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1. INTRODUCTION 

A s e r i e s  o f  r e a l i s t i c  s i m u l a t i o n  s t u d i e s  
i s  be ing  conducted as a coopera t i ve  e f f o r t  
between t h e  European Centre f o r  Medium Range 
Weather Forecasts  (ECMWF) , t h e  Na t iona l  Meteoro- 
l o g i c a l  Center (NMC), and t h e  Goddard Laboratory  
f o r  Atmospheric Sciences (GLAS) , t o  p r o v i d e  a 
q u a n t i t a t i v e  assessment o f  t h e  p o t e n t i a l  impact 
o f  proposed observ ing systems on l a r g e  scale 
numerical weather p r e d i c t i o n .  A spec ia l  objec- 
t i v e  o f  t h i s  p r o j e c t  i s  t o  avoid t h e  u n r e a l i s t i c  
cha rac te r  o f  e a r l i e r  s i m u l a t i o n  s tud ies.  Fol -  
l o w i n g  a b r i e f  rev iew  o f  p rev ious  s i m u l a t i o n  
s tud ies  and r e a l  data impact t e s t s ,  t h e  method- 
o logy  f o r  t h e  c u r r e n t  s i m u l a t i o n  system w i l l  be 
described. Resu l t s  f rom an assessment o f  t h e  
r e a l i s m  o f  t h e  s i m u l a t i o n  system and o f  t h e  
p o t e n t i a l  impact of advanced observ ing systems 
on numerical weather p r e d i c t i o n  w i l l  be 
presented a t  t h e  conference. 

2. EARLY SIMULATION STUDIES 

Since t h e  advent o f  me teo ro log i ca l  s a t e l -  
l i t e s  i n  t h e  1960s, a cons ide rab le  research 
e f f o r t  has been d i r e c t e d  toward t h e  des ign  o f  
space-borne me teo ro log i ca l  sensors, t h e  develop- 
ment o f  opt imal  methods f o r  t h e  u t i l i z a t i o n  o f  
s a t e l l i t e  soundings and winds i n  g l o b a l - s c a l e  
models, and an assessment o f  t h e  i n f l u e n c e  o f  
e x i s t i n g  s a t e l l i t e  d a t a  and t h e  p o t e n t i a l  
i n f l u e n c e  of f u t u r e  s a t e l l i t e  da ta  on numerical 
weather p r e d i c t i o n .  Observing system s i rnu la t i on  
experiments have p layed an impor tant  r o l e  i n  
t h i s  research and i n  t h e  p lann ing  o f  Data 
Systems Tests  (DST) and t h e  F i r s t  GARP Global 
Experiment (FGGE). Such s t u d i e s  have a ided i n  
t h e  des ign  o f  t h e  g loba l  observ ing system, t h e  
t e s t i n g  o f  d i f f e r e n t  methods o f  a s s i m i l a t i n g  
s a t e l l i t e  data, and i n  assessing t h e  p o t e n t i a l  
impact o f  s a t e l l i t e  da ta  on weather fo recas t i ng .  

The e a r l i e s t  s i m u l a t i o n  s t u d i e s  proceeded 
accord ing t o  t h e  f o l l o w i n g  sequence o f  steps: 
F i r s t ,  an a r t i f i c i a l  h i s t o r y  o f  t h e  atmosphere 
i s  c rea ted  by numerical i n t e g r a t i o n  o f  a model. 
Second, s imulated "data" a r e  c rea ted  f rom t h e  
h i s t o r y  by  a d d i t i o n  o f  random v a r i a t i o n s  t o  t h e  
h i s t o r y  values f o r  temperature, wind, and 
pressure. Thihd, t h e  numerical i n t e g r a t i o n  t h a t  
c rea ted  t h e  h i s t o r y  i s  repeated, b u t  w i t h  t h e  

me teo ro log i ca l  v a r i a b l e s  i n  t h e  model rep1 aced 
by t h e  s imulated data a t  l o c a t i o n s  and t imes 
corresponding t o  t h e  assumed p a t t e r n  o f  obser- 
vat ions.  

