 , th e  mean o f  th e  d a ta  i s  
3 .2 K , b u t  i s  n o t  a p p r o p re a te  f o r  th e  r e p r e s e n t iv e  v a lu e  o f  d a ta .  We s h o u ld  

s e le c t  th e  mode 1 .5 K .
A f t e r  s p e c i f y in g  th e  t y p i c a l  v a lu e  a t  e v e ry  50mb l e v e l  u s in g  th e  sm oothed
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i s  b a se d  o n  a tw o - d im e n t io n a l  o p tim u m  i n t e r p o l a t i o n  m e th o d  whose b a c k g ro u n d  
f i e l d  i s  p r o v id e d  b y  th e  12 h o u r  f o r e c a s t  o f  L 1 2 -T 4 2  g lo b a l  s p e c t r a l  f o r e c a s t  
m ode l (K a n a m it8 u  e t  a l .  1 9 8 3 ) .

The map t im e  1200UTC 24 June  1986 was in v e s t ig a t e d .  The in f r a r e d  s a t e l ­
l i t e  p h o to g ra p h  b y  GMS 3 was a l r e a d y  shown i n  F ig u r e  2 .  F ig u r e  10 shows th e  
s u r fa c e  w e a th e r  c h a r t  a ro u n d  Ja p a n . A s t a t i o n a r y  f r o n t  ( B a i - u  f r o n t )  e x te n d e d  
f ro m  th e  n o r th - w e s te r n  P a c i f i c  Ocean t o  C h in a  th r o u g h  th e  Ja p a n  is la n d s  see 
c lo u d  b a nd  i n  F ig u r e  2 .  A  T r o p ic a l  S to rm  (N AN CY-TS8605) w as a t  3 0 °N ,123°E  i n  
th e  E a s t C h in a  Sea. The i n t e r t r o p i c a l  c o n v e rg e n c e  zo n e  ( IT C Z )  was b e tw e e n  
15°N and  th e  e q u a te r .  A  c le a r  r e g io n  o f  th e  s u b t r o p i c a l  h ig h  w as b e tw e e n  th e  
s t a t io n a r y  f r o n t a l  zo n e  ( B a i - u  f r o n t )  and th e  IT C Z . The t r a d e - w in d  cu m u lu s  

c lo u d s  s p re a d e d  o v e r  t h e  e a s te r n  I n d ia n  Ocean and  t h e  s h a l lo w  cu m u lu s  c lo u d s  
whose to p s  w e re  lo w e r  th a n  3000m a ls o  s p re a d e d  n e a r  t h e  e a s te r n  c o a s t  o f  th e  
A u s t r a l i a .  (T h e y  w e re  n o t  c le a r  i n  th e  IR  s a t e l l i t e  p h o to g ra p h  o f  F ig u re  2 . )

B ecause  th e  r e s o lu t i o n  o f  th e  a n a ly s is  i s  2 .5 °  l a t i t u d e - l o n g i t u d e ,  i f  th e  
s a t e l l i t e  c lo u d  m o is tu r e  d a ta  a re  e s t im a te d  a t  a l l  l sx l °  g r i d  b o x s  o v e r  th e  

o ce a n , t h e r e  a re  to o  m any d a ta  t o  p e r fo rm  th e  a n a ly s is .  T h e r e fo r e ,  we b a s ic a ­
l l y  e s t im a te  s a t e l l i t e  m o is tu r e  d a ta  a t  e v e ry  2 °x 2 °  l a t i t u d e - l o n g i t u d e  i n t e r ­

v a l .  I n  a d d i t i o n  t o  th e m , th e  s a t e l l i t e  c lo u d  m o is tu r e  d a ta  w e re  a ls o  e s t i ­
m ated  a t  a g r i d  b o x  e v e n  i f  th e  g r i d  b o x  i s  n o t  th e  2 ° x 2 e i n t e r v a l ,  when a n y  
SYNOP o r  SHIP o b s e r v a t io n s  w e re  r e p o r te d  a t  th e  g r i d  b o x .  T h is  was b e cau se  
t h a t  T -TD  p r o f i l e s  d e te rm in e d  w i t h  th e  SYNOP o b s e r v a t io n s  h a ve  much r e l i a b i l i ­

