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FOREWORD 

After more t h a n  a decade o f  i n t e r n a t i o n a l  and n a t i o n a l  p l a n n i n g ,  t h e  
Global Weather Experiment  (W), f o r m e r l y  known a s  t h e  F i r s t  GARP 
Global Experiment  (FGGE) , was under taken  i n  December 1978 and c o n t i n u e d  
t h r o u g h  Noverrher 1979. T h i s  unprecedented and a u d a c i o u s  v e n t u r e  was 
t h e  w o r k  o f  many n a t i o n s .  
s y s t e m s  were thrown i n t o  h i g h  g e a r  a n d  were augmented o n  a rnassi've 
scale by many spacial  s y s t e m s - - s a t e l l i t e s ,  a i r c r a f t ,  buoys ,  and  s h i p s .  
The y e a r ' s  e f f o r t  c u l m i n a t e d  iri a g a t h e r i n g  o f  g l o b a l  o b s e r v a t i o n a l  
da t a  d e t a i l i n g  t h e  behavior  of t h e  a tmosphere  and w e a n  worldwide. 

The p r i h a r y  m o t i v a t i o n  f o r  t h e  e x p e r i m e n t  was to  e x p l o r e  t h e  
p o s s i b i l i t i e s  for g r e a t l y  extended p r e d i c t i o n  o f  the a t n o s p h e r e ' s  
b e h a v i o r  t h r o u g h  t h e  u s e  of advanced o b s e r v i n g  t e c h n i q u e s ,  computer 
c a p z h i l i t i e s ,  and  n u m e r i c a l  mdels,  and on t h e  b a s i s  of t h i s  e x p e r i -  
e n c e ,  t o  d e s i g n  a g l o b a l  a tmospher ic  observ i i ig  systeiil of t h e  f u t u r e .  

S i n c e  c o m p l e t i o n  of t h e  q h e r v a t i o n a l  p h a s e ,  t h e  g l o b a l  d a t a  s e t s  
h a v e  been  i n  u s c  by many r e s e a r c h  s c i e n t i s t s ,  p a r t i c u l a r l y  to  
d i s t i n g u i s h  between p r e d i c t i o n  e r rors  d u e  to  f a i l u r e s  i n  o b s e r v a t i o n s  
and  t h o s e  d u e  t o  f a i l u r e s  i n  modelinq and  u n d e r s t a n d i n g .  T h e i r  
u l t i m a t e  goal is ta a c q u i r e  b e t t e r  knowledge and u n d e r s t a n d i n g  o f  t h e  
a tmosphere  so t h a t  b e t t e r  a n d  more u s e f u l  weather  p r e d i c t i o n  s e r v i c e s  
may be p r o v i d e d  to t h e  world.  

The FGGE Advisory P a n e l  of t h e  U.S.  Committee for t h e  Global 
Atmospheric  Research  Program f e l t  t h a t  a d e t a i l e d  a s s e s s m e n t  s h o u l d  be 
u n d e r t a k e n  of t h e  s t a t u s  of GWE r e s e a r c h  and  t h e  p r o g r e s s  i n  meet ing  
t h e  p r e v i o u s l y  e s . t a b l i s h e d  o b j e c t i v e s  o f  GWE. A t w o - w e e k  workshop was 
h e l d  a t  t h e  N a t i o n a l  Academy of S c i e n c e s  S tudy  C e n t e r  i n  Woods Hole, 
M a s s a c h u s e t t s ,  i n  J u l y  1984.  N o  r e p o r t s  have  resul ted from t h e  
workshop--one c o m p i l i n g  t h e  papers  t h a t  were p r e s e n t e d  d u r i n g  t h e  f i r s t  
s e v e n  d a y s  and one  s u v n a r i z i n g  t h e  i x o c e e d i n g s .  These r e p o r t s  a r e  
i n t e n d e d  to  i n f o r m  r e s e a r c h e r s  worldwide o n  what h a s  been done and to  
p r e s e n t  recommendations o n  what more s h o u l d  be done.  

On b e h a l f  of t h e  U . S .  Corrmit tee  for  t h e  G l o b a l  Atmospheric  Rer;e+ch 
Program, I wish  to  e x p r e s s  our  g r a t i t u d e  t o  Julia N. P a e g l e ,  Chairman 
of  t h e  F G G E  Advisory P a n e l ,  t o  Eonald  11. Johr.son, Chairman of t h e  FGGE . 
Workshop O r g a n i z i n g  Committee, and t o  a l l  t h o s e  who c o n t i n u e  t o  add t o  
GWE'a success. 

Routine o p e r a t i o n a l  weatler o b s e r v i n g  

Verner  E. S u o m i ,  Chairman 
U.S. Committee f o r  t h e  G l o b a l  
Atmospheric  Research Proqram 
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PREFACE 

The s c i e n t i f i c  resul ts  of t h e  F i r s t  N a t i o n a l  Workshop o n  ;he Global 
Weather Experiment  (GWE) a r e  p r e s e n t e d  i n  t w o  volumes. The f i r s t  
volume p r e s e n t s  t h e  f i n d i n g s  and a summary of t h e  symposium 
p r e s e n t a t i o n s  and d i s c u s s i o n s ,  w h i l e  t h e  second c o n t a i n s  t h e  p a p e r s  
g i v e n  by p a r t i c i p a n t s .  The o b j e c t i v e s  o f  t h e  workshop were to  
(1) summarize r e s e a r c h  p r o g r e s s  i n  meet ing  t h e  GWE o b j e c t i v e s ,  
( 2 )  i d e n t i f y  f u t u r e  r e s e a r c h  needed to a c h i e v e  t h e s e  o b j e c t i v e s ,  a n d  
( 3 )  estimate the t i m e  and r e s o u r c e s  t h a t  w i l l  be needed i n  t h e  f u t u r e  
to  f u l f i l l  t h e  o b j e c t i v e s .  %o e x l y  i n t e r n a t i o n a l  workshops sponsored 
b y  t h e  World M e t e o r o l o g i c a l  O r g a n i z a t i o n  h;,? been held s h o r t l y  a f t e r  
Lhe y e a r  of t h e  Global Kcather Experin.ent--one i n  Gergen, Norway, 
June 19SO; t h e  o t h e r  i n  T a l l a h a s s e e ,  F l x i d a ,  J a n u a r y  1981. The 
r e s u l t s  p r e s e n t e d  a t  t h e s e  workshops were of a p r e l i m i n a r y  n a t u r e ,  
s i n c e  t h e  L e v e l  I11 d a t a  sets j u s t  b e i n g  p r e p a r e d  by t h e  t w  n?fcr 
c e n t e r s - - t h e  European Medium Range Forecast C e n t e r  (ECMWF) and t h e  
G e o p h y s i c a l  Fluic! Dynamics Labora tory  (GFLj,) - r e r e  n o t  y e t  a v a i l a b l e  
to  t h e  s c i e n t i f i c  c o n v u n i t y ,  

The o b j e c t i v e s  o f  t h e  GlJE, * r h i l e  d e t e r m i n e d  through i n t e r n a t i o n a l  
e f f o r t s ,  a r e  se t  f o r t h  f o r  t h e  U.S. s c i e n t i f i c  cormuni ty  i n  T h e  Global  
W e a t h e r E x p e r  imerr t - -Perspect ives  an i: s Implementa t ion  s n d  E x ; l o i t a t i o n ,  
a r e p o r t  of t h e  FGGE Advisory F a n e l  to t h e  U.S. Coiniiittee  for^ tiie - 
G l o b a l  Atmospheric  Research  Program, N a t i o n a l  Research  C o u n c i l ,  
N a t i o n a l  Academy of S c i e n c e s .  

w o r k s h o p  a d d r e s s e s  f i v e  s u b j e c t  a r e a s  t h a t  r e f l e c t  t h e  s t a t e d  
s c i e n t i t i c  o b j e c t i v e s  of t h e  GIVE. F i g u r e  1 p o r t r a y s  t h e  
i n t e - r r e l a t i o n s h i p  among t h e  f i v e  a r e a s .  The o b s e r v a t i o n a l  sys t em 
formed t h e  basis for  t h e  unique e x p e r i m e n t ,  d a t a  a n a l y s i s  and 
a s s i m i l a t i o n  u t i l i z e d  t h e  o b s e r v a t i o n s  t o  c o n s t r u c t  t h e  g l o b a l  
s t r u c t t i r e  of  t h e  a t n o s p h e r e ,  t h e  r e s e a r c h  t h r u s t s  of p r e d i c t i o n  
e x ~ e r  iyerits, and d i o g n o s t i c  and phcnomcnoloki ical  s t u d i e s  f o l l o w  from 
t h e  d a t a  and a n a l y s e s ,  and ti  * i i n a l  a r e a  of d e s i g n  uf  t h e  f u t u r e  
g l o b a l  o b s e r v i n g  system ul t in t -Lely  depends  on a l l  of t h e  above. I n  t h e  
E x e c u t i v e  Summary, hvwever, t h e s e  f i v e  subject; s r e a s  have been ccrnbined 
under t h r e e  h e a d i n g s  d e a l i n g  w i t h  the GdE o b s e r v i n g  sys tem and f u t u r e  
d e s i g n s ,  a n a l y s e s  a n d  p r e d i c t i c n s ,  and d i a g n o s t i c s  and phenonenglogica l  
s t u d i e s .  

R e a d e r s  w i l l  r e c o g n i z e  t h a t  t h e  main body of t h e  r e p o r t  of t h e  

-- 
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NOW, f i v e  y e a t s  a f t e r  t h e  exper iment ,  t h e  r e s u l t s  stemming from 
a n a l y s e s  and p r e d i c t i o n  for t h e  GWE a re  comprehensive bLvt n o t  y e t  
f i n a l i z e d  i n  t h e  s e n s e  t h a t  a l l  t h e  u t i l i t y  of t h e  i n f o r m a t i o n  g a t h e r e d  
from t h e  most e x t e n s i v e  g l o b a l  weather  o b s e r v i n g  s y s t e a  h a s  been 
r e a l i z e d .  
i m p o r t a n t  advances  were made in  o b s e r v i n g ,  aralyses, p r e d i c t i o n ,  a n d  
d i a g n o s t i c s  of t h e  g l o b a l  a tmcsphere c i r c u l a t i o n  through t h e  GEE. 
I n s i g h t  i n t o  t h e  d e s i g n  of a f u t u r e  g l o b a l  o b s e r v i n g  s y s t e m  h a s  been  
g a i n e d ,  b u t  much remains  t o  be accompl ished .  
two volumes is to  document the  b a s i s  o f  t h i s  a s s e s s m e n t .  

f i n d i n g s ,  t h e  FGGE Workshop Organizing Committee f e l t  t h a t  a workshop 
format w a 2  asheztial i n  o r d e r  to  allow s u b s t a n t i a l  time f o r  d i s c u s s i o n  
and  exchange of ideas among the o b s e r v a t i o n a l i s t s ,  a n a l y s t s ,  
t h e o r e t i c i a n s ,  and  n u m e r i c a l  modelers .  Thus t h e  seminar  was o r g a n i z e d  
by t o p i c a l  areas  t h a t  covered  t h e  broad  r a n g e  of s c i e n t i f i c  e f f o r t s  
t h a t  were t h e  f o u n d a t i o n  of t h e  GWE. S e s s i o n  o r g a n i z e r s  for e a c h  
t o p i c a l  area were a s s i g n e d  r e s p o n s i b i l i t i e s  to  i n v i t e  key s p e a k e r s  a n d  
e n l i s t  s e s s i o n  chair inen and  r a p p o r t e u r s .  With 20 s e s s i o n s ,  t h e  
a t t e n d a n c e  a t  t h e  workc:hop was l i m i t e d  p r i n a r i l y  t o  ; c t i v e  p a r t i c i p a n t s .  
Unfor t .una te ly ,  t h e  s i z e  of  the  Academy's summer s t u d y  f a c i l i t i e s  a t  
Vioods Hole and t h e  need to prepare  g e n e r a l  f i n d i n g s  t h a t  c o v e r e d  a 
broad  rcrnqe of s c i e n t i f i c  s p e c i a l i t i e s  l i m i t a d  a t t e n d a n c e .  I n  o r d e r  t o  
p i o v i d e  a n  o p p o r t u n i t y  f o r  exchange among t h e  l s r g e r  community of 
s c i e n t i s t s  engclgcd i n  G 8 E  r e s e a r c h ,  t h e  U.S. FGGE Committee has c a l l e d  
f o r  a r r a t i o n a l  c o n f e r e n c e  311 the s c i e n t i f i c  r e s u l t s  o f  t h e  GWE to b e  
h e l d  i n  c o n j u n c t i o n  w i t h  t h e  1986 a n n u a l  meet ing o f  t h e  American 
M e t e o r o l o g i c a l  S o c i e t y .  

summary t h a t  h i g h l i g h t s  t h e  most i m p o r t a n t  f i n d i n g s  stenLming from t h e  
GWE; t h e  second,  a supplernentary s c i e n t i f i c  summary t h a t  c o v e r s  
a d d i t i o n a l  key r e s u l t s  and reconimendations; and a t h i r d ,  a 
comprehens ive  surrnary of t h e  p r c s e n t b t i o n s  and d i s c u s s i o n  w i t h i n  each  
t o p i c a l  a r e a .  D e t a i l e d  achievcments ,  u n r e s o l v e d  problems,  and  
reconmiendations a r e  i n c l u d e d  i n  e a c h  of t h e  comprehensive summaries. 
These summaries were p r e p a r e d  by t h r  workshop p a r t i c i p a r i t s  who were 
r e s p o n s i b l e  f o r  t h e i r  r e s p e c t i v e  a r e a s .  

The second volune  c o n t a i n s  t h e  p a p e r s  p r e s e n t e d  a t  t h e  Workshop. 
Key s p e a k e r s  werz i n v i t e d  t o  pceparc* and p r e s e r l t  a s c i e n t i f i c  summary 
o f  r e s u l t s  w i t h i n  e a c n  t o p i c a l  a K C J  w i t h  t h c  g u i d e l i n e  t h a t  t h e  
summaries  were to  c o v e r  s t u d i e s  t h a t  a d d r e s s e d  GKL r e s e a r c h  o b j e c t i v e s  
and u t i l i z e d  GdE i n f o r i m t i o n .  

r e p o r t e d  i n  these t w o  voliinies w i l l  be  i n f o r m a t i v e  t.o t h e  genera:  
s c i e n t i f i c  ccmniuni t; .is f u t u r e  K ~ S ~ J L - C ~ ~  is a d d r e s s e d  to t h e  GWE 
o b j e c t i v e  of bot.h irnpro.:ing 1iirge-sca.le weather  p r e d i c t i c n  and Laying 
t h e  f o u n d a t i o n  for ciy:;ai~li~.,lL t,<isis f o r  cliriidtte. 

who c o n t r i b u t e d  to t h e  SUCC:L':;G of t h e  work..iiop: To the o r g a n i z e r s  who 
a r r a n g e d  t h e  s e s s i o n s  arid p r c p d r e d  session summaries; t o  t h e  s p e a k e r s  

The o v e r a l l  assessment  o f  t h e  p a r t i c i p a n t s  was t h a t  

A p r i m a r y  purpose  of t h e  

In o r d e r  to  address the th:ee ~ " u j e c t i v e s  of tiie workshop and p r e p a r e  

The f i r s t  volume c o n t a i n s  t h r e e  sunmar ies :  t h e  f i r s t ,  a n  e x e c u t i v e  

I t  i n  hoped t h a t  t h c  S I I I ~ U I ~ ~ ~ ~ C S ,  f i , i d i n g s ,  and r e s e a r c h  t h r u s t s  

The P'GGL-: Fiorkshop Organizing Cumniittee i-x[)rcsses a p p r e c i a t i o n  t o  all 
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EXECUTIVE SUMMARY 

The Global  Weather Experiment  ( W E ) ,  h e l d  i n  1970,  r e p r e s e n t c d  a y e a r  
l o n g  i n t e r n a t i o n a l  e f f o r t  to  o b s e r v e  t h e  e a r t h ’ s  a tmosphere to a n  
e x t e n t  n o t  p r e v i o u s l y  achieved  n o r  l ike1.y to Le a c h i e v e d  a g a i n  w i i h i n  
the f o r e s e e a b l e  f u t u r e .  A n  enormous u n d e r t a k i n g ,  t h 2  Experiment  t o o k  
more t h a n  a decade to p l a n  and implement and  cost  t h e  n a t i o n s  of t h e  
world a sum o f  o v e r  $400 m i l l i o n ,  h a l f  of which was c o n t r i b u t e d  by t h e  
U n i t e d  States.  The s c i e n t i f i c  o b j e c t i v e s  of t h e  e x p e r i m e n t  were-- 

1. t o  p r o v i d e  data for numer ica l  p r e d i c t i o n  e x p e r i m e n t s  aimed a t  
i n c r e a s i n g  p r e d i c t i v e  s k i l l  i n  t h e  r a n g e  of a f e w  d a y s  to  a few weeks; 

2. 
a n d  pheAiomcnolocJical s t u d i e s  aimed a t  i n c r e a s e d  u n d e r s t a n d i n g  o f  
l a r g e - s c a l e  a t n o s p h e r i c  s t r u c t u r e  and p r o c e s s e s  and t h e r e b y  l e a d  t o  
improving comprehensive p r e d i c t i o n  moaels; and  

3 .  to d e f i n e  t h e  riccessary e l e m e n t s  of t h e  f u t u r e  c p e r a t i o n a l  
g l o b a l  observ img s y s t e m  t a k i n g  a c c o u n t  of c h e  consequences  of v a r i o - i s  
a l t e r n a t i v e  c o n f i g y r a t i o n s  o n  p r e d i c t i v e  c a p a b i l i t y .  

to  u t i l i z e  t h e  unique  s e t  o f  g l o b a l  o b s e r v a t i o h s  i n  tii..<ajiIOStic 

S e v e r a l  remarkable  accomplishments  o f  t h e  GkIE i n c l u d e  t h e  f o l l o w i n g :  

1. t h e  implementa t ion  and o p e r a t i o i l  o f  a g l o b a l  o b s e r v l n g  s y s t e m  
t h a t  i n c l u d e d  t h e  r e g u l a r  World Weather Watch network,  two polar 
o r b i t i n g  and f i v e  geosynchronous m e t e o r o l o g i c a l  s a t e l . l : t e s ,  ocean  buoys  
d i s t r i b u t e d  main ly  i n  t h e  s o u t h e r n  hemisphere ,  ships, a i r c r a f t ,  and 
c o n s t a n t - l e v e l  b a l l o o n s :  

t h e  development  and u t i l i z a t i o n .  oE g l o b a l  d a t a  a s s i m i l a t i o n  
models  i n  r e a l  and d e l a y e d  time to  produce  t h e  best  t h r e e - d i m e n s i o n a l  
g l o b a l  d e s c r i p t i o n  of t h e  atmosphere t h a t  h a s  e v e r  bcen assembled:  

Weather p r e d i c t i o n .  w i t h i n  t h e  decada from less t h a n  t h r e e  d a y s  t o  s i x  
d a y s  i n  t h e  n o r t h e r n  hemisphere,  from l i t t l e  s k i l l  to t w o  d a y s  i n  t h e  
t r o p i c s ,  and  from less t h a n  t w o  d a y s  t o  f o u r  d a y s  i n  the s o u t h c r n  
hcmi s p h e r  e ; 

4 .  t h e  d e t e r m i n a t i o n  o f  t he  i r r p x t  of p a r t i c u l a r  cowponents of t h e  
composite o b s e r v i n g  syste,n i n  nuiner i c a l  weather  p r e d i c t i o n ,  and, t h e  
c h a r a c t e r i s t i c s  o f  t h e  f u t u r e  g l o b a l  o b s e r v a t i o n a l  sys tem r e q u i r e d  f o r  
more s k i l l f u l  weather  f o r e c a s t s ;  and 

1 

2 .  

3 .  t h e  d o u b l i n g  o f  the u s e f u l  time r a n g e  o f  g l o b a l  niimerica? 
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. 5 .  a marked i n c r e a s e  i n  our, knowledge o f  t h e  major monsaon s y s t e m s  
t h a t  h a s  f o r  t'he f i r s t  time l e d  to  s k i l l f u l  f o r e c a s t s  o f  t h e i r  o n s e t  
f rom o b s e r v a t i o n s .  

I n  J u l y  1984, n e a r l y  5 Years a f t e r  t h e  c o n c l u s i o n  o f  t h e  f i e l d  p h a s e  
of t h e  e x p e r i m e n t ,  60 s c i e n t i s t s ,  r e p r e s e n t i n g  a broad s p e c t r u m  o f  t h e  
r e s e a r c h  community, g a t h e r e d  a t  t h e  Woods Hole S t u d y  C e n t e r  to d i s c u s s  
the p r o g r e s s  t h a t  h a s  been rade t h u s  f a r  toward m e e t i n g  t h e  o b j e c t i v e s  
of t h e  G l o b a l  Weather Experiment  and  to i d e n t i f y  problems an3  n e e d s  
r e q u i r i n g  f u r t h e r  a t t e n t i o n  if t h e  o b j e c t i v e s  are t o  be f u l l y  s a t i s f i e d .  
The  main c o n c l u s i o n s  a n d  recomniendations t h a t  emerged from t h e  workshop 
are surmar i z e d  w i t h i n  t h i s  suKmry  under  t h e  f o l l o w i n g  t h r e e  main 
h e a d i n g s :  
d i a g n o s t i c :  i i i r i i  phenomenologicai  s t u d i e s .  

workshop w i l l  be found i n  t h e  body o f  t h e  report. 
t h e r e i n  a r e  summaries of t h e  sessions h e l d  and a complete l i s t i n g  o f  
t h e  c o n c l u s i o n s  and recomme:.dations, b o t h  major and  minor , t h a t  
emanated from e a c h  session. 

o b s e r v a t i o n a l  s y s t e m ,  a n a l y s i s  a n d  p r e d i c t i o n ,  and 

A f u l l e r  summary o f  t h e  main c o n c l u s i o n s  and  recommendat ions of t h e  
A 1 5 0  c o n t a i n e d  

OBSERVING SYSTEMS: 
THE GLOBAL WEATHER EXPERIMENT AND THE FUTURE. 

The o b s e r v i n g  s y s t e m  of t h e  Global  Weather Experiment  p r o v i d e d ,  a s  
i n t e n d e d ,  a d e s c r i p t i o n  o f  t h e  a t m o s p h e r e ' s  s t r u c t e r e  and b e h a v i o r  more 
complete and d e t a i l e d  t h a n  ever  b e f o r e .  The space-based  ( s a t e l l i t e )  
s y s t e m  p r o v i d e d  d c t a . i l e d  t e m p e r a t u r e  a n d  m c i s t u r e  s o u n d i n g s ;  produced. 
t h o u s a n d s  of c l o u d - d r i f  t wind v e c t o r s  o v e r  t h e  t r o p i c s  and o c e a n s ;  and  
s e r v e d  as  a d a t a  c o l l e c t i o n  and l o c a t i o n  s y s t e m  f o r  d r i f t i n g  o c e a n  
buoys ,  a i r c r a f t ,  a n d  b a l l o o n  p l a t f o r m .  I n  t h e  t ropics ,  a number o f  
special  o b s e c v i n q  s y s t e m s  were d e p l o y e d  i n  a c o n c e r t e d  e f f o r t  to  
o b s e r v e  t h e  s t r u c t u r e  of t h a t  i m p o r t a n t  p a r t  o f  t h e  a tmosphere .  
of t h e  Seven o b s e r v a t i o n a l  sys tems d e v e l o p e d  f o r  t h e  G l o b a l  Weather 
System h a v e  a l r e a d y  become p a r t  of t h e  o p e r a t i o n a l  o b s e r v i n g  c a p a b i l i t y  
employed for r o u t i n e  weather  support. 

d a t a  produced b y  t h e  o b s e r v i n g  system was enormous. 
number of t h e  o b s e r v i n g  subsyst.ems have  undergone a r e p r o c e s s i n g  i n  
o r d e r  t o  correct  d e f i c i e n c i e s  and improve t h e  i n f o r m a t i o n  c o n t e n t .  
T e c h n i q u e s  for r e t r i e v i n g  tempera ture  and  moisture p r o f i l e s  f rom 
s a t e l l i t e - m e a s u r e d  r a d i o m e t r y  have now improved to t h e  p o i n t  t h a t  s. 
r e p r o c c s s i n q  0: t h a t  d a t a  us ing  b z t t e r  methcds t o  produce s i g n i f i c a n t  
i m p r o v e m n t s  i n  q u a l i t y  and coverage is recomiended. The u t i l i z a t i o n  
o f  t h e  GWE d a t a  b a s e  h a s  been,  and  w i l l  b e ,  a n  i t e r a t i v e  p r o c e s s  as  
progress o c c u r s  i n  a s s i m i l a t i o n ,  g l o b a l  a n a l y s i s ,  and  nunitr i c a l  weather  
p r e d i c t i o n .  Only b y  t h i s  means c a n  mxirnum u t i l i t y  and improvement of  
b o t h  t h e  d a t a  b a s e  and  t h e  a n a l y s i s  p r o d u c t  h e  a c h i e v c d .  

s y s t e m  c a n  o n l y  be rnadc a f t e r  underst ' inding what is i m p o r t a n t  to  
o b s e r v e  b o t h  i n  t h e  t r o p i c s  and i n  h i g h e r  l a t i t u d e s  and  how t o  do i t  

F i v e  

The t a sk  o f  c o l l e c t i n g ,  c o l l a t i n g ,  and managing t h e  l a r g e  amount of 
Data produced by P 

The s p e c i f i c a t i o n  of  t h e  corcponents of t h e  f u t u r e  g l o b a l  o b s e r v i n g  
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w i t h  economica l  and f e a s i b l e  o b s e r v i n g  systemn.  The r e s e a r c h  phane of 
GWE is i n  t h e  midst o f  de te r ra in ing  t h e s e  components ,  a n d  , l though some 
c h a r a c t e r i s t i c s  o f  the  f u t u r e  o b s e r v i n g  s y s t e m  c a n  be s ta ted w i t h  some 
c e r t a i n t y ,  o t h e r s  a r e  n o t  y e t  so clear. 

h a v e  d e m o n s t r a t e d  t h e  importance of g l o b a l  measurements  of t h e  wind and 
t e m p e r a t u r e  f i e l d .  They h a v e  also d e m o n s t r a t e d  t h e  n e c e s s i t y  f o r  a 
space-based o b s e r v i n g  sys tem t h a t  is t r u l y  g l o b a l .  S u r f a c e  and 
boundary  l a y e r  i n f o r m a t i o n  over t h e  v a s t  o c e a n i c  areas is n e c e s s a r y .  
J t  c a n  most e f f e c t i v e l y  be o b t a i n e d  i n  t h e  s o u t h e r n  hemisphere  by a 
f l e e t  of f r e e  d r i f t i n g  buoys. 

is n o t  compiete, b u t  agreement  t h a t  o b s e r v a t i o n  o f  t h e  wind f i e l d  is  
e s s e n t i a l  p o s e s  v e r y  s e v e r e  problems of how to  o b s e r v e  i t  i n  a d e q u a t e  
f a s h i o n .  The f i e l d  of m o i s t u r e  is a1s.j e s s e n t i a l ,  b u t  what  m o i s t u r e  
Variables s h o u l d  be o b s e r v e d  and on what  scales a re  n o t  now 
d e t e r m i n e d .  Cloud c o v e r  and p r e c i p i t a t i o n  are l i k e l y  to  be i m p o r t a n t .  

O v e r a l l ,  t h e  more d i f f i c u l t  t a s k  o f  d e t e r m i n i n g  t h e  best  n i x  of 
space-based  and  i n  s i L u  measurements o f  t h e  wind, t e m p e r a t u r e ,  a n d  
m o i s t u r e  f i e l d s  i n  t h e  t r o p i c s  and i n  h i g h e r  l a t i t u d e s  h a s  o n l y  begun. 

Because  t h e  s p e c i f i c a t i o n  of t h e  components o f  a n  o p t i m u m  o b s e r v i n g  
s y s t e m  i n v o l v e s  t h e  f e a s i b i l i t y  of making o b s e r v a t i o n s  of c e r t a i n  
v a r i a b k s ,  i t  is i m p e r a t i v e  t h a t  s y s t e m  s t u d i e s  o f  t h e  f u t u r e  g l o b a l  
o b s e r v i n g  s y s t e m  s h o b l d  i n t e g r a t e  r e s u l t s  b o t h  from t e c h n o i o p s  
f e a s i b i l i t y .  s t u d i e s  and from ob:;erviny s y s t e m s  s in iu la t ior i  s t u d i e s .  

Observ ing  s y s t e m  impact  s t u d i e s  and  s y s t e m  s i m u l a t i o n  e x p e r i m e n t s  

P r e s e n t  knowledge c o n c e r n i n g  what  is needed  i n  t h e  t ropical  r e 2 i a s  

ANALYSIS AND PREDICTIGX 

The GWE o b j e c t i v e  ana ly ' ses  o f  m e t e o r o l o g i c a l  i n f o r m a t i o n  p r o v i d e  t h e  
bes t  and most c o m p l e t e  g l o b a l  r e p r e s e n t a t i o n  of t h e  a tmosphere  e v e r .  
The p o w e r f u l  new d a t a  a s s i m i l a t i o n  m e t h o d s  d e v e l o p e d  t o  produce  t h e s e  
a n a l y s e s  h a v e  been s u c c e s s f u l  i n  a s s i m i l a t i n g  many t y p e s  of new and  
u n c o n v e n t i o n a l  d a t a .  Much o f  the p o t e n t i a l  of t h e s e  new schemes h a s  
been r e a l i z e d  i n  t h e  e x t r a t r o p i c s  , a l t h o u g h  i n  t h e  t r o p i c s  t h e i r  
p o t e n t i a l  h a s  n o t  been fully e x p l o i t e d .  

c o n s i s t e n t  i n  t h e  e x t r a t r o p i c a l  n o r t h e r n  hemisphere  s u g g e s t i n g  a n  
a t m o s p h e r i c  r e p r e s e n t a t i o n  t h a t  is v i r t u a l l y  i n d e p e n d e n t  of t h e  
a s s i m i l a t i n g  mqdel. The t r o p i c a l  and  s o u t h e r n  hemisphere  a n a l y s e s  a r e  
less c o n s i s t e n t  b u t ,  n o n e t h e l e s s ,  p r o v i d e  a more r e a l i s t i c  r e p r e s e n t a -  
t i o n  t h a n  any  p r e v i o u s l y  produced. 

The s t a t i s t i c a l  c o v a r i a n c e  models employed i n  o b j e c t i v e  a n a l y s i s  of 
m e t e o r o l q i c a l  i n f o r m a t i o n  a r e  g e n e r a l l y  i n a p p r o p r i a t e  i n  t h e  t r o p i c s .  
M o i s t u r e  a n a l y s i s  remairis p o o r ,  and some d i a g n o s t i c  q u a n t i t i e s  d e r i v e d  
from a n a l y s e s  shod a stronger i n f l u e n c e  fiom the a ; s i m i l a t i n g  model 's  
pacameter  i z a t i o n  t h a n  from ';he o b s e r v a t i o n s .  T-ere  a r e  a l s o  s e r i o u s  
d e f  i c i c n c i e s  i n  t h e  GX!: o b j e c t i v e  anAlyses  of s t r a t o s p h e r i c  i n f o r m a t i o n .  
T h e r e  remains  much u s e f u l  i n f o r m a t i o n  i n  t h e  &'E: d a t a  s c t  t h a t  has  n o t  
been s u c c e s s f u l l y  a s s i m i l a t c d  into t h e  GWE o b j e c t i v e  a n a l y s e s .  

The GEE a n a l y s e s  produced by t h e  v a r i o u s  m e t e o r o l o g i c a l  c e n t e r s  a re  
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The GWE data  s e t  s h w l d  be r e a n a l y z e d  u s i n g . R o r e  advanced da ta  
-_ a s s i m i l a t i o n  systems to produce improved s e t s ~ f  GWE o b j e c t i v e  a n a l y s e s  
o f  t r o p o s p h e r i c  2nd stratospKeric c i r c u l a t i o n .  h ,ss im.i la t ion sys t ems  
s h o u l d  be d e s i q n e d  w i t h  a n  enhanced t ro j i ca l  c a p a b i l i t y  t h a t  r e d u c e s  
t h e  m i d l a - t i t u d c  b i a s  evident :  i n  p r e s e n t  s t a t i s t i c a l  covar  i n n c e  models 
The problem o f  m o i s t u r e  a n a l y s i s  oholuld be attackcd v i g o r o u s l y .  

GHE h a 5  been a n  i m p o r t a n t  s t i m u l u s  i n  r e c e n t  t e c h n o l o g i c a l  a d v a n c e s  
i n  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  (Nwp). 

g loba l  a t m o s p h e r e  as  a whole,  c o i n c i d e d  w!.tL a c o n s i d e r a b l e  advance  i n  
t h e  s k i l l  a n d  s o p h i s t i c a t i o n  of n u m e r i c a l  models and  a s s i m i l a t i o n  
schemes. I n  p a r t i c u l a r ,  global a s s i m i l a t i o n  schemes and f o r e c a s t  
models became t h e  r u l e  r a t h e r  than  t h e  e x c e p t i o n  a f t e r  GWE. 

Forecast inpact s t u d i e s  performed w i t h  da t a  from t h e  GhiE s p e c i a l  
o b s e r v i n g .  s y s t e m  (SOS) have  demcns t ra ted  t h a t  a l l  components c o n t r i b u t e  
to forecast  a c c u r a c y .  
o f  forecast  s k i l l  i n  t h e  s o u t h e r n  hemisphere.  Sa t e l l i t e  t e m p e r a t u r e s  
were most i m p o r t a n t  i n  the e x t r a t r o p i c s ,  s a t e l l i t e  winds i n  t h e .  t r o p i c s ,  
a i r c r a f t  reports c o n t r i b u t e d  t o  b o t h  r e g i o n s ,  and buoys w e r e  v a l u a b l e  
i n  t h e  s o u t h e r n  h e n i s p h e r e .  
s a t e l l i t e  t e m p e r a t u r e s ,  i n  place o f  t h e  a r r h i v e d  GWE s t a t i s t i c a l  
r e t r i e v a l s ,  resul ted i n  a s i g n i f i c a n t  f o r e c a s t  improvement o v e r  Nor th  
America.  

s i x  d a y s  i n  t h e  n o r t h e r n  hemisphere e x t r a t r o p i c s .  
time of l ess  t h a n  t h r e e  day5  f o r  nurxecical  RlOdSls  of t h e  e a r l y  1970s. 
Much o f  t h i s  improvement h a s  been i n  t h c  p r e d i c t i o n  of v e r y  l o n g  v a v c s  
a n d  i n  t h o  w i n t e r  s e a s o n .  Tne f i r s t  s u c c e s s f u l  real  t i n e  i o e c a : i t s  o f  
a s t r a t o s p h e r i c  sudden wzrming were a c h i e v e d  d u r i n g  GWE. U s e f u l  
n u m e r i c a l  p r e d i c t i o n  o f  t ime-averaged a n o m a l i e s  a t  t h e  r a n g e  of t w o  to  
f o u r  weeks h a s  been  e l e v a t e d  t o  a p o t e n t i a l l y  o b t a i x b l e  yodl. 

S t u d i e s  w i t h  t h e  GWE d a t a  Saw,  h a v e  a l s o  been  u s e d  t o  r e v e a l  s h o r t -  
comi; , 6  i n  b o t h  a s s i m i l a t i o n  systems and f o r e c a s t  models.  Cumulus 
p a r a m e t e r i z a t i o n  schcmes i n  f o r e c a s t  models a r e  s t i l l  n o t  c o m p l e t e l y  
s a t i s f a c t o r y  and  a r e  n o t  p r o p e r l y  coupled w i t h  t h e  r a d i a t i o n  and  
p l a n e t a r y  boundary  l a y e r  (PBL) parameter  i z a t i o n s .  The t r o p i c a l  
a n a l y s e s ,  w h i l e  much' improved d u r i n g  GWE, remain f a r  from s a t i s f a c t o r y  
owing to  d e f i c i e n c i e s  i n  h o t h  a s s i m i l a t i n g  s y s t e m s  and f o r e c a s t  models. 
T r o p i c a l  f o r e c a s t s  improved c o n s i d e r a b l y  d u r i n s  CdE b u t  are s t i l l  much 
l e s s  s k i l l f u l  t h a n  n o r t h e r n  herniophcre e x t r a t r o p i c a l  f o r e c a s t s .  The 
r e s u l t s  of  p r e d i c t a b i l i t y  s t u d i e s  S U b t i t d n t i J t e  t h e  f a c t  t h a t  t h e  
o v e r a l l  f o r e c a s t  s k i l l  c c u l d  be improved by s e v e r a l  d a y s  through 
n u m e r i c a l  model development.  

GwE, w i t h  i ts  emphas is  o n  t h e  

I n  p a r t i c u l a r ,  t h e  W E  SOS added a b o u t  two d a y s  

The u s e  of W E  p h y s i c a l  re t r ieva l  of 

T h e  u s e f u l  t ime r a n g e  of numer ica l  p r e d i c t i o n  h a s  been i n c r e a s e d  to 
T h i s  cu:~:pzret; w i t h  a 
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i n  t h e  forecast sys tem,  
a n o m a l i e s  w i t h i n  t h e  ranqe o f  one month is ZI qoal t h a t  should b e  
c a u t i o u s l y  pxr2ued s i n c e  a p p a r e n t l y  l o w  f r e q u e n c y ,  l a r g e - s c a l e  s i q n a l s  
i n  t h e  a tmoszhxre  a r e  p o t e n t i q l l y  p r e d i c t a b l e  when t h e  e f f e c t s  of 
s l o w l y  varykJ__boundsry anomal ies  a r e  t a k e n  i n t o  a c c o u n t .  For t i m e  
scales of a s e a s o n  or l o n g e r ,  ocean-atmosphere i n t e r a c t i o n s  p l a y  a 
Crucia l  role. 

Numerical p r e d i c t i o n  o f  t ime-averaged 

DIAGNOSTIC AND PHENOXENOLOGICAL STUDIES 

An understtnding cf the e a r t h ’ s  planetary c i r c u k t i o n  aiid its iieii,entiim 
a n d  e n e r g y  b a l a n c e  is o f  fundamenta l  i m p o r t a n c e  f o r  b o t h  weather  
p r e d i c t i o n  a n d  c l i m a t e .  
data  set  of u n p r e c e d e n t e d  q u a l i t y  f o r  d i a g n o s t i c  and phenomenological  
s t u d i e s .  
t h e  expel: iment,  t h e  a t n o s p h e r  ic  s c i e n c e  c o r n u n i t y  h a s  obtained an 
unsurpaased  g lob .a l  v iew of t h e  p l a n e t a r y  c i r c u l a t i o n  of t h e  a tmosphere  
t h r o u g h o u t  o n e  a n n u a l  c y c l e .  
s o u t h e r n  hemisphere  c i r c u l a t i o n  h a s  emerged. D i a g n o s t i c s  reveal t h a t  
t h e  Asiatic summer and w i n t e r  monsoons, r a t h e r  t h a n  b e i n g  local 
phenomena, a re  s t r o n g l y  r e l a t e d  to  weather  p a t t e r n s  a round t h e  g l o b e .  
Mechanisms of i n t e r h e m i s p h e r i c  exchanges have  been a s c c r t a i n e d  and 
dependence of l o c a l  p r e d i c t a b i l i t y  o n  remote e v e n t s  between t r o p i c a l  
a n d  e x t r a t r o p i c a l  l t t i t u d e o  has  been q u a n t i f i e d .  GWE s a t e l l i t e s  
p r o v i d e d  t h e  f i r s t  g l o b a l  o b s e r v a t i o n s  of s e a - s u r f a c e  t e m p e r a t u r e  a n d  
s t i m u l a t e d  i n t e n s i v e  a n a l y s i s  and nodel i r ig  f rom which emerged a n  
e x p l a n a t i o n  of t h e  s e a s o n a l  response  o f  t r o p i c a l  o c e a n s  to  t h e  a n n u a l  
wind s t ress .  The d r i f t i n g  buoys p r o v i d e d  t h e  f i r s t  s y n o p t i c  observa-  
t i o n  o f  t h e  Litarctic c i rcumpolar  c u r r e n t .  
t o  b e  t h e  b a s i s  f o r  s t u d i e s  of a t m o s p h e r i c  c i r c u l a t i o n  t h r o u g h c u t  t h e  
n e x t  decade and l o n g e r  b e f o r e  f u l l  e x p l o i t a t i o n  of t h i s  i n f o r m a t i o n  is 
r e a l i z e d .  
p r e d i c t i o n  w i l l  b e  formed w i t h i n  t h e  coming decade .  

i n  d r i v i n g  t h e  g l o b a l  c i r c u l a t i o n  and t h e  need f o r  t h e  domain of 
i n i t i a l  c o n d i t i o n s  to  be globs:. 
t h e  monthly and s e a s o n a l l y  averaged  a t m o s p h e r i c  h e a t  s o u r c c s  and s i n k s  
h a w  been  d e t e r m i n e d  g l o b a l l y .  Global a n a l y s e s  of t h e  t o t a l  e n e r g y  
exchange f o r  t h e  GWE y e a r  a r e  i n  agreement  w i t h  t h e  d i s t r i b u t i o n  of 
h e a t  s o u r c e s  and s i n k s .  The primary e n e r g y  s o u r c e  i n  t h e  t r o p i c s  is 
t h e  r e l e a s e  of l a t e n t  h e a t  a s s o c i a t e d  w i t h  o r g a n i z e d  moist c o n v e c t i o n .  
T h i s  l a t e n t  h e a t  r e l e a s e  and t h e  induced c o n c o m i t a n t  t r o p i c a l  c i rcuia-  
t i ons  a f f e c t  t h e  f l o w  p a t t e r n s  of m i d l a t i t u d e  r e g i o n s  w i t h i n  two t o  
t h r e e  d a y s .  I n  o r d e r  to a c c u r a t e l y  p r e d i c t  a n d  u n d e r s t a n d  t h e  i n f l u e n c e  
of l a t e n t  h e a t  r e l ease  on g l o b a l  c i r c u l a t i o n ,  a c c u r a t e  w a t e r  vapor  
a n a l y s e s  a r e  neaded for  t h e  i n i t i a l  s t a t e  of nurilcrical weather  p r e d i c -  
t i o n  and f o r  d i a g n o s i s  o f  energy s o u r c e s .  T h e r e  a r e  a nun’ser of w e l l  
documented s h o r t c o m i n g s  i n  t h e  water  vapoi. a n a l y s e s .  The i n a b i l i t y  to 
r e s o l v e  these  m a t t e r s  stems f r o n  t h e  l i m i t a t i o n s  of t h e  GWE o b s e r v a -  
t i o n a l  and a n a l y s i s  c a p a b i l i t i e s  t o  ; . : lcquatcly s p e c i f y  the w a t e r  vapor  

The GWE p r o v i d e d  r e s e a r c h e r s  w i t h  a n  impor tan t  

From a broad  spec t rum of s t u d i e s  o v e r  t h e  f i v e  y e a r s  Gince  

A markedly improved d e s c r i F t i o n  o f  t h e  

T h i s  da ta  s e t  w i l l  c o n t i n u e  

N o  o t h e r  d a t a  s e t  of comparable  q u a l i t y  for a n a l y s i s  and  

The GWE has confirrried t h a t  d i f f e r e n t i a l  h e a t i n g  p l a y s  a c r u c i a l  ro le  

S p a t i a l  and temporal. d i s t r i b u t i o n s  o f  
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d i s t r i b u t i o n ,  f t d  e v a p o r a t i o n  from the e a r t h ' s  s u r f a c e ,  a n d  i ts  release 
a s  p r e c i p i t a t i o n .  