Fo r  example, i f  t h e  observ ing subsystem 
under s tudy i s  designed t o  produce wind data, 
t h e  winds i n  t h e  h i s t o r y  a re  rep laced by simu- 
l a t e d  wind "data"  a t  l o c a t i o n s ,  he ights ,  and 
t imes  corresponding t o  t h e  coverage expected 
f rom t h e  observ ing system. 
d i r e c t e d  a t  t h e  performance o f  an observ ing sub- 
system design t o  y i e l d  temperature o r  pressure 
i n fo rma t ion ,  t h e  temperature o r  pressure va lues 
i n  t h e  h i s t o r y  a r e  rep laced by t h e  r e s p e c t i v e  
s imu la td  "data"  i n  a s i m i l a r  fash ion.  

I f  t h e  study i s  

I f  t h e  da ta  had no e r r o r s ,  and t h e r e f o r e  
were i d e n t i c a l  w i t h  t h e  h i s t o r y  values, and was 
i n s e r t e d  a t  a l l  g r i d  po in ts ,  t h e  new i n t e g r a t i o n  
would be i d e n t i c a l  w i t h  t h e  h i s t o r y .  However, 
when e r r o r s  a r e  present, t h e  i n s e r t e d  da ta  
p e r t u r b  t h e  computed c i r c u l a t i o n ,  causing i t  t o  
depar t  f rom t h e  h i s t o r y .  
t h e  h i s t o r y  and t h e  per turbed c i r c u l a t i o n  
r e s u l t i n g  f rom t h e  data i n s e r t i o n  i s  a measure 
o f  t h e  e f f e c t  o f  t h e  e r r o r s  i n  t h e  s imulated 
data. The e f f e c t  o f  t h e  e r r o r s  u s u a l l y  i s  
expressed i n  terms o f  d i f f e r e n c e s  o f  t h e  ineteor- 
o l o g i c a l  v a r i a b l e s  such as wind components, 
averaged over  a l l  p o i n t s  o f  t h e  computing g r i d .  
These d i f f e r e n c e s  a r e  considered t o  represent  
t h e  e r r o r s  i n  t h e  de te rm ina t ion  o f  t h e  g loba l  
atmospheric s ta tes ,  r e s u l t i n g  f rom t h e  assumed 
e r r o r s  i n  t h e  observ ing system. 

data and data coverage and assess t h e i r  impact 
on f o r e c a s t i n g  s k i l l ,  a somewhat d i f f e r e n t  
approach has been u t i l i z e d  (Cane e t  al., 1981). 
I n  t h i s  procedure a f o r e c a s t  m o d e m n t e g r a t e d  
f o r  a l o n g  per iod,  such as one o r  two months. 
T h i s  l o n g  r u n  i s  t hen  assumed t o  be "nature." 
"Observations" a r e  then  e x t r a c t e d  f rom t h e  
na tu re  run, f o l l o w i n g  a s u i t a b l e  geographical 
and temporal d i s t r i b u t i o n ,  and random "observa- 
t i o n a l "  e r r o r s  a r e  added. These s imulated 
observat ions a r e  then  a s s i m i l a t e d  w i t h  an 
a n a l y s i s  cyc le ,  and t h e  same model i s  used as 
a " f o r e c a s t  model" f rom t h e  analyzed f i e l d s .  

The d i f f e r e n c e  between 

I n  o r d e r  t o  s imu la te  d i f f e r e n t  t ypes  of 

283 



Simu la t i on  s t u d i e s  conducted by Charney 
e t  a l .  (1969), Halem and Jast row (1970), Jast row 
and Halem (1970, 1973), Wi l l iamson and Kasahara 
(1971) , Kasahara (1972) , Gordon e t  a l .  (1972) , 
and o the rs  i n d i c a t e d  t h a t  a l l  th- t h e  
p r imary  me teo ro log i ca l  v a r i  ab1 es--wi nd, pressure, 
and temperature--could be determined i f  a 
cont inuous t i m e  h i s t o r y  o f  any one o f  these 
v a r i a b l e s  were i n s e r t e d  i n t o  a general c i r c u l a -  
t i o n  model. 
an a n a l y s i s  o f  t h e  GARP data requirements, t h e  
" u s e f u l "  range o f  p r e d i c t a b i l i t y ,  t h e  need f o r  
re fe rence  l e v e l  data, and t h e  r e l a t i v e  u s e f u l -  