t y  th a n  th o s e  d e te rm in e d  o n ly  w i t h  th e  GMS c lo u d  d a ta .
F ig u r e  I I  show s th e  d i s t r i b u t i o n  o f  th e  s a t e l l i t e  c lo u d  m o is tu r e  d a ta  used  

i n  th e  a n a ly s e s .  The num bers  o f  th e  e s t im a te d  s a t e l l i t e  c lo u d  m o is tu r e  d a ta  
f o r  e a ch  c lo u d  c o n d i t i o n  a re  shown i n  t a b le  6 .  The t o t a l  num ber w e re  1054 i n  
th e  t r o p i c a l  r e g io n  and  987 i n  th e  s u b t r o p ic a l  r e g io n .  The num bers  o f  th o s e  
use d  SYNOP o b s e r v a t i o n s  a re  113 and  122, r e s p e c t i v e ly .

The m o is tu r e  a n a ly s e s  I n c lu d in g  th e  new s a t e l l i t e  c lo u d  m o is tu r e  d a ta  a re  
shown i n  f i g u r e  1 2 . We w i l l  c a l l  th e  new a n a ly s e s  t h e  T e s t  a n a ly s e s .  B ecause 
th e  o b s e r v a t io n  e r r o r s  o f  s a t e l l i t e  c lo u d  m o is tu r e  d a ta  a re  g r e a t e r  th a n  th o s e  
o f  TEMP d a ta ,  th e  e f f e c t s  o f  th e  TEMP d a ta  d o m in a te  o n  th e  a n a ly s e d  f i e l d  n e a r  
th e  s t a t i o n s .  H o w e v e r, th e  m o is tu r e  a n a ly s e s  a re  u s u a l l y  p e r fo rm e d  u n d e r  th e  
e f f e c t s  o f  th e  s a t e l l i t e  m o is tu r e  d a ta  o v e r  th e  o c e a n , b e c a u s e  th e  TEMP d a ta  
a re  v e r y  s p a rc e  t h e r e .  The B a i- u  f r o n t  and  th e  ITC Z  w e re  w e l l  e x p re s s e d  a t  
a l l  a n a ly s e s  l e v e l s .  The a re a s  o f  th e  T ra d e -w in d  c u m u lu s  c lo u d s  i n  th e  e a s -

..
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a n a ly s e s  o f  th e  T e s t and  C o n t r o l  r u n s  w i t h  th e  IR  Im age o f  s a t e l l i t e  ( f i g u r e  
1 6 ) ,  i t  i s  fo u n d  t h a t  th e  a n a ly s e s  o f  th e  T e s t  r u n  i s  b e t t e r  th a n  th o s e  o f  th e  
C o n t r o l  r u n .  I t  i s  to o  d r y  i n  th e  c lo u d  a re a s  i n  th e  C o n t r o l  r u n .

We com pared  th e  tw o  f o r e c a s t s  i n  te rm s  o f  a c c u m u la te d  p r e c ip i t a t io n ( R R )  
d u r in g  12 h o u r  f o r e c a s t  p e r io d  a n d  sea  l e v e l  p re s s u re (P S ) .  F ig u r e  19 shows 
th e  f o r e c a s t  r e s u l t s .  The t e s t  r u n  p r e d ic t e d  m ore am ount and w id e r  a re a s  o f  
p r e c i p i t a t i o n s  th a n  th e  C o n t r o l  r u n .  F o r  e x a m p le , d u r in g  f i r s t  12 h o u r  f o r e ­
c a s t ,  p r e c i p i t a t i o n s  w e re  p r e d ic t e d  i n  th e  S o u th  C h in a  S e a (1 9 °N ,1 1 2 °E ) and  th e  
w e s te rn  Sea o f  J a p a n (3 8 ° N ,1 3 1 ° E ) i n  th e  T e s t  r u n ,  b u t  n o t  i n  th e  C o n t r o l  r u n .  
W ith  r e s p e c t  t o .  th e  p r e c i p i t a t i o n  a c co m p a n ie d  b y  TS 8613, th e  p r e c i p i t a t i o n  
a re a  i n  th e  T e s t  ru n  w as b ro a d e r  th a n  t h a t  i n  th e  C o n t r o l  r u n .  The maximum 
v a lu e  o f  th e  p r e c i p i t a t i o n  a re a  i n  th e  T e s t r u n  was a ls o  g r e a t e r  th a n  t h a t  i n  
th e  C o n t r o l  r u n .  The fo rm a r  was 14m m /6hour and  th e  l a t t e r  was 6m m /6hou r.