R e s e a r c h  s h o u l d  be d i r e c t e d  i n  t h e  f t i t u r e  to  d i a g n o s i s  o f  t h e  g l o b a l  
r a t e r  vapor  d i s t r i b u t i o n ,  its t r a n s p o r t ,  i ts e v a p o r a t i o n ,  and  its 
release as  p r e c i p i t a t i o n .  T h i s  f o c u s  s h o u l d .  i n c l u d e  improvements i n  
a n a l y s i s  and  p r e c i i c t i o n  o f  o c e a n i c  sources o f  l a t e n t  and  s e n s i b l e  h e a t  
f l u x ,  a l l  of which a r e  needed f o r  r e s o l v i n g  t h e  g l o b a l  h y d r o l o g i c a l  
c y c l e .  
h e a t i n g  i n  o r d e r  t o  r e s o l v e  i n c r e a s e d  ternymral and  s p a t i a l  s t r u c t u r e  of 
t h e s e  f i e l d s  and t o  i n v e s t i g a t e  t h e i r  i n f l u e n c e s  o n  a t r > s p h e r i c  motion. 

The f o c u s  s h o u l d  a lso i n c l u d e  s tud ie s  o f  t o t a l  a n d  component 

Examples o f  t h e  i m p o r t a n c e  of a q l o b a l  o b s e r v a t i o n a l  C a R a b i l i t Y  a r e  - 
P a r t i c u l a r l y  e v i d e n t  f r o m  s t u d i e s  of t h e  A s i a t i c  summer m o k o n  and  of 
t h e  s o u t h e r n  hemisphere  c i r c u l a t i o n .  The o n s e t ,  m a t u r a t i o n ,  and 
breakdown o f  t h e  h s i a n  monsoon c o n s t i t u t e s  o n e  o f  t h e  most important  
f e a t u r e s  c L  t h e  a t m o s p h e r e ' s  c i r c u l a t i o n .  The h e a t  and m o i s t u r e  
soitrces and  s i n k s  over t h e  T i b e t a n  P l a t e a u  and its v i c i n i t y  h a v e  been  
more a c c u r a t e l y  c a l c u l a t e d ,  and  a n  u n d e r s t a n d i n g  of t h e  sudden  monsoon 
o n s e t  h a s  been  sharpened .  
e x t r a t r o p i c a l  i n t e r a c t i o n  o c c u r  i n  the lower  t r o p o s p h e r e  t h r o u g h  s t r o n g  
mass and m o i s t u r e  f1u::es from t h e  s o u t h e r n  t o  t h e  n o r t h e r n  I n d i a n  Ocean 
a s s o c i a t e d  w i t h  t h e  east  A f r i c a n  Sozali j e t .  A t  upper  l e v e l s ,  s t r o n g  
d i v e r g e n t  m o t i o n s  g e n e r a t e d  over  A s i a  f l o w  across t h e  e q u a t o r  i n t o  t h e  
s o u t h e r n  hemisphere.  The observed 30 to  50 d a y  o s c i l l a t i o n  t h a t  is  
e v i d e n t  t h r o u g h o u t  t h e  a n n u a l  cycle h a s  a l so  been  documented d u r i n g  t h e  
As ia t i c  summer monsoon. 

The c i r c u l a t i o n  o f  h i g h e r  l a t i t u d e s  o f  t h e  s o u t h e r n  hemisphere  f o r  
t h e  GWE y e a r  was anomalously int .ense.  The c i r c u m p o l a r  t r o u g h  was 
e x c e p t i o n a l l y  deep.  The s u r f a c e  p r e s s u r e  o v e r  t h e  A n t a r c t i c  w a s  as 
much as t w o  t o  t h r e e  s t a n d a r d  d e v i a t i o n s  below normal  d u r i n g  w i n t e r .  
The anomalous l o w  s e a - l e v e l  pressure o f  t h e  s o u t h e r n  hemisphere  d u r i n g  
i t s  w i n t e r  was accompanied by anoinalous h i g h  s e a - l e v e l  p r c s s u r e  f o r  
s e v e r a l  months i n  t h e  n o r t h e r n  hemisphere.  T h e  i n f o r m a t i o n  from che  
s o u t h e r n  hemisphere  buoy s y s t e m  was a key o b s e r v a t i o n a l  component f o r  
t h e  d e t e r m i n a t i o n  o f  t h e  n e t  i n t e r h e m i s p h e r i c  mass exchange  and  i ts  
impact  on t h e  n o r t h e r n  hemisphere ' s  c i r c u l a t i o n .  

momentum, and e n e r g y  h a s  been i m p r e s s i v e ,  p a r t i c u l a r l y  f rom those  
associated w i t h  t.he A s i a t i c  summer and w i n t e r  monsoons, emphas is  should 
be g i v e n  t o  d i a g n o s i s  of monsoonal c i r c u l a t i o n s  'over A f r i c a  and  t h e  
Americas  i n  c o n c e r t  w i t h  t h e  A s i a t i c  monsoon. The i n f l u e n c e  of 
c o n t i n e n t a l i t y  and o c e a n i t y  on monsoonal c i r c u l a t i o n s  a s  the s e a s o n s  
e v o l v r  arid i n t e r a c t i o n  of t r o p i c a l  monsoon f l o w  w i t h  the L m r o c l i n i c  
wave regime of h i g h e r  l a t i t u d e s  mer i ts  s p e c i a l  a t t e n t i o n .  Wi th in  t h e  
g l o b a l  c o n t e x t  of t h i s  problem, a c l e a r e r  p e r s p e c t i v e  of o b s e r v e d  l o w  
frequs?ncy o s c i l l a t i o n s  r a n g i n g  f r c m  a month t o  y e a r s  i n  t i n e  s c a l e  and 
t h e i r  p o t c n t i a l  f o r  p r e d i c t i o n  n c w i s  to  be dcvcl.oped. 

I n  t h e  comparison of d i a g n o s t i c s  and r;t I tistics froin a n a l y s e s  
d e r i v e d  fron s e v e r a l  data a s s i m i l a t i o n  t iystcms, d i f f e r e n c e s  i n  t h e  
a n a l y s e s  i n d i c a t e  t h a t  t h e  a s s i m i l a t i o n  models i n f l u e n c e  d i a g n o s t i c  
r e s u l t s .  These  d i f f e r e n c e s  a f f e c t  o u r  c o n c l u s i o n s  and u n d e r s t a n d i n g  of 
t h e  g l o b a l  c i r c u h t i o n .  The d i f f e r e n c e s  a r e  more pronounced i n  d a t a -  

In te rhe ia i spher  ic exchange  and  t r o p i c a l -  

While  t h e  p r o g r e s s  f rom s t u d i e s  o f  t h e  g l o b a l  excr.Lnge of mass, 
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sparse r e g i o n s  where t h e  a n a l y s e s  p a r t l y  r e f l e c t  t h e  model's c l i m a t o l o g y  
and  t h e  d e g r e e  o f  smoothing i n h e r e n t  i n  a n a l y s i s  and  assimilation. 
view of n e e d s  f o r  accurate d i a g n o s t i c s  and  s ta t is t ics  i n  cl imatic 
R t u d i e e  o f  t h e  f u t u r e ,  t h e  s e n s i t i v i t y  of t h e  a n a l y z e d  f i e l d s  a n d  
c a l c u l a t i o n s  of mass, momentum, and  e n e r g y  b a l a n c e  to data  assimilation 
s y s t e i i s  :ieeds t o  b e  a d d r e s s e d .  
i n t e r h n n u a l  d i f f e r e n c e s  i n  fundamental  p r o c e s s e s  a r e  much more s t r i n q e n t  
t h a n  to  d e t e r m i n e  t h e  a n n u a l  e v o l u t i o n  of t h e s e  sane u r o c x s s e s .  

I n  

The a c c u r a c y  r e q u i r e d  to d e t e r m i n e  

The d i f f e r e n c e s  i n  4trfiospheric s t r u c t u r e s  and d i a g n o s t i c s  of 
d y n a m i c a l  processes stemming from t h e  impact of t h e  d i f f e r e n t  
a s s i m i l m o n  models  on t h e i r  a n a l y s e s  nct-d to  be u n d e r s t o o d  and 
documanted. 

-r - 

CONCLUDING REMARKS 

By t h e  e n d  of t h e  GWE year i n  November 1979,  Li te  pol i t ical ,  l o g i s t i c a l ,  
and t e c h n o l o g i c a l  s u c c e s s  o f  t h e  GWE was a l r e a d y  e v i d e n t .  
implementa t ion  and o r e r a t i o n  of a g l o b a l  o b s e r v i n g  s y s t e m  made possible 
t h r o u g h  t e c h n o l o g i c a l  advances  i n  s a t e l l i t e  arid computer  sys temo of t h e  
pas t  s e v e r a l  d e c a d e s  was a monumental ach ievement .  The  i n f o r m a t i o n  
from t h i s  s y s t e m  is a r e s o u r c e  to t h e  1980s coinparable. to  what  t h e  
i n f o r m a t i o n  from t h e  expanded k'orld War I1 o b s e r v a t i o n a l  network- was to 
t h e  1950s. 

Tire infc?rrnation provided  by t h i s  g l o b a l  network h a s  f o c u s e d  t h e  
e f f o r t s  of a n  a t m o s p h e r i c  s c i e n c e  c o ~ u n u n i t y  toward t h e  cqualiy 
monumental c h a l l e n y e  of advancing c h r  a c c u r a c y  of g l o b a l  n u m e r i c a l  
weather  p r e d i c t i o n  and unders tanding  of t h e  global c i r c u l a t i o n .  The 
60  s c i e n t i s t s  g a t h e r e d  st Woods iiole were e x c i t e d  o v e r  the p r o g r e s s .  
b e i n g  made. The inajor o b j e c t i v e s  of the e x p e r i m e n t  have  been  and  a re  
b e i n g  a d d r e s s e d .  
s y s t e m ,  t h e  improved a c c u r a c y  of g l o b a l  nunier i c a l  weather  p r e d i c t i o n  t 
and i n c r e a s e  i n  u n d e r s t a n d i n g  of t h e  g l o b a l  c i r c u l a t i o n  summarized 
h e r e i n  and documentcd i n  t h e  main body of t h i s  r e p o r t  j u s t i f i e s  t h e  
i n v e s t m e n t  i n  t e c h n o l o g i c a l ,  s c i e n t i f i c ,  and monetary r e s o u r c e s  
commit ted t o  t h e  GWE. 

The 

Already t h e  p r o o f  o f  need for  a g l o b a l  o b s e r v a t i o n a l  

The workshop concltrdcd w i t h  t h e  b e l i e f  t h a t  t h e  p o t e l - t i a l  f o r  
a d v a n c i n g  t h e  GIVE o b j e c t i v e s  i s  s t i l l  a s  c h a l l e n q i n y  a s  b e f o r e  t h e  
e x p e r i m e n t  began.  I n c r e a s e  i n  u n d e r s t a n d i n g  s h a r p e n s  o u r  i n s i g h t  and 
d i r e c t i o n s  f o r  f u t u r e  work .  I n  o r d e r  to  incet t h e  c h a l l e n g e ,  i t  is  
i m p e r a t i v e  t h a t  piogrammed r e s o u r c e s  be co:[unitted to  p r o v i d e  a focus 
t h r o u g h o u t  t h e  remaifider of the decade  f o r  the c o n t i n u a t i o n  of 
s C i e n t i E i c r e sea r c t 1 t ha t ad  v d I IC  e 3 g l o  ba 1 n i i m e  r i c a 1 $1' e a the r p c ed i c t ion  
and  u n d e r s t a n d i n g  of t h e  y l o h l  c i r c u l a t i o n .  



S U PPLEXZNTAL SC I EN" 1 PIC SUMMARY 

The p u r p o s e  of t h i s  6urnr~ary i s  to h i g h l i g h t  s e v e r a l  key s c i e n t i f i c  
f i n d i n g s  and  reconmendat ions  t h a t  are  n o t  c o n t a i n e d  i n  t h e  e x e c u t i v e  
sul~mdry, bu; o n e s  t h a t  t h e  wcrkshop p a r t i c i p a n t s  f e l t  s h o b l d  be 
emphas ized  and  b r o u g h t  forward f rom t h e  d e t a i l e d  f i n d i n g s ,  u n r e s o l v e d  
Probleri?St and r e c o r q e n d a t i o n s  of e a c h  s e s s i o n .  T h i s  summary also 
p r o v i d e s  a d d i t i o n a l  s c i e n t i f i c  d e t a i l s  r e g a r d i n g  t h e  most important .  
f i n d i n g s  a n d  recommendat ions of t h e  e x e c u t i v e  summary. The o v e r a l l  
o b j e c t i v e s  t h a t  p r o v i d e d  t h e  f o u n d a t i o n  for t h e  cZiE are  s e t  f o r t h  i n  
T h e  G l o b a l  Weather Experiment--PersooctiveS o n  its I r p l e n i e n t a t i a n  and 
E x p l o i t a t i o n  (a  r e p o r t  o f  t h e  FGGE Advisory  P a w l  t o  t h e  u.S.  Committee 

___-- - -- ->--__I ~ _ _  
f o r  t h e  Global  A t n o s p h e r i c  Research Program, N a t i o n a l  Research  C o u n c i l ,  
N a t i o n a l  Academy o f  S c i e n c e s ,  1978)  and  a r e  recoirunended for study. 

THE OBSERVATIONAL SYSTEM 

The space-based  s y s t e m  of o r b i t i n g  and  synchronous  s a t e l l i t e s  
implemented f o r  t h e  CdE w a s  an. e s s e n t i a l  arid h i g h l y  p r o d u c t i v e  p a r t  o f  
t h e  g l o b a l  o b s e r v a t i o n a l  z a p a b i l i t y .  O p e r d t i o n a l  t e m p e r a t u r e  s o m d i r l g s  
from t h e  TIROS-N s e r i e s  sa te l l i t es  p r o v i d e d  a g l o b a l  p i c t u r e  o f  t h e  
a t m o s p h e r i c  mass s t r u c t u r e  over  l a r g e  o c e a n  r e g i o n s  t h a t  c o u l d  n o t  h a v e  
b e e n  g a t h e r e d  by any  o t h e r  technique .  A s t u d y  of t h e  p r e c i p i t a b l e  
Water c o n t e n t  shows t h a t  t h e  a c c u r a c y  o f  a n  a n a l y s i s  i n c l u d i n g  
s a t e l l i t e - b a s e d  r e t r i e v a l s ,  bogus  dat-a ,  and c o n v e n t i o n a l  measurements 
i s  w i t h i n  1 0  to 2 0  p e r c e n t  as judged from compar isons  w i t h  d a t a  from 
a i r c r a f t  d r o p s o n d e s  ( themselves  sub jec t  to some u n c e r t a i n t y ) .  T h e  
t h o u s a n d s  o f  wind v e c t o r s  produced by t h e  f i v e  g e o s t a t i o n a r y  s a t e l l i t e s  
f i l l e d  a v o i d  by s p e c i f y i n g  t h e  iJind f i e l d  over t h e  o c e a n s  and t r o p i c s .  
These  winds ,  m a i n l y  c o n c e n t r a t e d  i n  t h e  upper  and lower t r o p o s p h e r e ,  
w e r e  used  e f f e c t i v e l y  i n  g l o b a l  a n a l y s i s / 3 s s i m i l a t i o n  c y e l c s .  The main 
s o u r c e  Of u n c e r t a i n t y ,  t h e  a l t i t u d e  a s s i q n m n t ,  h a s  been reduced  by 
c o m p a r i s o n s  w i t h  o t h e r  wind. v e c t o r  measurements and by r e f i n i n g  h e i g h t  
a s s i g n n e n t  t e c h n i q u e s .  

t h e  d r i f t i n g  buoys o v e r  p r t ~ i o u s l y  d a t a - s p a r s e  Oceans g a v e  t h e  f i r s t  
r e l i a b l e  r o u t i n e  sea - l ev . e l  p r e s s u r e  a n a l y s e s  f o r  t h e  s o u t h e r n  
hemisphere .  The i n f o r m a t i o n  from t h e  CdE buoys shoved s h a r p e r  

The e x t e n s i v e  network of s u r f a c e  p r e s s u r e  o b s e r v a t i o n s  p rov ided  by 
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s p e c i f i c a t i o n  o f  t h e  c e n t e r s  o f  s u r f a c e  h igh-  and low-pressure  c e n t e r s ,  
a s  w e l l  83 much improved knowledge o f  t h e  v a r i a t i o n s  i n  t h e  position 
and Y t r e n g t h  o f  t h e  c i rcumpolar  t r o u g h  and  s u b t r o p i c a l  h i g h - p r e s s u r e  
bel t .  
network have  also been used e f f e c t i v e l y  i n  d e l  f o r e c a s t s .  

o f  p l a t f o r m s .  The complementary mix o f  c b s e r v i n g  subsys tems was 
u n p r e c e d e n t e d  i n  i ts  a b i l i t y  t o  d e f i n e  t h e  t ropical  c i r c u l a t i o n ,  
p a r t i c u l a r l y  t h e  large-scale d i v e r g e n t  component o f  t h e  wind f i e l d  a n d  
i ts  r e l a t i o n  to  l a r g e - s c a l e  o r g a n i z e d  convecc ion .  

S e a - s u r f a c e  t e i x p r a t u r e  measurcinents made by t h e  d r i f t i n g  buoy 

The t r o p i c a l  o b s e r v i n g  system o f  t h e  GWE i n c l u d e d  s e v e r a l  new t y p e s  

Recommendations 

1. Besides t h e  need to r e p r o c e s s  t h e  GHE d a t a  u s i n g  t h e  p h y s i c a l  
method for t e m p e r a t u r e  and water  vapor  r e t r i e v a l s  for a t  l eas t  t h e  SOPS 
a n d  p r e f e r a b l y  for t h e  e n t i r e  y e a r ,  t h e  s c i e n t i f i c  c o r m u n i t y  is urged  
to  p u r s u e  w i t h  v i g o r  t h e  e x t r a c t i o n  o f  u s e f u l  i n f o r m a t i o n  from s a t e l l i t e  
water vapor  c h a n n e l s .  T h i s  i n c l u d e s  e f f o r t s  t o  i n p r o v r  t h e  a c c u r a c y  of 
water vapor  t racer  winds t o  f i l l  e x i s t i n g  o b s e r v a t i o n a l  g a p s ,  and of  
water v a p r  i i e l d  a n a l y s i s  t o  improve i n i t i a l i z a t i o n  p r o c e d u r e s  and  t h e  
d e t e r m i n a t i o n  of the h y d r o l c q i c a l  c y c l e .  

A small workshop should  b e  h e l d  to  improve methods o f  e x t r a c t i n g  
and accommodazing i n f o r m a t i o n  from o b s e r v i n g  s y s t e m s  espec ia l l : ,  f rom 
t r o p i c a l  reg io i l s .  T h i s  workshop s h o u l d  i n c l u d e  d i s c u s s i o n  o f  o b j e c t i v e  
a s s i m i l a t i o n  p r o c e d u r e s  a s  well a s  more s u b j e c t i v e  methods of an;:ysis. 

2 .  

DATA ANALYSIS, ASSIMILATION, AND INTERCC+IPAKISON 

The GdE h a s  been a n  impor tan t  s t i m u l u s  i n  r e c e n t  advances  i n  d a t a  
a s s i m i l a t i o n  and  n u m e r i c a l  weather p r e d i c t i o n .  With i ts  emphas is  on 
t h e  a tmosphere  a s  a whole,  the Gk'E c o i n c i d e d  w i t h  a c o n s i d e r a b l e  
advance  in t h e  s o p h i s t i c a t i o n  pnd s k i l l  of g l o b a l  n u m e r i c a l  models and 
a s s i m i l a t i n g  schemes. Operat. iona1 and r e s e a r c h  c e n t e r s  t h a t  p a r t i c i -  
p a t e d  s u b s t a n t i a l l y  i n  GWE work have  r e a p e d  a r e a l  b e n e f i t  w i t h  
improvements i n  a c c u r a c y  of numerical  weather  p r e d i c t i o n  and i n  
i n c r e a s e d  u n d e r s t a n d i n y  oE the  a t m o s p h e r i c  c i r c u l a t i o n  and  i t s  
n u m e r i c a l  s i m - J l a t i o n .  

t h e  GWE I I I b  a n a l y s e s .  T r o p i c a l  a n a l y s i s  is  s t i l l  f a r  froin s a t i s -  
f a c t o r y  cwinq to d c f i c i e n c i e . 3  i n  b o t h  f o r e c a s t  model and a n a l y s i s  
s y s t e m s .  S e r i o u s  d i f f e r e n c e s  i n  the  v a r i o u s  g e n e r a l  c i r c u l a t i o n  
s t a t i s t i c s  strbiiLiiing from d i f f e r e n c e s  i n  a n a l y s e s ,  p a r t i c u l a r l y  second 
moment q u a n t i t i e s ,  a r e  [ J r C S e n t .  Atnmspheric  s t r u c t u r e  w i t h i n  t h e  
p l a n e t d r y  boundary l a y e r  is  p o o r l y  rcsolvcd. 'I'his is p ~ ~ r t i c u l a r l y  t r u e  
w i t h  r c y a r d  t o  water  vi;jmr d i s t r i b u t i o n  and i ts  t r a n s p o r t .  

D e s p i t e  t h e s e  remarkable  dchievements ,  problems s t i l l  remain r i t h  
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Recommendat ions 

a 

1 -  Well-organized analysis intercomparisons a r e  worthwtiile and 
should be encouraged. In particular, an experiment similar to the 
recent National Meteorological Center-European Centre for Medium Range 
Weather Forecasts-United Kingdom Meteorological Office (NMC-ECMWF-UKMO) 
analysis intercomparison should be conducted to detcrmine separately 
the effect of quality control procedures, analysis or initialization 
scheme, and effect of the assimilatjny model. Data rejection lists are 
available and should be used in comparing OiE IJb data with GKE IIID 
analyses. 

and its effect on tropical data assimilation. present error covariance 
Statistical models of both Lorecast and observation error a r e  totally 
inadequate in the tropics. Present covariance modeling assumptions of 
non-divergence should be relaxed and statistics should be stratified by 
region and by synoptic situation (particularly with respect to 
convection) in the tropics. More general approaches such as Kalman 
filtering should be pursued. 

cipitable rates, and satellite infrared measurements have recent1.y been 
used to infer the distribution of moisture and divergence in the 
tropics. This work s h o u l d  be encouraged and ways found to aszirnilntc 
:his type of inforrnaticn. I n  addition, ways should be found to include 
conventional information wh-ich is either not exploited or not kcopcr1j 
assimilated such 2 s  surface pressure tendency o r  singlc-:evel wind:;. 

4 .  The reanalysis of Level I I b  da ta  by techniques oth?r than the 
forecast model related techniques of statistical interpolatJon and foi i r -  
diniensionai data assimilation m ~ y  well be justified f o r  the invcstica- 
tion O f  specific retcorological phenomena. This applies par trculdrly 
f o r  certain tropical phenomena such as stratospheric Kelvin waves. 

2 .  More work needs to be directed toward tropical paranleteriztrLiun 

3 .  Rainfall gauge information, satellite-based layer mean prc- 

NUMERICAL PREDICTION AND DATA IMPACT 

Data Impacts on Forecasts 

There was good acjreement between the conclusions of the tlhree groups-- 
European Centre for Medium-Range Weather Forecasts (ECKdF) , Goddard 
Laboratory for ktmosphcricc Sciencc (GLAI-;) , and Australian tiUmt:K :tal 
MeLcorolocjical Research Center (.V?!RC) --that performed studies to 
determine the impact o f  several conponents of the CWE Spccictl 0b:;erving 
System (SOS) .  

The ir.provernent of about t w o  d j y s  of forecast sk.ill f r o m  the GIJK SOS 

was rruch l a r g e r  in the southern hemir,p!icre than in the n o r t h e r n  
hrmlSphere. The largest contr ibation to this skiil was the iniorin,:tion 
from satellite te:;iperstare retrievals (ECMNF and GLdY;) . Bbajrs i:aproved 
the skill of short-ranqc forxasting by Z I O L I :  than 12 hours ( A l < M i t i  arid 
G L h S )  . T h e  use of G I A S  physical ret: ievals of satell ite texperdturcs 
in place of the archived statistical GWE relrievdls resulted in J 

significant forecast improvenent over North A-rerica. 
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Some problems were n o t e d  i n  t h e  da ta  impact s t u d i e s .  S a t e l l i t e  
m o i s t u r e  d a t a  h a s  n o t  g e n e r a l l y  been used  i n  g l o b a l  a s s i m i l a t i o n  
models .  N o  u s e  w a s  made o f  t h e  Meteosat water vapor  w i n d s ?  and n o  
f o r e c a s t  s t u d y  has been made to  assess t h e  impor tance  of t h e s e  data. 
sets. 

Recommendations 

1. The p o l e n t i a l  €or f u r t h e r  ir.provement i n  the e x t r a c t i o n  of 

2 -  

3 .  

i n f o r m a t i o n  and u s e  o f  sa te l l i t e  d a t a  f o r  W P  needs  t o  b e  e x p l o r e d .  
The impact  of t h e  u s e  of m o i s t u r e  da ta  and w a t e r  vapor winds?  

which may complement c l o u d  t r a c k e d  windsr  s h o u l d  be s t u d i e d .  
Data impact  exper iments  w i t h  a d  w i t h o u t  t h e  buoys  could b e  u s e d  

to d e t e r m i n e  how much of  t h e  observed  a t o o s p h e r i ?  v a r i a b i l i t y  i n  t h e  
s o u t h e r n  h.tmisphere d u r i n g  t h e  GWE w a s  d u e  to t h e  enhanced o b s e r v i n g  
s y s t e m  and how much was due to  t h e  anomalous c . i r c y l a t i o n  of 1979. 

T r o p i c a l  FOrecast ing and Cumulus P a r a m e t e r i z a t i o n  

The GdE t r o p i c a l  o b s e r v i n g  system h a s  p r o v i d e d  many new d a t a ,  f rom 
s e v e r a l  new t y p e s  of p l a t f o r m s .  T h i s  u n i q u e l y  comprehensive d a t a  s e t  
w i l l  c o n t i n u e  t o  be used f o r  many y e a r s  i n  t h e  improvement o f  t r o p i c a l  
a n a l y s i s  and f o r e c a s t i n g .  Research e x p e r i m e n t s  i n  t r o p i c a l  f o r e c a s t i n g  
have  shown much more s k i l l  di ir ing t h e  GWE t h a n  d u r i n g  p r e v i o u s  y e a r s .  
However, t r o p i c a l  f o r e c a s t s  a r e  s t i .  . f a r  from s a t i s f a c t o r y .  'A need 
e x i s t s  for more a c c u r . i t e  tempera ture  and m3i:; ture d a t a  i n  t h e  t r o p i c s  
i n  o r d e r  to  r e s o l v e  t h e  s t r u z t u r e  o f  weak t r o p i c a l  d i s t u r b a n c e s  and t o  
a v o i d  a l i a s i n g  between percc ivpd  Rossby and Kelv in  waves. I t  is n o t  
c l e a r  whether  t h e  n e c e s s a r y  technology to p r o v i d e  t h i s  d a t a  is c u r r e n t l y  
a v a i l a b l e .  S y s t e m a t i c  model e r r o r s  t h a t  may c o r r u p t  t r o p i c a l  a n a l y s i s  
need to be documented. 

C u m u l u s  p a r a m e t e r i z a t i o n  s t u d i e s  and s e m i p r o g n o s t i c  t e s t s  on GARP 
A t l a n t i c  T r o p i c a l  Experiment (GATF)  , Monsoon Experiment  (MONEX) I and  
GWE o b s e r v a t i o n s  have p r w i d e d  improved p a r a m e t e r i z a t i o n  of h e a t i n g -  
m o i s t e n i n g  p r o f i l e s  and r a i n f a l l  r a t e s .  The impact  o f  GATE on Our 
u n d e r s t a n d i n g  o f  c u m u l u s  convec t ion  was e v i d e n t  i n  t h e  s r u d i e s  of 
cumulus p a r a m e t e r i z a t i o n .  Howeverr i t  was c l e a r  t h a t  t h e  f i n a l  GWE 
da t a  s e t s  s h o u l d  be u s e f u i  i n  f u t u r e  p a r a m e t e r i z a t i o n  s t u d i e s  f o r  
g l o b a l  models, p a r t i c u l a r l y  i f  i n f o r m a t i o n  o n  r a i n f a l l  d i s t r i b u t i o n s  i s  
a v a i l a b l e .  

H e c o m w  nda 1; i o n s  

1. The p r e s e n t  s t a t u s  of a s s i m i l a t . i o n  a n d  forf.c.ir,tincj i n  t h e  
t r o p i c s  i s  f a r  from s a t . i s t a c t o r y .  S u b s t a n t i a l .  researcki  j s  r e q u i r e d  i n  
t t o p  i ca 1 ob j cc t i v e  a n a  1 y s i s , i n i t i a 1 i z a t i o n ,  a nc! ph y L; i ca 1 
parameter  i za  t ior.. 
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2. The p o s s i b i l i t y  of g e n e r a t i n g  and u s i n g  a c c u r a t e  
m o i s t u r e  d a t a  to r e s o l v e  t h e  s t r u c t u r e  of weak t r o p i c a l  
s h o u l d  b e  i n v e s t i g a t e d .  T h i s  d a t a  would a l so  b e  u s e f u l  
Rossby and Ke lv in  waves. 

3 .  Wind i n f o r m a t i o n  is v i t a l  i n  t h e  t r o p i c s  and t t>e 

t c m p c r a t u r c  and  
d i Yturbancca 
i n  s e p a r a t i n g  

f i v e  
g e o s t a t i o n a r y  s a t e l l i t e s  s h o u l d  be m a i n t a i n e d  to p r o v i d e  c o v e r a g e  of 
c l o u d  tracked winds.  

p a r a m e t e r i z a t i o n  remains impor t an t ,  t h e  FGGC d a t a  t h a t  d i r e c t l y  a d d r e s s  
t h e  problem of p a r a m e t e ' r i z a b i l i t y  and  c l o s u r e  a s s u m p t i o n s  s h o u l d  b e  
a n a l y z e d  e x t e n s i v e l y .  These a n a l y s e s  s h o u l d  i n c l u d e  q u a s i - e q u i l i b r i u m  
s t a t e s  i n  which t e m p e r a t u r e  l a p s e  r a t e s  and  h u m i d i t i e s  a r e  h i g h l y  
c o u p l e d  and  also t h e  r e g i o n a l  dependency o f  f l u c t u a t i o n s  a round  s u c h  
s t a t e s .  Cloud ensemble models shou ld  b e  used  to  tes t  closure 
assumpt ions .  

da ta  from t h e  m a r h e  t r o p i c s ,  may g i v e  a n  o v e r l y  - p t i m i s t i c  view. 
E x t e n s i v e  s t u d i e s  02 the macroscopic  b e h a v i o r  of cumulus c l o u d s  ove r  
t h e  t r o p i c a l  a n d  m i d l a t i t u d e  c o n t i n e n t s  a re  needed. The p o s s i b i l i t y  o f  
c o n d u c t i n g  f u r t h e r  f i e l d  expe r imen t s  o v e r  r e g i o n s  of heavy 
p r e c i p i t a t i o n  s h o u l d  be e x p l o r e d .  

Global  p r e c i p i t a t i o n  e s t i m a t e s  d u r i n g  t h e  s p e c i a l  ohse., l i n g  
periods (SOPS), s h o u l d  be prepared from d i r e c t  and i n d i r e c t  means. 

4 .  Whi le  i n v e s t i g a t i n g  t h e  s e n s i t i v i t y  o f  forecasts to  cumulus 

5 .  T e s t i n g  a p a r a m e t e r i z a t i o n  w i t h  t h e  GATE d a t a  o n l y ,  OK w i t h  any 

6.  

Weatt e r  P r e d i c t i o n  P r e s e n t  and F u t u r e  

S ix -day  f o r e c a s t s  by ECWF f o r  r e c e n t  w i n t e r s  are  a s  a c c u r a t e  as sonie 
of t h e  two-day f o r e c a s t s  made a t  o t h e r  c e n t e r s  i n  t h e  e a r l y  i970s. 
U s e f u l  h e i g h t  anomaly c o r r e l a t i o n  v a l u e s  of 0.6 now e x t e n d  to  s i x  d 3 y s  
o n  t h e  a v e r a g e .  The u s e f u l  time range  o f  t r o p i c a l  f o r e c a s t s  h a s  been 
e x t e n d e d  from t w o  t o  t h r e e  days.  

model \*ere ,  o n  t h e  a v e r a q e ,  s l i g h t l y  mora a c c u r a t e  t h a n  p e r s i s t e n c e .  
T h e r e  was e v i d e n c e  of s k i l l  i n  p r e d i c t i n g  low-frequency,  l a r g e - s c a l e  
s t r u c t u r e s  s u c h  a s  t h e  P a c i f i c  North American (PNA) t e l e c o n n e c t i o n  
p a t t e r n .  Improved p h y s i c a l  parameter  i z a t  i o n s  n o t i c e a b l y  improved t h e  
f o r e c a s t .  

The r e s u l t s  o f  p r e d i c t a b i l i t y  e x p e r i m e n t s  s u y g e s t  t h a t  improvements 
i n  t h e  f o r e c a s t  sys t em c a n  p o t e n t i a l l y  iinprove f o r e c a s t  s k i l l  by 
s e v e r a l  d a y s .  However, i t  is n o t  c l e a r  whether i n i t i a l  a n a l y s i s  e r r o r  
or f o r e c a s t  model d e f i c i e n c i e s  a r e  t h e  p r i n c i p a l  c a u s e  o f  p r e s e n t  dd? 
f o r e c a s t  errors .  The re  a r e  a l s o  s u b s t a n t i a l  v a r i a t i o n s  i n  shor t  arid 
medium r a n g e  f o r e c a s t  s k i l l  t h a t  occur  on weekly,  seasonal, atid 
i n t e r a n n u a l  t i m e  s c a l e s .  The r e a ~ o i i s  f o r  these  v a r i a t i o n s  a r c  n o t  
c u r r e n t l y  unde r s tood .  D e s p i t e  improvenents in t r o p i c a l  f o r e c a s t  s k i l l ,  
t h e r e  is rooin f o r  s u b s t a n t i a l  improvement i n  cumulus p a r a m e t e r i z a t i o n  
a n d  i n  t h e  i r i t i a l  a n a l y s i s .  

T h i r t y - d a y  p r e d i c t i o n s  of t ime-ave rage  a n o m a l i e s  made w i t h  t h e  GFDL 
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G e n e r a l  C i r c u l a t i o n ,  Mcnsoons, Heat S o u r c e s  and S i n k s ,  
and S t r a t o s p h e r e  
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With  a l a t a  s e t  Df unprecedented q u a l i t y  f o r  comprehensive s tud ie s  of 
t h e  l a r g e - s c a l e  p r o c e s s e s  of t h e  t r o p o s p h e r e ,  GWE r e s e a r c h e r s  have  
q u a n t i f i e d  a number o f  impor tan t  a t m o s p h e r i c  f e a t u r e s  s u c h  as  t h e  
monthly and s e a s o n a l l y  averaged d i s t r i b u t i o n s  o f  t h e  g l o b a l  h e a t  
s o u r c e s  and s i n k s ,  t h e  eddy h e a t  and  momentum f l u x e s ,  z o n a l  mean winds,  
and t h e  e n e r g y  c y c l e s .  The knowledge of mayor c i r c u l a t i o n  f e a t u r e s  h a s  
been  advanced as  w e l l .  A s i g n i f i c a n t  ach ievement  h a s  been t h e  improved 
understanding e f  t h e  eolrthern hemisphere p l m e t a r y  w ~ v e s .  A d i s t i n c t  
southward  d i v e r g e n t  f l o w  from t h e  c o n v e c t i v e  r e g i o n s  of t h e  tropics 
i n t o  r e g i o n s  o f  k i n e t i c  energy  g e n e r a t i o n  o v e r  A u s t r a l i a ,  South  America, 
a n d  A f r i c a  h a s  beer, found. I t  h a s  been shown t h a t  t h e  s u b t r o p i c a l  j e t  
s t r u c t u r e  i n  t h e  s o u t h e r n  hemisphere is i n f l u e n c e d  by l o n g i t u d i n a l  
g r a d i e n t s  o f  L r o p i c a l  h e a t i n g ,  which may, i n  t u n ,  e x p l a i n  t h e  s t a n d i n g '  
wave p a t t e r n  o f  t h e  s o u t h e r n  hemisphere w i n t e r .  In a d d i t i o n ,  for- t h e  
f i r s t  t i m e ,  g l o b a l  th ree-d imens iona l  d i s t r i b u t i o n s  o f  s t r a t o s p h e r i c  
water vapor ,  ozone ,  methane,  and t e m p e r a t u r e  were measured. 

An i m p o r t a n t  c i r c u l a t i o n  t h a t  e x e r c i s e s  c o n s i d e r a b l e  i n f l u e n c e  
beyond its own r e g i o n  is  t h e  & i a n  monsoon. The p l a n e t a r y  scale 
c i r c u l a t i o n s  o f  b o t h  t h e  win ter  and s u m e r  p h a s e s  of  t h e  monsoon have 
been documented. I n  a d d i t i o n ,  s t u d i e s  w i t h  GWE d a t a  have produced a 
more d e t a i l e d  d e s c r i p t i o n  of t h e  30- to  50-day o s c i l l a t i o n ,  i.ricluding 
its i n t e r a c t i o n  w i t h  t h e  summer monsoon and a s s o c i a t i o n  w i t h  c o n v e c t i o n .  

D e s p i t e  t h e s e  accomplishments ,  some f u r t h e r  i n v e s t i g a t i o n s  and  
problems remain.  A d e t a i l e d  knowledge o f  t h e  a t m o s p h e r e ' s  t o t a l  
h e a t i n g  and i t s  cornponents based o n  t h e  a n a l y s i s  o f  Gh'E d a t a  is l i m i t e d  
w i t h  r e s p e c t  t o  its t e m p o r a l ,  hor izonta .1 ,  and v e r t i c a l  v a r i a t i o n s ,  i n  
p a r t  because  of  t h e  q u a l i t y  of t h e  clnalyses  themselves .  Be t te r  
a n a l y s i s  t e c h n i q u e s  i n  t h e  v i c i n i t y  of mountains  a r e  needed. I n  some 
cases, t h e  d i f f e r e n c e s  3rnong g e n e r a l  c i r c u l a t i o n  s ta t is t ics  from 
s t a t i o n  d a t a  and t h e  v a r i o u s  I I i b  a n a l y s e s  a r e  s u b s t a n t i a l .  S e r i o u s ,  
well-documented shor tcomings  in t h e  e x i s t i n g  Level  I I I b  w a t e r  vapor  
a n a l y s e s  l i m i t  t h e i r  u s e  i n  s t u d i e s  o f ,  among o t h e r  t h i n g s ,  t h e  b a l a n c e  
O f  w a t e r  vapor  i n  t h e  atmosphere.  Reasons for  t h e s e  d e P i c i e n c i e s  and 
d i i f e r e n c e s  neea  ?.o be determined.  n e t t e r  d e f i n i t i o n s  o f  t h e  h e a t  
s o u r c @ s  a r e  needed on t h e  p l a n e t a r y  s c a l e  as  w e l l  a s  3n s m a l l e r  scales, 
i n  p a r t i c u l a r ,  d u r i n g  t h e  o n s e t ,  a c t i v e .  and b r e a k ,  and w i t h d r a w a l  
p h a s e s  of t h e  Asian  summer and w i n t e r  monsoons. A d i f f e r e n t  b u t  
r e l a t e d  problem is  t h e  l a c k  of d e t a i l e d  i n f o r m a t i o n  on t h e  v a r i a b i l i t y  
o f  monsoon r a i n f a l l  and its r e 1 a t i o : i s h i p  to d i s t o r h a n c e s  on v a r i o u s  
s p a c e  and t i m e  s c a l e s .  

i t  d e s e r v e s .  The impact  o f  the s t a t e  of t-he s t r a t o s p h e r e  on t h e  
a c c u r a c y  of t r o p o s p h e r  ic f o r e c a s t s  h d s  not heen c l a r i f i e d  L o t a l l y ,  but 
a p p e a r s  t o  be q{tite i m p o r t a n t .  Wit t i in  the s t r a t o s p h e r e ,  e q u a t o r i a l  
Kelv in  waves a r e  an i m p o r t a n t  f e a t u r e  of t h e  c i r c u l a t i o n  and a r e  
b e l i e v e d  t o  be e x c i t e d  i n  t h e  troywsp!lt-re; however , t h e i r  e n e r g y  s o u r c e  

F i n a l l y ,  t h e  s t r a t o s p h e r e  is o n l y  l ~ ~ y i n n i n g  t o  r e c e i v e  t h e  a t t e n t i o n  
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is poorly understood. 
stratospheric warming would be greatly facilitated with iloprovcd 
stratospheric analyses. 

Diagnostic studies of equatorial waves and the 

Recommendations 

1. Diagnostic, theoretical, and numerical studies of total and 
component heating should be conducted for the purposes of resolving 
increased temporal and spatial structure of these fields and 
investigating their influence on atmospheric motion. 

distributions of wat.er vapor balance and compared with global estimates 
of total heating. 

3 -  Detailed daily precipitation estimates for the tropical band for 
both winter and summer monsoon periods should be done. 
should be global i f  possible. 

(a) determine the nature of the forcing. mechanism for equatorial Kelvin 
waves and (b) clarify the role of the stratosphere in the cvolUtiOfi of 
the tropospheric circulation. 