I n  a d d i t i o n ,  t hese  s t u d i e s  prov ided 

t h a t  produce m e t e o r o l o g i c a l l y  s i g n i f i c a n t  
improvements i n  t h e  72 h f o r e c a s t s  over  Nor th  
America. Also, t h e  f i r s t  FGGE case s tud ies  
repo r ted  by Bengtsson (1981a,b) w i t h  t h e  ECMWF 
model, i n d i c a t e d  improvements i n  sho r t -  and 
extended-range f o r e c a s t s  w i t h  t h e  FGGE data. 
S i m i l a r l y ,  Gustaf fson (1979), employing t h e  
Swedish opera t i ona l  f o r e c a s t / a n a l y s i s  system 
(i .e., a 300 km, quasi -geost rophic  model), 
showed pe r iods  d u r i n g  t h e  f i r s t  Special 
Observing Per iod  (SOP-1) i n  which t h e  s a t e l l i t e  
i n f o r m a t i o n  had a p o s i t i v e  impact on t h e  objec- 
t i v e  a n a l y s i s  which a l s o  r e s u l t e d  i n  improved 

ness of asynopt ic  versus synop t i c  measurements numerical forecasts .  
and ana lys i s .  From t h e  r e s u l t s ,  i t  was concluded 
t h a t  t h e  a s s i m i l a t i o n  o f  s a t e l l i t e - d e r i v e d  
temperature p r o f i l e s  meeting t h e  GARP data 
s p e c i f i c a t i o n s  should y i e l d  a s u b s t a n t i a l  
improvement t o  t h e  accuracy o f  numerical weather 
f o r e c a s t s  . 

An examinat ion of t h e  u n d e r l y i n g  r a t i o n a l e  
f o r  t h e  s i m u l a t i o n  s t u d i e s  as p r e v i o u s l y  con- 
ducted (Jast row and Halem, 1973), as w e l l  as 
a comparison o f  t h e  r e s u l t s  o f  t h e  above s t u d i e s  
w i t h  t h e  r e s u l t s  o f  subsequent r e a l  data impact 
t e s t s  i n d i c a t e s  severa l  impor tan t  l i m i t a t i o n s .  
The most impor tan t  weakness stems from t h e  f a c t  
t h a t  t h e  same numerical model has been used 
b o t h  t o  generate t h e  s imulated observat ions and 
t o  t e s t  t h e  ef fect iveness of these observat ions.  
Other weaknesses r e l a t e  t o  t h e  model-dependence 
o f  t h e  s t u d i e s  and t h e  s p e c i f i c a t i o n  o f  observa- 
t i o n a l  e r r o r s  as random. 

3. REAL DATA IMPACT TESTS 

I n  recen t  r e a l  da ta  impact s tud ies ,  most o f  
t h e  q u a l i t a t i v e  conclus ions o f  t h e  preceeding 
observ ing system s i m u l a t i o n  experiments have 
been confirmed, a l though i n  some respec ts  t h e  
r e s u l t s  appear t o  be o v e r l y  o p t i m i s t i c .  
p a r t i c u l a r ,  i t  was c l e a r  f rom est imates o f  t h e  
q u a l i t y  of s a t e l l i t e  temperature soundings and 
c loud - t rack  wind data obta ined d u r i n g  t h e  NASA 
Data Systems Test (DST) , (Desmarais e t  al., 
1979) t h a t  t h e  accurac ies o f  t h e  FGGE s a t e l l i t e  
observ ing systems would be cons ide rab ly  poorer  
than  were needed t o  i n f e r  wind p r o f i l e s  o f  t h e  
accuracy s p e c i f i e d  i n  t h e  GARP da ta  r e q u i r e -  
ments. Moreover, as a r e s u l t  o f  these DST 
s tud ies ,  expec ta t i ons  t h a t  t h e  FGGE observ ing 
system would s i g n i f i c a n t l y  improve t h e  f o r e c a s t  
s k i l l  and range o f  use fu l  p r e d i c t a b i l i t y  a l s o  
were quest ionable.  Fo r  example, a f o r e c a s t  
impact t e s t  by G h i l  e t  a l .  (1979) w i t h  a coarse 
r e s o l u t i o n  second-or-del showed o n l y  a 
modest b e n e f i c i a l  impact o f  t h e  DST-6 s a t e l l i t e  
sounding data, w h i l e  a s i m i l a r  s tudy by Tracton 
e t  a l .  (1980) revealed a s l i g h t  nega t i ve  impact 
f o r T - 5  and a s l i g h t  p o s i t i v e  impact f o r  
DST-6, b o t h  of which were m e t e o r o l o g i c a l l y  
i n s i g n i f i c a n t .  