To v e r i f y  th e  p r e d ic t e d  p r e c i p i t a t i o n s ,  we e s t im a te d  th e  r e a l  p r e c i p i t a -  
to n s  u s in g  SYNOP and SHIP o b s e r v a t io n s ( F ig u r e  1 9 ) .  C o m pa ring  F ig u re  18 w i t h  
F ig u r e  1 9 , we c a n  r e c o g n iz e  t h a t  th e  p r e d ic t e d  p r e c ip i t a t i o n s  I n  th e  T e s t  ru n  
w e re  much c lo s e r  t o  th e  o b s e r v a t io n s  th a n  th o s e  i n  th e  C o n t r o l  r u n .  F o r  th e  
f i r s t  12 h o u r s ,  t h e r e  o b s e rv e d  p r e c i p i t a t i o n s  i n  th e  S o u th  C h in a  Sea and 
w e a s te rn  Sea o f  J a p a n (F Ig u re  1 9 ( t o p ) ) ,  w h ic h  w e re  p r e d ic te d  b y  th e  T e s t  r u n  
b u t  n o t  b y  th e  C o n t r o l  r u n .  A  s e v e re  r a i n f a l l  was o b s e rv e d  i n  th e  m id d le  
K o re a n  P e n in s u la  f o r  b o th  th e  se co n d  and  t h i r d  12 h o u r  p e r io d s .  F o r  th e  
s e c o n d  12 h o u r  p e r io d ,  i t s  maximum w as 61m m /6 h o u r. The T e s t ru n  p r e d ic t e d  
t h i s  r a i n f a l l  w i t h  s t r o n g e r  i n t e n s i t y  th a n  th e  C o n t r o l  r u n .  The maximum 
p r e c i p i t a t i o n  was 16m m /6hour i n  t h e  T e s t  r u n  d u r in g  th e  second  12 h o u r  p e r io d .  
A lth o u g h  th e  maximum v a lu e  was s m a l le r  th a n  t h a t  o f  th e  o b s e r v a t io n s ,  i t s  
p o s i t i o n  was w e l l  p r e d ic t e d .  I n  th e  c o n t r o l  r u n ,  th e  maximum was 6 ram /6hour, 
w h ic h  was s m a l le r  th a n  t h a t  o f  th e  t e s t  r u n  and  th e  p o s i t i o n  was o n  th e  Y e l lo w  

Sea.
A  p r e c i p i t a t i o n  c o n t in u e d  th r o u g h  th e  w h o le  f o r e c a s t in g  p e r io d s  a ro u n d  a t  

2 5 °N ,1 5 8 °E  i n  th e  T e 3 t r u n .  H o w e v e r, b e ca u se  no SYNOP o r  SHIP o b s e r v a t io n s  
w e re  o b ta in e d  i n  th e  a r e a ,  one  c o u ld  n o t  re c o g n iz e  i t  i n  F ig u re  19 . To 
e s t im a te  th e  p r e c i p i t a t i o n s  o v e r  th e  o ce a n  we u se  th e  c lo u d  d a ta  o b ta in e d  b y  
m e t e o r o lo g ic a l  s a t e l l i t e .  F ig u r e  20 shows th e  c lo u d  d i s t r i b u t i o n s  r e p re s e n te d  
b y  t h e  o b s e rv e d  T - ^  a t  c lo u d  t o p ,  d u r in g  0000UTC 26 A u g u s t and 1200UTC 2 6 .