2 .  Latent heating release should be assessed globally from the 

The estimates 

4 .  Experiments should be carried out using available GWE data to 

Concerning any reanalysis of the GWE data: 

1. It is imperative that rejected observations be archived along 

2 .  Closer attention should b e  given to quality control of water 

3 .  Analyses should be carried out at levels between 1000 and 850 mb 

with a code stating at which stage they were rejected. 

vapor data in a reanalysis of the GWE data. 

to facilitate an incorporation of boundary layer processes into global 
diagnostics. 

important for research on energy diagnostics, boundary layer dynamics, 
and water vapor transport, should be archived. 

5 .  Model generated t o t a l  and component heating rates should be 
archived. 

6. The reanalysis for the two SOPS should be extended to include 
the month of July for summer MONEX and December for winter ,\IONEX. 

7 .  Attention should be given to the full utilization of Limb 
Infrared Honitor of the Stratosphere ‘LIMS) and Television and Infrared 
Observation Satellite (TIROS) data to improve analyses above 100 mb. 

4 .  Surface pressure, temperature, and wind fields, which are 

Hemispheric Interactions, Cross-Equatorial E x c h a n g e ,  
and Southern Hemisphere 

The GWE year bas clearly served to delineate the characteristics and 
provide nerJ perspectives on the atmospheric processes a s z o c t a t c d  with 
henisphzr ic interactions , cross-equator ial exchanges , and the general 
circulation of the southern hemisphere. The extensive data gaps ,  

I 

. ,  

1 

! 
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t y p i c a l  of t h e  prc-WE O b s e r v a t i o n a l  ayatema i n  t h e  deep t r o p i c s  a n d  
s o u t h e r n  hemisphere ,  had h i n d e r e d  r e s e a r c h  i n  t h e s e  areas. 

Zmproved g l o b a l  a n a l y s i s  a l lowed better d e t e r m i n a t i o n  of t h e  
v e r t i c a l  s t r u c t u r e  of t r o p i c a l  and c r o s s - e q u a t o r i a l  f l o w s .  
found to have  a s t r o n g  d i v e r g e n t  component and t o  m o s t l y  a r i se  from 
i n t e r n a l  i n e r t i a l - g r a v i t y  and mixed R o s s b y - g r a v i t y  waves. 
importance of local d i a b a t i c  f o r c i n g  i n  t h e  g e n e r a t i o n  o f  t r o p i c a l  
m o t i o n s ,  which h a s  d i rect  i m p l i c a t i o n s  f o r  t h e  development  of 
a s s i m i l a t i o n  s y s t e m s  i n  n u n e r i c a l  -inodels, has been e s t a b l i s h e d .  

F u r t h e r m o r e ,  GWE d a t a  sets h a v e  p r o v i d e d  q u a n t i t a t i v e  estimates of 
t h e  impact of i n i t i a l  d a t a  u n c e r t a i n t i e s  i n  t h e  tropics o n  e x t r a t r o p i c a l  
p r e d i c t i o n .  Whi le  t he  predqminant ly  b a r o t r o p i c  s p r e a d  of t h i s  error 
was a n t i c i p a t e d  from prior e x p e r i m e n t s ,  a r e a l i s t i c  estimate of t h e  
maqi~itiide of the e f f e c t  c o u l d  n o t  be made b e f o r e  t h e  GWE exper iment .  

o c e a n i c  s o u t h e r n  hemisphere  has  advanced O U K  u n d e r s t a n d i n g  o f  t h e  
processes i n v o l v e d  i n  t h e  maintenance of its g e n e r a l  c i r c u l a t i o n  i n  
Comparison w i t h  t h o s e  of t h e  h i g h l y  c o n t i n e n t e l  n o r t h e r n  hemisphere.  
Anomalous c i r c u l a t i o n s  d u r i n g  t h e  GWE y e a r  i n  t h e  s o u t h e r n  hemisphere  
i n c l u d e d  a n  e x c e p t i o n a l l y  deep c i r c u i n p o l a r  t r o u g h  w i t h  s u r f a c e  
processes o v e r  t h e  A n t a r c t i c  as much a s  2 to 3 s t a n d a r d  d e v i a t i o n s  
below normal  d u r i n g  w i n t e r  and a m p l i t u d e s  i n  t h e  s t a t i o n a r y  companents  
(waves 1 through 4 )  which were 20 to  50 p e r c e n t  l a r g e r  t h a n  normal .  
The i n f o r m a t i o n  from t h e  s o u t h e r n  hemisphere  buoy s y s t e m  was fundamenta l  
to  a r e l i a b l e  d e t e r m i n a t i o n  of t h e . i n t e r h e m i s p h e r i c  mass exchange 
o c c u r r i n g  dur ing .  t h e  GWE. The anomalous l o w  s e a - l e v e l  p r e s s u r e  o f  t h e  
s o u t h e r n  hemisphere  d u r i n g  its w i n t e r  was accornpanied by h i g h  s e a - l e v e l  
p r e s s u r e  a n o m a l i e s  o v e r  the n o r t h e r n  hemisphere .  

These  were 

The 

The improved d e s c r i p t i o n  of t h e  c h a r a c t e r i s t i c s  of t h e  p r e d o n i n a n t l y  

Recomniendat i o n s  

1. Exper iments  w i t h  s i m p l i f i e d  models as w e l l  as n u m e r i c a l  model 
s i m u l a t i o n s  s h o u l d  be conducted t o  u n d e r s t a n d  t h e  e f f e c t  of e r r o k s  i n  
t r o p i c a l  a n a l y s e s  o n  p r e d i c t i o n s  a t  h i g h e r  l a t i t u d e s .  

2.  For l imi t ed  p e r i o d s  of t h e  GWE y e a r ,  t h e  I I I b  d a t a  f o r  a l l  model 
l e v e l s  of t h e  boundary l a y e r  s h o u l d  be  a r c h i v e d  to  a s s i s t  in :  e v a l u a t i n g  
and  i n t e r c o m p a r i n g  v a r i o u s  boundary l a y e c  models .  

u n d e r s t a n d  t h e  anomalous behaviDr o f  t h e  s o u t h e r n  hemisphere d u r i n g  t h e  
GWE y e a r .  

a n a l y s e s  from d i f f e r e n t  a s s i m i l a t i o n  s y s t e m s  s h o u l d  be compared t o  
d e t e r m i n e  r e a s o n s  f o r  t h e  l a r g e  d i f f e r e n c e s  i n  s t a t i s t i c s  computed from 
L e v e l  I I I b  d a t a  ( such  as z o n a l l y  a v e r a g e d  s u r i a c e  p r e s s u r e  and 
s t a t i o n a r y  t e m p e r a t u t e  f i e l d ) .  For t h i s  conlpar ison a manual anz : lys i s  
f o r  2 to 3 weeks in e a c h  of t h e  SOPS of sea l e v e l  p r e s s u r e  ( S L P ) ,  
s e a - s u r f a c e  t e m p e r a t u r e  (SST), 850,  5 0 0 ,  and  2 0 0  m b  f i e l d s  he  made by 
a n a l y s t s  exper  i e n c c d  w i t h  ciouthern heiijiSphcre c i r c u l a t i o n s  - These  
a - n 3 l y s e s  would s e r v e  t o  check  t h e  d i f f e r e n t  a s s i m i l a t i o r i s  t o  i so la te  
b i a s  e r r o r s .  

3. D i a g n o s t i c  and numerical  e x p e r i m e n t s  s h o u l d  b e  conducted  to 

4 .  G l o b a l ,  r e g i o n a l ,  a n d  Fhenomenological  s t u d i e s  o f  GWE I I I b  
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CONCLUDING REHAXKS 

S i n c e  1979,  t h e  comitted o p e r a t i o n a l  a n d  s c i e n t i f i c  i n s t i t u t i o n s  flavc! 
b e e n  h a r d  a t  work p r o c e s s i n g  GWE d a t a  to make it u s a b l e  and accessible 
to t h e  r e s e a r c h  community. 
t i n u o u s  p r o c e s s  o f  improvement, both i n  c o v e r a g e  and a c c u r a c y .  
u p g r a d i n g  is n e a r l y  a t  an e c d  e x c e p t  f o r  r e p r o c e s s i n g  o f  s a t e l l i t e  
t e m p e r a t u r e  r e t r i e v a l s .  
I I b  data set  is n o t  l i k e l y  t o  be a v a i l a b l e  i n  t h e  f o r e s e e a b l e  f u t u r e .  

On t h e  c t h e r  hand,  t h e  ILIb sets, p r a c e s s e d  f o r  t h e  e n t i r e  y e a r  or 
for  more l i m i t e d  i n t e r v a l s ,  were bascii o n  g l o b a l  models and  a n a l y s i s /  
a s s i m i l a t i o n  a l g o r i t h m s  d e v e l o p e d  b e f o r e  or d u r i n g  t t .e GlJE y e a r .  
clear t h a t  s e v e r a l  i t e r a t i o n s  of improvemcqts of ths TIIS set w i i i  be 
a t t a i n a b l e  o v e r  t h e  n e x t  d e c a d e  or t w o .  

UP u n t i l  1979,  t h e  p r i m a r y  f a c t o r  l i m i t i n g  p r e d i c t i o n  i n  t h e  week 
t i m e  r a n g e  was i n a d e q u a t e  global d a t a ,  p a r t i c u l a r l y  i n  t h e  t r o p i c s  and  
t h e  s o u t h e r n  hemisphere.  
w i t h  a --level .&serving sys tem,  t h e  a n a l y c i s / a s s i n i i a t i o n  s y s t e m s  
a n d  t h e  associated g l o b a l  p r e d i c t i o n  models a re  also l i m i t i n g  f a c t o r s .  
E x t r a t r o p i c a l  d a t a  r e q u i r e n l e n t s  seem to  be s a t i s f i e d  by t h e  n o r t h e r n  
hemisphere  GWE a r r a y .  
weather  p r e d i c t i o n  i n  e x t r s t r o p i c s l  l a t i t u d e s  is b e i n g  made by t h e  
major  o p e r a t i o n a l  centers. 
slower. All r e l e v a n t  components in  the'  o b s e r v a t i o n a l ,  a s s i m i l a t i o n ,  
a n d  p r e d i c t i o n  sys.terns ritay be l a c k i n g .  T h i s  i s  best  exenipl.ifbed by t h e  
e s s e n t i a l  d i f f e r e n c e s  between IXIb r e s u l t s  o b t a i n e d  by d i " '  A ; . c ren t  
p r o c e s s i n g  s y s t e m s  a p p l i e d  t o  t h e  same I l b  data  sets. Only when b e t t e r  
t r o p i c a l  a s s i m i l a t i o n  and p r e d i c t i o n  models are d e v e l o p e d ,  will i t  b e  
p o s s i b l e  t o  j u d g e  how adequzte is t h o  GWE t r o p i c a l  obse rv i rg  sys tem and 
i ts  u l t i m a t e  impact  o n  b o t h  t r o p i c a l  and  e x t r a t r o p i c a l  p r e d j . c t i o n .  

P r o v i s i o n  must  b e  m a i n t e i n e d  f o r  e x t e n s i . v e  r e s e a r c h  t o  a c c e l c r a t e  
t h e  improvement of I I I b  s e t s  and for t h e i r  u t i l i z a t i o n  i 1 p r e d i c t i o n  
dxper  irnents,  phenomenological  s t u d i e s ,  a n d  f o r  g u i d a n c e  ; ~i d e s i g n i n g  
t h e  g l o b a l  o b s e r v i n g  s y s t e m  of t h e  f u t u i e .  

The I I b  sets h a v e  been  i n  a n  almost con- 
F u r t h e r  

A b e t t e r  g l o b a l  o b s e r v i n g  s y s t e m  and a b e t t e r  

I t  is  

However, i t  is a l r e a d y  becoming e v i d e n t  t h a t . ,  

S t e a d y  p r o g r e s s  i n  e x t e n d i n g  t h e  a c c u r a c y  o f  

I n  t h e  t r o p i c s ,  however,  p r o g r e s s  is 
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SUMMARY OF SESSIONS AND DETAILED RECOMMENDATIONS 

THE OBSERVATIONAL SYSTEM 

The G l o b a l  Weather Experiment  (GW?) p r o v i d e d  a n  unprecedented  data s e t  
Of o b s e r v a t i o ~ l s  o v e r  o m  p l a n e t .  A number of summaries  c o n c e r n i n g  t h e  
g u a n t i t y  o f  d a t a  a v a i l a b l e  from t h e  GWE have  a p p e a r e d  i n  p u b l i c a t i o n s  
of t h e  World M e t e o r o l o g i c a l  O r g a n i z a t i o n  (WO) and i n  s c i e n t i f i c  
a r t i c l e s ,  e . g . ,  Fleming et a l .  (1979) .  The f i r s t  s e s s i o n  of t h e  
workshop c o n c e n t r a t e d  a n  t h e  q u a l i t y  o f  t h e  GWE o b s e r v i n g  sys tems.  
emphas is  w a s  3n  t h o s e  space-based s y s t e m s  and t h e  s p e c i a l  o b s e r v i n g  
s y s t e m s  t h a t  were n o t  normal ly  a p a r t  o f  WO's World Weather Watch 
(WWW) system. The s e s s i o n  w a s  o r g a n i z e d  around r e v i e w  p a p r s  by S m i t h ,  
McPherson, Fleming, and J u l i a n  (see V o l u m e  Two, S e s s i o n  1). The 
d i s c u s s i o n  focused  on e v a l u a t i o n s  o f  t h e  da t a  d e r i v e d  from t h e s e  
Systems,  and o n  r e c o m r ~ n d a t i o n s  f o r  f u t u r e  u s e  o f  t h e  d a t a  produced by 
t h e s e  sys tems.  

The 

S a t e l l i t e  Soundings 

I n  a r e v i e w  paper  e n t i t l e d  "Sa te l l i t e  Observed Thermodynamics During 
FGGE," Smith (see V o l u m e  Two, pp. 2-18) p r o v i d e d  t h e  b a s i s  f o r  t h e  
d i s c u s s i o n  of t h e  g l o b a l  a tmospher ic  t c m p e r a t u r e s  and moisture f i e l d s  
t h a t  were remote ly  s e n s e d  f r o n  s p a c e .  The TIROS-N s a t e l l i t e  was t h e  
f i r s t  of a new ser ies  o f  o p e r a t i o n a l  polar o r b i t i n g  s a t e l l i t e s  launched  
i n t o  o r b i t  o n  October  13, 1978,  j u s t  p r i o r  t o  GWE. The second space-  
c r a f t  i n  t h e  se r ies ,  NOM-6, was launched  i n t o  o r b i t  on J u n e  27, 1979,  
midway through t h e  GWE y e a r .  The complement o f  i n f r a r e d  and microwave 
i n s t r u m e n t s  aboard  each  o f  the p o l a r  o r b i t i n g  s p a c e c r a f t  p r o v i d e d  
c o m p l e t e  g l o b a l  coverage  of v e r t i c a l  t e n p e r a t u r e  and m o i s t u r e  p r o f i l e  
d a t a  evecy  12 h o u r s .  W i t h  t h e  t w o  s p a c e c r a f t ,  cxmple te  c o v e r a g e  w a s  
a c h i e v e d  e v e r y  6 hours .  The d a t a  were produced o p e r a t i o n a l l y  w i t h  a 
h o r i z o n t a l  r e s o l u t i o n  of 250 k m  f o r  i n c l u s i o n  i n  the (3% Level  IIb d a t a  
s e t s .  High r e s o l u t i o n  ( 7 5  k m )  sounding d a t a  sets were produced i ts ing 
man/rnachine i n t e r a c t i v e  methcds f o r  t h e  s p e c i a l  p b s e r v i n g  p e r i o d s  
(SOPS) of t h e  GtIE a t  t h e  NRSk/Goddard Space P l i g h t  C e n t e r  and a r c h i v e d  

a s  supplementary  Level  I I b .  Both d a t a  sets a r e  i n c l u d e d  i n  t h e  F i n a l  
L e v e l  I I b .  

1 7  
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During his presentation, Smith highlighted the major protrlcms 
encountered during the processing of the TIROS Operational Vertical 
Sounder (TOVS) data. The participants were reminded that the soundinys 
represent volume averages rather than point information. Thus, in 
attempting to compare the satellite derived soundings with the 
radiosonde observations, the colocation comparison technique contains a 
basic dichotomy. The windows for colocation are usually taken to be 
broad, both temporally and spatially. Smith attributed as much as 
l 0 C  of the temperature "error" to the colocation comparison technique. 
The discussion also recognized that any measure of error must take into 
account the purpose for whi& the observation is to be used. 

In discussion, the question was raised whether the relatively poor 
vertical resolution 1s a problem given the vertical resoltition within 
numerical models. It was pointed otit that the current modcls do not at 
present use all of the information from the radiosondes. However, as 
it was suggested, improved assimilation procedures might allow the 
models to use- higher resolution data. 

summarized by Smith a5 follows: 
The main deficiencies of the GWE satellite sounding data were 

1. degraded accuracy in overcast cloud areas: 
2 .  degraded horizontal gradient definition owing to t h e  TOVS 

3 .  lack of globally produced moisture profiles in overcast cloud 

4 .  inability of the operational regression method to account for 

inherently low vertical resolution (approximately 5 km) : 

regions; 

variable terrain conditions, thereby yielding unreliable results in -_ 

c 

mountainous regions; and 

utilization of conventional surface observations in the soundin7 
retrieval process. 

5. poor accuracy near the Earth's surface owing to the lack of 

Many of the GWE sounding deficiencies have been alleviated through 
improved processing piocedures, in particular through methods for 
handling clouds and the use of physical solutions rather than empirical 
regression procedures (McMillin et al., 1983; Smith et al. , 1983; 
Susskind et al., 1984). Also, it was clear from the discussion that 
the divergent nature of the tropical atmosphere car be better handled 
by including the diabatic heating terms. The value of the Water vapor 
information contained in the satellite radiances could contribute 
substantially to the tropical forecast problem but needs Curther 
scientific attention. 

Achievements 

1. The GWE would not have been possible without t h e  TIROS-N 
system. The operational soundings from the new TIROS-N satelliLe 
system provided a v e r  ticzl pict-ure of the atmospiicric mas3 structure 
over larye ocean regions of the g l o b e  that could not have been gathered 
economically by any other technique. Nearly 20,000 satellite 
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t e m p e r a t u r e  p r o f i l e s  per Donth were g e n e r a t e d .  
t e m p e r a t u r e  p r o f i l e s  is b e t t e r  t h a n  2.5% r m ,  depending on l e v e l ,  as 
judqed by comparisons w i t h  rad iosondes .  H o r i z o n t a l  g r a d i e n t  a c c u r a c y  
is bot te r ,  a p p r o a c h i n g  l0C for deep l a y e r  mean t e m p e r a t u r e  g r a d i e n t  
o v e r  250 knr or g r e a t e r  distances. 

A special e f f o r t  to o b t a i n  h i g h  r e s o l u t i o n  s o u n d i n g s  ( 7 5  km) 
d u r i n g  special o b s e r v i n g  periods of t h e  GilE produced  r e t r i e v a l s  w i t h  
more detailed t h e r m a l  s t ructure  e n d  more i n t e r n a l  c o n s i s t e n c y  t h a n  t h e  
oper a k i o n a l  sa te l l i te  aoundings.  

s u b s t a n t i a l  global view of t h i s  brnprtant a t x x i p h e r i c  c o n s t i t u e n t .  
number o f  case s t u d i e s  have  appeared  i n  t h e  l i t e r a t u r e  t h a t  d e m o n s t r a t e  
t h e  value sf these prafiles.  

4 -  I n  an a n a l y s i s  of p r e c i p i t a b l e  water i n c l u d i n g  TIROS-N h u m i d i t y  
r e t r i e v a l s ,  bogus data,  and  c o n v e n t i o n a l  measurements,  C a d e t  (1983)  
showed t h a t  t he  a c c u r a c y  of t h e  l a y e r  mean precipitable water re t r ieva ls  
is 10  to  20 p e r c e n t  as  judged f r o a  compar isons  w i t h  a i r c r a f t  dropscmdes-  
K r i s h n m u r t i  e t  a l .  (19841, using Cadet's a n a l y s i s ,  showed t h e  v a l u e  o f  
t h i s  p r o d u c t  i n  i n i t i a l i z i n g  t ropical  f o r e c a s t  models. 

The a c c u r a c y  o f  t h e  

2. 

3. The water Vapor r e t r i e v a l s  f rom TIROS-N provided  t h e  f i r s t  
A 

S a t e l l i t e  Winds 

I n  a r e v i e w  paper e n t i t l e d  *Cloud-Drif t  Wind E s t i m a t e s  During WGE," 
McPherson (see Volume Two, pp. 19-36) p r o v i d e d  the b a c i s  f o r  t h e  
d i scuss ion  of the winds  deduced b y  s a t e l l i t e s  d u r i n g  t h e  GI3E y e a r .  
F i v e  meteorological s a t e l l i t e s  were s t r a t e g i c a l l y  placed i n  geo- 
s t a t i o n a r y  o r b i t  d u r i n g  t h e  GWE y e a r .  
p r o v i d e  g l o b a l  ccverage and were p r o v i d e d  by the Uni ted  Stater; ( t h r e e ) ,  
J a p a n ,  and t h e  European Space Agency. 

by t r a c k i n g  i d e n t i f i a b l e  c loud  t a r g e t s  th rough a sequence  of images.  
T h i s  g e n e r a t e d  a se t  o f  wind o b s e r v a t i o n s  c o v e r i n g  most o f  t h e  E a r t h  
e q u a t o r w a r d  t o  a b u t  4 9  l a t i t u d e .  
to  be a t  t w o  levels-- low and  high--corresponding to  t h e  t w o  t y p e s  of 
c l o u d  t a r g e t s  (cumulus and  c i r r u s )  t h a t  a re  tracked by automated  and 
manual methods.  However, a r e a s  o f  s a t e l l i t e  low- leve l  winds  t e n d  n o t  
t o  o v e r l a p  w i t h  a r e a a  o f  h i g h - l e v e l  winds s i n c e  most of t h e  h i g h - l e v e l  
t a r g e t s  come from t h i c k e r  c i r r u s  which o b s c u r e  lower t a r g e t s .  

number o f  i m p e r f e c t  techniques .  The problem w i t h  t h e  a s s e s s m e n t  is i n  
t r y i n g  to  l o c a t e  "nearby" wind n,easureinents of known q u a l i t y .  Nearby 
is d e f i n e d  as a p r e s p e c i f i e d  c o l o c a t i o n  windov i n  t h r e e - d i m e n s i o n a l  
s p a c e  and t i m e .  S i n c e  t h e  o b s e r v a t i o n s  a t e  r a r e l y  a t  t h e  same space 
and time ( i i i c l u d i n g  winds d e r i v e d  froin a d j a c e n t  s a t e l l i t e s  t h a t  h a v e  
d i f f e r e n t  p r o c e s s i n g  s c h e d u l e s ) ,  t h e  a t m o s p h e r i c  v a r i a b i l i t y  ovez t h i s  
window t e n d s  t o  d i s g u i s e  t h e  cornpar isms. G e v e r t h e l e s s ,  t h e  f o l l o w i n g  
c o n c l u s i o n s  c a n  be d r a w  from t h e  reviers  paper  and t h e  d i s c u s s i o n  a b o u t  
t h e  s a t e l l i t e  d e r i v e d  winds.  T h e  main source of e r r o r  is t h e  h e i g h t  
a s s i g n e d  t o  t h e  wind. Thc s a t e l l i t e  winds o f  d i t ' f e r e n t  o p e r a t o r s  
tended  t o  conrpare w e l l  a g a i n s t  e a c h  o ther  w i t h  t h e  e x c e p t i o n  o f  those 

The s a t e l l i t e s  were s i t u a t e d  t o  

Imagery from t h e s e  satell i tes was uscd  t o  p r o d u c e  estimates o f  wind 

The v e c t o r  Hinds g e n e r a l l y  t e n d e d  

Q u a n t i t a t i v e  assessmcnts of t h e  c l o u d  winds  c a n  be performed by a 
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from t h e  J a p a n e s e  s a t e l l i t e .  (The Japanese s a t e l l i t e  winds  were 
a t t r i b u t e d  to  t h e  wrong l e v e l  by t e c h n i q u e s  t h a t  h a v e  s i n c e  been 
changed.  
w i n d s  SO tha t  t h i s  problem h a s  been v i r t u a l l y  e l i m i n a t e d . )  

00s. satel l i tes  t e n d  t,? b e  f a s t e r  t h a n  t h e i r  matched r a d i o s o n d e  
Counterparts w h i l e  t h e  European s a t e l l i t e  winds  are  slower. 
l i m i t a t i o n s  o f  rawinsonde sounding n e a r  j e t  streams may a c c o u n t ' f o r  t h e  
U . S .  r e s u l t s .  However, t h e  European s a t e l l i t e  winds appear  to be 
SYSteIIIatiCally slower, s u g g e s t i n g  t h a t  t h e  problem may be more complex. 

Some t i m e  was s p e n t  d i s c u s s i n g  t h e  f u t u r e  p o s s i b i l i t i e s  of u s i n g  
s a t e l l i t e  water v ~ p o r  c h a n n e l s  to d e t e r m i n e  winds  by t r a c k i n g  m o i s t u r e  
features.  I t  was a g r e e d  t h a t  t h i s  is a v e r y  promis ing  and e x c i t i n g  
o b s e r v i n g  t e c h n i q u e  since a h i g h  d e n s i t y  o f  wind estimates c a n  be 
a c h i e v e d  a t  m i d t r o p o s p h e r i c  levels. However, t h e  a c c u r a c y  a n d  
r e p r e s e n t a t i v e n e s s  of wind e s t i m a t e s  u s i n g  t h i s  t e c h n i q u e  is n o t  w e l l  
known y e t .  
a c c u r a c y  of H20 tracer winds  and produce sone l imi t ed  data sets f o r  
model  impact  s t u d i e s  u s i n g  Metcosat water Vapor imagery. 

more a c c u r a t e  t h a n  s a t e l l i t e  c l o u d  tracer winds ( a l t h o u g h  p e r h a p s  
s a t e l l i t e  winds  are more accurate t h a n  rawinsondes  n e a r  j e t  streams).  
The  s a t e l l i t e  winds  d u r i n g  t h e  GWE a re  not uni form i n  q u a l i t y .  
appears t h a t  t h o s e  winds  from U.S. s a t e l l i t e s  a r e  more a c c u r a t e  t h a n  
t h o s e  of t h e  o t h e r  t w o  s a t e l l i t e  o p e r a t o r s .  

The U n i v e r s i t y  o f  Wisconsin h a s  r e p r o c e s s e d  t h e  J a p a n e s e  

Monthly a v e r a g e d  wind speed d i f f e r e n c e s  i n d i c a t e  t h a t  winds  from 

The known 

The U n i v e r s i t y  of Wisconsin h a s  a g r e e d  to document t h e  

Overall, t h e  rawinsonde  and a u t o m a t i c  a i r c r a f t  winds are  c o n s i d e r e d  

I t  

I 

i 

Achievernen ts 

1. The t h o u s a n d s  o f  wind Vectors  produced by t h e  f i v e  g e o s t a t i o n a r y  
s a t e l l i t e s  f i l l e d  a major g a p  i n  o b t a i n i n g  t h e  wind f i e l d  over t h e  
o c e a n s .  The GiJE showed t h a t  s a t e l l i t e  d e r i v e d  winds p r o v i d e d  by 
d i f f e r e n t  o p e r a t o r s  c o u l d  be u s e d  e f f e c t i v e l y  i n  a g l o b a l  
a n a l y s i s / p r e d i c t i o n  c y c l e .  

Buoy Systems 

I n  a r e v i e w  paper  e n t i t l e d  "Buoy S y s t e m s  During t h e  FGGE" ( s e e  Volume 
Two, pp. 37-50),  F l e a i n g  p r o v i d e d  t h e  b a s i s  fc.  t h e  d i s c u s s i o n  of buoy 
data .  T h r e e  g e n e r a l  c a t e g o r i e s  of new bdoy s y s t e m s  were deployed  
d u r i n g  t h e  GWE y e a r .  These  buoys provided  c r i t i c a l  coverage of 
e n v i r o n m e n t a l  phenomena i n  t h e  A r c t i c  Ocean b a s i n ,  t h e  t r o p i c a l  oceans, 
a n d  t h e  s o u t h e r n  hemisphere.  Each buoy sys tem t r a n s m i t t e d  d a t a  to  t h e  
N a t i o n a l  Oceanic  and Atmospheric  A d m i n i s t r a t i o n  ( N O M )  p o l a r - o r b i t i n g  
s a t e l l i t e  s y s t e m ,  and t h e  buoy p o s i t i o n s  werc coinputed from t h e  Doppler 
s h i f t  of t h e  t r a n s m i s s i o n  a s  r e c e i v e d  by t h e  s a t e l l i t e .  All t h r e e  
t y p e s  of buoy s y s t e m s ,  e a c h  type uniquely  e n g i n e e r e d  for  a p p l i c a t i o n s  
i n  d i f f e r e n t  r e g i o n s  of o u r  p l a n e t ,  c o n t r i b u t e d  to t h e  brGad o b j e c t i v e  
o f  advancing  weather  and c l i m a t e  p r e d i c t i o n s  i n  several  s p e c i a l  ways. 
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The s o u t h e r n  hemisphere  buoy program had 318 buoys d e p l o y e d  d u r i n g  
t h e  GWE y e a r .  The buoy0 were p r o v i d e d  by 8 c o u n t r i e s  and deployment  
was s h a r e d  b y  14 c o u n t r i e s .  
p r e s s u r e ,  sea-surface tempera ture  ( S S T ) ,  a n d  a i r  temperature. T h e i r  
c o n t r i b u t i o n  to t h e  o b j e c t i v e s  of G I f l  was p r i n a r i l y  to p r o v i d e  f o r  t h e  
f i r s t  t i m e  an a c c u r a t e  s y n o p t i c  c o v e r a g e  of t h e  s o u t h e r n  hemisphere  
s u r f a c e  p r e s s u r e  f i e l d s ,  b o t h  for t h e i r  i n t r i n s i c  v a l u e  and  as a 
r e f e r e n c e  l e v e l  f o r  t h e  s a t e l f i t 2  s o u n d i n g s  so t h a t  t h e  r e c o n s t r u c t e d  

The s o u t h e r n  hemisphere  buoys  measured 

i 

c 

a t n o s p h e r i c  mass f i e l d  would be independent  o f  a n y  model assumptions OK 
f i r s t  guess. 

v e r y  stable devise d e s i g n e d  ts m i n i n i z e  'driit' i n  t h e  p r e s s u r e  ffieasure- 
m e n t  to less t h a n  1 m b  per year .  With rare e x c e p t i o n ,  when a buoy 
i n s t r u m e n t  fa i led d u r i n g  the GWE, it  w a s  o b v i o u s  t h a t  i t  had done  so. 
Z i l l m a n  (1983) po in t s  o u t  t h a t  a t  t h e  end o f  SOP-1, o f  156 buoys 
o p e r a t i n g ,  1 3 5  were c o n s i d e r e d  b y  t h e  tvlelbourne a n a l y s t s  to be producing 
r e l i ab le  data  and  2 1  were n o t .  
impact of t h e  W E  s y s t e m s  o n  o p e r a t i o n a l  s y n o p t i c  a n a l y s i s ,  stated t h a t  
t h e  most o u t s t a n d i n g  c o n t r i b u t i o n  was made by t h e  d r i f t i n g  buoy system. 
T h e  e x t e n s i v e  network. of r e g u l a r  p r e s s u r e  o b s e r v a t i o n s  o v e r  t h e  
p r e v i o u s l y  data-sparse Ocean areas-removed t h e  major h u r d l e  t h a t  had 
p r e v e n t e d  r e l i a b l e  r o u t i n e  s u r f a c e  p r e s s u r e  a n a l y s e s  o v e r  t h e  e n t i r e  
hemisphere .  

P r e s s u r e  i n f o r m a t i o n  from t h e  GWE b u o y s . p e r m i t t e d  more c o n f i d e n t  
s p e c i f i c a t i o n  o f  t h e  c e n t e r s  of h i g h s  2nd lows, t h e  v a r i a t i o n s  i n  t h e  
p o s i t i o n  and  i n t e n s i t y  of t h e  c i rcurnpalar  t r o u g h ,  and t h e  o s c i l l a t i o n s  
i n  t h e  s t r e n g t h  of t h e  s u b t r o p i c a l  h i g h s .  The c e n t r a l  p r e s s u r e s  of t h e  
h i g h - l a t i t u d e  c y c l o n e s  were often a n a l y z e d  20 rnb d e e p e r  t h a n  would hove 
o t h e r w i s e  been  e s t i m a t e d ,  and  t h e  w e s t e r l y  flow s o u t h  of A u s t r a l i a  was 
determined to be c o n s i d e r a b l y  s t r o n g e r  t h a n  o t h e r w i s e  w o u l d  have been 
i d e n t i f i e d .  From these r e s u l t s ,  Guymer and LeMarshal l  (1901) c o n c l c d e d  
t h a t  pre-GWE a n a l y s i s  procedures  may have led t o  s y s t e n a t i c  under-  
e s t i m a t i o n  of s y n o p t i c  sys tems o v e r  t h e  h i g h - l a t i t u d e  o c e a n s .  The 
q u e s t i o n  arises,  w r i s  t h e  ;NE year a n  a n o a a l o u s  o n e  or is o u r  e x i s t i n g  
s o u t h e r n  hemisphere  c l i m a t o l o g y  d e f i c i e n t  due t o  t h e  poor data  c o v e r a g e ?  
I t  now a p p e a r s  t h a t  b o t h  are t r u e .  

T h e  buoys  were equipped  with a qua r t z  osci l la tor  p r e s s u r e  s e n s o r ,  a 

Even so, Zi l lman,  npeaking a b o u t  t h e  

T h e  A r c t i c  B a s i n  buoy program d u r i n g  t h e  GWE w a s  a modest e f f o r t  t o  
p r o v i  2 u n i f o r m  c o v e r a g e  of the  p r e s s u r e  f i e l d  i n  t h e  o t h e r w i s e  d a t a -  
s p a r s e  r e g i o n  of t h e  Arct ic .  S e v e r a l  c o u n t r i e s  ( e . g . ,  Canada,  Norway, 
and t h e  U n i t e d  S ta tes )  r e p o r t e d  improved a n a l y s e s  and f o r e c a s t s  
r e s u l t i n c ,  f rom t h e  a v a i l a b i l i t y  of t h i s  p r e s s u r e  i n f o r m a t i o n .  

M o r i t z  (1983) has e v a l u a t e d  n u m e r i c a l  f o r e c a s t s  i n  t h e  A r c t i c  by 
compar ing  g e o s t r o p h i c  winds d e r i v e d  from t h e  a n a l y z e d  and f o r e c a s t  
p r e s s u r e  Eie lds .  tie showed t h a t  t h e  N a t i o n a l  M e t e o r o l o g i c a l  C e n t e r ' s  
(NMC's) 1000 mb h e i y h t  f o r e c a s t s  produce  g e o s t r o p h l c  winds t h a t  b e t t e r  

p e r s i s t e n c e  o n l y  o u t  to 3 days ,  and t h a t  d e s p i t e  t h e  h i g h e r  p e r s i n t e n c e  
o f  t h e  wind f i e l d  i n  t h e  A r c t i c ,  compared t o  m i d l a t i t u d e s ,  the f o r e c a s t  
s k i l l  is s m a l l e r  i n  the A r c t i c  t h a n  i n  m i d l a t i t u d e s .  
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Achievements 

1. The e x t e n s i v e  network of r e g u l a r  p r e s s u r e  o b s e r v a t i o n s  p rov ided  
by t h e  s o u t h e r n  hemisphe re  buoys o v e r  t h e  p r e v i o u s l y  data-sparse areas 
p r o v i d e d  t h e  f i r s t  r e l i a b l e  r o u t i n e  s u r f a c e  y e s o u r e  a n a l y s i s  o v e r  t h e  
e n t i r e  hemisphere.  The p r e s s u r e  i n f o r m a t i o n  from t h e  CWE buoys 
p r o v i d e d  i n v a l u a b l e  s u p p o r t  to  s u b j e c t i v e  o p e r a t i o n a l  f o r e c a s t s  and  
major p o s i t - v e  impact o n  numer i ca l  f o r e c a s t s  (see l a t e r  workshop 
r e s u l t s ) .  The s e m i - q u a n t i t a t i v e  imagery i n t e r p r e t a t i o n  t e c h n i q u e s  t h a t  
had been  deve loped  b y  Cuymer (1978)  f o r  a s c r i b i n g  n u m e r i c a l  values t o  
p r e s s u r e  f i e l d s  b a s e d  on s a t e l l i t e  images was s y s t e m a t i c a l l y  iizproved 
by t h e  n o u t h e r n  hemisphe re  buoys. 

o p e r a t i o n a l  p r o d u c t i o n  of 5-day a n 3  monthly SST maps f o r  t h e  e n t i r e  
s o u t h e r n  hemisphere.  Buoys i n  t h e  t ropical  o c e a n s  d u r i n g  t h e  GWE 
c o n r r i b u t e d  a c c u r a t e  SST i n f o r m t . o n  and  i d e n t i f i e d  eddies t h a t  a r e  
a s s x i a t e d  w i t h  the cusp-shaped Legeckis waves s e e n  i n  t rop ica l  c c e a n s  
d u r i n g  non El NiKo y e a r s  (Mansen and  ~ a u l ,  1984). 

3. S e v e r a l  c o u n t r i e s  (e.g., Canada, N ~ r w a y ,  a n d  t h e  Un i t ed  Stat.es) 
reported improved a n a l y s e s  and f o r e c a s t s  r e s u l t i n g  from t h e  a v a i l -  
a b i l i t y  of p r e s s u r e  i n f o r m a t i o n  from t h e  ArcLic  Basin buoys.  

2. The so t i i he rn  iieinispiirre b u u ~ s  aii-cb Australia to  besin 

T r o p i c a l  Observing Sys t ems  

I n  a r ev iew pape r  e n t i t l e d  "The T r o p i c a l  S p e c i a l  Observing S y s t e n "  (se? 
Volume 'No, S e s s i o n  l), J c l i a n  p rov ided  t h e  b a s i n  f o r  t h e  d i s c u s s i o n  of 
t h e  A i r c r a f t  Dropwindsonde System (ACDWS), t h e  T r o p i c a l  Wind Obse rv ing  
S h i p s  (TWOS),  and  t h e  T r o p i c a l  C o n s t a n t  Level B a l l o o n  Sys tew (TCLES) - 
T h e s e  s y s t e m s ,  c o u p l e d  w i t h  t h o s e  s a t e l l i t e  d a t a  sys t ems ;  t h e  au tomated  
a i r c r a f t  r e p o r t s  (AIDS and  ASDAR); s u r f a c e ,  s h i p ,  l a n d ,  and i s l a n d  
r epor t s ;  and t h e  few c o n v e n t i o n a l  t r o p i c a l  upper a i r  systems, compr i sed  
t h e .  t o t a l  t r o p i c a l  o b s e r v i n g  s y s t e m .  I t  was n o t e d  t h a t  t h e  t a s k  of 
e s t a b l i s h i n g  a n d  mectinc, t h e  o b s e r v a t i o n a l  r r q ~ i r e m c r ~ t s  f o r  t h e  t r o p i c s  
d u r i c g  t h e  CWE was f o r m i d a b l e  on b o t h  c o u n t s .  The f u l l  dynamics of t h e  
t r o p i c s  and its i n t e r a c t i o n  wi th  t h e  high.?r L a t i t u d e s  were f a r  less 
known i n  t h e  d a y s  of p l a n n i n g  fo r  t h e  W E  t h a n  t h e y  a r e  now a f t e r  t h e  
expe r imen t .  F u r t h e r ,  t h e  known methods of. o b t a i n i n g  t r o p i c a l  winds 
were e x t r e m e l y  expens ive .  

t h e  Un i t ed  S t a t e s  f l y i n g  mis s ions  a long  p rede te rmined  t r a c k s  i n  a l l  
t h r e e  t r o p i c a l  o c e a n  b a s i n s .  T h e  a i r c r a f t  f l e w  a s  l o n g  and a s  h i g h  a s  
p c x s i b l e  i n  o r d e r  to  dep loy  i n s t r u m e n t s  v i a  p a r a c h u t e  to  p r o v i d e  wind 
p r o f i l c s  of  t h e  t r o p i c a l  atmosphere.  The drCJpHlrldso;1dCs p r o v l d c d  
t e m p e r a t u r e  and humid i ty  in fo rma t ion  i n  a d d i t i o n  to  ii.easL;r i n4  omega 
n a v i g a t i o n  s i q n a l s .  Omega windf incling is n r e l a t i v e l y  complex process 
co:npared w i t h  r a d a r  o r  r a d i o - d i r c c t i u n  f i n d i n g  t e c h n i q u e s .  S o u r c e s  of 
u n c e r t a i n t y  nay be d i v i d e d  < n t o  ttioSe e x t e r n a l  t o  the r , y s t e n t  main ly  
a s c r i b a b l e  t o  v a r i o u s  k i n d s  o f  u n s t e a d i n e s s  i n  t h e  o n t y a  navir,ration 
nrAt, and t h o s e  i n t e r n a l  t o  t h e  systcm., m3inly c l c c t r m i c  and  a n t e n n a  
n o i s e .  I n  s p i t e  of some apprehens ions  about d e p l o y i n g  a s e n s i t i v e  

The ACDWS c o n s i s t e d  of r e s e a r c n  and m i l L t a r y  t r a n s p o r t  a i r c r a f t  o f  
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eys tem d u r i n g  s u n s p o t  maximum, o n l y  1 0  drops o u t  of n e a r l y  5000 
p r o c e a s e d  had to be e l i m i n a t e d  b e c a u s e  of t h e  sudden i o n o ~ p h e r i c  
d i s t u r b a n c e s .  

of t h e  omega s i g n a l s ,  c a u s e d  a major  u n c e r t a i n t y  i n  t h e  o r i g i n a l l y  
produced  hCWS data  set. T h i s  l o n g p a t h  or anomalous p r o p a g a t i o n  c a n n o t  
be detected u n i q u e l y  by t h e  ACDWS s y s t e m  { , + s e l f .  ( T h i s  is n o t  t h e  case 
i n  t h e  TWOS-Navaid sys tem because  of t h e  ' l a b i l i t y  i n  t h a t  s y s t e m  o f  
d i r e c t  ( l oca l )  omega r e c o r d e d  on t h e  s h i p . )  A number o f  s o l u t i o n s  were 
i n v e s t i g a t e d ,  and u l t i m a t e l y  a l l  drops for t h e  f i n a l  Level  I I b  :tere 
r e c a l c u l a t e d .  
a n a l y s e s ,  u t i l i z i n g  n a i n  XIb d a t a ,  were a s s i m i l a t i n g  less a c c u r a t e  data 
t h a n  Geophys ica l  F l u i d  Dynamics L a b o r a t o r y  (GFDL) and G U S  I I I b ,  which 
u s e d  t h e  r e c a l c u l a t e d  data. 

The TCLBS was i n s t i t u t e d  to  f i l l  a g a p  i n  t h e  v e r t i c a l  c o v e r a g e  o f  
t h e  wind o b s e r v a t i o n  program i n  t h e  t r o p i c s  owing to t h e  l i m i t e d  
o p e r a t i o n a l  a l t i t u d e  of t h e  ACDWS a i r c r a f t .  The TCLBS c o n s i s t e d  of  1 5 3  
(and 1 5 7 )  p l a t f o r m s  launched  from 2 ( 3 )  sites w i t h i n  t h e  t r o p i c s  d u r i n g  
sop-1 (SOP-2)- Because o f  a i r  s a f e t y  c o n s i d e r a t i o n s ,  t h e  f l o a t  
a l t i t u d e  was chosen  to be above commercial  a i r s p a c e  a t  135 to  140 m b .  
Special t r a c k i n g  e f f o r t s  to. o b t a i n  s i n g l e - l e v c l  winds a t  t h e  s ta r idard  
s y n o p t i c  times r e s u l t e d  i n  very a c c u r a t e  winds  a t  t h e  l e v e l  of t h e  
b a l l o o n s .  U n c e r t a i n t i e s  i n  t h e  wind v e c t o r s  were found to be less t h a n  
2 . 0  mps ( v e c t o r  rms)  f o r  90 p e r c e n t  o f  t h e  v e c t o r s  produced-  The TCLBS 
winds  were u s u a l l y  accomnodnted i n t o  t h e  a n a l y s t s  w i t h  a tli;?n deGree of 
a c c u r a c y ;  houever ,  o c c a s i o n a l l y  a n  m a l y s i s  scheme w o u l d  n e e d l e s s l y  
r e j e c t  s u c h  a wind. 

Over 40 r e s e a r c h  v e s s e l s  for  o c e a n o g r a p h i c  and/or  a t m o s p h e r i c  
r e s e a r c h  were used a s  p l a t f o r m s  f o r  o b t a i n i n g  a t m o s p h e r i c  wind p r o f i l e s  
a t  some t i m e  d u r i n g  t h e  GWE SOPS t o  f i l l  g a p s  i n  t h e  t r o p i c s .  Two 
d i f f e r e n t  wind measuring systems were used on t h e  s h i p s .  One employed 
a s t a n d a r d  ba l loon-borne  sonde which used t h e  omega w i n d f i n d i n g  sys tem 
t o  t r a c k  t h e  b a l l o o n .  The p r i n c i p l e s  o f  c a l c u l a t i n g  winds  a r c  
i d e n t i c a l  t o  t h e  A i r c r a f t  Dropwindsonde System, a l t h o u g h  d i f f e r e n t  
a l g o r i t h m s  were uyed. S i n c e  t h e  sondes  were launched from slow moving 
o r  s t a t i o n a r y  s h i p s ,  t h i s  s h i p  s y s t e m  r e c o r d e d  d i r e c t  omega s i g n a l s  
t o g e t h e r  w i t h  sonde-retra?: ,mit tcd omega. 
made t h e  s e l e c t i o n  of o m j a  s i y n a l s  f o r  wind c a l c u l a t i o n  l e s s  prone  t o  
e c c o r  . 
c a r r i e d  a r a d a r - t r a c k i n g  wind measurement sys tem.  S u b j e c t i v e  
compar ison  of t h e s e  Tk'OS-radar o b s e r v a t i o n s  w l t h  wind v e c t o r s  o b t a i n e j  
uy o t h e r  o b s e r v i n g  systems s u g g e s t s  t h a t  no  major d i f f i c u l t i e s  o c c u r r e d .  

T h e r e  a r c  examples  cf t r o p i c a l  a n a l y s e s  where good w i n d s  of vat  ious 
s y s t e m s  have  been a p p a r e n t l y  iqnored.  T h e r e  a r e  o t h e r  exarnples whcrc 
t h e  a n a l y s e s  have  been drawn t o  s p p a r e n t i y  bad d a t a .  T h i s  s i t u a t i o n  
c a n  occur a n y t i m e ,  anywhere,  even i n  t h e  b e s t  a ~ ~ ~ . l y ~ i ! ; / f o r ~ c i t s t  
sys tem.  I f o w e v e r  i t  seems to  o c c u r  o f t en  CII:)ULJ~ i n  t h e  tro;>icr; f o r  thc- 
CWE d a t a  t o  be o f  concern .  A r;olu:ion may r e q u i r e  f u r t h e r  s i g n i f i c a n t  
r e s e a r c h  i n  t h a t  s e v e r a l  Lactors a r e  irivolvcd: i d e n t i f y i n g  "proper"  
v e r t i c a l  s t r u c t u r e  f u n c t i ~ n s  l i 1  t h e  t r o p i c a l  a n a l y s i s  schtmes ,  

Another  e x t e r n a l  s o u r c e  of error ,  l o n g p a t h  or anomalous p r o p a g a t i o n  

Thus it s h o u l d  be emphasized t h a t  t h e  E C m P  11Sb 

T h i s  s i g n i f i c a n t  d i f f e r e n c e  

The s h i p s  c o n t r i b u t e d  by t h e  S o v i e t  Union t o  t h e  TWOS program 
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minimizing difficulties experienced in initializing the tropical 
atmosphere, which has significant large-scale divergent components, and 
improving the model prediction errors, which are relatively high in the 
tropics. 
estimates of the proper observational uncertainty in the sii.23 from the 
various tropical systems was needed so that users could assign 
consistent relative errors to observations from these systems in t h e  
assimilation schtmes, 

In the discussion the point was emphasized that tnore refined 

Achievements 

1. The mix of obserbing systems comprising the Tropical Observing 
System produced a data set that was genecally satisfactory for analyses 
Of circulations in the upper and lower tropical troposphere. The data 
set was unprecedented in its ability to define regions of large-scale 
organized conveclion. 

Recommenda t ions 

1. In view of what has been learned about processing satellite 
soundings and about new methods, an organization should be encouraged 
to repLoce.ss the GgE satellite soundings using the physical solution 
approacti-, for at least the SOPS and preferably for the entire year. 

2 .  The scientific comilunity is urged to purzue with greater vigor 
the extraction of useful informt.ion from satellite water vapor 
channels. This includes e f f o r t s  to improve the accuracy and acceptance 
of water vapor winds, which could fill existing observational gaps, and 
efforts to use water vapor analysis in improving tropical a n a l y r i L  and 
initialization procedures. 

further infornation from the tropic,il observing systems. 
3 .  A small workshop should be held to improve methods of extracting 

DATA ANALYSIS, ASSIMILATION, AND INTERCOMPAHISON 

GWE IIIb analysis for the entirc GdE year was carried out by two 
institutions, LCKWF and GFDL. In addition, f o u r  other U.S. 
institutions (tbwc, G W ,  Florida State University ( F S U ! ,  and Uaval 
Environmental Prediction Research Facility (NEP' F) ) h2,ve produced some 
GWE IIIa 2nd IIIb analyses. In this session D a l e y ,  Mrenc, Julian, 
Baumhefner, and Chcn (Volume TWO, Session 6 )  reviewed the work on GWE 
data analysis, assi-ilation, and interconparison. The a prior I 

charac.teristics (types of data used,  e:ror checkrng, initialization, 
assimilating model, objective analysis scheme, an3 analysis Cycle) are 
shown in Tables 1-7 and Fig!ire 1 ( s e e  n a l c y  et al., V01ui:ie Two, pp. 
71-02). 

of the six analysis systrrns, and there were also important differences. 
In particular, spectral assimilation models, nonlinear noriiial nmie  

There a r e  several a priori charactcristics that w e r e  caininun to most 
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i n i t i a l i z a t i o n ,  s t a t i s t i c a l  i n t e r p o l a t i o n  (OX), and discrete i n s e r t i o n  
were w i d e l y  used.  Important e x c e p t i o n s  are c o n t i n u o u s  i n s e r t i o n  by 
GFDL and  t h e  succe . s s ive  c o r r e c t i o n  method by GLAS. 

T h e r e  were also p h i l o s o p h i c a l  d i f f e r e n c o s  between t h e  v a r i o u s  GWE 
IIIb da tz  p roduce r s .  E M F  opted for  a h i g h l y  c o n s t r a i n e d  Systemr 
whereas  CFDL's sys t em was r e l a t i v e l y  u n c o n s t r a i n e d .  The o t h e r  schemes 
f e l l  somewhere i n  between. T i g h t l y  c o n s t r a i n e d  sys t ems  b u i l d  many a 
p r i o r i  assumpZions i n t o  t h e  system and  a re  e z f e c t i v e  i n  n o i s e  c o n t r o l .  
Weakly c o n s t r a i n e d  sys t ems  a re  p o t e n t i a l l y  more e f f e c t i v e  i n  s i t u a t i o n s  
t h a t  d o  n o t  f i t  the s c i e n t i s t s '  (and t h e i r  models') p r e c o n c e p t i o n s .  

A n a l y s i s  i n t e r c o m p a r i s o n s  and t h e  c a l c u l z t i z n  of ~ j e n e i s l  zireG:ation 
s t a t i s t i c s  r e v e a l e d ,  a p o s t e r i o r i ,  many f e a t u r e s  o f  each  of t h e  
a n a l y s i s  s y s t e . ~ .  By some measures ,  t h e r e  was c o n s i d e r a b l e  ag reemen t  
among t h e  a n a l y s e s ,  b u t  t h e r e  were a lso l a r g e  and i m p o r t z n t  
d i f f e r e n c e s .  
t h a n  i n  the t:opics. 
g e n e r a l ,  but  t h e r e  were e x c e p t i o n s  (Ho l l ingswor th  e t  a l . ,  V o l u m  TWO, 

I n  g e n e r a l ,  there  was much more agreement  i n  m i d l a t i t u d e s  
A l l  analyses  t ended  t o  f i t  t h e  d a t a  a c c e p t a b l y  i n  

pp. 217-227) 
The ECMWF a n a l y s e s  had a d e f i c i e n t  v e r t i c a l  motion f i e l d  owing t o  

t h e  u s e  of a d i a b a t i c  n o n l i n e a r  normal  m o d e  i n i t i a l i z a t i o n .  T h i s  was 
ref lected i n  a weak Hadley ce l l .  I n  a d d i t i o n ,  t h e  KMWF a n a l y s e s ,  
b e i n g  t i g h t l y  c o n s t r a i n e d ,  had a d i v e r g e n t  k i n t : t i c  e n e r g y  spec t rum 
which dropped off r a p i d l y  a t  m a l l  scales (see J u l i a n ,  l 'alurne Two, pp. 
211-216). 
c y c l e ,  e J e n  when t h e  v e r t i c a l  motion was c a l c u l a t e d  k i n e m a t i c a l l y  from 
t h e  d i v e r g e n t  component o f  t h e  wind. The ECMWF a n a l y s e s  d i d ,  however, 
e x h i b i t  a -3  power law i n  the  k i n e t i c  ene rgy  spc:ctrum i n  t h e  b a r o c l i n i c  
waves (see Chen and Lee, Volume Two, pp. 2 4 7 - 2 6 6 ) .  

c o n k e r s i o n  terms. The d i v e r q e c t  k i n e t i c  e n e r g y  spec t rum was much 
f l a t t e r  t h a n  i n  t h e  ECMWP case, b u t  i c  was f e l t  t h a t  much of t h e  
smal le r  scale  d i v e r g e n c e  was no i se .  I n  f a c t ,  i n  t h e  t r o p i c s ,  t h e  GFDL 
wind a n a l y s e s  d i d  n o t  f i t  t h e  d a t a  as w e l l  a s  t h e  EUIWF a n a l y s e s ,  
d e s p i t e  b e i n g  more l o o s e l y  c o n s t r a i n e d  (see J u l i a n ,  Volume 'Two, pp. 
211-216). 
i n  t h e  case o f  r a p i d l y  deve lop ing  b a r o c l i n i c  s y s t e m .  

t h e  b a s i c  q u a n t i t i e s  o f  t empera tu re ,  wind, g e o p t e n t i a l ,  s u r f a c e  
p r e s s u r e ,  o r  t h e i r  time or space  means were examined. For example,  i n  
t h e  n o r t h e r n  hemisphere e x t r a t r o p i c s ,  t h e r e  was s u ! ~ s t ; n t i a l  a g i e e n e n t  
among t h e  a n a l y s e s  f o r  z o n a l  waveiiunbers less  t h a n  15 .  For t h e  
d i v e r g e n t  wind however, t h i s  was o n l y  t r u c  t o r  wavenumbers less  t h a n  
5. The re  w a s  much more d i sag reemen t  w i t h  r e s p c c t  t o  i n h e r e n t l y  s m a l l e r  
s ca l e  f i e l d s  such  a s  m o i s t u r e .  The a n a l y s e s  a1s.u d i s a g i e e d  w i t h  
r e s p e c t  to  second-moment q u a n t i t i e s ,  p"r titularly those i n v o l v i n g  t h e  
d i v e r g e n t  wind ( s e e  Chen and Lee, Volui l ic .  Two, pp. 2 4 7 - 7 6 6 ) .  D e s p i t e  
c o n s i d e r a b l e  agreement  i i i  h i g h  la t i tud t . : ; ,  tropical d i t i c r e n c e s  c<Juld be 
g r e a t c r  t h a n  one-half  t h e  n o r m a l  v a r i a n c e .  

and t h e  GFDL a n a l y s e s  to 0 . 4  mb, n e i t h e r  w e r e  v e r y  reliable above 30 
mb. As n o t e d  i n  Daley et a l .  (see \'olume l'wo, S e s s i o n  2 ) ,  v e r y  t e w  
o b s e r v a t i o n s  were a s s i m i l a t e d  i n  t h e  upper  l r r e l s  o f  the  models.  

I n  t h i s  way, t h e  ECWF a n a l y s e s  e x h i b i t e d  t h e  weakest e n e r g y  

The. GFDL a n a l y s e s  had t h e  s t r o n g e s t  e n e r g e t i c s ,  p a r t i c u l a r l y  i n  t h e  

The re  was some ev idence  t h a t  t h e  GFDL a n a l y s e s  were i n f e r i o r  

The re  was c o n s i d e r a b l e  agreement between t h e  v a r i o u s  a n a l y s e s  when 

Althouyh t h e  ECI-Tbit' anaLyses extended i n t o  t h e  s t r a t o s p h e r e  to  10 m b  
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It was found t h a t  many analysis  d i f f e r e n c e s  r e s u l t e d  from d i f f e r e n t :  
q u a l i t y  c o n t r o l  o r .  error c h e c k i n g  p r o c e d u r e s  (see H o l l i n g s w o r t h  c t  a i . ,  
Volume Two, pp. 217-2271. Although s y s t e m a t i c  a n a l y s i s  d i f f e r e n c e s  
c o u l d  be a t t r i b u t e d  t o  known system characterist ics,  I t  was not  
g e n e r a l l y  possible t o  p r e d i c t  how a p a r t i c u l a r  a n a l y s i s  s y s t e m  would 
h a n d l e  a n y  g i v e n  s i t u a t i o n .  Some of t h e  d i f f i c u l t i e s  i n  t h e  t r o p i c s  
c o u l d  be a t t r i b u t e d  to a s s i m i l a t i o n  model d e f i c i e n c i e s  ( lack of d i u r n a l  
c y c l e ,  f o r  example)  or i n a p p r o p r i a t e  a n a l y s i s  s t r u c t u r e  f u n c t i o n s .  

A n a l y s i s  i n t d r c o m p a r i s o n  showed up many a n a l y s i s  d i f f e r e n c e s .  I t  is  
n o t  g e n e r a l l y  c lear ,  a pr io r i ,  whether t h e s e  a n a l y s i s  d i f f e r e n c e s  w i l l  
be s i g n i f i c a n t  in forecasts i n t e g r a t e d  f rom fihese a n a l y s e s .  A f o r e c a s t  
model may act  as a n  a m p l i f i e r  t h a t  t u r n s  small  a n a l y s i s  d i f f e r e n c e s  
i n t o  l a r g e ,  s i g n i f i c a n t  f o r e c a s t  d i f f e r e n c e s  (see I io l l ingswor t l i  e t  a l . ,  
Volume W o ,  pp. 217-227). 

f O K e C G S t S t  p a r t i c u \ s r l y  i f  t h e y  were associated w i t h  isolated or 
d e c a y i n g  sys tems.  I t  was possible to  relate d i r e c t l y  a n a l y s i s  d i f f e r -  
e n c e s  w i t h  much l a r g e r  forecast d i f f e r e n c e s  2 or 3 days l a t e r .  I t  was 
f o u n d  t h a t  t h e  a m p l i f i c a t i o n  i n  t h e s e  cases w a s  r e l a t i v e l y  i n d e p e n d e n t  
ot t h e  a m p l i f i e r  (forecast model) used (see H o l l i n g s w o r t h  et: a l . ,  
Volume lko, pp. 217-227). 

i n  a d v e c t i n g  i n f o r m a t i o n  f rom d a t a - r i c h  r e g i o n s  i n t o  d a t a - s p a r s e  
r e g i o n s  has been  shown i n  recent d a t a  impact s t u d i e s  (see Kalnay e t  
al., V o l u m e  Two, pp. 121-145). Impact s t u d i o s  h a v e  been per formed by 
NOAA w i t h  t h e  TIRDS-N data u s i n g  t h e  I s r a e l i  M e t e o r o l o g i c a l  S e r v i c e  
s u b h e m i s p h e r i c  model and  a 12-hour s u c c e s s i v e  c o r r e c t i o n  a n a l y s i s  as  a 
f i r s t  g u e s s .  They found t h a t  t h e  TII:3S-N d a t a  had more impact  o n  t h e s e  
f o r e c a s t s  t h a n  i n  ECMvJF and GLAS s t u d i e s .  T h i s  s u g g e s t s  t h a t  t h e  EWtiF 
a n d  CL4S f i r s t  guess f i e l d s  a l r e a d y  p r c v i d e d  soar of t h e  i r J o r m a t i o n  i n  
t h e  d a t a - s p a r s e  r e g i o n s  t h a t  was a l s u  a v a i l a b l e  from TIROS-N. 

T h e r e  seemed to be more agreement among t h e  a n a l y s e s  i n  the t r o p i c s  
t h a n  w a s  e v i d e n t  i n  t h e  Data System T e s t s  (DST) o f  1975-1976. i iodever 
i t  is cleat t h a t  t h e r e  is a l a r g e  amount of i n f o r r u a t i o n  i n  t h e  GWE I I b  
t r o p i c a l  d a t a  se t  wkich has n o t  been e f f e c t i v e l y  u s e d  i n  any  of t h e  
a n a l y s i s  scherres.  

s u p e r i o r  to those produced p r i o r  t o  t h e  W E .  T h i s  had ci s u b s t a n t i a l  
p c s i t i v e  e f f e c t  on b o t h  f o r e c a s t i n g  and g e n e r a l  c i r c u l a t i o n  s t a t i s t i c s  
i n  t h e  s o u t h e r n  hemisphere  (see Ka1,iay and  P u r i ,  Volune Two, S e s s i o n  4 ) .  

Some l a r g e  analysis Gifferences bas v i c t i i a l l y  iiu er‘r‘ect on s u b s e q u e n t  

T h e  s u c c c s s  o f  modern four -d imens iona l  da t a  a s s i m i l a t i o n  t e c h n i q u e s  

The a n a l y s e s  of t h e  souFhcrn  hemisphere were‘ almost c e r t a i n l y  

A c h i e v e  me n t s 

1. The GXE I I I b  a n a l y s e s  provide  t h e  b e s t  and n o s t  c o m p l e t e  
r e p r e s e n t a t i o n  of t h e  t r o p o s p h e r e  ever .  The v a r i o u s  GWE IIIb a n a l y s e s  
a r e  v e r y  c o n s i s t e n t  i n  t h e  e x t r a t r o p i c a l  n o r t h e r n  hcinisptiere,  
s u g g e s t i n g  a n  a t m o s p h e r i c  r e p r e s e n t a t L o n  t h a t  is v i r t w l l y  i n d e p e n d e n t  
o f  a s s i m i l a t i n g  models. The t r o p i c a l  ar,d s o u t h e r n  henispliere a n a l y s e s  
a r e  less c o n s i s t e n t  b u t ,  n o n e t h e l e s s ,  p r o v i d e  a liiore r c a l i s t i c  
r e p r e s e n t a t i o n  t h a n  a n y  p r e v i o u s l y  o b t a i n e d .  



27 

C',  
L' 

L '  

i '. 

i. 

2. The powerful new data assimilation methods developed for the W E  
IIIb analyses have been successful in assimilating nany types of new 
and unconventional data. Much of the potential of these llew schenles 
has been largely realized in the extratropics although in the tropics 
their full power has yet to be realized. 

3. The GWE has been an important stimulus in recent :ethnological 
advances in numerical weather prediction. The GWE, with its emphasis 
on the global atmosphere as a whole, coincided with a considereble 
advance in the sophistication and skill of numerical models and 
assimilating schemes. In particulnL, global forecast models became the 
rule rather than the exception atter the CWE, and initialization and 
objective analysis methods with global rather than merely extratropical 
potential were developed. 
participated substantially in GiiE work have reaped real benefits in 
increased understanding of the StiitGspher ic c i r s d a t i u n  ana its 
numerical simulation. 

Operational and research centers that have 

Unresolved Problems 

1. Analysis intercomparison shows that large analysis differences 
are products of differing quality control or error checking procedures. 

2. Tropical analysis is far from satisfactory owing to deficiencies 
in both forecast model and analysis systems. There is stili 
considerable mislatitude bias in both forecasting 2nd snalysis. There 
are serious differences in the analysis of various cjeileral circulation 
statistics, particularly second noment quantities. S u m  boundvry layer 
diagnostics seem to reflect the assumptions made in the assimilating 
model's convective parameterization more than the o!xwrvations.. There 
are serious deficiencies in the analysi3 of the stratosphere. 

3 .  Moisture analysis is still a considerable problem, and very 
little progress has been made since the GWE. 

4 .  Analysis schemes are rarely described in the referued 
literature, and their properties are  difficult to disccvcr. 

5 .  Adiabatic initialization schernes have serious drnwbscks in the 
tropics. Nonlinear: normal mode initialization is widely used, but 
there are large differences in opinion (not baszd on much hard 
eviderice) about which particular modes to initialize. 

Recommendations 

1. Well-organized analysis intcrccmpar isons are wor thwtiile and 
should be encouraged. In particular, an experiment similar to the 
recent NMC-ECMWF-UKMO analysis intercqnpar ison stioirld be conducted to 
determine separately the effDct of quality control procedures, analysis 
or initialization scheme, 2 n d  effect of the assimilating inodcl. nAta 
rejection lists are available and  should br7 u u t d  in comparing GWE IIh 
data with GWE IIIb analyses. 

effect on tropical data assimilation. Present  error i:uvar iance 
2 .  More work needs to hc done on tropicdl paraneteri..:.rtion and its 

i 
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s t a t i s t i c a l  models of b o t h  f o r e c a s t  and  o b s e r v a t i o n  error a r e  t o t a l l y  
i n a d e q u a t e  i n  t h e  t r o p i c s .  P r e s e n t  c o v a r i a n c e  model ing a s s u m p t i o n s  of 
non-divergence s h o u l d  be r e l a x e d  a n d  s ta t i s t ics  s h o u l d  b e  s t r a t i f i e d  
s p a t i a l l y  and  by s y n o p t i c  s i t u a t i o n  ( p a r t i c u l a r l y  w i t h  respect to  
c o n v e c t i o n )  i n  t h e  t r o p i c s .  More g e n e r a l  a p p r o a c h e s  s u c h  as  Kalman 
f i l t e r i n g  s h o u l d  be pursued .  

3 .  R a i n f a l l  gauge i n f o r m a t i o n  a n d  s a t e l l i t e  i n f r a r e d  measurements 
h a v e  r e c e n t l y  been u s e d  to  i n f e r  m o i s t u r e  or d i v e r g e n c e  i n  t h e  t r o p i c s -  
T h i s  work s h o u l d  b e  encouraged  and ways found to assimilate t h i s  t y p e  
of i n f o r m a t i o n .  I n  a d d i t i o n ,  t h e r e  is c o n v e n t i o n a l  i n f o r m a t i o n  t h a t  is 
e i t h e r  n o t  e x p l o i t e d  or n o t  p r o p e r l y  assimilated s u c h  as s u r f a c e  
pressure tendency  or s i n g l e - l e v e l  winds.  

Write ~p t h e i r  wnrk in t h e  form nf h o t h  d e t a i l e d  ~ s e r s  guides and 
refereed j o u r n a l  a r t i c l e s  % 

i n  normal rnode i n i t i a l i z a t i o n  by examining t h e  modal b a l a n c e  i n  l o n g  
i n t e g r a t i o n s  o f  t h e  f o r e c a s t  model. P r o c e d u r e s  a re  now a v a i l a b l e  f o r  
o b t a i n i n g  convergence  f o r  normal mode i n i t i a l i z a t i o n  even  under  
d i a b a t i c  c q n d i t i o n s  (Rasch, 1385) .  These  s h o u l d  be e x p l o i t e d .  

6 .  Simple  spectral  e s t i m a t e s  c f  t h e  i n i t i a l  a n a l y s i s  e r r o r  o r  
u n c e r t a i n t y  (G) h a v e  a l r e a d y  been o b t a i n e d  a t  ECMWP (Uppala e t  a l . ,  
Volume TWO, pp. 85-118).  Bounds o n  %, s p a t i a l  and s p e c t r a l ,  would 
be u s e f u l  i n  e s t i m a t i n g  t h e  r e l a t i v e  c o n t r i b u t i o n s  of model e r r o r  a n d  
e r ro r s  d u e  t o  t h e  o b s e r v a t i o n a l  sys tem.  T h e r e  a r e  a lso i m p o r t a n t  
a p p l i c a t i o n s  i n  s t o c h 3 s t . i ~ - d y n a m i c  f o r e c a s t i n g  and  Kalman f i l t e r i n g  . 
s e t  when debugging new d a t a  a s s i m i l a t i o n  s y s t e m s ,  i n  d d d i t i o n  to t h e i r  
normal  p a r a l l e l  mode f Q r  debugging new s y s t e m s .  

f o r e c a s t  model re la ted t e c h n i q u e s  of s t a t i s t i c a l  i n t e r p o l a t i o n  and 
four -d imens iona l  data  a s s i m i l a t i o n  riy w e l l  be j u s t i f i e d  far t h e  
i n v e s t i g a t i o n  o f  s p e c i f i c  m e t e o r o l o g i c a l  phenomena. 
p a r t i c u l a r l y  f o r  c e r t a i n  t r o p i c a l  phenomena s u c h  a s  Kelv in  waves o r  
o r g a n i z e d  d e e p  c o n v e c t i o n .  

4 .  Developers  o f  data  a s s i m i l a t i o n  schemes should be encouraged to 

5 .  I t  is p o s s i b l e  to  d e t e r m i n e  r a t i o n a l l y  which modes t o  i n i t i a l i z e  

7. O p e r a t i o n a l  c e n t e r s  s h o u l d  be encourayed  to  u s e  t h e  GWE I I b  d a t a  

8 .  The r e a n a l y s i s  of Level  I I b  data by t e c h n i q u e s  o t h e r  t h a n  t h e  

T b i s  a p p i l e s  

NUMERICAL PRED1CTIO:J AND DATA IMPACT 

Data Impact o n  F o r e c a s t s  

T h r e e  groups--ECMWF, GLAS, and AWlRC--have performed s t u d i e s  to’ 
d e t e r m i n e  t h e  impact  of s e v e r a l  Giu’E o o s e r v i n y  s y s t e m s  on n u m e r i c a l  
weather  p r e d i c t i o n  s k i l l  us iny  f u u r - d i m e n s i o n a l  a n a l y s i s  sys tems.  I n  
t h e s e  s e s s i o n s ,  H o l l i n g s w o r t h ,  Kalnay,  and P u r i  (see Voliine TWO, 
S e s s i o n s  3 and 4 )  reviewed p r o g r e s s  i n  p r e d i c t i o n  and t i W E  diita impact .  

ECMNP performed d a t a  impact s t u d i e s  for t w o  p e r i o d s  of t h e  GWE 
y e a r :  November 8 to 1 9 ,  denoted OSE-1, and February  2 2  t o  March 7 ,  
1979, d e n o t e d  OSE-2, with about n i n e  f o r e c a s t  conipar isons i n  each 
p e r i o d .  The d a t a  impact  p e r i o d s  ci iosen by G I 2 6  w c L c  the s p e c i a l  
o b s e r v i n g  p e r i c d s  (SOP-1 and SOP-:), J a n u a r y  5 t o  March 5 and May 1 to 
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J u n e  30, 1979, r e s p e c t i v e l y ,  w i t h  a b o u t  14 f o r e c a s t s  i n  e a c h  period. 
AWRC performed a n a l y s e a  c o n f i n e d  to t h e  s o u t h e r n  hemisphere  a n d  t o  t h e  
period May 17 to  2 6 ,  1979, and two-day f o r e c a s t s  f rom May 2 0 ,  2 2 ,  and 
24. 

s y s t e m ,  d e n o t e d  "NOSAT" (no s a t e l l i t e  data)  by GLAS and "SO" ( s u r f a c e  
o n l y  d a t a )  by ECMiW?, and a "maximum" sys tem,  denoted 'FGGE" by GLAS a n d  
" A I "  ( a l l - i n c l u d e d  data)  by ECINF. I n  the minimum a n a l y s i s  o n l y  
c o n v e n t i o n a l  d a t a  were a s s i m i l a t e d ,  a l t h o u g h  SO also i n c l u d e d  d r i f t i n g  
buoys  and NOSAT i n c l u d e d  a i r c r a f t  reports.  
i n  a d d i t i o n  t o  c o n v e n t i o n a l  d a t a ,  t h e  f u l l ,  S p e c i a l  o b s e r v i n g  Sys tem 
(SOS.) ( W E  IXb) data. 

s t u d i e d  i n  t w o  d i f f e r e n t  ways: f i r s t ,  by adding c h e  o b s e r v a t i o n s  of a 
s i n g l e  s y s t e m  to  t h e  minimum system, and second,  by d e l e t i n g  s u c h  
o b s e r v a t i o n s  from t h e  maximum system. 
e x p e r i m e n t s  was to  e x p l o r e  t h e  possible redundancy between t h e s e  
sys terns. 

T h e r e  was g e n e r a l l y  g o d  agreement  between t h e  r e s u l t s  o f  t h e  
d i f f e r e n t  d a t a  impact exper iments .  
a s  f o l l o w s :  

Both  E W  and GLAS percormed compar isons  between a "ninirnum" 

The maximum s y s t e m  i n c l u d t d ,  

The impact of i n d i v i d u a l  components of t h e  observii:g s y s t e m  was 

One of the p u r p s e s  of t h e s e  

Some o f  t h e  main c o n c l u s i o n s  were 

1. F o r e c a s t  i m p a c t s  of t h e  GIE SOS ( i n c l u d i n g  a s  l a r q e s t  components 
s a t e l l i t e .  t e m p e r a t u r e  s o u n d i n g s ,  s a t e l l i t e  winds,  and  d r i f t i n g  buoys)  
a r e  p o s i t i v e  b u t  smal l  i n  t h e  n o r t h e r n  hemisphere  and v e r y  l a r g e  and  
p o s i t i v e  i n  t h e  s o u t h e r n  hcmisp!-,ere (EC,WF and GLAS). 

s y n o p t i c  reg ime,  and  d a t a  coverage .  For example,  ECMWF found a 
p o s i t i v e  i n p a c t  d u r i n g  OSE-1 and a much smaller impact  d u r i n g  OSE-2. 
I n  t h e  GLAS s y s t e m ,  i n  which r e g i o n a l  v e r i f i c a t i o n s  o v e r  Nort!i America 
a n d  Europe a r e  made, b o t h  p o s i t i v e  and n e g a t i v e  impacts  were o b s e r v e d ,  
a l t h o u g h  t h e  n e t  impact  was p o s i t i v e .  The h e m i s p h e r l c  v e r i f i c a t i o n s  o f  
ECMWF showed no  n e g a t i v e  impact .  

s i g n i f i c a n t l y  to f o r e c a s t  accuEacy, , i t h  s a t e l l i t e  t e m p e r a t u r e s  b e i n g  
most i m p o r t a n t  i n  t h e  e x t r a t r o p i c s ,  s a t e l l i t e  winds i n  t h e  t r o p i c s ,  
a i r c r a f t  r e p o r t s ,  when a v a i l a b l e ,  c o n t r i b u t i n g  t o  b o t h  r e g i o n s ,  and 
buoys  u s e f u l  i n  t h e  s o u t h e r n  hemisphere.  

from d i f f e r e n t  o b s e r v i n g  s y s t e m  components is a s t r e n g t h  of t h e  
composite o b s e r v i n g  system. The  redundancy n s t  o n l y  c o n t r i b u t e s  t o  a 
r e d u c t i o n  of t h e  a n a l y s i s  e r r o r s  b u t  also r e d u c e s  t h e  r i s k  of  c r i t i c a l  
e r r o r s  d u e  to  a c c i d e n t a l  g a p s  i n  one  of t h e  o b s e r v i n g  sys tems.  

GWE r e t r i e v a l s ,  n o  c a s e s  of n e g a t i v e  E o r c c a s t  impact  o c c u r r e d  o v e r  
Nor th  Amer ica. 

suhhernispher ic model, and a 12-hour s u c c e s s i v e  c o r r e c t i o n  a n a l y s i s  
u s i n g  t h e  p r e v i o i l s  a n a l y s i s  a s  f i r s t  g u e s s  r e s u l t e d  i n  positive impacts  
i n  t h o  n o r t h e r n  heinisphere--1aryer t h a n  t h o s e  i n  Lhe GLAS and ECEiVS' 
ana ly . r e s .  T h i s  may be  due t o  t h e  u s e  of f o r e c a s t  f i e l d s  i n  t h e  f i r s t  

2.  I n  t h e  n o r t h e r n  hemisphere,  t h e  impact  depends  o n  s e a s o n ,  

3 .  A l l  t h e  main components of t h e  GWE SOS were found to  c o n t r i b u t e  

4 .  Both ECMWF and G U S  emphasized t h a t  redundance o f  i n f o r m a t i o n  

5. When G U S  p h y s i c c l  r e t r i e v a l s  were u s e d  i n  p l a c e  of t h e  a r c h i v e d  

6 .  Forecast impacts  wi t -h  t h e  Israel M e t c o r o l o g i c s l  S e r v i c e  
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g u e s s  t h a t  was used;  i n  t h e  E W F  and GLAS s y s t e m s  a f o r e c a s t  f i r s t  
g u e s s  advects i n f o r m a t i o n  from d a t a - r i c h  to  data-sparse r e g i o n s  and  
t h e r e f o r e  a l l e v i a t e s  t h e  e f f e c t s  of d a t a  g a p s  i n  t h e  c o n v e n t i o n a 1 , d a t a .  

Among t h e  resul ts  p e r t a i n i n g  to t h e  s o u t h e r n  hemisphere ,  t h e  
f o l l o w i n g  s h o u l d  b e  mentioned:  

1. The GWE SOS added  a b o u t  2 d a y s  o f  f o r e c a s t  s k i l l  i n  t h e  s o u t h e r n  
hemisphere ,  w i t h  t h e  s a t e l l i t e  temperature r e t r i e v a l s  b e i n g  t h e  l a r g e s t  
c o n t r i b u t o r  ( E W F  and GLAS). 

d e t e r i o r a t i o n  of f o r e c a s t  s k i l l  o f  more t h a n  12 h o u r s ,  e s p e c i a l l y  
i m p o r t a n t  i n  t h e  1-day f o r e c a s t  of sea l e v e l  p r e s s u r e .  However, t h e  
removal  of sq te l l i t e  t e m p e r a t u r e s  h a s  a much g r e a t e r  n e g a t i v e  e f f e c t  
t h a n  buoys  a f t e r  t h e  f i r s t  day (GLAS. a n d  ANMRC) . 

3. Less impact  f rom t h e  loss o f  buoys  was o b s e r v e d  f o r  SOP-1 
( G U S ) .  The a p p a r e n t  redundancy of t h e  buoy data d u r i n g  J a n u a r y  and  

e a r l y  F e b r u a r y  1979 may be d u e  to t h e  f a c t  t h a t  fewer buoys were 
a v a i l a b l e  d u r i n g  t h a t  period, to t h e  less i n t e n s e  summer c i r c u l a t i o n  
reg ime,  cIr to  t h e  a v a i l a b i l i t y  of VTPR s a t e l l i t e  d a t a  d u r i n g  SOP-1 a n d  
n o t  SOP-2. Fur thermore ,  it was p o i n t e d  o u t  t h a t  t h e  G U S  NOSAT 
ass imi l a t ion  a lso i n c l u d e d  a l a r g e  nurrber o f  s h i p  o b s e r v a t i o n s  n o t  
n o r m a l l y  a v a i l a b l e  d u r i n g  a n  o p e r a t i o n a l  a n a l y s i s  c y c l e ,  which m3y h a v e  
also c o n t r i b u t e d  to a r e d u c t i o n  o f  impact .  

2. During SOP-2, t h e  impact of removing t h e  buoys is a 

Achievements  

1. T h e r e  was good agreement  between t h e  c o n c l u s i o n s  o f  t h e  t h r e e  
groups--ECt?WF, GLAS, and A;\;lr,RC--that p e r  formed s t u d i e s  to determine t h e  
impact  of s e v e r a l  components of t h e  GWE SOS.  Given t h e  n o t o r i o u s  
d i f f i c u l t y  o f  per forming  s u c h  s t u d i e s ,  and t h e  l a r g e  d i s c r e p a n c i e s  
n o t e d  before t h e  GWE, t h i s  is an  i m p o r t a n t  advancenent .  

found to  c o n t r i b u t e  s i g n i f i c a n t l y  t o  f o r e c a s t  a c c u r a c y .  S a t e l l i t e  
t e m p e r a t u r e s  were most impor tan t  i n  t h e  e x t r a t r o p i c s ,  s a t e l l i t e  w i n d s  
i n  t h e  t r o p i c s ;  a i r c r a f t  r e p o r t s ,  when a v a i l a b l e ,  c o n t r i b u t e d  t.? b o t h  
r e g i o n s ;  and  buoys were u s e f u l  i n  t h e  s o u t h e r n  hemisphere.  

3 .  The u s e  o f  GLAS p h y s i c a l  r e t r i e v a l s  o f  s a t e l l i t e  t e m p e r a t u r e s  i n  
place of t h e  a r c h i v e d  C i E  r e t r i e v a l s  r e s u l t e d  i n  a s i g n i f i c a n t  f o r e c a s t  
improvement o v e r  North America. 

4 .  The f o r e c a s t '  improvements froin t h e  GKZ SOS were m:xh l a r g e r  i n  
t h e  s o u t h e r n  hemisphere t h a n  i n  t h e  n o r t h e r n  hemisphere.  The G d E  SOS 
added  a b o u t  2 d a y s  o f  f o r e c a s t  skill i n  the s o u t h e r n  hemisphere ,  w i t h  
t h e  s a t e l l i t e  t e m p e r a t u r e  r e t r i e v a l s  b e i n g  t n c  l a r g e s t  c o n t r i b u t o r  
(ECMWF and GLAS). Buoys improved t h e  s k i l l  o f  s h o i t - r a n g e  f o r e c a s t i n g  
by more t h a n  1 2  h o u r s  d u r i n g  SO?-2 (AtL'IRC and  GUS). 

2. k i o n g  t h o s e  components of t h e  W E  SOS t h a t  were t e s t e d ,  a l l  were 
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Unresolved Problems 

1. Sa te l l i t e  moisture d a t a  has n o t  g e n e r a l l y  been used  i n  g l o b a l  
assimilation models.  
vapor winds.  
of these data sets. 

p a r t i c u l a r l y  t h o s e  i n  t h e  tropics, h a s  n o t  been  s t u d i e d  i n  de t a i l .  

T h e r e  h a 5  teen no u s e  made of t h e  Heteosat water 
N o  f o r e c a s t  s t u d y  h a s  been made to assess t h e  importance 

2. The f o r e c a s t  impact  of o t h e r  special o b s e r v i n g  sys tems,  

Recoxnendat ions  

. I -  

1. The irilprict ai G ~ E  ciata on tropical  f o r e c a s t i n g  n e e d s  t~ be 
studied and  docur,iented i n  much more de ta i l .  

i n  KdP, e.q., 
2 .  F u r t h e r  s t u d i e s  are needed to  optimize t h e  u s e  of sa t e l l i t e  data 

- d e t e r m i n a t i o n  o f  o p t i m a l  w e i g h t s  f o r  s a t e l l i t e  data  over land 
and Ocean, e f f e c t  of orography and c l o u d s ;  - e l i m i n a t i o n  of s y s t e m a t i c  errors  and  d e t e r m i n a t i o n  o f  error 
c o r r e l a t i o n s  i n  space and  t i m e ;  - u s e  of f o r e c a s t  f i r s t .  g u e s s  i n  t h e  s a t e l l i t e  t e m p e r a t u r e  
r e t r i e v a l s  and  i n  t h e  assiunraent  of c l o u d  wind h e i g h t s ;  - u s e  of h o r i z o n t a l  t e R p e r a t u r e  g r a d i e n t  i n f o r m t i o n  and 
t h r e e - d i m e n s i o n a l  t e m p e r a t u r e  r e t r i e v a l s ;  - optimal a s s i m i l a t i o n  of s i r . g l e - l e v e l  wind and  p r e s s u r e  f iatn;  

- u s e  of s a t e l l i t e  m o i s t u r e  data;  
- u s e  of c l o u d ,  r a i n ,  r a d i a n c e s ,  and  o t h e r  n o n c o n v e n t i o n a l  d a t a  

- u s e  of VAS r e t r i e v a l s .  
i n  t h e  ass imi la t ion  c y c l e ;  and 

3 .  The a c c u r a c y  of t h e  r e p r o c e s s e d  GLAS p h y s i c d l  r e t r i e v a l s ,  
i n c l u d i n g  m o i s t u r e ,  and t h e i r  impact on f o r e c a s t  s k i l l  s h o u l d  be 
s t u d i e d  i n  de t a i l .  

c l o u d  t r a c k e d  winds,  s h o u l d  be s t u d i e d .  

u s e d  t o  d e t e r m i n e  t h e  e x t e n t  t o  which t h e  buoy d a t a  h a s  i n f l u e n c e d  t h e  
GWE a n a l y s i s  and  p e r c e i v e d  a t m o s p h e r i c  v a r i a b i l i t y  i n  t h e  s o u t h e r n  
hemisphere.  