DO
The lo w e r  th e  c lo u d  to p  te m p e ra tu re  i s ,  t h e  g r e a t e r  th e  p r o b a b i l i t y  o f  p r e c i ­
p i t a t i o n s  i s  e x p e c te d  u n d e r  th e  c lo u d  a re a .  F ig u r e  20 in d ic a t e s  c l e a l y  th e
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F ig u r e  13 C o m p a riso n  b e tw e e n  th e  T e s t  a n a ly s is  and  th e  C o n t r o l  a n a ly s is  a t  
500mb i n  th e  s o u th e rn  h e m is p h e re .  (T o p )  T e s t  a n a ly s is  w i t h  n o t  o n ly  th e  
TEMP d a ta  b u t  a ls o  s a t e l l i t e  c lo u d  m o is tu r e  d a ta .  (B o t to m )  C o n t r o l  a n a ly ­
s i s  w i t h  o n ly  th e  TEMP d a ta .  C o n to u r  i n t e r v a l  i s  3K and  th e  a re a  w h e re  
T -TD  i s  lo w e r  th a n  3K i s  s h a d e d .

F ig u r e  1 4 -a  C o m p a riso n  b e tw e e n  th e  T e s t  a n a ly s is  and  th e  C o n t r o l  a n a ly s is  a t  
850mb i n  th e  n o r th e r n  h e m is p h e re .  (T o p )  T e s t  a n a ly s is  w i t h  th e  new s a t e l ­
l i t e  c lo u d  m o is tu r e  d a ta .  (B o t to m )  C o n t r o l  a n a ly s is  w i t h  th e  c o n v e n t io n a l  
T -T D  b o g u s  d a ta .  C o n to u r  i n t e r v a l  i s  3K a n d  th e  r e g io n  w h e re  T -TD  i s  

lo w e r  th a n  3K i s  sh a d e d .

F ig u r e  1 4 -b  The same as  F ig u re  1 4 -a  b u t  f o r  500mb l e v e l .

F ig u r e  15 I n f r a r e d  s a t e l l i t e  p h o to g ra p h  b y  GMS-3 a t  OOOOUTC 26 A u g u s t 1986 .

F ig u r e  1 6 -a  S u r fa c e  w e a th e r  c h a r t  a t  OOOOUTC 26 A u g u s t 1986 .

F ig u r e  1 6 -b  S u r fa c e  w e a th e r  c h a r t  a t  1200UTC 27 A u g u s t 1986 .

F ig u r e  17 T -T D  a n a ly s e s  a t  OOOOUTC 26 A u g u s t 1 9 8 6 . R e la t i v e l y  h u m id  r e g io n s  
w h e re  T -T D -3 K  a re  s h a d e d . ( L e f t )  th e  a n a ly s e s  o f  T e s t ru n  and ( R ig h t )  

th o s e  o f  C o n t r o l  r u n .  (T o p )  a t  850mb and  (B o t to m )  a t  700mb.

F ig u r e  18 C o m p a ris o n  o f  th e  f o r e c a s te d  sea l e v e l  p re s s u re  and  p r e c i p i t a t i o n  
b y  T e s t  r u n  ( L e f t  c o lu m n ) and  C o n t r o l  r u n ( R ig h t  c o lu m n ) .  The c o n to u r  
i n t e r v a l  o f  PS i s  4mb. P r e c i p i t a t i o n  a re a s  a re  shaded  and th e  c o n to u r  
i n t e r v a l  o f  th e  a c c u m u la te d  p r e c ip i t a io n s  i s  5m m /6h o u r. (T o p )  I n i t i a l  Ps 
a n d  p r e c i p i t a t i o n  d u r in g  0 t o  12 f o r e c a s t  h o u r s ,  ( M id d le )  Ps a t  24 h o u r  
f o r e c a s t  and  p r e c i p i t a t i o n  d u r in g  12 t o  24 f o r e c a s t  h o u r s ,  and  (B o t to m )  Ps 
a t  36 h o u r  f o r e c a s t  and  p r e c i p i t a t i o n  d u r in g  24  t o  36 f o r e c a s t  h o u r s .
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F ig u re  2 GMS-3 in f r a r e d  s a t e l l i t e  p h o to g ra p h  a t  1200UTC 2 4 ,June  19 86 .
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F ig u r e  9 -d  The same a s  F ig u r e  9 -a  b u t  c lo u d  c o n d i t io n s  N o .6 7 -N o .88 and
p r e s e n t  w e a th e r  i s  W et and l o c a t io n  i s  s u b t r o p ic s .
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Figure 9-e The same as Figure 9-a but cloud conditions No.89-No.110 and

cloud condition is Dry.
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Figure 10 Surface weather chart at 1200UTC, 24 June 1986
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