6 .  The abandonment of t h e  p r e s e n t  s y s t e m  of t w o  sunsynchronous  
polar o r b i t e r s  s h o u l d  b e  examined foi its e f f e c t  on t h e  d e t e r m i n a t i o n  
of t h e  d i u r n a l  c y c l e s  i n  a tmospher ic  p a r a m e t e r s  and on t h e  r e d u c t i o n  i n  
t h e  number of t e m p e r a t u r e  r e t r i c v i l s .  

7 .  Some redundancy between d i f f e r e n t  o b s e r v i n g  s y s t e m s  is needed.  
T h i s  redundancy n o t  o n l y  c o n t r i b u t e s  t o  a r e d u c t i o n  of t h e  a n a l y s i s  
e r r o r s  b u t  a l so  r e d u c e s  t h e  r i sk  of c r i t i c a l  e r r o r s  due  t o  a c c i d e n t a l  
g a p s  i n  o n e  of t h e  o b s e r v i n g  systems. 

4 .  The impact  of t h e  u s e  of w a t e r  vapor  winds ,  which may complerient 

5. The data  impact exper iments  w i t h o u t  t h e  u s e  of buoys s h o u l d  b e  
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T r o p i c a l  F o r e c a s t i n g  

The work described in t h i s  s e s s i o n  was m o s t l y  c o n f i n e d  to  e x p e r i m e n t a l  
t ropical  f o r e c a e t s  per formed a t  PSU a n d  reported by K r i s h n a m u r t i  (see 
Volume Two, Session 5 ) .  S e v e r a l  GWE impact  s t u d i e s  o n  t r o p i c a l  
a n a l y s i s  and f o r e c a s t i n g  performed a t  'LC#WF were r e p o r t e d  by Heckley  
( s e e  Volume Two, S e s s i o n  5 ) .  

K r i s h n a m u r t i  f i r s t  p r e s e n t e d  t h e  r e s u l t s  o f  a n  e x p e r i m e n t  to  t e s t  
t h e  i m p o r t a n c e  of t h e  d i s t r i b u t i o n  o f  l a r g e - s c a l e  d i f f e r e n t i a l  h e a t i n g  
be tween t h e  n e t  r a d i a t i v e  c o o l i n g  o v e r  t h c  Arzbian  Sea a n d  t h e  s t r o n g  
n e t  h e a t i n g  o v e r  t h e  f o o t h i l l s  of t h e  Himalayas t h a t  t a k e s  place a t  t h e  
t h e  Of t h e  o n s e t  o f  t h e  monsoon. I n  t h i s  e x p e r i m e n t  h e  made t h r e e  
+day forecasts i n  which t h e  r o t a t i o n a l  wind, p r e s s u r e ,  and  t e m p e r a t u r e  
f ields were i d e n t i c a l  a n d  cor responded to  a p r e - o n s e t  c i r c u l a t i o n .  The 
d ivergent  wind and h u m i d i t y  f i e l d s  however were t a k e n  to be t h o s e  of 
t h r e e  d i f f e r e n t  s t a g e s  o f  t h e  monsoon e v o l u t i o n :  s p r i n g t i m e ,  pre-onse t ,  
and post-onset. 
occurred i n  t h e  t h i i d  exper iment ,  showing t h a t  : h e  d i f f e r e n t i a l  h e a t i n g  
associated w i t h  t h e  n o r t h e r l y  p o s i t i o n  of t h e  h e a t  source and t h e  
c o r r e s p o n d i n g  d i v e r g e n c e  and m o i s t u r e  f i e lds  a re  c r u c i a l  f o r  t h e  onset 
of the monsoon. 

The ECI-WF I I Ib  h u m i d i t y  a p a l y s e s  r e s u l t e d  i n  a r a p i d  d e t e r i o r a t i o n  
of t h e  d i v e r g e n t  f i e l d  i n  s h o r t - r a n g e  p r e d i c t i o n s  w i t h  t h e  FSU Joode1. 
I n  order to  a l l ev ia t e  t h i s  problem, a p h y s i c a l  i n i t i a l i z a t i o n  scheme 
was d e s i g n a d .  The h u m i d i t y  f i e l d  is modif ied  i n  s u c h  a way t h a t  i t  is 
c o n s i s t e n t  w i t h  r a i n  gauge  i n f o r m t i o n  and from s a t e l l i t e  o b s e r v a t i o n s ,  
a c c o r d i n g  to  Kua's  c o n v e c t i v e  p a r a m e t e r i z a t i o n  scheme. I n  r a i n - f r e e  
areas, t h e  m o d i f i e d  h u m i d i t y  f i e l d  s a t i s f i e s  a r a d i a t i v e - a d v e c t i v e  
b a l a n c e .  

E x p e r i m e n t s  on t h e  s e n s i t i v i t y  o f  t h e  f o r e c a s t  monsoon-onset v o r t e x  
t o  d i f f e r e n t  v e r s i o n s  o f  t h e  Kuo p a r a m e t e r i z a t i o n  o f  cumulus 
COnVeCticn, and t o  model r e s o l u t i o n  and orography were made a t  E'SU, 
EU-WF, and b y  o t h e r  groups .  
u s i n g  h i g h  h o r i z o n t a l  a n d  v e r t i c a l  r e s o l u t i o n  ( rhomboida l  4 2  and 11 
v e r t i c a l  levels)  and  a n  enhanced ( e n v e l o p e )  orography.  I n  t h e s e  
c o m p a r i s o n s ,  t h e  rms v e c t o r  w i n d  e r r o r  i n  t h e  t r o p i c s  became comparable  
to  t h a t  o f  p e r s i s t e n c e  i n  a b o u t  t h r e e  d a y s .  N e v e r t h e l e s s ,  c e r t a i n  
s y n o p t i c  s y s t e m s ,  s u c h  a s  t he  t r a c k  of t h e  monsoon-onset v o r t e x ,  were 
predicted f o r  u p  t o  7 days .  

I n  h i s  p r e s e n t a c i o n ,  Heckley emphasized t h e  d i f f i c u l t i e s  a s s o c i a t e d  
w i t h  t r o p i c a l  a n a l y s i s ,  s u c h  a c c u r a c y  o f  t h e  6-hour fOKeCdSt f i r s t  
g u e s s ,  da t a  q u a l i t y  c h e c k s  and r e j e c t i o n ,  and n o n l i n e a r  normal mode 
i n i t i a l i z a t i o n .  Some of t h e  i n i t i a l  problcms e n c o u n t e r e d  i n  t h e  ECVAF 
I I I b  a n a l y s i s  have  s i n c e  been a l l e v i a t e d  c o n s i d e r a b l y  w i t h  t h e  
i n t r o d u c t i o n  o f  d i a b a t i c  i n i t i d l i z a t i o n  and w i t h  i n t e r p o l a t i o n  of t h e  
d i f f e r e n c e  between a n a l y s i s  and f i r s t  gucss f i e l d s  r a t h e r  t h a n  t h e  f u l l  
a n a l y z c d  f i e l d s .  

S t u d i e s  by C a t s  and Wercjen (1902) showed t h a t  t h c  o p t i m a l  i n t e r p o l a -  
t i o n  s c h r v e  now i n  u s e  can s e r i o u s l y  a l i a s  l a r g e - s c a l e  Rosoby and 
K e l v i n  modes. T h i s  is due to  t h e  i r r e g u l a r  d i s t r l b u t i o n  o f  t h e  d a t a ,  
to  the local  a n d  n o n d i v e r g e n t  c h a r a c t e r  of t h e  e r r o r  c o r r e l a t i o n  

The o n l y  s t r o n g  monsoonal r e s p o n s e  t h a t  d e v e l o p e d  

The best  r e s u l t s  a t  FSU were o b t a i n e d  
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functions, and to the lack of high quality mass observaticns necessary 
to separate the RosSOY and Kelvin modes. On the other hand, synoptic. 
scale waves, primar Fly rotational, are reasonably vel1 analyzed. 

An ensemble of four forecasts with and without satellite cloud 
trazked winds, temperature soundings, and aircraft observations showed 
a clear impact of these data on the accuracy of tropical forecasting 
during the first four diys. 
trrpical forecasting it is useful to separate systematic from transient 
errors. The former are dominated in the tropics by deficiencies in the 
model's simulations of large-scale stationary waves assaciated with 
therinal and orographic forcing. As a result, the quasi-atntionary 
features of the tropical flow are difficult to forecast. 
i n  improving the model's parameterizations, which determine the realism 
of the model's tropical climatology, is necessary tq improve tropical 
forecae ting . 

It was also pointed out that to evaluate 

Further work 

Achievements 

1. The GWE tropical observing system has provided many new data 
from several new types of platfornrs. 
to be used for many years in t h e  improvement of tropical analysis and 
forecasting. 

2. With the establishment of global  prediction, a significant 
improvement of M?P in the tropics ocztirred in operationai centers. 

3. Research experiments in tropical foreczsting have shown much 
more skill during the GWE than during previous years. 

This large data net w i l l  continue 

Unresolved Problems. 

1. More accurate temperature and moisture data are needed in the 
tropics in order to rezolve the structure of weak tropical disturbances 
and to avoid aliasing between perceived Rossby and Kelvin waves. It is 
not clear whether the necessscy technology to provide this data is 
currently available. 

for the largest scales. The structure functions in 01 should be 
designed optimally. 
analysis should be documented. 

2 .  Problems with. the tropical andysis of data still remain, even 

Systematic model errors that may corrupt tropical 

Recommendations 

1. The potential for medium-ranye predictability in the tropics, a s  
well as for longer-time averaged forecastinq, should .  be invcstigzted. 

2 .  Forecast and simulation studies of the various phases  of the 
monsoon ( e - g . ,  transitions between active and break nansoon) should be 
made. 

vector wind eicors in the tropical belt, verifying against 
observations, not analysis. 

3 .  Verifications should be made using a common system, e.g., rms 

-. 
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4. 
5 .  

Systemtic and tranaicnt errors should be examined separately. 
The possibility of generating and using accurate temperature and 

moisture data to resolvc ..,e structure of weak tropical disturbances 
and to reduce aliasing between perceived Rossby and Kelvin should be 
explbred. 

provide global coveraq. of cloud tracked winds. 

initialization and mode1 parnikter izations should be performed. 

moisture and heat sources durin-j a model forecast could be explored. 

should be documented. 

6. The f i w  geostationary satellites should be maintained to 

7 .  Studies on the sensitivity of tropical forecasting to 

8 .  The possibility of using climatological or recent observed 

9. Systematic model errors that may corrupt tropical analysis 

Cumulus Parameterization 

The work described by J. Molinari, Ogura, and Betts (see Volume Two, 
Sesnion 16) included recent prognostic studies made with varioix 
pararceterization schemes and a study that demonstrated the utility of 
using a cloud enscnble model to. test cumulus parameterizations. 
impact of GATE on our understanding of cumulus convectian was evident 
in the work described. It was clear that the final GdE data sets 
should be useful in future pzrariieterization studies, particularly i E  
the information on rainfall distributipns is available. 

A number of qacstfons were r a i s e d  during the discussion regarding 
the possible impact of mesoscale circulations on cumulw paranicter iza- 
tions. Such circulations were clearly documented during GATE. One 
Coment noted that relatively weak forcing, such as diurnal effects 
over oceans, can affect the organization of convection. It is still 
not clear, however, if such features as convective-scale and mesoscale 
downdrafts need to be explicitly considered in parameterizations used . 
in forecast and general circulation models. It was noted that if more 
complicated schemes are used, more closure assumptions are needed. One 
must also be a b l e  to dctermir,e for a given situation if observations 
will or will not support the more conplicated structure in some clouds. 
A question was also raised on t h e  impoitance of parameterizing momentum 
transport by cumu!us convection. Hodever, no consensus was reached on 
the importance of including these effects in models. It was suggested 
that the errors in tropical forecasts from the Level IIIb data could be 
used to determine what cumulus parameterization schemes should be used 
and that more prognostic testing of the parametcrizations be made. 

Ogura (see Volume Two, Session 16) described a study made with a 
cum111us ensemble nodel. He investigated the statistical properties of 
cumulus clouds that occur i n  response to the imposed Large-scale 
forcing for both tropical and midlat.itude conditions. A strong drying 
process was found to occur in the boundary  l a y e r  i n  association with 
deep convection in a midlatitude case. The krakawa-Schubert cumulus 
parameterization scheme was t e s t e d  r,cmi-proqriosticnlly against both the 
model results and the observations i n  a tropical rain event that 
occurred during GATE. The c l o u d  heating and drying effects predicted 
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by the Arakawa-Schubert scheme were found to agree well with both the 
observations and the rasdel. However, it W E  ale0 found that the 
Arakawa-Schubert scheme undereetimatea both condensation and evaporation 
rates substantially. An inclueion of the downdraft effect, as formu- 
lated by Johnson (1976), appears to alleviate this deficiency. This 
downdraft effect may be important in predicting the behavior of the 
boundary layer accurately. 

a mesoscale convective ccmplex (MCC) nade with a modified version of 
the Kuo scheme. 
and mesoscale downdrafts on t h e  sinulation of a convective complex, 
noted that the predicted total rain volume it3 most accurate when 
cumulus and mesoscale downdrafts are incorporated. A strong divergent 
circulation extend8 600 km from the narrow heavy rain region of the K C  
in only 6 hours, much like those observed. 
behavior occurs only in the integration w i t h  downdrafts. 
indicate that (1) KUO'S closure, linking rainfdl to a fraction of the 
instantaneous moisture supply, may be useful in mesoscale aodels and 
( 2 )  the incorporation of downdrafts into Kuo's approach appears to be 
essential to reproduce the life cycle of convective disturbances in 
nature. 

Betts (see Volume Two, pp. 706-724) described a new convective 
ad justrnent schcne in which the temperature and moisture are adjusteC 
simultaneously with a tine lag toward empirically obtained quasi- 
equilibriun structures. The paranwter ization was tested using GATE, 
BOXEX, and AWEX data, and the schcmc does  well in reprochcing the 
structure of the convective source terns and the precipitation. 
Preliminary 10-day forecasts using the ECMWP gridpoint modei show that 
the scheme improves the forecast of the tropical temperature and 
surface fluxas. 

climate simulated with the NCAR Cormunity Climate Hodel. The inclusion 
of these transports resulted in an increase in trop.ica1 upper 
tropospheric temperatures and better definition of tropical circulations 
and precipitation distributions. 

Arakawa showed observational evidence for the existence of a set of 
quasi-equilibrium states, in which temperature lapse rates and 
humidities are highly coupled, as the cloud-work function equilibrium 
indicates. Fluctuations around the quasi-cquilibr ium states show large 
regional differenccs, especially between the oceanic and continental 
regions. Predictability (or parameterizability) of such fluctuations 
require further studies. 

J. HOlinari (see Volurne Two, pp. 689-705) described a simulation of 

This study, which evaluated the effect of cloud-scale 

A realistic life cycle 
The results 

Albrecht showed the effect of cumulus transports of moisture on the 

Achievements 

. 1. Semi-prognostic tests based on CRTC, l lONEX,  and GWE observations 
have pruridcd inproved parameterization of heating-moistening prof ilcs 
and rainfall rates. 

c l o s u r e  assumptions (quasi-equilibrium) and provided a verification for 
the bulk methods. 

2 .  Cloud ensemble models have provided a scicntific rationale for 
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3. Simple applications of the Arakawa-Schubert, Kuo, and adjustment 
schemes have enabled extended range predictions with some promising 
results. 

downdrafts within existing parameterization schemes. 

complemented cumulus parameterization studies (GATE, MONEX) . 
parameterization methods are Leing included within the initialization 
with some success. 

4 .  Pronrising improvements have been made in the areas of cumuXus 

5 .  Diagnostic studies of heat sources (q, Q2) have 

6 .  Diabatic initialization methods have steadily improved. Cumulus 

Unresolved Problems 

1. Modeling and impact of mesoscale Organization of clouds need to 
be studied within forecast models and GcMs. 

2 .  The drpmdence of parameterization schemes on grid size should 
be studied. 

3 .  Further work is necessary on the vertical transport of vorticity 
and momentum and its parameterization. 

4 .  Parameterization of planetary boundary layer, cumulus convection 
and radiative processes should be cgupled consistently. 

5. Better estirrdtes of global daily precipitation rates should be 
obtained as a functicn of raingauge and satellite-based observations. 
At present no such data sets exist. 

Recommenda f ion S 

1. While investigating the sensitivity of forecasts to cumulus 
parameterization remains important, extensive analyses of the GtJE data 
that directly address the problem of parameter izability and ciosure 
assumptions should be made. The analyses should include those of 
quasi-equitibr ium states and fluctuations around s u c h  states. Cloud 
ensemble models should be used to tesb closure assumptions. 

data from the marine tropics, mal; give an overly optimistic view. 
Extensive studies on the macroscopic behavior of cumulus clouds over 
the tropical and nidlatitude continents are needed. (Explore the 
possibility OE conducting further fie13 experiments over  reyions of 
heavy precipitation.) 

3 .  Parameterization studies should be conducted with high-quality 
Level I11 data that give reliable spatial and temporal distributions of 
the cumulus heating and drying rates frorn larqc-scalc budgets of heat 
and moisture, Q1 and Q2, that have  been prepared f o r  this purpose. 
TP.e scope and limitations of reprocessed L e v e l  1 1 1  data for these 
purposes should be addressed. 

develop an improved model. 

prepared from direct and indirect means. 

2 .  Testing a parameterization with the GhTE data only, or with any 

4 .  The model-dependence of the analysis should bc minimized to 

5 .  Glohal precipitation estimates, during the S O P S ,  should be 
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The European C e n t r e  for Mediua-Range Weather P o r e c a e t s  s tar ted to m a k e  
da i ly  10-day weather forecasts i n  1979. 
t h a n  the s e v e r a i  d a y s  t h a t  formed t h e  l i m i t  of n u m e r i c a l  weather  
prediction f o r  nost o p e r a t i o n a l  centers a t  that  t i m e .  S i n c e  1979, t h e  
ECE" procedures have  been c o n t i n u a l l y  improved i n  many aspccts-data 
check i q  a n a l y s  is, i n i t i a l  iza. t ion, nuaer  ical  integra t f on ae t h o d e  , t h e  
r e p r e s e n t a t i o n  of p h y s i c a l  processes, and  o u t p u t  ~ K O C ~ ~ U K ~ C S .  Theae 
d e v e l o p e n t s  a t  Ea4WF and a t  other c e n t e r n ,  a l t h o u g h  o f t e n  j u s t i f i e d  by 
an i-iate need f o r  improvepent i n  o p e r a t i o n a l  p r e d i c t i o n s ,  were 
a t i n u l a t e d  by p l a n n i n g  for the G l o b a l  Weather Ex,perL-senr. by Lta adviint 
of giooni data in 1979. by t h e  preparation of Level  IIIb a n a l y s e s  f o r  
t h e  Qd2 a r c h i v e s ,  a n d  by the use of I Ib  data f o r  s t u d i e s  of the impact 
of d i f f e r e n t  t y p e s  of d a t a  on t h e  a c c u r a c y  o f  f o r e c a s t s .  Forecast 
hiXOVeaent6  of the  t y p e  r e p o r t e d  a t  the workshop by Cengtsson  f o r  
E(HWP h a v e  also appeared i n  o p e r a t i o n a l  f o r e c a s t s  from other c e n t e r s ,  
a l t h o u g h  no t  so d r a m a t f c a l l y .  

sumarized a s  f o l l o w s .  

This f o r e c a s t  r a n g e  w a s  l o n g e r  

The results reported by Bengtsson (see Volume Two, Session 7 )  may be 

1. 

2. There h a s  been a g r a d u a l  i n c r e a s e  i n  a c c u r a c y  oy EC%:P s i n c e  

S i x - d a y  forecasts by XMW for r e c e n t  w i n t e r s  are  as a c c u r a t e  a s  
some of t h e  2-day f o r e c a s t s  made a t  o t h e r  c e n t e r s  i n  t h e  e a r l y  19708. 

1979,  to  t h e  p o i n t  where " U B e f U l -  h e i g h t  a n o r a l y  c o r r e l a t i o n  v a l u e s  of 
0 .6  n o v  e x t e n d  to 6 days o n  the a v e r i g e .  

waves a n d  i n  t h e  w i n t e r  season. 

a re  more p r e d i c t a b l e  t h a n  t h e  c y c l o n e  scale d i s t u r b a n c e s ,  t h e  e x t r a -  
t r o p i c s  are more p r e d i c t a b l e  than  t h e  t r o p i c s ,  and  t h e  n o r t h e r n  
hemisphere  i b  more p r e d i c t a b l e  t h a n  t h e  s o u t h e r n  hemisphere.  S u m e r n ,  
however, a re  c h a r a c t e r i z e d  by less f o r e c a s t  s k i l l  t h a n  w i n t e r s ,  when 
measured a g a i n s t  the var l a b i l i t y  of t h e  s y s t e n .  

are  l a r g e  v a r i a t i o n s  of forecast s k i l l  w i t h i n  one  month and i n  t h e  
monthly-averaged scores for d i f f e r e n t  y e a r s .  Episodes  of enhanced or 
l e s s e n e d  f o r e c a s t  s k i l l  O E  s e v e r a l  w e e k s  d u r d t i o n  a r e  n o t  u n c o m n .  

f r o m  i n d i v i d u a l  s t a t i o n s  h a s  uncovered many examples  of s y s t e m a t i c  
e r r o r s  i n  d a t a  from p a r t i c u l a r  s t a t i o n s .  

7. T r o p i c a l  f o r e c a s t s  a r e  n o t  o n l y  s e n s i t i v e  to  t h e  i n i t i a l  
a n a l y s i s ,  b u t  also to t h e  p a r a ~ e t e r i z a t i o n  0: c o n v e c t i o n  and to the 
p r e s e n c e  or absence  of ,t d i u r n a l  c y c l e  I n  the model. S k i l l  h a s  
i n c r e a s e d  i n  t h e  l a s t  s e v e r a l  y e a r s  so t h a t  t h e  average 85O-!i15 v e c t o r  
wind c o r r e l a t i o n  i n  the t r o p i c s  now takes 3 days i n s t e a d  e!: 2 to  
decrectse  t o  a v a l u e  of C . 6 .  

hemisphere  appear  as  an underestindte of the r i d g e s  over w e s t e r n  Canada 
and E u r o p e  a n 3  as a w a k c n i n g  ( 4  n/s) and upward m i g r a t i o n  ( 4 0  mb) of 
t h e  p r i n c i p a l  z o n a l l y  averagcd  j e t  s t r e a m .  Weakening of t h e  l a r g e  

3. Host of t h i s  irrpzovement h a s  been i n  t h e  p r e d i c t i o n  of v e r y  l o n g  

4 .  I n  agceement  w i t h  e a r l i e r  ? r e d i c t a b i l i t y  s t u d i e s ,  very l o n g  waves 

5 .  I n  a d d i t i o n  t o  t h e  s e a e o n s l  v a r i a t i o r s  of f o r e c a s t  skill, t h e r e  

6 .  The r o u t i n e  exarninat ion o f  t h e  f i t  oE o b j e c t i v e  a n a l y s e s  t o  data 

8 .  T h e  dominant  e r r o r s  i n  l0-ddy ~QKCCastS in c h e  n o r t h e r n  
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sca le  f e a t u r e s  is accompanied by a n  o v e r p r e d i c t i o n  o f  s h o r t e r - s c a l e  
t r a n s i e n t  s y s t e m s .  These f e a t u r e s  a r e  found i n  b o t h  g r i d - p o i n t  and  i n  
spherical harraonic  t r a n s f o r m  models. 

I n c l u s i o n  of a d i u r n a l  cycle h a s  i n c r e a s e d  t h e  upward ( t u r b u l e n t )  
flux o f  sensible  h e a t  froa t h e  ground and s l i g h t l y  d e c r e a s e d  e v a p o r a t i o n  
from l a n d  s u r f a c e s .  
t he  c o n v e c t i o n  c e n t e r  o v e r  A f r i c a .  

10. I n c l u s i o n  o f  a n  enhanced. ( "envelope")  orography h a s  reduced  
somewhat t h e  s y s t e m t i c  u n d e r p r e d i c t i o n s  of t h e  w e s t e r n  Canadian  and  
European  r i d g e s ,  b u t  i t  h a s  a lso increased t h e  local  f o . e c a s t  e r r o r  i n  
some l o c a t i o n s .  n e a r  n-ajor mountains.  

11. A neii i iphrikai  t r a n s f o r m  d e l  w i t h  c r i a n g u i a r  io6 t r u n c a t i o n  
promises i n c r e a s e d  s k i l l  o v e r  t h a t  from a t r i a n g u l a r  63 t r u n c a t i o n .  

1 2 .  I n c o r p o r a t i o n  o f  t h e  e f f e c t  o f  l a t e n t  h e a t  i n t o  i n i t i a l i z a t i o n  
p r o c e d u r e s  h a s  i n c r e a s e d  t h e  s t r e n g t h  o f  t h e  Walker and  Hadley 
c i r c u l a t i o n s  i n  t h e  t r o p i c s .  

forecast d e l  seems t o  have  now reached  t h e  p o i n t  where t h e r e  is  
l i t t l e  or n o  s y s t e m t i c  change  d u r i n g  a f o r e c a s t  i n  the s t a n d a r d  e n e r g y  
t r a n s f o r m a t i o n s .  

9. 

P r e c i p i t a t i o n  h a s  been  improved, most n o t a b l y  i n  

13. I n  sp i t e  of t h e  t y p i c a l  e r r o r  r e f e r r e d  to i n  1 0  above ,  t h e  

Bengtsson  c o n c l u d e d  by e x p r e s s i n g  t h e  o p i n i o n  t n a t  "models a r e  d o i n g  
b e t t e r  than  t h e  data" and t h a t  improvements i n  d a t a  w i l l  f u r t h e r  
i n c r e a s e  t h e  s k i l l  of medium-range f o r e c a s t s .  Thls q u o t a t l o n  l e d  to 
much exchange  s f  o p i n i o n .  

Miyakoda o f  t h e  Geophys ica l  F l u i d  Dynamics L a b o r a t o r y  p r e s e n t e d  
p r e l i m i n a r y .  r e s u l t s  o f  1-month forecasts f r o n  sever. d i f f e r e n t  J a n u a r y  
dates  from 1977 th rough 1983 ( s e e  Miyakoda e t  al., V o l u m e  pp. 
2 9 2 - 2 9 6 ) .  These  f o r e c a s t s  were msdc w i t h  t h e  9 - l e v e l  NQ6 GFDL niodel, 
w i t h  t h r e e  d i f f e r e n t  i n i t i a l  a n a l y s e s  made a t  GFDL, a t  Zct':kJF, and a t  
NnC. The e f f e c t s  o f  t h r e e  d i f E e r e n t  p a r a r n e t e r i z a t i a n s  were a lso 
t e s t e d .  
r e s e a r c h  begun a t  GFDL i n  1975. 

c o e f f i c i e n t  between p r e d i c t e d  and o b s e r v e d  i s o b a r i c  h e i g h t  a n o m a l i e s  
be tween 25ON and 90% was used a s  a measure o f  s k i l l .  
o v e r  10-day and o v e r  20-day means were t a k e n  b e f o r e  computing t h e  
c o r r e l a t i o n  c o e f f i c i e n t .  A p e r s i s t e n c e  f o r e c a s t  w a s  d e f i n e d  by t h e  10- 
(or 20)day  averag.e  c o m p l e t e l y  preceding  t h e  i n i t i a l  d a t e . )  

These  monthly p r e d i c t i o n  e x p c r  i m e n t s  a r e  a c o n t i n u a t i o n  o f  

The r e s u l t s  may b e  summarized a s  f o l l o w s .  (The c o r r e l a t i o n  

Averages 

1. For 10-day means c e n t e r e d  on d a y  25 t h e  s k i l l  a t  1 0 0 0  mb ranged 
f rom 0 t o  C . S .  The s k i l l  of a p e r s i s t e n c e  f o r e c a s t  had a l a r g e r  r a n g e ,  
f rom -0.2 to  0.5. The numer ica l  p r e d i c t i o n s  were t h e r e f o r e ,  on t h e  
a v e r a j e ,  s l i g h t l y  more a c c u r a t e  t h s n  p e r s i s t e n c e .  

2 .  The a v e r a g e  s k i l l  for a 2 F - 3 3 ~  mean c e n t e r e d  a t  2L d a y s  was 0.5 
a t  1000 mb and 0.2 a t  500 

3 .  F o r e c a s t s  from t h e  
l o c a t i o n  and a m p l i t u d e  of 

4 .  S k i l l  w a s  improved 
d i f f e r e n t  a n a l y s e s .  

rnb . 
three d i f i e r e n t  a n a l y s e s  * ~ a r i r d  rnost i n  the 
t h e  p r i n c i p s l  r i d g e s .  
by  a v e r a g i n g  f o r e c a s t s  f r o 3  t h e  t h r e e  
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5. T h e r e  w a s  some e v i d e n c e  of small s k i l l  i n  p r e d i c t i n g  t h e  
l a r g e - s c a l e  s t r u c t u r e s  a s s o c i a t e d  w i t h  low f r e q u e n c y  v a r i a b i l i t y ,  such 
as t h e  PtZA p a t t e r n  d e f i n e d  b y  Wallace and G u t z l e r  (1981) .  

as a t u r b u l e n c e  closure model,  soil  h e a t  c o n d u c t i o n ,  t h e  
Arakawa-Schubert  cloud p a r a m e t e r i z a t i o n ,  and t h e  enhanced "envelope'  
o r o g r a p h y  developed a t  E C K i F  n o t i c e a b l y  i m p r m e d  t h e  f o r e c a s t s .  

t h e  known p a t t e r n e  by which the f o r e c a s t  model a e v i a t e s  f rom 
c l i m a t o l o g y .  
g r e a t l y  rzd.;ce t h e s e  ~yste-iiitic errors. j 

not y e t  competitive w i t h  t he  N48 g r i d p o i n t  model a t  t h i s  range .  

6 .  A very promis ing  r e s u l t  was e v i d e n c e  c h a t  improve2 p h y s i c s ,  s u c h  

7 .  The mean f o r e c a s t  e r r o r s  f o r  d a y s  1 0  to 30 were o f t e n  similar to  

(The improved p h y s i c s  r e f e r r e d  to  above d i d  n o t  however 

8 .  The spectral  m o d e l  (chomboidal 30 and 4 2 )  developed  a t  GFDL is 

Achievements  

1. Six-day forecasts by E W F  f o r  r e c e n t  w i n t e r s  are  as a c c u r a t e  as 
some of t h e  2-day f o r e c a s t s  made a t  o t h e r  c e n t e r s  i n  t h e  e a r l y  1 9 7 0 s -  
U s e f u l  h e i g h t  anomaly c o r r e l a t i o n  v a l u e s  of 0.6 now e x t e n d  t o  s i x  d a y s  
o n  t h e  a v e r a g e .  Most  of t h i s  improvement h a s  b e e n  i n  t h e  p r e d i c t i o n  of 
v e r y  l o n g  waves and i n  t h e  w i n t e r  s e a s o n .  The u s e f u l  t i n e  r?nge of 
t rop ica l  f o r e c a s t s  h a s  been extended from 2 t o  3 days .  

2 .  Thir ty-day  p - e d i c t i o n s  of t ime-average  a n o m a l i e s  made w i t h  t h e  
GFDL model were ,  o n  t h e  average,  s l i g h t l y  Fore a c c u r a t e .  T h e r e  was 
e v i d e n c e  o f  s k i l l  i n  p r e d i c t i n g  l o w  f r e q u e n c y ,  i a r g e - s c a l e  s t r u c t u r e s  
s u c h  as  t h e  PNA p a t t e r n .  Improved p h y s i c a l  p a r a m e t e r i z a t i o n s  
n o t i c e a b l y  improved t h e  f o r e c a s t .  

Ur , resolved Problems 

1. S u b s t a n t i a l  v a r i a t i o n s  i n  s h o r t -  and medium-range f o r e c a s t  s k i l l  
occur on weekly,  s e a s o n a l ,  and i n t e r a n n u a l  time scales.  The r e a s o n s  
f o r  t h e s e  v a r i a t i o n s  a re  n o t  p r e s e n t l y  u n d e r s t o o d  a t  a l l .  

improvement is  needed i n  cumulus p a r a m e t e r i z a t i o n  and t h e  i n i t i a l  
a n a l y s e s .  

2 .  D e s p i t e  improvements i n  t r o p i c a l  f o r e c a s t  s k i l l ,  s u b s t a n t i a l  

Recommendat ims 

1. Numerical  p r e d i c t i o n  of time a v e r a g e d  anorndl ies  a t  t h e  r a n g e  of 
t h r e e  w e e k s  i s  a p o t e n t i a l l y  a t t a i n a b l e  g o a l .  Work s h o u l d  proceed  i n  
t h i s  area,  b u t  t h e  s u b j e c t  m u s t  b e  approdched w i t h  c a u t i o n .  

Prospects f o r  Improved ?leather P r e d i c t i o n  

Two s p e a k e r s ,  Lorenz and G h i l ,  d i scussed  t h i s  problem from t h e  
v i e w p o i n t  of theo re t i ca l  p o s s i b i l i t i e s  (see Volume Two, S e s s i o n  19). 
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Lorenz (1982a,b,  19.83) a d d r e s s e d  t h e  a p p l i c a t i o n  o'f t h e o r e t i c a l  
concepts of p r e d i c t a b i l i t y  to a n  i n t e r p r e t a t i o n  o f  c u r r e n t  o p e r a t i o n a l  
forecast s k i l l  and  t h e  r e l a t i v e  r o l e s  of e r r o r s  i n  i n i t i a l  da t a  a n d  
errors in f o r e c a s t  models.  S t u d i e s  i n  t h e  1 9 7 0 s  had  f o c u s e d  a t t e n t i o n  
o n  g l o b a l  estimates o f  t h e  growth ra te  o f  i n i t i a l  e r rors  (as i n  t h e  
Pre-GWE p l a n n i n g  s t u d i e s )  and  o n  t h e  t h e o r e t i c a l - n u m e r i c a l  model ing of 
n o n l i n e a r  error growth  i n  i d e a l i z e d  a t m o s p h e r e s  w i t h  s i m p l e  assumed 
Power spectra. The e x i s t e n c e  o f  a l o n g  series o f  10-day f o r e c a s t s  w i t h  
a "good" model a t  ECMWF e n a b l e d  Lorenz (1982L) to  o b t a i n  some 
S e p a r a t i o n  of t h e  r e l a t i v e  r o l e s  of i n i t i a l  and  model e r r o r  i n  t h e  
r a n g e  1 to 1 0  days .  T h i s  s e p a r a t i o n  is based  o n  t h e  f a c t  that  t h e  
d i f f e r e n c e s  between ( s a y )  4- and 6-day f o r e c a s t s  f o r  a g i v e n  d a y  are 
less t h a n  t h e  error o f  6-day f o r e c a s t s .  A c o m p l e t e  e l i m i n a t i o n  of 
m o d e l  error c o u l d  ( o p t i m i s t i c a l l y )  reduce t h e  forecast error to t h e  
grQuth-ratc cil:ve of the  diiEerence between 1 a n d  2 day torecasts,  2- 
a n d  3-day f o r e c q s t s ,  ..., 9- a n d  10-day f o r e c a s t s .  T h i s  r e a s o n i n g  
would l e a d  to  a n  upper  l i i n i t  o f  3 d a y s  i n c r e a s e  i n  s k i l l  o b t a i n a b l e  
fSQm improvements  t o  t h e  ECXdF f o r e c a s t  model. A c a v e a t  i n  t h i s  
r e a s o n i n g  however is t h a t  e l i m i n a t i o n  of t h e  ~ K K Q C  i n  t h e  f o r e c a s t  
m o d e l  w i l l  p r o b a b l y  i .nvolve model iniprovements (suc,h a5 f i n c r  
r e s o l u t i o n )  t h a t  w i l l  i n c r e a s e  t h e  i n s t a b i l i t y  and e r r o r  g r c w t h  ra te ;  
t h e  d i f f e r e n c e s  between 1- and 2 d a y  f o r e c a s t s  (etc.) w i l l  t h f n  
i n c r e a s e .  ( A  d o u b l i n g  time of 2.4 d a y s  for rms 500-mb h e i g h t  e r r@rs  
w a s  c h a c a c t e r i s t i c  of t h e  ECMWF f o r e c a s t s . )  Improvement of t h e  i n i t i a l  
d a t a  ( a c t u a l l y  t h e  1-day f o r e c a s t  errors)  might  lead to a f u r t h e r  
improvemerit 6f  s e v e r a l  days .  

i n t o  h i s  o r i g i n a l  s t u d y  of n o n l i n e a r  error growth  t h a t  w a s  b a s e d  on a n  
assumed -5/3 power s p e c t r a .  T h i s  does s l o w  up the u p s c a l e  propagat . inn 
of e r r o r s  by s e v e r a l  days .  He c a u t i o n e d  however t h z t  r e c e n t  e v i d e n c e  
(e.g. ,  t h a t  summarized by L i l l y )  does l e n d  s u p p i t  t o  t h e  -5/3 

a s s u m p t i o r  a t  scales as  large a s  100. ka. 

above  s t u d i e s  n o t  o n l y  a F p l i e d  t o  d e t e r m i n i s t i c  p r e d i c t i o n ,  but a l s o  
i g n o r e d  t h e  p o s s i b i l i t y  and u s e f u l n e s s  o f  v a r i a t i o n s  i n  p r e d i c t a b i l i t y  
i n  space and t i m e .  (Eor example,  t h e o r e t i c a l  c o n s t r u c t s  such  a s  modons, 
which  a r e  v e r y  s tab le ,  might  e x i s t  t o  sone e x t e n t  i n  a t m o s p h e r i c  f lows.)  
C e r t a i n  a v e r a g e s ,  s u c h  P S  time-means, might  a l s o  have  more p r e d i c t a b i l -  
i t y  b e c a u s e  o f  smal l  b u t  p e r s i s t e n t  e f f e c t s  on t h e  a tmosphere  from 
anomalous s e a - s u r f a c e  t e m p e r a t u r e ,  snow c o v e r ,  e tc .  

I n  a n  e a r l i e r  s e s s i o n ,  Baurrhefner repor ted  t h e  r e s u l t s  of f o r e c a s t s  
made w i t h  t h e  NCAR Community C l i m a t e  Model from a v a r i e t y  of GWE y e a r  
a n a l y s e s .  H i s  r e s u l t s  a r e  q u i t e  c o m p a t i b l e  w i t n  L o r e n z ' s  s t u d y  of the 
ECMWF forecasts.  The rms h e i g h t  d i f f e r e n c e  between a n a l y s e s  a f t e r  
i n i t i a l i z a t i o n  f o r  t h e  Cormunity C l i m a t e  Model was 2 0  m a t  500 mb. Tile 
d i f f e r e n c e  between f o r e c a s t s  f r o 1  t h e  d i f f e r e n t  a n a l y s e s  reached  thc  
c l i m a t o l o g i c a l  v a r i a n c e  v a l u e  i n  7 to 1 0  days. These  results e n a b l e d  
Baumhefncr to  concluk!e t h a t  a t  t h e  p r e s e n t  t i n e  model d e i i c i e n c i e s  
c o n t r i b u t e  a s  much to f o r e c a s t  error a s  d o  u n c e r t a i n t i e s  i n  i n i t i a l  
c o n d i t i o n s .  

Lorenz  also r e p o r t e d  o n  t h e  e f f e c t  o f  i n t r o d u c i n g  a " s p e c t r a l  gap" 

With respect to  e x t e n d e d  range  f o r e c a s t s ,  Lorenz emphasized t h a t  t h e  
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(see Volume -0, PP. 794-8021 d i s c u s s e d  t h e  problem of i n p r o v i n g  
i n i t i a l  a n a l y s e s  by a more careful combina t ion  o f  o b s e r v a t i o n s  w l t h  
m o d e l  p r e d i c t i o q s  (of t e n  r e f e r r e d  t o  as " f i r s t  g u e s s e s " )  th rough t h e  
a p p l i c a t i o n  of Kalman f i l t e r i n g .  
c u r r e n t  p r a c t i c e  o f  Op t imum f n t e r p o l a t i o n ,  e x c e p t  t h a t  c o v a r i a n c e  
s t r u c t u r e  of t h e  f i r s t  g u e s s  e r r o r s  is p r e d i c t e d  (by  l i n e a r i z e d  
e q u a t i o n s )  i n s t e a d  o f  be ing  d e r i v e d  e m p i r i c a l l y  as  a n  a v e r a g e  r e s u l t  
from a l o n g  series o f  p r e v i o u s  f o r e c a s t s  (and t h e n  a p p l i e d  u n i f o r m l y  
o v e r  t h e  g lobe . )  I n  t h i s  way t h e  r e l a t i v e  w e i g h t s  a s s i g n e d  to t h e  
o b s e r v a t i o n s  and  to t h e  f i r s t  guess  w o u l d  change i n  r e s p o n s e  to t h e  
local d i s t r i b u t i o n s  o f  d a t a  t h a t  had e n t e r e d  p reced ing  a n a l y s e s  and  i n  
r e s p o n s e  t o  t h e  l o c a l  a d v e c t i v e  and i n s t a b i l i t y  p r o p e r t i e s  of  t h e  flow.. 

A g a i n s t  t h e  seemingly  overwhelming c o m p u t a t i o n a l  r e q u i r e m e n t s  needed 
for t h i s  approach ,  h e  p o i n t e d  o u t  t h e  promise  of v a s t l y  i n c r e a s e d  
computer  power and  t h e  p o s s i b i l i t y  o f  u s e f u l  approx ima t ion  t e c h n i q u e s  
t o  g r e a t l y  s i m p l i f y  t h e  v e r y  l a r g e  matrices t h a t  a re  invo lved .  (Some 
e x p l o r a t o r y  work  i n  t h i s  d i r e c t i o n  is under  way a t  NMC.) Exper iments  
w i t h  a l i n e a r  one-dimensional  model ( r e p o r t e d  by G h i l  and  h i s  c o l l e a g u e s  
i n  t h e  l i t e r a t u r e  i n  r e c e n t  y e a r s )  have  a l r e a d y  demons t r a t ed  c e r t a i n  
a d v a n t a g e s  o f  Kalman p r e d i c t e d  c o v a r i a n c e s  to  t h e  c o n v e n t i o n a l  error 
c o v a r i a n c e  models i n  t h i s  s imp le  c a s e .  
e s p e c i a l l y  s i g n i f i c a n t  i n  r e g i o n s  o f  s p a r s e  d a t a  and at t h e  borders of 
d a t a - r i c h  and  d a t a - s p a r s e  regions. He concluded  by p o i n t i n g  o u t  t h a t  
mathods e x i s t  f o r  e s t i m a t i n g  t h e  "sys tem n o i s e "  and f o r  s t a b i l i z i n g  t h e  
per formance  a g a i n s t  e r r o n e o u s  assumpt ions  i n  t h e  l i n e a r i z e d  e q u a t i o n s  
used  to predict  t h e  e r r o r  cova r i ances .  

T h i s  p rocedure  is v e r y  much l i k e  t h e  

These  a d v a n t a g e s  seem 

Achievements  

1. P r e d i c t a b i l i t y  s t u d i e s  i n d i c a t e  t h a t  improvements i n  t h e  f o r e c a s t  
m o d e l s  and r e d u c t i o n  of i n i t i a l  a n a l y s i s  error c a n  p o t e n t i a l l y  improve 
f o r e c a s t  s k i l l  by s e v e r a l  days .  

Unreso lved  Problems 

1. I t  is s t i l l  n o t  c l e a r  whether i n i t i a l  a n a l y s i s  error or forecast 
model d e f i c i e n c y  a r e  t h e  p r i n c i p a l  c a u s e  o f  p r e s e n t  day  f o r e c a s t  errors .  

Recommendations 

1. The implementa t ion  of  advanced a s s i m i l a t i o n  n e t h d s  such  as  
Kalman f i l t e r i n g  s h o u l d  be encouraged.  

. 
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3F THE GLOBAL CIRCULATION 

Heat Sources  a n d  S i n k s  

.- . 

4 

Information on t h e  g l o b a l  d i s t r i b u t i o n  o f  h e a t i n g  g a i n e d  t h r o u g h  t h e  
u se  of t h e  GWE d a t a  sets is u s e f u l  f o r  s t u d y  of t h e  g l o b a l  h e a t  b u d g e t ,  
f o r  improvement i n  s h o r t -  to medium-range f o r e c a s t s  as  a n  a id  to v c r i f y  
the p a r a m e t e r i z a t i o n  schemes i n  f o r e c a s t i n g  models ,  and f o r  t h e  d e s i g n  
of a bet ter  o b j e c t i v e  a n a l y s i s - i n i t i a l i z a t i o n  f o r m u l a t i o n .  The u s e  of 
t h e  GWE L e v e l  11 data and L e v e l  I11 a n a l y s e s  made possible t h e  
e v a l u a t i o n  o f  t h e  g l o b a l  d i s t r i b u t i o n  o f  h e a t  sources a n d  s i n k s .  

The P l a n e t a r y  D i s t r i b u t i c n  o f  Heat S o u r c e s  a n d  S i n k s  d u r i n g  GWE 

The monthly a v e r a g e  h e a t i n g  from one  s u c h  s t u d y  was p r e s e n t e d  by 
D. Johnson (see Volume Two, S e s s i o n  8) who compared h e a t i n g  d i s t r i b u -  
t i o n s  e s t i m a t e d  from "c IIXa and ECMWF I I Ib  g r i d d e d  d a t a .  
showed t h a t  t h e  dominant  f e a t u r e  of t h e  p l a n e t a r y  scale h e a t i n g  
d i s t r i b u t i o n  is  t h e  e x t e n s i v e  h e a t  s o u r c e  o v e r  t h e  w e s t e r n  P a c i f i c  and  
S o u t h e a s t  Asia t h a t  migrates s e a s o n a l l y  w i t h  t h e  A s i a t i c d u s t r a l i a n  
monsoonal c i r c u l a t i o n .  Other  pr imary  f e a t u r e s  showed (1) a r e g i o n  o f  
summertime h e a t i n g  w i t h i n  t h e  w e s t e r n  hemisphere  o v e r  B r a z i l ,  Columbia,  
a n d  C e n t r a l  America t h a t  a l so  m i g r a t e s  s e a s o n a l l y ,  ( 2 )  c o o l i n g  w i t h i n  
t h e  e a s t e r n  portions o f  t h e  major s u b t r o p i c a l  a n t i c y c l o n i c  c i r c u l a -  
t i o n s ,  ( 3 )  h e a t i n g  w i t h i n  t h e  I n t c r t r c p i c a l  Convergence Zone, (0) 
w i n t e r t i m e  h e a t i n g  and summertime c o o l i n g  o v e r  t h e  A s i a t i c  and Nor th  
American c o n t i n e n t s ,  and  (5)  w i n t e r t i m e  h e a t i n g  o v e r  m i d l a t i t u d e  
o c e a n i c  r e g i o n s  a l o n g  t h e  east  c o a s t s  of t h e  Asian  and Nor th  American 
c o n t i n e n t s .  Johnsor. and h i s  c o l l e a g u e s  have  a l so  c a l c u l a t e d  mass 
c i r c u l a t i o n s  w i t h i n  i s e n t r o p i c  c o o r d i n a t e s ,  which a r e  d i r e c t l y  re la ted 
t o  h e a t i n g  d i s t r i b u t i o n s .  The r e s u l t s  o f  t h e s e  c a l c u l a t i o n s  were 
reported also a t  t h e  workshop. 

Kasahara  (see V o l u m e  Two, S e s s i o n  8) p r e s e n t e d  b r i e f l y  t h e  r e s u l t s  
o f  t h e  g l o b a l  d i s t r i b u t i o n  o f  h e a t i n g  c a l c u l a t i o n s  per formed by him and  
M i z z i  u s i n g  the ECMWF I I I b  a n a l y s e s  w i t h  t h e  i s o b a r i c  method. Although 
t h e  r e s r l t s  u s i n g  t h e  NMC I I Ia  and ECHNF I I I b  da t a  show some d i f f e r -  
e n c e s ,  t h e r e  are snore s i m i l a r i t i e s  t h a n  d i f f e r e n c e s  w i t h i n  t h e  p a t t e r n s  
of h e a t i n g .  By rev iewing  t h e  g l o b a l  d i s t r i b u t i o n s  o f  d i a b a t i c  h e a t i n g  
r a t e  c a l c u l a t e d  by v a r i o u s  i n v e s t i g a t o r s ,  i t  seems clear t h a t  t h e  
l a r g e - s c a l e  d i a b a t i c  h e a t i n g  r a t e  d i s t r i b u t i o n s  c a l c u l a t e d  from t h e  GWE 
L e v e l  111 a n a l y s e s  c o n t a i n  s i g n i f i c a n t  m e t e o r o l a y i c a l  i n f o r m a t i o n ,  
imply ing  t h a t  t h e  5ame is t rue for  t h e  l a r g e - s c a l e  h o r i z o n t a l  
d i v e r g e n c e  f i e l d .  

D e s p i t e  g e n e r a l  agreeinen: among v a r i o u s  h e a t i n g  d i s t r i b u t i o n s  
c a l c u l a t e d  from t h e  Gt.:E Level  111 a n a l y s e s  by v a r i o u s  i n v e s t i g a t o r s  a n d  
w i t h  d i f f e r e n t  methods,  sone d i f f e r e n c e s  i n  t h e  p a t t e r n s  of h e a t i n g  
among t h e  GWE d a t a  sets and among t h e  methods of analysis a r e  a p p a r e n t .  
C o m p u t a t i o n a l  d i f f  i c u l t i c s  e x i s t  i n  the c a l c u l a t i o n  of hor  i z o n c a l  
d i v e r g e n c e  and  v e r t i c a l  motion i n  t h e  v i c i n i t y  of h igh  mounta ins ,  s u c h  

The r e s u l t s  

I 
i 

i 
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aa t h e  T i b e t a n  P l a t e a u .  
errors i n  t h e  h e a t i n g  d i s t r i b u t i o n s .  

These  s h o r t c o m i n g s  t e n d  to p r o d u c e  s y s t e m a t i c  

Heat and Hois ture  Budgets Over t h e  T i b e t a n  Plateau and  Surrounding  Areas 

S i n c e  t h e  GWE Level  I11 a n a l y s e s  are  produced by a n  a n a l y s i s  scheme 
t h a t  u t i l i z e s  f o r e c a s t  values a8  a n  i n i t i a l  g u e s s ,  v a r i o u s  GWE L e v e l  
I11 g r i d d e d  data se t s  are d i f f e r e n t  from e a c h  other .  
are  i m p o r t a n t  s i n c e  t h e  accuracy  of h e a t i n g  estimates d e p e n d s  s t r o n g l y  
on t h e  a c c u r a c y  o f  wind a n a l y s i s .  I t  is i m p o r t a n t  t h e n  to p e r f o r m  t h e  
e v a l u a t i o n  of h e a t  6 o u r c e s  and s i n k s  b y  u s i n g  o n l y  t h e  W E  L e v e l  I1 
data. Yanai  prese;rtr-d t h e  r e s u l t s  Qf h e a t  and n l o i s t u r e  b u d g e t s  over 
t h e  Tibetan P l a t e a u  and  s u r r o u n d i n g  areas u s i n g  t h e  GWE L e v e l  IIb data 
d u r i n g  t h e  o n s e t  of the 1973 Sumer mnsi0i)il (Lclo and Yanai ,  1984). 
main o b j e c t i v e s  were (1) t o  d e t e r m i n e  t h e  h o r i z o n t a l  and v e r t i c a l  
d i s t r i b u t i o n s  of t h e  t r o p o s p h e r i c  h e a t  s o u r c e s  and ( 2 )  to i d e n t i f y  t h s  
h e a t i n g  mechanisms o p e r a t i n g  i n  t h i s  r e g i o n .  The f i e l d s  o f  h o r i z o n t a l  
w ind ,  t e m p e r a t u r e ,  moisture, .3nd v e r t i c a l  mot ion  were a n a l y z e d  
o b j e c t i v e l y  w i t h o u t  resort to  t h e  u s e  o f  model s i m u l a t i o n  f o r  an  
i n i t i a l  guess-,  s i n c e  t h e  de : s i ty  of obserbra t ions  i n  t h i s  r e g i o n  is h i g h  
over most of t h e  area. 

The r e s u l t s  show c l e a r l y  t h a t  t h e  d i s t r i b u t i o n s  of h e a t  s o u r c e  Q1 
c a l c u l a t e d  from t h e  thermodynamic e q u a t i o n  and Q2 from the  l a t e n t  
h e a t  component are  d i f f e r e n t ,  implying d i f f e r e n t  p h y s i c a l  mechanisms of 
h e a t i n g  operated i n  t h e  v a r i o u s  sub- reg ions  of t h e  T i b e t a n  P l a t e a u  and 
s u r r o u n d i n g  a r e a .  Yanai a lso  reported a l a r g e  d i u r n a l  change of t h e  
a i r  t e r p e r a t u r e  and n o t e d  its r c l e  i n  t h e  h e a t i n g  mechanism o v e r  t h e  
P l a t e a u  . 

These d i f f e r e n c e s  

H i s  

Energy Associated w i t h  T r o p i c a l  Heat S o u r c e s  

The u s e  of th ,e  GWE L e v e l  I11 a n a l y s e s  provided  t h e  f i r s t  o p p o r t u n i t y  t o  
e v a l u a t e  t h e  c h a r a c t e r i s t i c s  of l a r g e - s c a l e  g r a v i t y  waves as w e l l  a s  
t h o s e  of Rossby waves. Si lva-Dias  (see V o l u m e  Two, pp. 331-360) f i r s t  
d i s c u s s e d  t h e o r e t i c a l  r e s u l t s  based on t h e  e q u a t o r i a l  b e t a - p l a n e  l i n e a r  
p r i m i t i v e  e q u a t i o n s  i n  which Kelvin and mixed Rossby g r a v i t y  waves a r e  
g e n e r a t e d  j u s t  a s  i n t e n s e l y  a5 Rossby waves by t h e r m a l  f o r c i n g  i n  t h e  
t r o p i c s .  
c o n d i t i o n s  f o r  t h e  p r i m i t i v e  e q u a t i o n  p r e d i c t i o n  models by 
i n a p p r o p r i a t e  i n i t i a l i z a t i o n  w i l l  have  a d e t r i m e n t a l  impact  o n  t h e  
q u a l i t y  of n u m e r i c a l  f o r e c a s t s .  
o f  normal mode a n a l y s e s  w i t h  t h e  ECkIWF Level  I I T b  d a t a .  One of h i s  
n o t a b l e  f i n d i n g s  was t h a t  t h e  ampl i tude  of t h e  e x t e r n a l  v e r t i c a l  mode 
is dominant  i n  t h e  m i d l a t i k u d c s ,  b u t  v e r y  small  i n  t h e  t r o p i c s ,  whereas  
t h e  a m p l i t u d e  o f  t h e  i n t e r n a l  v e r t i c a l  mode, c o r r e s p o n d i n g  to  t h e  ' 

e q u i v a l e n t  d e p t h  of a few hundred meters, is dominant  o n l y  i n  t h e  
t r o p i c s .  

The decomposi t ion  of t h e  d i v e r g e n c e  f i e l d  i n  terms of t h e  normal 
modes of t h e  l i n e a r i z e d  g loba l  p r i m i t i v e  e q u a t i o n s  i n  s igma c o o r d i n a t e s  

A m i s r e p r e s e n t a t i o n  of s u c h  g r a v i t y  waves i n  i n i t i a l  

S i l v a - D i a s '  t h e n  p r e s e n t e d  t h e  r e s u l t s  
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was presented by J.N. Paegle (see Volume lh, pp. 331-360) for one of 
the study periods considered by'Silua-Dias (January 29 to February 16, 
1979). The major contributions to the divergence field over the 
tropical areas were the vertically reversing internal gravity and 
Kelvin waves, with the gravity wayes contributing about 4 U  percent and 
the Keivin waves 30 percent at central values of the South Pacific 
Convergence Zone. 

J.N. Paegle further reported comparisons of the normal mode 
decomposition for the EC€%?P and GFDL analyses at January 15, 002. 
These showed that divergence values and gravity wave contributions for 
the GFDL analysis are, respectively, about 2 times and 20 percent 
larger than for the ECMWF analysis at central values of the South 
Pacific Convergence Zone. The general patterns of the gravity wave 
contributions were etmiler in heth the s n a l y s e s ,  thoiigh the Kelvin wave 
contributions showed differences consistent with the higher values of 
divergence at the equator produced in khe GPDL analysis. 

Norm1 mode decompositions are clearly useful for the evaluation of 
wave characteristics in different GWE Level IIIb analysis data sets. 
Significant colrelations exist between the geographic distrtbutions of 
heat sources and the horizontal struztures of faut modes (i.e., Kelvin 
and other gravity waves). 

Satellite Measurements of Quantities Relateir to Heat Sources and Sinks 

G U S  has develwed a physically based algorithm for analysis of 
HIRSZ/HSU data on the TIROS/NOA?i operational satellites (Susskind et 
al., 1984) that currently provides not only atmospheric temperature 
profiles but also sea and land surface temperatures, cloud heights and 
cloud amounts, and ice ana m o w  cover. A n  algorithm to rmtrieve 
humidity profiles has just been developed and is being tested. 

The GLAS temperature retrievals, generated using a 6-tiour NQSAT 
analysis first guess, are shown to be significantly more accurate than 
both tke 6-hour forecast and the official GIE data base satellite 
temperatures, when compared to colocated radiosondes. In addition, 
accuracy of the retrievals is relatively insensitive to cloudiness, 
except that retrievals are not produced in areas 0: greater than 80 
percent cloud cover. 

with those obtained from AVHRR, SMMR, and ships and buoys (see Susskind 
and Kalnay, Volume Two, pp. 361-384). Results showed the H I R S 2 / E S U  
SSTs to have a monthly mean accuracy of about 0.6O, on d 2 x 2 Grid, 
compared to ships and buoys. The errors are primarily random and 
excellent anomaly patterns are produced, even in the tropics. Land 
temperatures are hard to verify but do show all climatological and 
topographical features. Day minus night land temperatures, obtained by 
subtractirg averages of  the 3:OO a.m. and 3:OO p.m. local tine sound- 
ings, showed that patterns correlated extremely well with t h e  amount of 
high clouds and expected rainfall. Mintz et al. ( 1 5 8 ~ )  have derived an 
express.ion relating day-night ground temperature difference to soil 
moisture and have obtained very reasonable soil moisture and 
evapotranspiration fields from the ! i I R S Z / M S U  sound temperatures. 

Susskinl compared sea-surface temperatures obtained from H I R S 2 / M S U  

i 
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Global fields of total fractional cloudiness--high, middle, and low 
cloud fractional ClOUdineSS, cloud top pressure, and cloud top 
temperature have been produced for Jenuary 1979 and July 1979. 
results are consistent with roodel generated fields of rainfall and 
vertical velocity obtained from the GL\S model when driven by the 
assimilation cycle. 

(1) stratus clouds to the west of continents are predoninantly 
nocturnal but those Cl06e to the shore are more prevalent at 3r00 p.m.l 
(2) in areas of high convective activity clouds are predominantly 
nocturnal over land but are more prevalent during the day over the 
Ocean, and ( 3 )  midlevel clouds over land are generally more of a 
daytime phenomenon, especially over the United States. The current 
system, which is an improved version of Susskind et al. (1984)  I has 
been used to analyze January and July 1979 and March and July 1982. 
Fields are available for all of these months. 

The 

The day ninus night cloud amounts show conaiotent features in which 

Achievements 

1. Monthly and seasonally averaged spatial distributions of the 
atmosphere's heat sources and sinks for the planetary scale inferred 
from GkZ data sets were analyzed for the first time and have been shown 
to be realistic. 
temporally in accord with the march of the seasons. 

Tibetan Plateau during the Asiatic su.mer monsoon have been 
quantitatively determined. 

Global distributions of sea and land surface tern-Mratures, cloud 
heights, cloud amounts, and ice and snow cover have been estimated from 
analyses of HIRSZ/MSU satellite data.. 

The patterns are consistent geographically and 

2. The trOpOSpheKiC heat sources and moisture budget over the 

3 .  

Unresolved Problems 

1. Our detailed knowledge of the atmosphere's total heating and its 
components from the analysis of GWE data is limited with respect  to its 
temporal, horizontal, and vertical variations. The temporal and spatial 
consistency of the heating patterns among the Level 111 analyses in the 
northern hemisphere is greater than in the southern hemisphere. 
tematic errors in the heating distributions can be introduced in th.e 
analyses by topography. 

sinks o v e r  Asia ,  Africa, and the Americas and t h e j r  relation to 
planetary scale monsoonal circulations remain unresolved. 

sys- 

2 .  Detailed temporal and regional distributions of heat sources and 

Recommendations 

1. Diagnostic, theoretical, and numerical studics of total and 
component heating should be condudted for the purposes of resolving 
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increased temporal and  s p a t i a l  s t r u c t u r e  o f  these f i e l d 8  and i n v e s -  
t i g a t i n g  t h e i r  i n f l u e n c e  on a t m o s p h e r i c  motion,  p a r t i c u l a r l y  i n  r e g a r d  
t o  p l a n e t a r y  acale monsoonal c i r c u l a t i o n s .  

2. L a t e n t  h e a t i n g  release should  be assessed g l o b a l l y  from t h e  
d i s t r i b u t i o n s  o f  water vapor  b a l a n c e  and conpared w i t h  g l o b a l  estimates 
of total  h e a t i n g .  Global d i s t r i b u t i o n s  o f  s u r f a c e  h e a t  f l u x e s ,  sensible 
and l a t e n t ,  s h o u l d  also be  e s t i n a t e d .  

H e a t i n g  s h o u l d  be compared from L e v e l  I1 and L e v e l  111 data u s i n g  
d i f f e r e n t  methods of computing,  and t h e  d e g r e e  to  which t h e  h e a t i n g  and 
m o i s t u r e  d i s t r i b u t i o c s  i n  L e v e l  I11 a n a l y s e s  are model rather t h a n  data 
d e p e n d e n t  s h o u l d  be d e t e r m i n e d .  

a r c h i v e d  i n  L e v e l  I I I b  a n a l y s i s .  

p r i m i t i v e  e q u a t i o n  models s h o u l d  be i n v e s t i g a t e d .  

3 .  

4 .  

5 .  The e f f e c t s  of i n c l u d i n g  h e a t i n g  i n  the i n i t i a l i z e t i o n  o f  

Model g e n e r a t e d  t o t a l  a n d  component h e a t i n g  rates s h o u l d  be 

G e n e r a l  C i r c u l a t i o n  a n d  P l a n e t a r y  Waves 

The b e h a v i o r  o f  t h e  a tmosphere  as  d e t e r m i n e d  by s t u d i e s  of t h e  general 
c i r c u l a t i o n  and p l a n e t a r y  waves has  provided v a l u a b l e  i n s i g h t s  f o r  t h e  
deve lopment  a n d  t e s t i n g  of a t m s p h e . r i c  p r e d i c t i o n  m3els. Indeed ,  t h e .  
f o u r t h  GWE objective is to d e f i n e  d i a s n o s t i c a l l y  t h e  s t r u c t u r e ,  
v a r i a b i l i t y ,  e n e r g e t i c s ,  and t r a n s p o r t  mechanisms of the g e n e r a l  
c i r c u l a t i o n  f o r  t h e  GWE y e a r .  The ;:;at t w o  p a p z r s  by Rosen and P f e f f e r  
(see Volume Two, Session 9)  i n  t h i s  s e s s i o n  report on d i a g n o s t i c  
s t u d i e s  a d d r e s s  t h i s  o b j e c t i v e  d i r e c t l y .  
p r o v i d e  i n i t i a l .  and v e r i f y i n g  c o n d i t i o n s  f o r  ei:peeriments to  e n l a r g e  
p r e d i c t a b i l i t y  i n  rsediun- and extended-range f o r e c a s t s .  Toward t h i s  
o b j e c t i v e  t h e  t h i r d  p a p e r ,  b y  Bkker (see Volume Two, S e s s i o n  9) , 
reports o n  r e s e a r c h  w i t h  the  augmented o b s e r v a t i o n a l  data base p r o v i d e d  
by t h e  GWE to i n p r a v e  p r e d i c t a b i l i t y  of atmaspher  ic p l a n e t z r y  waves t 
a n d  t h e  f o u r t h  paper, b y  Baer ( see  Volume 2 ,  S e s s i o n  9 )  p r o v i d e s  a n  
a s s e s s m e n t  of t h e  h i s t o r i c a l  development and  c u r r e n t  s ta tus  of s e v e r a l  
i m p o r t a n t  areas r e l e v a n t  t o  atniospher ic  p r e d i c t a b i l i t y .  

The E i r s t  W E  objac t !ve  is to  

D i a g n o s t i c s  

The  a v a i l a b i l i t y  o f  t h e  GWE d a t a  s e t s ,  i n  pa r t i cu la r  t h e  Level  I I I b  
d a t a ,  h a s  p r o v i d e d  r e s e a r c h e r s  w i t h  a n  unprecedented  o p p o r t u n i t y  t o  
s t u d y  d i a g n o s t i c a l l y  t h e  p l a n e t a r y - s c a l e  c i r c u l a t i o n  of t h e  atmosphere.  
N o t  o n l y  a r e  t h e s e  g l o b a l  data a v a i l a b l e  on an unprecodented  s p a t i a l  
s c a l e ,  b u t  t h e y  have  been o b j e c t i v e l y  a n a l y z e d  by a number of c e n t e r s  
a n d  thus are  of h i g h  q u a l i t y ,  f a c i l i t a t i n g  many d e t a i l e d  a n a l y s e s .  

I n  t h e  f i r s t  paper  of t h i s  s e s s i o n ,  Rosen (see V o l u m e  Two, S e s s i o n  
9) compared monthly mean z o n a l  w i n d s ,  eddy h e a t  and momentum f l u x e s ,  
z o n a l  mean mass s t r e a m  f u n c t i o n s ,  e n e r g y  c y c l e s ,  and m o i s t u r e  f i e l d s  
o b t a i n e d  fron v a r i o u s  Level I I I h  a n a l y s e s  and o b t a i n e d  d i r e c t l y  f rcm 
s t a t i o n  o b s e r v a k i o n s .  I n  each q u a n t i t y  he found f a i r  a g r e m e n t  among 
t h e  v a r i o u s  a n a l y s e s ,  b u t  t h e r e  were some i m p o r t a n t  d i f f e r e n c e s  as 
f o l l o w s :  

i 
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1, 

2. 
3 .  

I n  z o n a l  winds ,  t h e  ECmF and GFDL d a t a  d i f f e r e d  by u p  to  10 m/a 
i n  t h e  monthly mean n e a r  t h e  e x i t  regioh o f  t h e  P a c i f i c  s u b t r o p i c a l  jet .  

The t r a n s i e n t  eddy fluxes o f t e n  d i f f e r e d  s i g n i f i c a n t l y .  
The Badley  cell  s t r e n g t h  d i f f e r e d  anong t h e  v a r i o u s  o b j e c t i v e  

a n a l y s e s  w i t h ,  f o r  i n s t a n c e ,  t h e  ECPxF ce l l  u a u a l l y  much weaker t h a n  
t h e  o t h e r s .  

The GPDL a n a l y s e s  a re  unduly n o i s y  i n  c e r t a i n  f i e l d s .  
Leve l  I I I b  moisture a n a l y s e s  are i n a d e q u a t e  for s t u d y i n g  t h e  

Large s p u r i o u s  n e t  mass f l o w s  e x i s t  i n  all t h e  a n a l y e e s -  
4. 
5. 

h y d r o l o g i c a l  c y c l e .  

Rosen conc luded  t h a t  w h i l e  t h e  s t a t i o n  a n a l y s e s  o f t e n  missed r e g i o n a l  
p a t t e r n s  i n  d a t a - s p a r s e  areas, t h e y  a g r e e d  qu i te  w e l l  w i t h  t h e  o b j e c t i v e  
ana lyseA in t h e  z o n a l  mean statistics. 
a n a l y s e s  are sometiroes l a r g e ,  r e f l e c t i n g  nodel biaaea used to 
assimilate t h e  data. 

or better data are needed to improve t h e  r e l i a b i l i t y  o f  t h e  GWE data. 
The ConeensuP seemed to be t h a t  a better d i s t r i b u t i o n  of data would 
a l l e v i a t e  many of t h e  problew. 
be sone problems i n t r o d u c e d  i n t o  t h e  o b j e c t i v e l y  ana lyzed  f i e l d s ,  
e s p e c i a l l y  t h e  ma88 stream f u n c t i o n ,  by t h e  u s e  of sa t e l l i t e  winds. 
There is a need  for f u r t h e r  s t u d y  of t h i s  problem. 

d i a g n o s i s  of z o n a l  wind a c c e l e r a t i o n s  u s i n g  c o n v e n t i o n a l  and  t r a n s -  
formed E u l e r i a n  d i a g n o s t i c s ,  
d i a g n o s t i c s  g i v e  a c l e a r a r  picture of t h e  dynamics of s t r a t o s p h e r i c  
warn ings ,  t h e  c o n v e n t i o n a l  d i a g n o s t i c s  g i v e  a clearer p i c t u r e  o f  
t r o p o s p h e r i c  dynamics and t h e  a c c e l e r a t i o n  of t h e  p r imary  z o n a l l y  
ave raged  j e t  i n  t h e  upper  tro-posphere. I n  t h e  transformed E u l e r i a n  
d i a g n o s t i c s ,  t h e  a c c e l e r a t i o n  of t h e  z o n a l  c u r r e n t  is obcz ined  a s  a 
small d i f f e r e n c e  between t h e  El iassen-Palm (E-P) f l u x  d i v e r g e n c e  and  
t h e  Coriolis force a c t i n g  on t h e  r e s i d u a l  m e r i d i o n a l  c i r c u l a t i o n .  
Coriolis f o r c e  domina te s  a t  j e t  s t r e a m  l e v e l ,  l a r g e l y  owing to t h e  f a c t  
t h a t  much of t h e  r e s i d u a l  c i r c u l a t i o n  a t  t h i s  l e v e l  is induced by sea 
l e v e l  po leward  h e a t  f l u x e s .  As a resu l t ,  t h e  E-P f l u x  d i v e r g e n c e  
correlates  p o o r l y  w i t h  t h e  z o n z l  a c c e l e r a t i o n .  The two forms o f .  
d i a g n o s t i c s  c a n  be brought  t o g e t h e r  by s o l v i n g  t h e  d i a g n o s t i c  e q u a t i o n  
for  t h e  eddy induced  m e r i d i o n a l  c i r c u l a t i o n  i n  e i t h e r  sys t em and  by 
c a l c u l a t i n g  t h e  eddy induced  zonal  a c c e l e r a t i o n  a s  t h e  s u m  o f  t h e  eddy 
f o r c i n g  and  t h e  Coriolis f o r c e .  

t e c h n i q u e s  is d i f f i c u l t  w i th  t h e  c u r r e n t l y  a v a i l a b l e  Level  I I I b  
a n a l y s e s .  A more d e f i n i t i v e  d a t a  set is needed i n  which some of  t h e  
d i s c r e p a n c i e s  between t h e  c u r r e n t  sets are r e c o n c i l e d .  Pfef  fer's 
compar i sons  for t h e  troposphere were per formed w i t h  December 1978  d a t a ,  
and  it was s ta ted  t h a t  m o s t  of t h e  new GWE o b s e r v i n g  sys t ems  were n o t  
o p e r a t i n g  a t  t h a t  t i m e  and  t h u s  h i 5  compar isons  shou ld  be performed at 
a n o t h e r  time also. 

Reg iona l  d i f f e r e n c e s  emn3 I I I b  

An i m p o r t a n t  q u e s t i o n  r a i s e d  i n  t h e  d i s c u s s i o n  w a s  whether  more data 

I t  waa a lso  p o i n t e d  o u t  t h a t  there may 

P f e f f e r  ( n e e  Volume Tvo, pp. 422-437) focused o n  comparing t h e  

He found tha t ,  whereas  t h e  t r a n s f o r w d  

The 

I n  t h e  d i s c u s s i o n  i t  was p o i n t e d  o u t  t h a t  comparison o f  d i a g n o s t i c  

,/' 
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Prediction 

The unique and rich data base available for the GwE year has offered an 
opportunity to improve OUK understanding and ability to predict the 
behavioc of atmaspheric planetary waves. 

In the third paper of this session, Baker (see volume Ttao, pp. 
438-4501 reviewed research on the prediction of planetary waves using 
W E  data. Baker found that substantial progress has been made, but a 
number: of problems remain to be solved. He reported the following: 

1. Successful 8-day predictione were made by M34WF and GtAS 
utilizing GWE data. 
Characterized by blocking patterns. 

2. 
the assimilation of tropical wind data has been examined using W E  
data. 
sensitive to tropical wind data. 
differences in forecaata of the rotational component developed at all 
latitudes. Forecast differences in the divergent component remain 
largely restricted to the tropics. 
those obtained with a barotropic model. 

Possible planetary-scale tcleconnections between the tropics and 
midlatitudes have also been investigated. 
convective heat source over the equatorial centre1 Pacific was found to 
coincide with the intensification of the subtropical jet stream and the 
amplification of the upper-level trough/ridge system eXtCnding frcra the 
equctorial central Pacific to the west coast of North -erica. 

4 .  Understanding of the southern hemisphere planetary waves has 
been significantly advanced with GE data. 
divergefit flow from the convective regions of the tropics into regions 
of kinetic energy generation over Australia, South America, and Africa 
has been found. 
tropical jet structure in the southern hemisphere may be determined by 
lonoitudinal gradients of tropical heating and nay explain the standing 
wave pattern of the southern hemisphere winter. 

Analyses of GWE data have confirmed the existence of Rossby 
waves, characterized by irregular vacillations, whose wave periods 
agree clo.cely with theoretical estimates. 

been presented in which the atmosphere was characterized by 
qdasi-stationary planetary wave behavior. 

B o t h  sets of predictions occurred during periods 

The sensitivity of extratropical, planetary-wave forecasts to 

The extratropical planetaryrave predictions were found to be 
After 72 hours significant 

The results were consistent with 

3 .  
Tne enhancement of a 

A distinct soiithrard 

This has  suggested the possibility that the sub- 

5. 

6.  A few, highly successful forecasts (skillful out to 8 days) have 

During the discussion, Baumhefner noted that predictability is 
higher when standing waves dominate and lower when transients 
dominate. This led to a discussion about selecting additional cases 
from time periods during which the circulation was quasi-stationary -as 
well as from periods during which the circulation was hiclhly transient. 

of circulation changes from January to February 1979. Baker respofided 
with difference maps (January to February) showing that the rotational 
component decreased by 1.5 m/s in t h e  western Pacific in February but 

Also during the discussion per id ,  Reed asked to see documentation 
i .  
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increased 10 n/0 over t h e  A t l a n t i c .  
much s t r o n g e r  i n  t h e  wea te rn  P a c i f i c  i n  Janua ry .  
Weicklaann (Un ive r f i i t y  of Wiaconoin) h a s  documented *.e Januecry-Narch 
d i f f e r e n c e  f i e l d s .  

CWE a c t i v i t i e s  have been  a c a t a l y s t  f o r  g l o b a l  prediction model 
development w i t h  respect t o  improvements i n  t h e  p r e p a r a t i o n  of i n i t i a l  
f ie lds  t h a t  are so e s s e n t i a l  for advances  i n  l a r g e - s c a l e  f o r e c a s t i n g .  
I n  addition, t h e  ffdE data set i t s e l f  h a s  been  s u c c e s s f u l l y  a p p l i e d  t o  
improve a t m o s p h e r i c  p r e d i c t a b i l i t y .  
model i n i t i a l i z a t i o n ,  improved parameterization of &el f o r c i n g .  and  
t h r o u g h  v a l i d c t i o n  of model f o r e c a e t s .  

38?-3??! aii;c,t,erized tiis impnct or' the Gm on neve r81  aspects o f  
numerical weather  p r e d i c t i o n .  Baer p r w i d e d  a n  h i s t c r i c a l  pe r r rpec t ive  
for n u m e r i c a l  weather  p r e d i c t i o n  and  for t h e  f h e o r e t i c a l  liruits placed 
on s u c h  d e t e r m i n i s t i c  prediction. 
of P r e d i c t a b i l i t y  i n  t h e  c o n t e x t  of model development ,  c o v e t i n g  s u c h  
aseas as meth&ology, model i n i t i a l i z a t i o n ,  and thr? t e s t i n g  o f  
p r e d i c t i o n  models by t h e i r  a b i l i t y  to rep roduce  obse rved  a tmosphere  
e t r u c t u r e  and  mode i n t e r a c t i o n s .  
avai lable  from t h e  6- d a t a  has  r e s u l t e d  in improveaents  i r r  t h e s e  arms 
t h a t  h a v e  in t u r n  r e s u l t e d  i n  improved f o r e c a s t s .  H e  c a u t i o n e d  hawever 
t h a t  i n  e v a l u a t i n g  m o d e l  o u t p u t  we must  understmnd t h a t  no n o d e l  can 
a c h i e v e  "real' t r u t h .  Model t r u t h  is n o t  ' r e a l "  t r u t h ,  which is 
r e l a t e d  to  ObSerVatiOnS. 
modelgs best o u t p u t  and  how does t h i s  depend on  t h e  i n p u t  d a t a ?  J??er 
a l so  u r g e d  t h a t  w e  d e v e l o p  model v e r i f i c a t i o n  schemes n.ore c r e a t i v e l y  
t h a n  w e  h a v e  i n  t h e  past. 

addressing t h e  q u e s t i o n ,  does t h e  a tmosphere  have  c h a r a c t a r i a t i c  
m o d e s ?  Baer had d e s c r i b e d  the  u s e  o f  niodel normal modes fn &el 
i n i t i a l i z a t i o n  and  also as a means to  g a i n  i n s i g h t  i n t o  model f o r c i n g .  
He p o i n t e d  o u t  t h a t ,  i ndeed ,  a f e u  a t m o s p h e r i c  modes seem to be 
ident i f iab le  (and t h e s e  have  been d i s c u s s e d  elsewhere i n  t h i s  report). 
He s p e c u l a t e d  t h a t ,  f o r  example, perhap?  models  could produce  improved 
p r e d i c t i o n s  i f  i n t e g r a t i o n s  were performed i n  v e r t i c a l  modes r a t h e r  
t h a n  on p r e s s u r e  s u r f a c e s ,  p a r t i c u l a r l y  i f  t h o s e  modes r e f l e c t e d  t h e  
s ta t is t ical  p r o p e r t i e s  of t h e  a tmosphere .  He h i g h l i g h t e d  t h e  
impor t ance  o f  i d e n t i f y i n g  t h e  most i m p o r t a n t  and  a c t i v e  modes i n  models 
and  compar ing  t h e n  w i t h  t h o s e  of  t h e  a tmosphere  where p o s s i b l e .  In 
d i s c u s s i o n ,  s e v e r a l  q u e s t i o n s  were a sked  a b o u t  t h e  normal m o d e  
a n a l y s i s .  The f i r s t  was whether normal  mode a n a l y s i s  is mean ingfu l ,  
g i v e n  tha . t  t h e  t r a n s i e n t  nodes change  v e r y  r a p i d l y .  
p o i n t i n g  o u t  t h a t  t h e  o b s e r v a t i o n a l  d a t a  c a n  be  s e p a r a t e d  i n t o  t h e  time 
mean and  t r a n s i e n t  components. T h e  t r a n s i e n t s  may also have a 
c h a r a c t e r i s t i c  s t r u c t u r e  t h a t  kould be  de te rmined  by t h e  a n a l y s i s .  T h e  
o t h e r  t w o  q u e s t i o n s  were r e l a t e d :  t o  what  e x t e n t  i.5 t h e  normal mode 
a n a l y s i s  u s e f u l  and r e p r e s e n t a t i v e ,  and what is t h e  advantage  g a i n e d  
from t h e  a p p l i c a t i o n  of c h a r a c t e r i s t i c  s t r u c t u r e ?  Baer responded by 
s a y i n g  t h a t  advan tages  i n c l u d e  t h e  use of bo th  v e r t i c a l  and l a t i t u d i n a l  
modes f o r  model p red ic t . i on ,  t h b  p o s s i b i l i t y  for t r u n c a t i n g  un impor t an t  

The d i v e r g e n t  c o s p n e n t  was aloo  
V i r j i  commented t h a t  

T h i s  h a s  been  ach ieved  th rough  

In t h e  f i n a l  paper o f  t h i s  s e s s i o n ,  Mer (see Volme mm, pp. 

He t h e n  d iocuseed  t h e  cu r ren t  s t a t u s  

H e  p o i n t e d  o u t  t h a t  the de ta i l  

W e  n u s t  answer t h e  q u e s t i o n ,  % h a t  is the 

F i n a l l y ,  Baer d i s c u s s e d  the  p o t e n t i a l  o f f e r e d  by t h e  SI-:E data S e t  i n  

Baer responded by 
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moden, t h e  o p p o r t u n i t y  to c a l c u l a t e  exchanges  f rom d e l  prcpertiee, 
and t h e  d e t e r m i n a t i o n  of v e r i f i c a t i o n  s ta t is t ics  Pccm proprt ies  of 
model forecasts. 
c o c p i r e d  to model modes to see if t h e  model a n d  the mean atwoe?hare 
h a v e  common c h a r a c t e r i s t i c a .  

F i n a l l y ,  he said that o b s e r v e d  s t r u c t u r e s  c a n  be 

Achievements  

1. S u c c e s s f u l  B-day p r e d i c t i o n 8  b y  ECWdF and GLAS were p r e s e n t e d  
u t i l i z i n g  W E  data. 
characterized b y  b l o c k i n g  p a t t e r n s .  

s e n s i t i v e  t o  t h e  i n c l u s i o n  of actual wind i n f o r a m t i o n  in t h e  tropics 
w i t h  the d i f f e r e n c e s  b e i n g  Been p r i m a r i l y  i n  the r o t a t i o n a l  component 
o f  t h e  wind. 
restricted to t h e  tropics. 

Among t h e  p l a n e t a r y - s c a l e  t e l e c o n n e c t i o n s  between t h e  tropics 
and m i d l a t i t u d e s  t h a t  were i n v e s t i g a t e d ,  the enhancement o f  a 
c o n v e c t i v e  h e a t  s o u r c e  o v e r  t h e  equatorid1 c e n t r a l  P a c i f i c  c o i n c i d e d  
w i t h  t h e  i n t e n s i f i c a t i o n  of t h e  s u b t r o p i c a l  j e t  stream and the 
a m p l i f i c a t i o n  of t h e  u p p e r - l e v e l  t r o u q h / r  idge s y s t e ~ e  e x t e n d h g  from t h e  
e q u a t o r ' i a l  c e n t r a l  P a c i f i c  to  t h e  west coast of North  America. 

Unders tanding  o f  t h e  s o u t h e r n  hemisphere  p l a n e t a r y  waves has 
b e e n  s i g n i f i c a n t l y  advazced  w i t h  t h e  Gf:E data. Tine s u b t r o p i c a l  j c t  
s t r u c t u r e  aild k L n e t i c  e n e r g y  g e n e r a t i o n  i n  t h e  s o u t h e r n  hemisphere  is 
i n f l u e n c e d  by l o n g i t u d i n a l  g r a d i e n t s  of t r o p i c a l  h e a t i n g ,  which may 
e x p l a i n  t h e  s t e n d i n g  wave p a t t e r n  of t h e  s o u t h e r n  hemisphere  win tec .  

m e n t s  i n  t h e  p r e p a r a t i o n  o f  i n i t i a l  f i e l d s  for l a r g e - s c a l e  f o r e c a s t i n g .  
In p a r t i c u l a r ,  GtqE data  have  been used t o  test  methods of i n i t i a l i t a -  
t f o n ,  t o  i d e n t i f y  c h a r a c t e r i s t i c  a t m o s p h e r i c  s t r u c t u r e ,  and t o  e v a l u a t e  
v a r i o u s  f i l t e r i n g  t e c h n i q u e s .  These a p p l i c a t i o n s  have  r e s u l t e d  i n  
improved f o r e c a s t s .  

Both sets of p r e d i c t i o n s  o c c u r r e d  d u r i n g  periods 

2. E x t r a t r o p i c a l  planetary-wav? p r e d i c t i o n s  were found to be 

D i f f e r e n c e s  i n  t he  d i v e r g e n t  coaponent  were l a r g e l y  

3 .  

4 .  

5 .  The d o t a i l  a v a i l a b l e  from t h e  GWE date has r e s u l t e d  i n  improve- 

Unresolved  Problems and  Recommendations 

1. D i f f e r e n c e s  aniong g e n e r a l  c i r c u l a t i o n  s ta t is t ics  from s t a t i o n  
d a t a  and from t h e  v a r i o u s  IIIb a n a l y s e s  are i n  some case6 s u b s t m t i a l .  
Dut ing  any  r e p r o c e s s i n g  of L e v e l  ISIb a n a l y s e s ,  i t  is i m p e r a t i v e  t h a t  
r e j e c t e d  o b s e r v a t i o n s  be a r c h i v e d  a long  with a code s t a t i n g  at which 
s t a g e  t h e y  were r e j e c t e d .  

2 .  E x i s t i n g  Level XIIb w a t e r  vapor a n a l y s e s  from t h e  ECVWF and GFDL 
h a v e  a number of serious,  well-documented shor tcomings  t h a t  l i m i t  t h e i r  
u s e  i n  s t u d y i n g  t h e  b a l a n c e  of water vapor  d u r i n g  t h e  GWE. During t h e  
r e p r o c e s s i n g  of Level  I I b  data by t h e  analysis c e n t e r s ,  close a t t e n t i o n  
s h o u l d  be paid to  q u ; l l i t y  COntKOl of t h e  water  vapor d a t a  and t h e  
e n s u i n g  a n a l y s e s .  S p e c i a l  efforts should be made to  a r c h i v e  a n a l y s e s  
a t  t h o s e  model l e v e l s  between 1000 and  850 nib. 

i 
. i  
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3. Future Level IIIb analyaes should be carried out at levels 
between 1000 and 850 lob to facilitate an incorporation of bolindsry 
layer processes into globaldiagnoetics. 

research on energy diagnostics, boundary layer dynamics, and water 
vapor transprt and should be archived in the Level IIIb reanalyses. 
Topography fields should be archived as well. 

improper partitioning of the  initial stationary and tranafent componentfi 
Of the f low,  producing large errors early in the forecast. 
been suggested that the regional coherence of the errors later in the 
forecast may indicate incorrect externhl forcing such as land/sea 
CoiitCaSts or toPogLaphy. Significant effort should be devoted to 
identifying sources of systematic error in the planetary wave6 of 
raodals. 

on a single parameter. 
should be developed. 

been carried out for periods when the atmosphere was characterized by 
qcasi-stationary planetary-wave behavior. 
additional cases during the  GWE year be selected and studied for 
periods when the circulation wa6 highly transient, 

insight into atmospheric teleconnections. 
given to studying teleconnections within the context of the GrlE 
objectives. 

4.  Surface pressure and temperature fields are important for future 

5 .  It has been suggested that data inadequacies could result in the 

It has also 

6. Current verification schemoa are inadequate and are often based 
Better, -re meaningful m a n s  of verification 

7 .  A few highly successful forecasts (skillful out to 6 days) have 

It is recoimended that 

8. The abundant GWE data provide an opportunity to gain further 
High priority should De 

Interhemispheric and Cross-Equatorial Exchange 

The lack of knowledge of the initial state of the atmosphere was 
identified in the earlier planning documents of ihe as a major 
cause that limits the predictability of  numerical forecasts. It was 
therefore recommended that diagnostic studies be conducted to obtain an 
improved understanding of the large-scale dynamics of the atmosphere 
and of critical physical processes. Research devoted to this effort 
now includes analyses of pronounced and complex interhenispheric 
interactions between global scale motions of the northern and sosthern 
hemispheres. Tho research regarding interhemispheric and cross- 
equatorial exchange uas sumarized by 3. Paegle, Somerville, and Young 
(see Volume Two, Session 10). 

GWE data sets indicate strong coupling between regions of enhanced 
tropical convection of the sumier hemisphere and subtropical jet stream 
maxima of the winter hemisphere. The possibility that this connection 
is produced by direct forcing of local Hadley circulations with their 
ascending branches OVCK t h e  convective regions and descending branches 
on the entrance jet regions was examined. Also the possibility of 
meridional wave propagation through tropical laticudes war, discussed. 

It was noted that though there are many cases for which this 
propagation occurs through regions with tropical westerly winds, in 
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o t h e r  i n s t a n c e s ’ t h i s  i n t e r h e m i s p h e r i c  c o n n e c t i o n  o c c u r s  t h r o u g h  regions 
o f  e a s t e r l y  winds.  T h i s  implies t h a t  t h e  l a t i t u d i n a l  i n t e r a c t i o n  occurs 
t h r o u g h  processes o t h e r  t h a n  Rossby wave p r o p a g a t i o n .  A l t e r n a t i v e  
mechanisne  i n c l u d e  g r a v i t y  wave p r c p e g a t i o n  and n o n - l i n e a r  e n e r g y  
t r a n s f e r s .  The former p o s s i b i l i t y  is s u p p o r t e d  by t h e  f i n d i n g  t h a t  t h e  
m e r i d i o n a l  t rop ica l  wind f i e l d  r e c e i v e 5  as  much c o n t r i b u t i o n  from t h e  
d i v e r g e n t  wind a s  from t h e  r o t a t i o n a l  wind and  independent  f i n d i n g s  
t h a t  t h e  t r o p i c a l  d i v e r g e n c e  p r o j e c t s  main ly  o n  the i n t e r n a l  g r a v i t y -  
i n e r t i a l  and Kelvin.  modes of a l i n e a r i z e d  p r i m i t i v e  e q u a t i o n  model. 
Thus for purposes of r e p r e s e n t a t i o n  i n  terms of l i n e a r  modes, t h e  
g r a v i c y  m o d e  c o n t r i b u t i o n . t o  t h e  wave p a t t e r n  may n o t  be n e g l i g i b l e .  

i t  is n e c e s s a r y  to compute t h e i r  energy  f l u x ,  to i so la te  t h e i r  e f f e c t  
i n  c i r c i i m s t a n c e s  of a v a r i a b l e  basic s t a t e  f low,  and  to sor t  o u t  t h e  
l i n e a r  a n d  e s s e n t i a l l y  n o n l i n e a r  components o f  t h e  f low dynamics.  
T h e s e  s t u d i e s  are i n  p r o g r e s s  a n d  may r e q u i r e  more c a r e f u l l y  -ecomputed 
t ropical  wind and t h e r m a l  f i e l d s .  An i n d i r e c t  i n d ’ c a t i o n  t h a t  Rossby 
wave t r a n s f e r  may not  p l a y  a dominant r o l e  i n  t h e  r e g i o n  is t h a t  t h e  
a b s o l u t e  v o r t i c i t y  and i t a  h o r i z o n t a l  g r a d i e n t  are v e r y  smal l  between 
t h e  conv.ec t ive  h e a t i n g  source o f  t h e  summer hemisphere  and t h e  
s u b t r o p i c a l  j e t  enhancements  of tho w i n t e r  hemisphere. 

An e x p e r i m e n t  was r u n  w i t h  t h o  G W S  GCM t o  test t h e  i n f l u e n c e  o f  
t rop ica l  l a t e n t  h e a t i n g  i n  t h e  model., Although t h e  t r o p i c a l  h e a t i n g  is 
g r e a t e s t  i n  t h e  summer hemisphere ,  i ts  removal  produces t h e  g r e a t e s t  
c h a n g e s  o f  d i v e r g e n t  wind i n  t h e  w i n t e r  hemisphere ,   he d i v e r g e n t  wind 
f i e l d ,  i n c l u d i n g  t h e  o n t i r e  Hadley c e l l ,  c o l l a p s e s  i n  1 2  h o u r s  a f t e r  
t h e  t r o p i c a l  l a t e n t  h e a t i n g  i s  remcived. P o s s i b l y  because t h i s  
d i v e r g e n t  e f f e c t  is  g r e a t e s t  i n  tne w i n t e r  hemisphe re ,  t h e  s u b t r o p i c a l  
j e t  Of t h e  w i n t e r  hemisphere  r e a c t s  more s t r o n g l y  t h a n  t h e  simmer 
hemisphere  j e t  stream. 

O t h e r  p o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  m e r i d i o n a l  p r o p a g a t i o n  were 
s u g g e s t e d ,  s u c h  as t r a n s i e n t  motions, mean m e r i d i o n a l  c i r c u l a t i o n s ,  and  
n o n l i n e a r  e f f e c t s .  The l a r g e  h e a t i n g  r a t e s  o v e r  e x t e n s i v e  h o r i z o n t a l  
domains i n  t h e  t r o p i c s  would g e n e r a t e  s p u r i o u s  s t r o n g  c i r c u l a t i o n s  
u n l e s s  t h e  nuater i c a l  nodcLs a r e  c a p a b l e  to p r o p e r l y  d i s p e r s e  and 
d i s s i p a t e  t h e i r  e f f e c t .  T h i s  problem was n o t e d  tg oc,:ur i n  mesoscale 
model ing a t  NMC when l a r g e  h e a t i n g  r a t e s  a r e  inc lud5d i n  t h e  model. 
The p r o p e r  i n i t i a l  i n c o r p o r a t i o n  of t r o p i c a l  c o n d e n s a t i o n  h e a t i n g  and 
t h e  a b i l i t y  of n u m e r i c a l  models t o  p r o p e r l y  d i s p e r s e  t h i s  e f f e c t  
h o r i z o n t a l l y  was i d e n t i f i e d  as  a key issue i n  t h i s  s e s s i o n .  

o f  e r r o r s  i n  h i g h e r  l a . t i t u d e o .  R e s u l t s  o f  n u m e r i c a l  s i m u l a t i o n s  w i t h  
g l o b a l  and  h e n i s p h e r  ic n o d e l s  h a v e  r e p o r t e d  c a s e s  w i t h  bo th  p o s i t i v e  
and n e g a t i v e  impact  i r :  p r e d i c t a b i l i t y  when t h e  i n t e g r a t i s n  domain is 
e x t e n d e d  t o  i n c l u d e  both  hemispheres ,  w i t h  a n  a v e r a g e  of 0.65 day 
i m p r o v e r e n t  i n  p r e d i c t a b i l i t y  r e p o r t e d  by ECMWF f o r  e i g h t  cascs- 
A e n e f i t s  from g l o b a l  domains i n  numer ica l  niodel ing w i l l  o n l y  be 
olJ ta ined  i f  t.he t r o p i c a l  i n i t i a l  s t a r e  i s  a d e q u a t e l y  d e f i n e d .  
N U R @ K l C ? i l  s i m u l a t i o n  impact s tud ie s  of t h e  e f fec t  of t r o p i c a l  d a t a  
i n d i c a t e  t h a t  s p u r i o u s  b a r o t r o p i c  modes a r e  g e n e r a t e d  i n  h i g h e r  
l a t i t u d e s .  The  s t a t i o c a r y  response  of the m o d e l  is  of impor tance  to  

I n  order to e s t a b l i s h  t h e s e  waves as a mechanism of e n e r g y  t r a n s f e r :  

E r r o n e o u s  i n i t i a l  c o n d i t i o n s  i n  t h e  t r o p i c s  were shown. to  be s o u c c c s  
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t h e  c h a r a c t e r i s t i c s  o f  t h e  r e s u l t i n g  error f i e l d .  Normal mode a n G l y s i s  
of f o r e c a s t s  a n d  v e r i f i c a t i o n  f i e l d s  are  u s e f d  tools to u n d e r s t a n d  t h e  
impact o f  t r o p i c a l  errors  L;l extratropical l a t i t u d e s .  

High p r i o r i t y  was g i v e n  i n  t h e  p l a n n i n g  o f  t h e  GWE to r e s e a r c h  aimed 
a t  c l a r i f i c a t i o n  o f  t h e  more l o c a l i z e d  mot ions ,  s u c h  a s  t h e  east  A f r i c a n  

- 
Somali j e t  t h a t  p r o d u c e s  s t r o n g  MSS and m o i s t u r e  f l u x e s  between t h e  
nor the . rn  and  s o u t h e r n  I n d i a n  Ocean. T h i s  f?.ou is a key e l e m e n t  o f  t h e  
seasonal c y c l e  i n  the t r o p i c s ,  e s p e c i a l l y  i n  monsoonal z e g i o n s .  

A c o m p l e t e  set o f  s u r f a c e  winds from s h i p s  a n d  s a t e l l i t e s  f o r  t h e  
GWE tropical b e l t  h a s  shown t y p i c a l  winds o f  3 m / s  or more o v e r  t h e  
e a s t e r n  Pacif ic  and A t l a n t i c .  

also fwnb iii t h e  upper i roposphere .  

between hemispheres--r  ises i n  s e a - l e v e l  p r e s s u r e  t h a t  o c c u r  b e h i n d  

The s t r o n g e s t  case is found i n  t h e  Somal i  r 
L j e t  r e g i o n ,  which maximizes around 900 m b ,  b u t  s i g n i f i c a n t  f l o w s  are  
I -  

The "cold surge .  is a n o t h e r  form o f  boundary l a y e r  i n t e r a c t i o n  
.. 
' .  .- v i g o r o u s  w i n t e r t i m e  cold f r o n t  p a s s a g e s  c a n  o f t e n  be t r a c k e d  to t h e  

e q u a t o r  and  beyonc! i n t o  t h e  o p p o s i t e  hemisphere.  
i n c r e a s e  i n  t h e  c r o s s - e q u a t o r i a l  wind and a s t r e n g t h e n i n g  of t h e  
monsoon w e s t e r l y  f l o w  o f  t h e  summer hemisphere.  

S i g n i f i c a n t  r e s u l t s  have  been o b t a i n e d  f o r  s t r o n g  cross-equatorial 
m o t i o n s  associated w i t h  t h e  Asian moiisoon. Flows become i n c r e a s i n g l y  

s u r g e s  o f t e n  c a u s e  a n  

unbalanced  as t h e  e q u a t o r  is approached w i t h  a major n u n l i n e a r  a d j u s t -  
ment r e g i o n  downwind o f  t h e  equator .  T h i s  h a s  been c h a r a c t e r i z e d  a5 
e s s e n t i a l l y  a n  i n e r t i z l  t r a n s i t i o n  from c y c l o s t r o p h i c  t o  g e o s t r o p h i c  
mot ions .  T h i s  t r a n s i t i o n  reg ion  c o n t a i n s  e x t e n s i v e  a r e a s  o f  n e g a t i v e  
a b s o l u t e  v o r t i c i t y .  

l o w  l e v e l s  i n  t h e  p l a n e t a r y  boundary l a y e r  where  t u r b u l e n t  exchange  
p r o c e s s e s  a f f e c t  its d i s t r i b u c i o n  and s t . ength .  I t  h a s  been d e t e r m i n e d  
t h a t  i n e r t i a l  reg imes  n e a r  t h e  e q u a t o r  hove v e r t i c a l  d e p t h s  t h a t  depend 
o n  l a t i t u d e .  P r e l i m i n a r y  reslrlts i n d i c a t e  t h a t  t h e  v e r t i c a l  v a r i a t i o n  
of f r i c t i o n  is l a r g e r  t h a n  p r e v i o u s l y  t h o u g h t ,  w i t h  c l o u d  base v a l u e s  
O f  t h e  o r d e r  o f  20 p e r c e n t  o f  t h e  s u r f a c e  v a l u e s .  T h i s  s u g g e s t s  t h e  
need f o r  bet ter  estimates of t h e  v e r t i c a l  s t ruc tu re  o f  t h e  boundary 
l a y e r  wind. I t  w o u l d  be u s e f u l  to  a r c h i v e  a l l  boundary layer l e v e l s  of 
I I I b  d a t a  and to  assess t h e  i n f l u e n c e  o f  t h i s  d a t a  o n  s u r f a c e  f l u x e s  
d e r i v e d  from boundary l a y e r  m o d e l s .  

Some o f  t h e  m o s t  i m p o r t a n t  c r o s s - e q u a t o r i a l  f l o w  is c o n c e n t r a t e d  a t  

Achievements  

1. GWE s t u d i e s  have  sugges ted  t h a t  t he re  is a s t r o n g  c o u p l i n g  
between r e g i o n s  o f  enhanced t r o p i c a l  c o n v e c t i o n  of t h e  sumner 
hemisphere  and s u b t r o p i c a l  j e t  maxima of t h e  w i n t e r  hemisphere.  

2. GWE d a t a  have  provided  o b s e r v a t i o n a l  e v i d e n c e  f o r  i n t e r -  
h e m i s p h e r i c  c o n n e c t i o n s  through r e g i o n s  of b o t h  e a s t e r l y  and w e s t e r l y  
winds.  The e a s t e r l y  cases d i s p l a y  g r e a t l y  reduced  g r a d i e n t s  of 
a b s o l u t e  v o r t i c i t y .  

3. GWE s t u d i e s  have shown t h a t  a s u b s t a n t i a l  c o n t r i b u t i o n  t o  t h e  
c r o s s - e q u a t o r i a l  and m e r i d i o n a l  t r o p i c a l  flows r e s i d e 5  i n  t h e  d i v e r g e n t  
wind component and a r i s e s  most ly  from t h e  v e r t i c a l l y  r e v e r s i n g  g r a v i t y -  

, 
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i n e r t i a l  and  mixed Rossby g r a v i t y  waves. T h i s  i n d i c a t e s  t h e  impor tance  
of local d i a b a t i c  f o r c i n g  in the g e n e r a t i o n  o f  t r o p i c a l  mo t ions  and  h a s  
d i r e c t  i m p l i c a t i o n s  for t h e  development  o f  a s s i m i l a t i o n  sys t ems  i n  
n u m e r i c a l  models. 

4 .  GWE d a t a  sets have  p rov ided  q u a n t i t a t i v e  estimates o f  t h e  impact  
o f  i n i t i a l  d a t a  u n c f r t a i n t i e s  i n  t h e  t r o p i c s  on e x t r a t r o p i c a l  p r e d i c -  
t i o n .  While  t h e  p redominan t ly  b a r o t r o p i c  s p r e a d  o f  error was s n t i c i -  
p a t e d  from p r i o r  expe r imen t s ,  a r e a l i s t i c  e s t i m a t e  of t h e  magni tude  of 
t h e  e f f e c t  c o u l d  n o t  b e  made b e f o r e  t h e  GWE. 

i n  t h e  c r o s s - e q u a t o r i a l  wind and  a s t r e n g t h e n i n g  of t h e  monsoon 
w e s t e r l y  f l o w  of t h e  s o u t h e r n  hemisphere.  

I t  w a s  found t h a t  s t r o n g  iow- leve l  c r o s s - e q u a t o r i a l  flows 
a s s o c i a t e d  w i t h  t h e  Asian  monsoon d i s p l a y e d  e x t e n s i v e  areas of n e g a t i v e  
absolute v o r t i c i t y  o n  b o t h  s i d e s  of t h e  e q u a t o r  and  a n  a p p a r e n t  
n o n l i n e a r  a d j u s t m e n t  p r o c e s s .  

v a r i a t i o n  o f  f r i c t i o n  i n d i c a t i n g  t h a t  it is l a r g e r  t h a n  p r e v i o u s l y  
t h o u g h t  w i t h  cloud b a s e  v a l u e s  of the o r d e r  o f  20  p e r c e n t  of t h e  
s u r f a c e  v a l u e .  

5. Cold s u r g e s  or t h e  Asiatic win te r  mocsoon o f t e n  c a u s e  a n  i n c r e a s e  

6. 

7. P r e l i m i n a r y  r e s u l t s  have c l a r i f i e d  t h e  magni tude  o f  t h e  v e r t i c a l  

Unreso lved  Problems and  Recommendations 

1. 

2. I d e a l i z e d  m o d e l  expe r imen t s  as w e l l  a s  numer i ca l  -del 

S t u d i e s  s h o u l d  be pursued  t o  d e l i n e a c e  t h e  modes of e n e r g y  
d i s p e r s i o n  and  d i s s i p a t i o n  i n  strong1.y h e a t e d  c i r c u l a t i o n s .  

s i m u l a t i o n s  s h o u l d  be p u r s u e d  to unders tand  t h e  e f f e c t  o f  i n i t i a l  
e r rors  i n  t h e  t r o p i c s  on  h i g h e r  l a t i t u d e s .  

f rom Leve l  I I I b  data w i t h  t h o s e  o b t a i n e d  from Leve l  XIb d a t a .  

b e  made f o r  t h e  t r o p i c a l  Oceans d u r i n g  t h e  e n t i r e  GWE y e a r .  

o c e a n s  a r e  needed  t o  assist e f f o r t s  i n  Large-sca le  a n a l y s i s  and  
n u m e r i c a l  model ing.  

l e v e l s  o f  t h e  boundary l a y e r  s h o u l d  be  a r c h i v e d  t o  a s s i s t  i n  e v a l u a t i n g  
and  i n t e r c o m p a r i n g  v a r i o u s  boundary l a y e r  models. 

3 .  Compar isons  s h o u l d  be made. of s u r f a c e  ene rgy  b u d g e t s  o b t a i n e d  

4 .  E s t i m a t e s  of s u r f a c e  h e a t ,  mo i s tu re ,  and  momentum € l u x e s  should 

5. S t u d i e s  o f  gross boundary l a y e r  s t r u c t u r e  over t h e  t r o p i c a l  

6 .  For l i m i t e d  p e r i o d s  o f  t h e  Gh'E y e a r ,  Leve l  IXIb d a t a  f o r  a l l  

G l o b a l  Aspects  of Monsoons 

A major  g o a l  of t h e  GWE p lann ing  e f f o r t  was t o  s t u d y  t h e  c c u p l i n g s  
between t h e  t r o p i c s  and  t h e  ex t ra ' rop ics .  I n  h i s  summ~ry ,  Murakami 
(see V o l u m e  Two, S e s s i o n  12) po in ted  o u t  t h a t  t h e s e  c o u p l i n g s  p o s s e s s  

b o t h  l o c a l  and  g l o b a l  c h a r a c t e r i s t i c s .  
O u t  of c a s t  A s i a  a r e  r e l a t i v e l y  l o c a l i z e d  shallow c i r c u l a t i o n s  t h a t  may 
t r i g g e r  d e e p  c o n v e c t i o n  above t h e  t r o p i c a l  wes t e rn  P a c i f i c  W e a n  th rough  
enhancement  gf l o w  level convergence.  I n  t h e  upper  t r c p o s p h e r e ,  t h e  
t r o p i c a l  c l o u d  masses r e s u l t i n g  from t h e  deep c o n v e c t i o n  are a s s o c i a t e d  

Cold s u r g e s  moving southward  
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w i t h  s t r o n g l y  d i v e r g e n t  flows t h a t  stream polcward and  modify t h e  
s u b t r o p i c a l  j e t  stream s t ruc tu re  and  r e l a t e d  wave a c t i v i t y .  
w i n t e r  nonfoona l  o u t b r e a k s  were r e l a t i v e l y  weak, and t h e  c o u p l i n g  
p r o c e s s e s  were n o t  e s p e c i a l l y  a c t i v e  d u r i n g  t h e  Winter  ESONEd, b u t  t h e  
sequence  was s t i l l  o b s e r v a b l e  i n  t h i s  and  o t h e r  y e a r s .  
are needed to e l u c i d a t e  t h e  space- t ime v a r i a b i l i t y  of t h e  w i n t e r  
monsoon r a i n f a l l .  

S i g n i f i c a n t  t h e o r e t i c a l  advances have  been accelerated by Winter  
MONEX and have  c l a r i f i e d  o u r  unde r s t and ing  o f  t h e  r e s p o n s e  o f  t ropical  
waves t o  h e a t i n g  i n  d i f f e r e n t  l o c a t i o n s .  
f o r c i n g  (monsoon s u r g e s )  are mainly i n  Rclssby and Kelvin  modes. 
t h e  f o r c i n g  t i m e  scale is s h o r t ,  s i g n i f i c a n t  g r a v i t y  modes a re  also 
e x c i t e d .  
Responses  t o  s t a t i o n a r y  f o r c i n g  show t h a t  d e e p  (baKOtrOpiC) mot ions  
p r o p a g a t e  ene rgy  away i n t o  h igh  l a t i t u d e s  and t h a t  s h a l l o w  ( b a r o c l i n i c )  
IUOtiOrtS s c e  trapped arour,:! ths eqiiator. 
modes are  i m p o r t a n t ,  t h e  former is a lways  dominant ,  even  i n  t h e  case Of 
Walker- type c i r c u l a t i o n s .  
t e l e c o n n e c t i o n - t y p e  r e s p o n s e  t o  t r o p i c a l  sources found in p r e v i o u s  
n u m e r i c a l  s t u d i e s  was d u e  t o  t h e  s p e c i f i e d  v e r t i c a l  wind s h e a r  and  
s u r f a c e  friction. 
s t a t i o n a r y  r e s p o n s e s  and  t h e  t r a n s i e n t  r e s p o n s e s  s u g g e L t s  t h a t  monsoon 
s u r g e s  p l a y  a n  i m p o r t a n t  role i n  t h e  main tenance  of t h e  rqean tropical 
mot ions .  

Asiat ic  

F u r t h e r  s t u d i e s  

Responses  to  t r a n s i e n t  
when 

The r e s p o n s e s  closely r e s e u b l e  obse rved  win ter  monsoon f l o w .  

While  both Rossby and  Kelv in  

It is shown tha t :  t h e  b a r o t r o p i c  

Fur thermore ,  comparison between t h e  b a r o c l i n i c  

F u r t h e r  s t u d i e s  s h o u l d  e x p l o r e  t h e  s e n s i t i v i t y  o f  t h e s e  c o n c l u s i c n s  
to  t h e  s t r o n g  v e r t i c a l  s h e a r  accompanying t h e  s u b t r o p l c a l  je t .  
A d d i t i o n a l l y ,  n m e r i c a l  weather  p r e d i c t i o n  e f f o r t s  ne& to  a d d r e s s  t h e  
p r e d i c t i o n  of l o c a l  phenomena such as s u r g e s ,  s u r g e  vortices,  the role  
of d i u r n a l  changes ,  and nunerous  c o m p l e x i t i e s  associated w i t h  t h e  
mmaritime" c o n t i n e n t .  These  i n c l u d e  l a n d  v e r s u s  m e a  s t r u c t u r e  of 
c l o u d s ,  cor .vec t ion  w i t h i n  monsoon d i s t u r b a n c e s ,  r a d i a t i v e  e f f e c t s  or: 
c o n v e c t i v e  deve lJpment ,  and t h e  v e r t i c a l  d i s t r i b u t i c n  of h e a t i n g .  

The g l o b a l  a s p e c t s  of t h e  summer monsoon o n s e t  are b e t t e r  d e l i n e a t e d  
now t h a n  e v e r  b e f o r e .  S p e c i f i c a l l y ,  t h e  l a r g e - s c a l e  h e a t  and moisture 
sources and s i n k s  have  been computed f a r  more a c c u r a t e l y  duri,:g t h e  GWE 
t h e n  t h e y  were p r e v i o u s l y ,  and  t h e  unde r s t and ing  of t h e  sudden  
t r a n s i t i o n  of t h e  monsoon o n s e t  h a s  been sharpened .  

Numerical  expe r imen t s  of t h e  monsoon o n s e t  d u r i n g  t h e  G(JE i l l u s t r a t e  
t h e  c r u c i a l  r o l e  o f  t h e  d i v e r g e n t  flow and of t h e  m o i s t u r e  f i e l d  i n  t h e  
i n i t i a l  s ta te .  

A s  a consequence ,  d e t e r m i n i s t i c  p r e d i c t a b i l i t y  of t h e  t r o p i c s  is now 
a p p e a r i n g ,  and a c o n s i s t e n t  q u a n t i t a t i v e  e s t i m a t e  of  the t r o p i c a l  
e n e r g y  c y c l e  i s  emerging.  It. remains t o  be d e t e r n i n e d  whether  t h e  
summer monsoon o n s e t s  a r e  s i m i l a r  i n  t h e  n o r t h e r n  and so i l t he rn  
hemispherzs  though t h e  t o F g r a p h y  is d i f  Eerent .  

The T i b e t a n  P l a t e a u  s e p a r a t e s  d i s t i n c t l y  d i f f e r e n t  r e g i o n s  of 
s e n s i b l e  and l a t e n t  h e a t i n g  and a p p e a r s  t o  g e n e r a t e  \ o r t i c e s  p e c u l i a r  
to t h e  region. These s h a l l o w  VOrtiCcS form on the edge of t h e  P l a t e a u ,  
p r o p a g a t e  eas tward ,  and produce heavy r a i n s .  In an attempt-. t o  more 
closely d e l i n e a t e  t h e s e  s t r u c t u r e s  I Chinese  s c i e n t i s t s  lncunted a f i e l d  
s t u d y  d u r i n g  1979  t h a t  cornplmsnted  t h e  GWE d a t a .  I t  is d e s i r a b l e  t o  
i n c l u d e  t h i s  d a t a  s e t  i n  t l ,e GiSE a n a l y s e s .  

. 
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R e c e n t l y ,  s e v e r a l  i n v e s t i g a t i o n s  documented the n a t u r e  of l o n g  
period (40- to  50-day)  o s c i l l a t i o n s  d u r i n g  t h e  GWE y e a r .  
f r e q u e n c y  oscil lations appea r  to propaga te  s l o w l y  nor thward ,  upward, 
and  eastward d u r i n g  t h e  n o r t h e r n  s w m ~ r  monsoon. 
by a z o n a l  wavecumber 1 and are  s t r o n g l y  d i v e r g e n t .  
t h i s  d i v e r g e n t  wave is l a r g e s t  d u r i n g  t h e  summer s e a s o n  ovec  t h e  
monsoon r e g i o n  and t h e  w e s t e r n  P a c i f i c .  Detailed a n a l y s e s  s u g g e s t  that  
t h e  40- to 50-day o s c i l l a t i o n  r e sembles  i n  many aspects t h e  i n t e r a n n u a l  
v a r i a t i o n  a s s o c i a t e d  w i t h  t h e  Sou the rn  O s c i l l a t i o n ,  b u t  f u r t h e r  s t u d y  
is needed t o  d e s c r i b e  t h e  d e t a i l s  of its s t r u c t u r e  f rom y e a r  t o  y e a r  
and  p o s s i b l e  s t r a t o s p h e r i c  and m i d l a t i t u d e  c o u p l i n g .  

These  low 

They a re  c h a r a c t e r i z e d  
The a m p l i t u d e  Of 

Achievements  

1. One- to s ix-day  g l o b a i  forecasts o f  monsoonal c i r c u l a t i o n s  made 
w i t h  GWE/MONEX d a t a  sets have  a c c u r a t e l y  d e s c r i b e d  t h e  o n s e t  of s t r o n g  
winds ,  d e e p  moist westerlies, t h e  o n s e t  v o r t e x ,  and  t h e  i n i t i a l  r a i n s  
o v e r  t h e  Kera l a  Coast. 

2. GWE/MONEX o b s e r v a t i o n s  have  provided  t h e  most comprehens ive  
d e s c r i p t i o n  o f  t h e  As ian  summer and w i n t e r  monsoon e V C K .  
scale of t h e s e  monsoonal c i r c u l a t i o n s  h a s  been  documented. 

3. 
c i r c u l a t i o n s  o f  t h e  w i n t e r  monsoon and  t h e  s u b t r o p i c a l  j e t  s t r e a m  o f  
w i n t e r .  

h e a t i n g  ra tes  d u r i n g  s e l e c t e d  periods were better d e f i n e d .  

summer and w i n t e r  monsoon have  been a t t a i n e d .  

o f  the 40- t o  50-day o s c i l l a t i o n ,  i n c l u d i n g  i ts  i n t e r a c t i o n  w i t h  t h e  
summer monsoon and its a s s o c i a t i o n  w i t h  convec t ion .  

The p l a n e t a r y  

The d a t a  sets have  c l a r i f i e d  : e l a t i o n s h i p s  among d i v e r g e n t  

4. Monthly mean h e a t i n g  r a t e s  and d i v e r g e n t  c i r c u l a t i o n  as  well a s  

5. A bet ter  d e s c r i p t i o n  and  unde r s t and ing  of t h e  o n s e t s  of b o t h  t h e  

6. S t u d i e s  w i t h  GWE data have  produced a more d e t a i l e d  d e s c r i p t i o n  

Unresolved  Problems and Recommendations 

1- The r e a n a l y s i s  of t h e  I I I b  d a t a  s h o u l d  be  ex tended  t o  i n c l u d e  

2 .  Research  on  onset,  d r y  and  wet s p e l l s ,  and r e l a t e d  h e a t  s o u r c e s  

3 .  E f f o r t s  shou ld  be made t o  map d a i l y  p r e c i p i t a t i o n  f i e l d s  f o r  t h e  

t h e  months of J u l y  f o r  Summer MONEX and December f o r  Winter  ElONEX. 

and s i n k s  shou ld  be c o n t i n u e d  i n  g r e a t e r  d e t a i l .  

tropics f o r  t h e  Summer and Winter  MONEX p e r i o d s .  
b e  g l o b a l  i f  p o s s i b l e .  

encouraged  s i n c e  t h e y  appea r  to modulate monsoon a c t i v i t y .  

t h e  r o l e s  o f  b o t h  v e r t i c a l  and h o r i z o n t a l  wind s h e a r  w i t h i n  w i n t e r  
monsoonal c i r c u l a t i o n .  

shou ld  be developed .  

The e s t i m a t e s  s h o u l d  

4 .  Res?arch on low freqclency modes or o s c i l l a t i o n s  shou ld  be 

5 .  T h e o r e t i c a l  and model ing s t u d i e s  s h o u l d  work toward r e s o l v i n g  

6. B e t t e r  t e c h n i q u e s  for  data a n a l y s e s  i n  t h e  v i c i n i t y  of mounta ins  
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The Stratosphere 

An imwrtant objective of the Global Weather Experiment is "to define 
diagnostically the structure, variability, energetics, and transport 
mechanisms of the general circulation for [tie ClWE year]. in order to 
"provide the basis for interactive studies such a8 between the 
stratosphere and tKOpoSpher@....' (U.S. Comiiittee for C W ,  1978). 
That objective has motivated many investigations. The speakers of this 
8ession, Mechoso and Leovy (see Volume Two, Session 141, presented some 
of the major findings of those investigations. 
summarized in what follovs. 

A minor and a major stratospheric warming occurred in the northern 
hemisphere during the winter of 1979. 
several diagnmtic 2nd numerical stiidies. The diagnostic studies have 
shown the usefulness of t h e  Eliassen-Palm (E-P) diagnostic to describe 
wave-mean flow interaction processes in the stratosphere at the time of 
the warmings. 
Prescribed forcing at the lower boundary have contributed to est.ablish- 
ing the sensitivity in the evolution of the warming to the configuration 
of the zonal mean flow and to the phase speed of the forcing. 
are also, for the first time, successful medium-range (10-day) numerical 
forecasts of stratospheric warming events. They were performed with a 
modified version of the operational model at the EWAF and with the 
15-layer version of the University of  California at L o s  hngeles (UCLA) 
general circulation model. The two models have covparable vertical 
resolutions between 100 mb and 10 mb (the highest level  of the ECWF 
model). The UCLA model extends up to 1 mb. The E C m F  and UCLA fore- 
casts reveal that, in general, stratospheric warnlings are predictable 
from several days in advance. The UCLA forecasts for the major warming 
of February 1979 show that the accuracy of stratospheric forecasts can 
be very sensitive to the accuracy in predicting zonal mean tropospheric 
wind (and consequently to the model resolution and parameterization of 
physical processes). 

Three Nimbus-7 satellite instruments successfully provided new data 
relevant to the GKE objectives: ihe total ozone mapper ( W S ) ,  the 
Limb Infrared Monitor of the Stratosphere (LIMS), and the Stratosphere 
and Mesosphere Sounder (S?.MS). In addition to the global high resolu- 
tion measurements of total ozone provided by To;.IS, the latter two 
instruments have provided global synoptic measurements of temperatures, 
ozone, water vapor, and several other constituents in the stratosphere 
and lower mesosphere, and supplement other GWE data sets by providing 
information above 10 mb, and adding the constituent information. These 
additional data sets are currently being used to diagnose and interpret 
stratospheric processes. 
estimates from LIMS temperature retrievals are fairly goo3 for the 
zonal component although not for the meridional component. 

variability in the stratosphere with long-term neasurenenLs has been 
clearly demonstrated. Data from LIMS have been used to pcrforin 
detailed studies of the thermal structure in the tropical stratosphere 

These findings are 

These events have motivated 

Numerical studies with stratospheric models with 

There 

It was pointed out that the equatorial wind 

Utility of these types of observations for assessing interannual 
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a n d  lower mesophere,  r e v e a l i n g  d e t a i l s  o f  Xe lv in  wave structure a n d  
p o s s i b l e  i n e r t i a l  ins tab i l i ty .  

t h e  p r e s e n t a t i o n s .  It  is b e l i e v e d  t h a t  the u n s t a b l e  wind s h e a r s  i n  t h e  
e q u a t o r i a l  s t r a t o s p h e r e  arc produced by  s e a s o n a l  changes  i n  t h e  flow. 
The  v e r t i c a l  r e s o l u t i o n  needed to  r e p r e s e n t  s t r a t o s p h e r i c  phenoreena 
depends  on l a t i t u d e .  
to  b e  r e q u i r e d .  
g e n t .  The v e r t i c a l  momentum t r a n s p o r t s  were measured and  were found to  
a c c o u n t  f o r  1 / 3  t o  1 /2  o f  t h e  w e s t e r l y  a c c e l e r a t i o n .  The impact  of t h e  
s t r a t o s p h e r i c  r e p r e s e n t a t i o n  on t h e  a c c u r a c y  of t r o p o s p h e r i c  forecasts 
w a s  d i s c u s s e d ,  and  it was conc luded  t h a t  e x t e n s i v e  r e s e a r c h  is needed 
on  t h i s  i m p o r t a n t  subject. It was s u g g e s t e d  t h a t  Leve l  XIIb a n a l y s i s  
c o u l d  be ex tended  irhnve 10 mb. 
of t h e  f o r c i n g  r e s p o n s i b l e  f o r  t h e  g e n e r a t i o n  o f  obse rved  e q u a t o r i a l  
Ke lv in  waves was d i s c u s s e d .  
wind  f i e l d s  by methods o t h e r  t h a n  p u r e l y  model dependen t  methods was 
a d v i s a b l e  to  a t t e m p t  to  more c l e a r l y  d e f i n e  e q u a t o r i a l  waves. 

S e v e r a l  important  p o i n t s  were  r a i s e d  d u r i n g  t h e  d i s c u s s i o n s  f o l l o w i n g  

I n  t h e  t r o p i c s ,  a 3-km v e r t i c a l  resolution seems 
A t  h i g h e r  l a t i t u d e s  the r e q u i r e m e n t  is n o t  so s t r i n -  

The i q w r t n n c e  cf deternining t!he cature 

It was s u g g e s t e d  t h a t  an  a n a l y s i s  ot GWE 

Ach i eveme n t s 

t 

1. For t h e  f i r s t  t i m e ,  g l o b a l  th ree-d imens iona l  d i s t r i b u t i o n s  o f  
s t r a t o s p h e r i c  water vapor ,  ozone ,  methane, and t e m p e r a t u r e  have  been  
measured.  

2.  S u c c e s s f u l  numer i ca l  forecasts o f  a s t r a t o s p h e r i c  warn.ing were 
c a r r i e d  o u t  u s i n g  GIIE s t r a t o s p h e r i c  data E S  i n p u t .  

3. G!JE s a t e l l i t e s  have p rov ided  d e t a i l e d  measurements of t h e r o a l  
s t r u c t u r e  i n  t h e  t r o p i c a l  s t r a t o s p h e r e  and lowen mesosphere,  r e v e a l i n g  
d e t a i l s  of  Ke lv in  wave s t r u c t u r e  and p o s s i b l e  i n e r t i a l  i n s t a b i l i t y .  

Unreso lved  Problems and  Recommendations 

1. The impact  of t h e  s ta te  of t h e  s t r a t o s p h e r e  on  t h e  a c c u r a c y  o f  
t r o p c s p h e r i c  f o r e c a s t s  shou ld  be c l a r i f i e d .  

2 .  Equatorial Kelv in  waves are an i m p o r t a n t  f e a t u r e  o f  t h e  
s t r a t o s p h e r i c  c i r c u l a t i o n  which a r e  b e l i e v e d  to  be e x c i t e d  i n  t h e  
t r o p o s p h e r e .  
s h o u l d  be  i n v e s t i g a t e d  w i t h  GWE d a t a .  

The ene rgy  s o u r c e  of t h e s e  waves is poorly under s tood  and 

3 .  Leve l  I I I b  a n a l y s e s  shou ld  be a r c h i v e d  up to 1 0  mb. 
4.  Reana lyses  shou ld  i n c o r p o r a t e  LIMS and  T I R O S  d a t a  t o  improve 

a n a l y s e s  above 100 mb. 

The Southern  Hemisphere 

The GWE h a s  provided  unique  d a t a  s e t s  t o  s t u d y  t h e  behav io r  of t h e  
s o u t h e r n  hemisphere  a tmosphere .  The a tmosphe r i c  c i r c u l a t i o n  ove r  t h e  
s o u t h e r n  hemisphere  d u r i n g  t h e  GWE had,  CIS most years do, its p e c u l i a r  
s e t  of anomal i e s .  Review p a p e r s  by T r e n b e r t h  and Van Loon (see Volume  

' 1  
i 
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Tuo ,  Session 15) p rov ided  t h e  b a s i s  for d i s c u s s i o n  r e g a r d i n g  t h e  
s o u t h e r n  hemisphere.  

no tewor thy  d i f f e r e n c e s  between 1979 and other y e a r s .  S p e c i f i c a l l y ,  
e x c e p t i o n a l l y  d e e p  c y c l o n e s  accompanied an increase i n  westerlies s o u t h  
of 500s. The e x t e n t  to which t h i s  is a consequence o f  t h e  enhanced 
W E  o b s e r v i n g  s y s t e m s  can b e  i n v e s t i g a t e d  b y  s t u d y i n g  t h e  impac t  of 
buoy d e n s i t y  i n  assimilation sys t ems  and n u m e r i c a l  models. 

During w i n t e r  (May to September) ,  t h e  s u b t r o p i c a l  je t  was weaker 
t h a n  normalr b u t  t h e  polar j e t  was c o n s i d e r a b l y  enhanced,  and a d o u b l e  
j e t  s t r u c t u r e  p r e v a i l e d .  During summer (November to March) ,  there was 
a sou thward  s h i f t  i n  t h e  j e t  by about 3 O  l a t i t u d e  and  a sou thward  
s h i f t  =f stem t racks.  Po?: bo th  sea6ons: anomalous conve rgence  o f  
momentum by e d d i e s  i n t o  t h e  jets h e l p e d  s u s t a i n  the abnormal d i s t r i b u -  
t i o n  o f  westerlies a g a i n s t  s u r f a c e  f r i c t i o n  ( c o n s i s t e n t  w i t h  expecta- 
t i o n s  based on b a r o c l i n i c  t h e o r y ) .  

This anomalous behav io r  shou ld  be i n v e s t i g a t e d  i n  c o n j u n c t i o n  w i t h  
anomalous f o r c i n g  ( s u r f a c e  e f f e c t s ,  d i a b a t i c  h e a t i n g ,  n o r t h e r n  
hemisphe re  i n f l u e n c e s ,  etc.). A l s o ,  s t u d i e s  s h o u l d  be unde r t aken  to 
isolate reasons f o r  t h e  incorrect s i m l a t i o n  of t h e  s t r e n g t h  o f  t h e  
westerlies and o f  s e a s o n a l  changes by n e a r l y  a l l  models. 

l a r g e  i n t r a - a n n u a l  v a r i a t i o n s  i n  t h e  a n p l i t u d e  of monthly a v e r a g e d  
zonal harmonic wavenumbers 1 to 4. 
3-month a v e r a g e  component w a s  20 to  50 p e r c e n t  l a r g e r  t h a n  normal$ t h e  
v e r t i c a l  m e r i d i o n a l  s t r u c t u r e  of t h e s e  waves conforrred to t h e  long-term 
mean s t r u c t u r e  i n  terrr.s o f  t h e  p o s i t i o n  of peak a m p l i t u d e s  and t h e  
b a r o t r o p i c  s t r u c t u r e .  

I t  was a lso de te rmined  t h a t  t h e  s u r f a c e  p r e s s u r e  o v e r  t h e  A n t a r c t i c  
was as  much a s  2 to 3 s t a n d a r d  d e v i a t i o n s  below normal d u r i n g  w i n t e r .  
A s  a r e s u l t r  t h e  u s u a l l y  dominant h a l f  y e a r l y  wave i n  s u r f a c e  p r e s s u r e  
o v e r  t h i s  r e g i o n  w a s  suppres sc3 .  I n  m i d l a t i t u d e s ,  o n  t h e  o t h e r  hand, a 
l a r g e  h a l f  y e a r l y  wave was a dominant Eea tu re  of t h e  s e a s o n a l  c y c l e  i n  
t h e  s u r f a c e  p r e s s u r e  f i e l d  over  t h e  oceans .  The dominant  e q u a t o r i a l -  
t r o p i c a l  h a l f  y e a r l y  wave i n  t h e  wind and t e m p e r a t u r e  o f  t h e  upper 
t r o p o s p h e r e  was somewhat s t ronger  t h a n  normal.  
s o n s  showed pronounced d i f f e r e n c e s  i n  t h e  a m p l i t u d e  o f  t h e  s t a t i o n a r y  
t e m p e r a t u r e  f i e l d .  

b e  done  u s i n g  d i f f e r e n t  a s s i m i l a t i o n  s y s t e m s  ( a t  l eas t  f i v e  s e t s  a r e  
a v a i l a b l e )  t o  a d d r e s s  t h i s  and o t h e r  p r o c e s s e s  of i n t e r e s t .  

Comparison o f  EChlWF I I b ,  :%C I I I a r  and A u s t r a l i a n  a n a l y s e s  of t h e  
z o n a l  mean s u r f a c e  p r e s s u r e  i n d l c a t e d  t h a t  i n  m i d l a t i t u d e s  t h e  ECMWF 
I I I b  and. NMC I I Ia  a n a l y s e s  a re  comparable ,  w h i l e  a t  h i g h  l a t i t u d e s ,  NMC 
a n a l y s e s  show v a l u e s  c o n s i d e r a b l y  l a r g e r  t h a n  t h e  o ther  t w o  d a t a  sets. 
The A u s t r a l i a n  a n a l y s e s  yielcied c o n s i s t e n t l y  t h e  lowest z o n a l  mean 
s u r f a c e  p r e s s u r e  of t h e  t h r e e  a n a l y s e s  i n  middle  and h igh  l a t i t u d e s .  

A u s t r a l i a n  a n a l y s e s  and s ta t ion d a t a  have  d e l i n e a t e d  several 

ECMWF I I I b  a n a l y s e s ,  A u s t r a l i a n  a n a l y s e s r  and  s t a t i o n  data i n d i c a t e d  

The a m p l i t u d e  o f  t h e  s t a t i o n a r y  

A n a l y s i s  i n t e r c o i a p a r i -  

D i a g n o s t i c  g l o b a l  and r e g i o n a l  s t u d i e s  o f  GWE I I I b  d a t a  sets s h o u l d  
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Achievements  

1. Through t h e  un ique  d a t a  eet provided by  t h e  GWE, a markedly 
improved d e s c r i p t i o n  of t h e  eou the rn  hemisphere  c i r c u l a t i o n  h a s  
emerged.  
i m p o r t a n t  mechanisms invo lved  i n  i t a  main tenance  and  its uniqueness as 
a n  ocean  hemisphere  i n  comparison w i t h  t h e  c o n t i n e n t a l d t y  of t h e  
n o r t h e r n  hemisphere .  

the circulat ion o f  h igh  la t i tudes f o r  t h e  GWE y e a r  was anomalous ly  
i n t e n s e .  These  anomalies inc luded ;  

The improved d e s c r i p t i o n  has advanced o u r  u n d e r s t a n d i n g  of 

2. The improved g l o b a l  a n a l y s e s  have  enabled t h e  determination t h a t  

o 
0 a polar j e t  s t r o n g e r  than  normal  (therefore, a double jet 

0 t h e  a m p l i t u d e  of t h e  s t a t i o n a r y  components  (waves 1 t h rough  

an  e x c e p t i o n a l l y  deep circumpolar t r o u g h ,  

s t ruc ture  p r e v a i l e d ) ,  and 

4 )  20 to  50 p e r c e n t  l a r g e r  t h a n  normal. 

3 .  The i n f o r m a t i o n  from t h e  s o u t h e r n  hemispherc  buoy sys t em was 
fundamen ta l  to a r e l i a b l e  d e t e r m i n a t i o n  of t h e  i n t e r h e m i s p h e r i c  mass 
exchange  o c c u r r i n g  d u f i n q  t h e  GklE. The anomalous low sea-level 
p r e s s u r e  o f  the s o u t h e r n  hemisphete  which was as much as 2 t o  3 
s t a n d a r d  d e v i a t i o n s  below normal  du r ing  its w i n t e r  was accompanied by 
h i g h  s e a - l e v e l  p r e s s u r e  anomal i e s  over  t h e  n o r t h e r n  hemisphere.  

Unreso lved  Problems and  Recommenb<ations 

. 

1. The anomalous behav io r  of t h e  s o u t h e r n  hemisphere  shou ld  b e  
r e l a t e d  through d i a g n o s t i c  studies w i t h  v a r i o u s  t y p s  o f  f o r c i n g  
(surf.ace e f fec ts ,  d i a b a t i c  h e a t i n g ,  n o r t h e r n  hemisphere  i n f l u e n c e s ,  
etc.) .  

a n a l y s e s  from d i f f e r e n t  a s s i m i l a t i o n  sys t ems  s h o u l d  be compared t o  
d e t e r l n i n e  t h e  r e a s o n s  f o r  t h e  l a r g e  d i f f e r e n c e s  i n  s t a t i s t i c s  computed 
from I I Ib  a n a l y s e s ,  such  an  the z o n a l l y  ave rayed  s u r f a c e  p r e s s u r e  and  
s t a t i o n a r y  t e m p e r a t u r e  f i e l d .  For comparison,  a manual a n a l y s i s  f o r  
two to  t h r e e  w e e k s  i n  each  of  t h e  SOPS o f  SLP, SST, 850, 500, and  
200 n b  f i e l d s  s h o u l d  be made by a n a l y s t s  f a m i l i a r  w i t h  s o u t h e r n  
hemisphere  c i r c u l a t i o n s .  These a n a l y s e s  w o u l d  serve to  c h e c k  t h e  
d i f f e r e n t  a s s i m i l a t i o n s  to isolate bias e r r o r s .  

t h e  s t r e n g t h  of t h e  westerlies is uf ide rp red ic t ed ,  e s p e c i a l l y  i n  t h e  
s o u t h e r n  hemisphere  surmer.  

t h e  n a t u r e  of d i u r n a l  v a r i a t i o n s  over l a n d s  and  oceans .  I n  t h i s  
c o n t e x t ,  i t  may be o f  v a l u e  t o  s e p a r a t e  heavy and  l i g h t  p r e c i p i t a t i o n .  

2. G l o b a l ,  r e g i o n a l ,  and  phenomenological  s tud ie s  of GNE I I I b  

3. R e s u l t s  from numer ica l  models s h o u l d  be s t u d i e d  to  determine why 

4 .  S t u d i e s  shou ld  be conducted  to  b e t t e r  d e s c r i b e  and  unde r s t and  

! 

1 

! 
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Oceanography 

Oceanographic  r e s e a r c h  was carr ied o u t  d u r i n g  t h e  GWE i n  t h o  t h r e e  
tropical o c e a n s  in the s p i r i t  of t h e  GARP c l i m a t e  o b j e c t i v e .  I t  was 
i n t e r n a t i o n a l l y  c o o r d i n a t e d  b y  t h r e e  autonomous p a n e l s  o f  t h e  ICSU 
S c i e n t i f i c  Committee on Oceanic Research  (SCOR) Working Group 47. A 
review of t h e  r e s u l t s  is a v a i l a b l e  i n  McCreary e t  a l .  (1981). T h i s  
work l a id  " t h e  f o u n d a t i o n ,  w i t h i n  t h e  1 i . n i t a t ion  o f  a s i n g l e  y e a r ' s  
s a m p l i n g ,  for t h e  d e v e l o p e n t  of a rnodeling c a p a b i l i t y  to explore the  

, 

.. . 

I 

' .  
i 
! 
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nature 0: climatic v a r i a t i o n "  (Objective 5 of t h e  Global Weather  
Exper iment  (U.S. Committee o n  G A R P ,  1978)). T h i s  o b j e c t i v e  h a s  a lso 
d r i v e n  s e v e r a l  n a t i o n a l  programs s i n c e  1980 (EWS, SEQUAL, T r o p i c a l  
Heat i n  t h e  Uni ted  S t a t e s ;  FWAL in ~ r s p c e ;  S . I ~ I Q N S  .;a cc*.rjet 
Union) and  is of pr imary  importzlnce to t h e  i n t e r n a t i o n a l  TOCiA pi'ogram 
(a 10-year  program b e g i n n i n g  in 1985) .  
and t h e  s u b s e q u e n t  programs h a s  led t h e  community to b e g i n  t h e  d i f P i c u l t  
deve lopment  of i n t e r a c t i v e  air-sea models. 

Since 1979, dynamica l  models of t h e  tropical ocean c i r c u l a t i o n ,  
forced by p r e s c r i b e d  wind stresses, are  s t e a d i l y  and s i g n i f i c a n t l y  
i n c r e a s i n g  o u r  u n d e r s t a n d i n g  o f  t h e  o c e a n i c  response .  
t i n g u i s h e s  t h e s e  e f for t s  from t h e  pre-G[%'E decades, is t h e  i n c r e a s i n g  
a v a i l a b i l i t y  of Q u a s i - s y n o p t i c  o b s e r v a t i o n s  a g a i n s t  which t o  evaluate 
t h e  model ing development .  
o b s e r v a t i o n s  over many y e a r s  with which to  q u a n t i f y  correlated 
i n t e r a n n u a l  v a r i a t i o n s  and  f roa which models c a n  b e  d e v e l q e d  t o  
a c c u r a t e l y  predict  climatic v a r i a t i o n s .  

A t  t h e  workshop, B e r n s t e i n ,  R. M o l i n a r i ,  S a r s c h i k ,  and Stormel (see 
V o l u m e  Two, S e s s i o n  18) r e p o r t e d  on t h e  impact  of t h e  CWE o n  o b s e r v i n g  
a n d  modelinq SST and e s t b a t i n g  t h e  b e s t  b a l a n c e  i n  t h e  s u r f a c e  mixed 
l a y e r .  I t  w a s  r e p o r t e d  t h a t  s a t e l l i t e s  launched  j u s t  p r i o r  to  t h e  W E  
h a v e  proved c a p a b l e  o f  p r o v i d i n g  SST da ta  accurats t o  about  1%. T h e  
g e n e r a l l y  a c c e p t e d  need f o r  climate s t u d i e s  is a n  a c c u r a c y  of 0.5OC 
and t h a t  seeFs w i t h i n  r e a c h  by i d e n t i f y i n g  and e l i m i n a t i n g  s y s t e m a t i c  
errors  i n t r o d u c e d  by g e o p h y s i c a l  phenomenon. Thus a t m o s p h e r i c  model ing 
c a n  e x p e c t  a n  a d e q u a t e  lower boundary c o n d i t i o n  i n  t h e  n e a r  f u t u r e .  I n  
t h e  d i s c u s s i o n  B e r n s t e i n  recomendec! t h a t  20 c a l i b r a t i c n  si tes,  w e l l  
d i s t r i b u t e d  a round t h e  global .  ocean,  would h e l p  e n s u r e  a b s o l u t e  
a c c u r a c y .  

e x t e n s i v e  enough t o  estimate t h e  h e a t  b a l a n c e  i n  t h e  s u r f a c e  n i x e d  
l a y e r  d u r i n g  t h e  y e a r .  A t  best ,  i t  w a s  found t h a t  7 5  p e r c e n t  of t h e  
v a r i a n c e  of t h e  mixed l a y e r  tempera ture  could b e  e x p l a i n e d  by s u r f a c e  
f l u x e s .  T h i s  was n o t  t rue ,  QE c o u r s e ,  i n  r e g i o n s  o f  c o a s t a l  or 
e q u a t o r i a l  u p w e l l i n g ,  where one needs  t o  i n c l u d e  a p a r a m e t e r i z a t i o n  of 
v e r t i c a l  mixing a c r o s s  t h e  b a s e  of t h e  mixed l a y e r  to  e x p l a i n  a 
comparable  p e r c e n t a g e  of t h e  v a r i a n c e .  F i n a l l y ,  i t  was i m p l i e d  from 
t h e  compar isons  t h a t  t h e  e r r o r  i n  e s t i m a t i n g  t h e  s u r f a c e  f l u x e s  was o f  
t h e  o r d e r  of 20 t o  30 W/n2, or h a l f  a s  much as  one  w o u l d  expect:  
summing t h e  e r r o r s  of i n d i v i d u a l  c o n t r i b u t o r s .  

a n a l y s e s  p r e s e n t e d  h e r e :  a s t a t i s t i c a l  d e s c r i p t i o n  of t h e  s u r f a c e  

The euccess of GIJE ocea?ography 

What d i u -  

What is  n w d e d  n e x t  a re  s u s t a i n e d  

The GWE d a t a  sets i n  t h e  e q u a t o r i a l  A t l a n t i c  and I n d i a n  Oceans were 

R. M o l i n a r i  p o i n t e d  o u t  t h r e e  remain ing  gaps i n  t h e  t y p e  o f  flux 
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f i e l d s  would allow i n t e r p o l a t i o n  into d a t a - s p a r s e  areas, a n  improved 
p a r a m e t e r i z a t i o n  o f  s u r f a c e  f l u x e s  would i n c r e a s e  t h e  a c c u r a c y  o f  t h e  
heat f laxes  i n t o  t h e  o c e a n ,  and  a c o o r d i n a t e d  s h i p - o f - o p p o r t u n i t y  
program would i n c r e a s e  data coverage  o v e r  t h e  tropical ocean.  

I t  was p o i n t e d  o u t  t h a t  o t h e r  8 o u r c e s  o f  error i n  t h e  c a l c u l a t i o n  
r e s u l t e d  from t h e  errors i n  estimation of mixed l a y e r  depth s i n c e  t h e  
error i n  t h e  ra te  of change  of t e m p e r a t u r e  is d i r e c t l y  proportional to 
t h e  f r a c t i o n a l  error in nixed l a y e r  d e p t h  (MLD). 

stress boundary  c o n d i t i o n s )  h a s  received much a t t e n t i o n ,  p a r t i c u l a r l y  
i n  t h e  tropical Oceans. A t  t h e  p r e s e n t  time, c o u p l e d  models of t h e  
ocean-atmosphere,  where SST n e e d s  to be d e r i v e d  r a t h e r  t h a n  i n p u t t e d ,  
are l imited by o u r  a b i l i t y  t o  model t h e  observed v a r i a t i o n s  i n  SST. 
PrqieSS is ba ing  made despite the f a c t  t h a t  g e t t i n g  SST Yrigh t s  is  one 
of t h e  more d i f f i c u l t  problems i n  t h e  nwdel ing.  
y e t  r e a s o n a b l y  mixed layer d e p t h s  f rom o n e - l a y e r  r e d u c e d  g r a v i t y  
e q u a t o r i a l  models, b u t  t h e  c o r r e l a t i o n  between HLD and SST is 
u n r  e l  iable . 

I t  was p o i n t e d  o u t  d u r i n g  t h e  d i s c u s s i o n  t h a t  a n  o p e r a t i o n a l  SST 
p r e d i c t i o n  effor t  is g o i n g  o n  a t  t h e  Naval  P o s t g r a d u a t e - S c h o o l  u s i n g  a 
mixed l a y e r  model and simple Ekman a d v e c t i o n s ,  a n d  t h a t  s e n s i t i v i t y  
s t u d i e s  h a v e  been done w i t h  t h i s  model to  asaess the tolerable  errors 
of t h e  w i n d s  needed f o r  g i v e n  errors i n  SST. 

In t h e  d i s c u s s i o n ,  S a r a c h i k  stressed t h a t  c o u p l e d  atmosphere-ocean 
models w i l l  be r e q u i r e d  in t h e  f u t u r e ,  t h a t  b e f o r e  s u c h  c o u p l i n g  is 
done ,  t h e  q u a l i t y  o f  e a c h  model can be c s s ~ s s e d  by l e a k i n g  a t  t h e  
s u r f a c e  a n d  b y  examining t h e  s u r f a c e  w i n d s  and  h e a t  f l u x e s ,  and  t h a t  
s u r f a c e  w i n d s  and f l u x e s  be s t a n d a r d  d i a g n o s t i c s  o f  atmospheric node19 
a n d  o f  t h e  W E  d a t a  se ts .  
l a r g e  u n c e r t a i n t i e s  i n  model f o r e c a s t s  o f  s u r f a c e  winds  a n d  f l u x e s ,  
which,  as  S a r a c h i k  n o t e d ,  is a s t r o n g  argument  €or p r e s e n t i n g  and  
e v a l u a t i n g  t h e s e  f i e l d s .  

Two c a v e a t s  s h o u l d  be added to  t h e  comments o f  Sarachik. One 
c o n c e r n s  h i s  s t a t e m e n t  t h a t  t h e  c h a r a c t e r i r : : i c s  o f  t h e  a n n u a l  s i g n a l  of  
SST v a r i a b i l i t y  a re  s u f f i c i e n t l y  known f o r  compar isons  w i t h  model ing 
resul ts ,  w h i l e  t h e  c h a r a c t e r i s t i c s  o f  the i n t  : r a n n u a l  s i g n a l  are  n o t  
a d e q u a t e l y  d e f i n e d  for t h i s  purpose.  T h i s  s t a t e m e n t  does n o t  p r e c l u d e  
t h e  p o s s i b i l i t y  t h a t  i n  many s i t u a t i o n s  i n t e r a n n u a l  s i g n a l s  may m e r e l y  
r e p r e s e n t  enhancements  or weakening o f  t h e  a n n u a l  s i g n a l  c a u s e d  by 
c h a n g e s  i n  p h a s e  or a m p l i t J d e  o f  t h e  a n n u a l  s i g n a l  o f  t h o s e  processes 
which d r i v e  SST v a r i a b i l i t y  (i.e., n o  new dynamics may be r e q u i r e d  to  
model i n t e r a n n u a l  v a r i a b i l i t y ) .  The s e c o n d  c a v e a t  c o n c e r n s  h i s  
s t a t e m e n t  t h a t  model r e s u l t s  o f  SST v a r i a b i l i t y  resemble SST f i e l d s .  
U n l e s s  d e t a i l e d  and q u z n t i t a t i v e  v e r i f i c a t i o n s  of models a r e  performed , 
it c a n n o t  be conf i rmed t h a t  model p h y s i c s  a r e  correct. For example,  a 
model may a m p l i f y  th'e e f f e c t  o f  h o r i z o n t a l  a d v e c t i o n  on SST f i e l d s  
w h i l e  u n d e r e s t i m a t i n g  t h e  effects  of s u r f a c e  fluxes. S i n c e  both 
f a c t o r s  c a n  induce  s i m i l a r  p a t t e r n s  of SST var i a b i l l t y  , c o m p a r i s o n s  
w i t h  o b s e r v a t i o n s  of c u r r e n t s  and  SST f i e l d s  a c e  r e q u i r e d  to d e t e r m i n e  
t h e  c r e d i b i l i t y  o f  t h e  m o d e l  r e s u l t s .  

M d e l i n g  the SST from o c e a n o g r a p h i c  models ( w i t h  6 p e c i f i e d  wind 

For example,  o n e  can 

O p e r a t i o n a l  modelers i n  a t t e n d a n c e  described 

i '  
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Achievements 

1- The GHE data set in the tropical oceans etiraulated an intensive 
and ongoing modeling activity that has done much to explain the 
seasonal response of these oceans to the annual wind stress. 

first synoptic observation of the circumpolar current. 

intercomparkson w i t h  GKX3 in situ measurements suggeots that achievement 
of the 0 . 9 C  tcquitemnt for cLimate variability with existing 
technology is likely. 

2. 

3. 

The drifting buoy6 in the aouthern hemisphere have provided the 

GUE satellites yielded the first global observation of SST, and 

Unresolved Problem and Recommendations 

1. 

2. 

Improvements are needed in the parameterization of surface 

Daily values of surface fields are needed to develop ntatiatics 
energy fluxes through intercontparjson of different observing system. 

describing the variability of wind speed, SST, SSP, humidity, etc., for 
use in analysis algorithm. 

3. 
hrodels to errors in the  wind field needs to be better defined. 

4 .  Improvements arc needed for atmospheric boundary layer 
simulation in analysis mdels to better assimilate surface wind 
observations and prcdd\:cc vex: ifiable surface wind sets. 

both operaticnal analysi>-'fsrccast atnospher ic models and general 
circulation models. 

orbiter radiometer data need to be saved. (According to current plans 
only a spatially subsampled set will be held permanently in the 
national archives.) 

data from the Advanced Very High Resolution Radioneter (AVHRR) should 
be organized in an archive to provide convenient access by 
oceanographic researchers. 

The stnsitivfty of sea-surface temperature derived from oceanic 

5. Surface wind and surface fluxes should be 8tsndard outputs of 

6. a. All original T I E X - N  and subsequent NOAA-series polar 

b. The full resolution (nominally 4 km) Global Area Covernae 

DESIGN OF THE FUTURE GLOBAL OBSERVING SYSTEM 

The second objective of the Global Weather Experiment is to define the 
necessary elements of an operztional global observing system with a 
reliable measure of the consequences on predictability from various 
compromises. 
objective are observing system impact studies, or observing system 
exper bents (OSE) , and simulated observing system expec iments (SOSE) . 
The former uses a given assimilation nodel complex to study the 
variation i n  forecapt s k i l l ,  evaluated against that conplex's own 
analyses of different combinations of components of an observ izq  
system. The latter is an attempt to minimize the amount of forecast 
error attributable to model error and predictability error by utilizing 

The principal research tools used to achieve this 
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a d e l .  sirnolater3 a t m c p h e r e  or " t r u t h "  from which observati..ne a r e  
g e n e r a t e d  and  caed by a d i f f e r e r i t m d e l .  
t h e  h p c t  of f u t u r o  obtiorving s y s t e m  c a n  be estimated. 

s i r n u l a t i o n  of f u t u r e  global obse rv ing  s y a t e m .  
compar ison  of t h e  a c c u r a c y  o f  t empera tu re  r e t r i e v a l s  f r m  HIPS 
h 3 t t W e n t ,  c u r r e n t l y  par t  o f  TXROS-N s a t e l l i t e  aeries, and t h e  
Advanced M o i s t u r e  and  T e E p e r a t u t e  Sounder (AHTS), o n e  o f  t'ie proposed  
f u t u r e  fmtCl l . f te  o b s e r v i n g  syStoLa8. 
NORA/HESS,  NXC, GLM, and t h e  U n i v e r s i t y  o f  Denver. Pour hundred real 
r a d i o s o n d e  sound ings ,  selected by P h i l l i p s  (mc) for t h e i r  g l o b a l  
r e p r e s e n t a t i v e n e s s ,  were used to  g e n e r a t e  .satellite obsaeved  
r a d i a n c e s , "  i n c l u d i n g  i n s t r u m e n t a l  and  a t m s p h e r i c  n o i s e  i n  clear a i r .  
F o r t y  more ~ o u n d m q s  were used  to s i m u l a t e  cloud c o n d i t i o n s ,  w i t h  
c l o u d i n e s s  v a r y i n g  fron 5 to 95 p e r c e n t .  Two d i f f e r e n t  t e m p e r a t u r e  
r e t r i e v a l  s y s t e n e ,  o n e  based on s t a t i s t i ca l  r e g r e s s i o n  and  t h e  o t h e r  OR 
t h e  i n v e r s i o n  of the p h y s i c a l  r a d i a t i v e  t r a n s f e r  e q u a t i o n s ,  were uoed 
t o  r e t r i e v e  t h e  a t a m s p h e r i c  t empera tu re  p r o f i l e s .  The r e b u l t s  
i n d i c a t e d  t h a t  the M S  w i l l  produce t e m  r a t u r e  sound ings  & m o t  0.5O 
more a c c u r a t e  t h a n  t h e  BIKS, and  abou t  l'more a c c u r a t e  n e a r  t h e  
s u r f a c e .  
accurate t h a n  t h e  s t a t i s t i ca l  m e t h o d ,  and  it was n o t  much a f z e c t e d  by 
clouds. 

compar ison  o f  i d e a l i z e d  s i n g l e  g l o b a i  o b s e r v i n g  sys t ems  a s s w e d  t o  
determine t h e  thrce-dir;ar.siona: f i e l d s  of e i t h e r  w i n d  o r  t e m p e r a t u r e ,  
as w e l l  as s u r f a c e  p r e s s u r e .  
a s s i m i l a t i o n  c y c l e ,  w i t h  a s i r rp l e  d i r e c t  i n s e r t i o n  a t  a l l  g r i d  p o i n t s .  
The s imulated o b s e r v a t i o n s  were e x t r a c t e d  from t h r e e  d i f f e r e n t  rmdel- 
s i m u l a t e d  atmospheres: a long run of t h e  GLRS f o u r t h  o r d e r  modcl n l n o  
used  i n  t h e  s i m u l a t i o n ,  a 20-day s i m u l a t i o n  u s i n g  t h e  ECc':I?P &el, and 
t h e  o p e r a t i o n a l  I N C  a n a l y s e s .  The p r i n c i p a l  r e s u l t  w a s  t h a t  t h r e e -  
d i m e n s i o n a l  wind and  s u r f a c e  p r e s s u r e  o b s e r v a t i o n s  were a o o u t  twice as 
e f f e c t i v e  i n  r educ ing  t h e  12-hour f o r e c a s t  errors a s  th ree -d imens ioaa l  
t e m p e r a t u r e  and  s u r f a c e  p r e s s u r e .  
o b s e r v a t i o n s  were e f f e c t i v e  i n  reducing  f o r e c a s t  e r r o r  i n  t h e  t r o p i c s .  

t h e  impact  of f u t u r e  obse rv ing  s y s t e m s  o n  numer i ca l  weather f o r e c a s t  
s k i l l .  
F u t u r e  Observ ing  Systems held a t  NMC i n  1983, w i t h  t h e  p a r t i c i p a t i o n  o f  
ECMWF, GFDL, and GLAS. This exper iment  u s e s  as " n a t u r e "  a 20-day E W F  
model r u n ,  f rom which s y n t h e t i c  o b s e r v a t i o n s  a r e  e x t r a c t e d  a t  t h e i r  
p rope r  g e o g r a p h i c a l  and  t empora l  l o c a t i o n s  and  wi th  a p p r o p r i a t e  
o b s e r v a t i o n a l  e r r o r s .  An important: e l emen t  of  t h i s  s i m u l a t i o n  sys tem 
is t h a t  t h e  r e s u l t s  a r e  c a l i b r a t e d  a g a i n s t  a r e a l  d a t a  impact  s t u d y ,  
OSE, usinrl t h e  GWE S p e c i a l  Observing Sys tem.  R e s u l t s  o b t a i n e d  so f a r  
i n d i c a t e  t h a t  b o t h  wind p r o f i l e s  and more a c c u r a t e  t e m p e r a t u r e  
r e t r i e v a l s  w i l l  f u r t h e r  i up rove  f o r e c a s t  skill, even  i n  t h e  n o r t h e r n  
hemisphere.  

G loba l  Obse rv lnq  S y s t e m  c a n  be viewed on  a s h o r t - t e r m  basls  (1.980s) and 

I t  is o n l y  w i t h  SOSEs t h a t  

Halon (see Vo~ume Two, S e s s i o n  I f )  p r e s e n t e d  t h r e e  examples  o f  
The f i r s t  o n e  was a 

The s i m u l a t i o n  was per formed b y  

The p h y o i c a l  r e t r i e v a l  ne thod  proved  to be flomewhat more 

"he second  s i m u l a t i o n  s t u d y  (HaleGI and  Dlouhy, 1984) was a 

These o b s e r v a t i o n s  were used  i n  a 12-hour 

Only t h e  t h r e e - d i n e n s i o n a l  wind 

The t h i r d  s t u d y  is an  a t t e m p t  to produce t h e  most r e a l i s t i c  s t u d y  Of 

The expe r imen t  was desiS,ied i n  a Workshop on  S i m u l a t i o n  O f  

The f u t u r e  e x t e n s i o n  of t h e  c u r r e n t  space-based component of t h e  

' I  

' I  
I 
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a l o n g e r  term (1990 snd  beyond). On a s h o r t e r  t i m e  scale, improved 
vertical  s o u n d e r s  are planned t h a t  w i l l  provide t e m p e r a t u r e  p r o f i l e s  
w i t h  a r e d u c t i o n  i n  errors from p r e s e n t  l e v e l s  of 0.5 to  1.0%. In 
a d d i t i o n ,  better humidi ty ,  total  p ; e c i p i t a b l e  water, and  s u r f a c e  
t e m p e r a t u r e  measurements  w i l l  be possible. On t h e  l o n g e r  time scale, 
satel l i t rbased l idar  p rob ing  s y s t e m  proolirae to  g i v e  measurements  of 
wind p r o f i l e s ,  and r e c u r r e n t  scanning  retitote tomography c o u l d  be the 
basis f o r  improved and  more v e r s a t i l e  (microwave) s e n s i n g  s y s t e m .  

Observ ing  System (GOS) d e s i g n ,  we do n o t  know a t  p r e s e n t  t h e  optimum 
mix of wind and  temperature maasurenients, however o b t a i n e d ,  nor  do w e  
u n d e r s t a n d  what  e x a c t l y  should  be done  i n  t h e  t r o p i c s .  Moreover, t h e  
q u e s t i o n  of t h e  i n c l u s i o n  i n  a f u t u r e  space-based 60s o f  non-s tandard  
Vatiable8, s u c h  as p r e c i p i t a t i o n ,  c l o u d s ,  a n d  i n f r a r e d  imagery,  n e e d s  
to  be  addressed. 

Whi le  SOSE and OS& r e s u l t s  are conve rg ing  on  t h e  basis f o r  a Global 

A c h . i e v e r n  ts 

1. T h e r e  w a s  good agreement  between t h e  data impact c o n c l u s i o n s  o f  
t h r e e  g r o u p s  (EXXWF, GLAS, and AtWRC). (See detailed list i n  s e c t i o n  
o n  Data Impacts o n  F o r e c a s t s . )  

o u t  t h a t  are i n  g e n e r a l  a g r e m e n t  w i t h  the r e s u l t s  o f  the d a t a  impac t  
e x p e r i m e n t s  ( above ) .  These  s i m u l a t i o n  e x p e r i w n t o  i n d ' i c a t e  ihat wind 
o b s e r v a t i o n s  a re  mre e f f e c t i v e  i n  r educ ing  f o r e c a s t  errOK t h a n  
t e m p e r a t u r e  meaal?rercients. They a160 i n d i c a t e  t h a t  f u t u r e  tem,perature 
aounder s  c a n  reduce t h e  rms t empera tu re  error ove r  p r e s e n t  c a p a b i l i t y  
by 0.5 t o  1.0%. 

2. Simula t ed  Observing System Exper iments  (SOSE) have  been  carried 

Unresolved  Problems at73 Recommendations 

1. Both SOSE and t h e  real d a t a  impact  expe r imen t s  {OSE) p r o v i d e  
v a l u a b l e  i n f o r m a t i o n  to  g u i d e  t h e  d e s i g n  o f  improved f u t c r e  o b s e r v i n g  
i n s t r u m e n t s .  
effects o f  s i n g l e - l e v e l  data v e r s u s  t h r e e - d i m n s i o n a l  o b s e r v a t i o n s ,  
o b s e r v a t i o n a l  e r r o r  c o r r e l a t i o n s ,  t h e  u s e  of nonconven t iona l  d a t a  s u c h  
as cloud imagery and  p r e c i p i t a t i o n ,  and o t h e r  n p e c i f i c  q u e s t i o n s .  

i n t e g r a t e  r e s u l t s  from t e c h n o l o g i c a l  f e a s i b i l i t y  s t u d i e s  and  from 
obsecv ing  sys t ems  s i m u l a t i o n  s tud ie s .  

More exper iments  need to be performed to explore t h e  

2. System s t u d i e s  of t h e  f u t u r e  g l o b a l  o b s e r v i n g  sys t em shou ld  



. . . . ._ - . -- -- --- 

I -  I 

. 

\ 

Cadet, D.L. (1983). Wan fields of precipitable water over the Indian 
Ocean during the 1979 811181er monsoon from TINS-N soundings and FCGE 
data. T c l l u s  358:329-345. 

Cats, C.J., and W. Wergen (1982) ., Analysis of large-scale normal modes 
in the Ecylk'P analysis schem. In E M W P  Workshop on Current Problems 
in Data Assimilation. 

The Global Weather Bxpecim6nt 11. 
period. Bull. Am. Meteorol. S q .  60:1316-1322. 

G u y w r ,  L.B. I and J.P. LeHarshall (1981). Impact of FGGE buoy data on 
southern hemisphere analyses. Dull. Am. Heteorol. Soc. 62:3$-47. 

GuyEler, L.B. (1978). Cperational apjlication of satellite inagery. 
Tech. Rept. 29. Bureau of Meteorology, Meltoarnc. 

Halen, H., and R.V. Dlouhy ( 1 9 8 4 ) .  Observing system simulation 
experiments related to spaceborne LIDAR wind p r o f i l i n g .  
Forecast impacts of highly idealized observing systems. Conference 
on Satellite/Remote Sensing and Application, June 25-29? 1984, 
Clearwater Beach, Florida, AMs, 272-279. 

in the equatorial Pacific. 

downdrafts in cumulus and synoptic-scale interactions. J. Atmos. 
Sci. 33:1890-1910. 

(1984). 
prediction using a global  spectral model 11. Part 11: Effects of 
orography and physical initialization. J. Hcteorol SOC.  japan 62: 

Available from ECHWP, Bracknell, England. 
P l e ~ i n g ,  R.J., T.W. Raneshige, W.E. HcCovern, and T.E. Bryan (1979)-. 

The second special observing 

Part  I: 

Hansen, D.V., and C.A. Paul (1985). Genesis and effects of long waves 

Johnson, R.H. (1976). The role of convective-scsle precipitation 
Submitted to J. Geophys. R e s .  

Krishnamurti, T . N . ,  K. Ingles, S. Cocke, R. Pasch, and T. Kitade 
Details of low latitude medium-range numeric,al weather 

613-650. 
Lorenz, E.N. (1982a). Some aspects of atmospheric predictability. 

Pp. 1-20 in Problems and Prospects in Long and Medium Rancje Weather 
Forecasting, EQWF Seminar 1981. 

large numerical model. Tellus 34:505-513. 

range. Pp. '133-139 in Predictability of Fluid blotion, 1983 
Conference Proceedings., C. Holloway and 8 .  West, eds.. American 
Institute of Physics, La J o l l a ,  Calif. 

LOrenz, E.N. (1902b). Atmospheric predictability experiments with a 

Lorenz, E.N. (1983). Estimates of atmospheric predict.ability at mdium 

---. 

67 



- ~ - - - -  I - '!. . -- __.- ~ ___ - - 
1 

68 

Luo, H., and N. Yanai (1984). The large-scale circulation and heat 

I '  
1 ,  

sources over the Tibetan Plateau and surrounding areas during the 
early summer of 1979. Part 11: neat and moisture budgete. Mon. 
Weather Rev. 112:966-989. 

McCreary, J., Jr., D.W. Moore, and J.M. Witte, eds. (1981). Recent 
Progress in Equatorial Oceanogriiphy, a report of the final meeting 
of SCOR Working Group 47, Venice, Italy. Nova University/N.Y.I.T. 
Press, 466 pp. 

McMillin, L.M., D.G. Gray, H.P. Drakos, M.W. Chalfont, and C.S. Novak 
(1983). 
soundings. J. Clim. Appl. Meteorol. 22:1948-1955. 

soil moisture derived from space observations. 

the central Arctic. Mon. Weather Rev. 111:1744-1758. 

Improvements in the accuracy of operational sltellite 

Mtntz, Y., J. Susskind, and J. Dorman (1985). Evapotranspiration and 

Moritz, R.E. (1983). Accuracy of surface geostroghic wind forecasts in 

Rasch, P. (1985). Extending n o r m 1  mode initialization; diagnostics of 

(In preparation.) 

,?.. ' -. 

;i 

Sm 
problems and testing of a new scheme. Mon. Weather Rev. (in press). 
th, W.L. ,  H.H. Wolff, C.H. Hayden,. A.J. Schreinez, and J.F. 
LeMarshall (1983). The physical retrieval TOVS expert package. In 
W.P. Menzel (ed.), Techn'ical Proceedings of the F i r s t  International 
TOVS Study Conference. A report from the Cooperative Institute for 
Meteorolcgical Satellite Studies, 1225 West Dayton Street, Madison, 
Wisconsin 53706. 

Susskind J., J. Rosenfield, D. Reuter, and H.T. Chahine (1964). 
Remote sensing of weather and c l  imate parameters from €iIRS2/MSU 0% 
TIROS-N. J. Geophys. Res. 89D::577-4697. 

Perspectives on Its Implementation and Exploitation. National 
Academy of Sciences, 104 pp. 

Wallace, J.M., and D.S. Gutzler (1981). Teleconnections in the field 
potential height field daring the Northern Hemisphere winter. Kon. 
Weather Rev. 109(4) :784-812. 

Pp. 41-134 in The Results of the Globa1,Weather Experiment, WMO 
Document No. 610. 

U.S. Comqittee for W P  (1978). The Global k'eather Experiment-- 

Zillm:., J.W. (1983). The impact of the Global Weather Experiment. 



i 

* .  

1 .-. 

i 

. .  

ACDWS 
AIDS 

AKTLX 
A W R C  
ASDAR 
AVHRR 
=x 
DST 
E W F  
Epocs 
FGGE 
FSU 
GARP 
GATE 
GCH 
GFDL 
G S G  
GOS 
GWE 
HIRS 
LIMS 
HCC 
M L D  
MONBX 
NSU 
NCAR 
NEPRF 
NESS 
NMC 
NORA 
NOSAT 
NWP 
01 
OS E 
PBL 
P N A  
s &.IS 

A i r - x a f  t Dcopwindsonde System 
A i r c - a f t  I n t e g r a t e d  Data  System 
A i r  Pass Trans fo rma t ion  E.:perineQt 
A u s t r a l i a n  Numerical M e t e o r o l o g i c a l  Research  Center  
A i r c r a f t  to S a t e l l i t e  Data  k e l a y  
advanced v e r y  h igh  r e s o l u t i o n  rad: m e t e r  
Barbcdos Ocean Meteoro log ica l  Experiman t 
d a t a  sys tem t e s t s  
European C e n t r e  f o r  Medium Range Weather F o r e c a s t s  
E q u a t o r i a l  P a c i f i c  Ocean C l i m a t e  S t u d i e s  
F i r s t  Global GARP Experiment  
F l o r i d a  S t a t e  U n i v e r s i t y  
Global Atmospheric Research Program 
GARP A t l a n t i c  T r o p i c a l  Faper imen t 
g l o b a l  c i r c u l a t i o n  modo1 
Geophys ica l  F l u i d  Dynamics Labora to ry  
Goddard Labora tory  for A t m s p h e r i c  S c i e n c e  
Globa l  Observing System 
Globa l  Weather Exper i m n t  
h i g h  r e s o l c t i o n  i n f r a r e d  sounder 
Limb i n f r a r e d  monitor of t h e  s t r a t o s p h e r e  
mesosca le  convec t ive  complex 
mixed l a y e r  d e p t h  
Monsoon Experiment  
microwave sounding  u n i t  
Nat io . ia l  Center  f o r  Atmospheric  Research  
Naval Environmental  P r e d i c t i o n  Research F a c i l i t y  
N a t i o n a l  Ea r th  S a t e l l i t e  S e r v i c e  
N a t i o n a l  Weteo ro log ica l  Cen te r  
N a t i o n a l  Oceanic  and Atmospheric  Adminis t ra t ;on  
no s a t e l l i t e  ( d a t a )  
numer ica l  weather  p r e d i c t i o n  
optimum i n t e r p o l a t i o n  
o b s e r v i n g  s y s  terns exper inen  t 
p l a n e t a r y  boundary l a y e r  
P a c i f i c  North Ai e r i c a  
s t r a t o s p h e r e  and mesosphere sounder  
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SCOR 
SEQUAL 
SLP 
SMMR 
so 
s OP 
sos 
SOSE 
ss P 
SST 
TCLBS 
T I R O S  
TOGA 
TOMS 
Tovs 
Twos 
urn0 
VAS 
VTPR 
WMO 
hww 

S c i e n t i f i c  Committee on  Ocean ic 'Resea rch  
S e a s o n a l  E q u a t o r i a l  A t l a n t i c  Experiment  
sea l e v e l  p r e s s u r e  
scann ing  mul t i f r equency  microwave r ad iomete r  
s u r f a c e  o n l y  ( d a t a )  
s p e c i a l  obse rv ing  periods 
special obse rv ing  s y s t e m  
s i m u l a t e d  obse rv ing  sys t ems  expe r imen t  
sea s u r f a c e  pressure 
sea s u r f a c e  t empera tu re  
T r o p i c a l  Cons tan t  Leve l  Ba l loon  Sys tem 
T e l e v i s i o n  and  I n f r a r e d  Obse rva t ion  Sa te l l i t e  
T r o p i c a l  Ocean/Global Atmosphere 
t o t a l  ozone  mapper 
TIROS o p e r a t i o n a l  v e r t i c a l  sounder  
T r o p i c a l  Wind Observing S h i p s  
Un i t ed  Kingdom H e t e o r o l o g i c a l  O f f i c e  
ve r t i ca l  a tmosphe r i c  sounder  
v e r t i c a l  t empera tu re  p r o f i l e  r a d i o m e t e r  
World Meteo ro log ica l  O r g a n i z a t i o n  
World Weathex Watch 
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