temperature-soundi ng impact t e s t  was repeated 
w i t h  a more accurate f o r e c a s t  model employing 
h i g h e r  r e s o l u t i o n ,  A t l a s  (1979, 1982) and A t l a s  
e t  a l .  (1979, 1982) showed t h a t  t h e  DST data 
were i n  c e r t a i n  cases capable o f  making m o d i f i -  
c a t i o n s  t o  t h e  analyzed atmospheric s t a t e s  

I n  

More r e c e n t l y ,  however, when t h e  same DST-6 

These r e s u l t s  a r e  supported by our  recen t  
i n v e s t i g a t i o n  o f  t h e  FGGE s a t e l l i t e  observ ing 
system f o r  t h e  SOP-1 p e r i o d  (Halem e t  al., 
1982). U t i l i z i n g  t h e  GLAS Four th  Order Global 
Atmospheric Model, an ex tens i ve  s e r i e s  o f  data 
a s s i m i l a t i o n / f o r e c a s t  impact experiments have 
been conducted. 
a l though t h e  GARP da ta  accuracy requi rements f 
t h e  s a t e l l i t e  observ ing systems were n o t  met, 
a s s i m i l a t i o n  o f  FGGE s a t e l l i t e  da ta  i s  capable 
o f  p r o v i d i n g  a reasonable de te rm ina t ion  o f  t h e  
complete atmospheric s ta te.  I n  general,  a sma 
improvement t o  f o r e c a s t  s k i l l  i n  t h e  Nor thern 
Hemisphere and a l a r g e r  improvement i n  t h e  
Southern Hemisphere r e s u l t s  f rom t h e  ass imi-  
l a t i o n  o f  s a t t e l l i t e  soundings and c loud - t rack  
winds. 

These experiments show t h a t  

4. REMAINING PROBLEMS AND THE PRESENT STUDY 

The r e s u l t s  o f  t h e  r e a l  data impact s t u d i e s  
i n d i c a t e  t h a t  major  d e f i c i e n c i e s  i n  t h e  g loba l  
observ ing system s t i l l  e x i s t  and t h a t  t h e  FGGE 
s a t e l l i t e  sounders a r e  f a r  from opt imal .  
Advanced pass ive i n f r a r e d  and microwave sounders 
and a c t i v e  scat terometer  and l i d a r  sounders i n  
a v a r i e t y  o f  combinations have r e c e n t l y  been 
proposed t o  improve t h e  accuracy o f  s a t e l l i t e  
obse rva t i ons  and extend t h e  u s e f u l  range of 
numerical weather p r e d i c t i o n .  Real i s t i c  
observ ing system s i m u l a t i o n  experiments are 
r e q u i r e d  t o  determine which o f  t h e  proposed 
ins t rumen ts  w i l l  p rov ide  t h e  g r e a t e s t  improve- 
ments as w e l l  as t h e  opt imal  des ign o f  t h e  
f u t u r e  g loba l  observ ing system. 

As i n d i c a t e d  before,  p rev ious  s i m u l a t i o n  
s tud ies  have been cha rac te r i zed  by t h e  use o f  
t h e  same model t o  s imu la te  "na tu re "  and observa- 
t i o n s  and t o  produce forecasts .  T h i s  " i d e n t i c a l  
t w i n "  problem may d i s t o r t  t h e  conclus ions 
d e r i v e d  f rom such s tud ies ,  as discussed i n  t h e  
f o l l o w i n g  sect ion.  

I n  t h e  present  study, we at tempt  t o  avo id  
these l i m i t a t i o n s  by des ign ing  a more r e a l i s t i c  
s i m u l a t i o n  system and c a l i b r a t i n g  i t s  r e s u l t s  
by comparison w i t h  r e a l  da ta  experiments 
performed w i t h  a s i m i l a r  system, and by accu- 
r a t e l y  s i m u l a t i n g  t h e  expected accuracy and 
c h a r a c t e r i s t i c s  o f  obse rva t i ona l  systems. The 
s i m u l a t i o n  system w i l l  t hen  be used t o  study 
t h e  p o t e n t i a l  impact of advanced pass ive 
sounders and 1 i d a r  temperature, pressure, humi- 
d i t y ,  and wind observ ing systems. 
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5. DESIGN OF THE SIMULATION SYSTEM 

The a n a l y s i s / f o r e c a s t  s i m u l a t i o n  system 
c o n s i s t s  o f  f o u r  elements: 1) An atmospheric 
model i n t e g r a t i o n  t o  p r o v i d e  a complete reco rd  
o f  t h e  " t r u e "  s t a t e  o f  t h e  atmosphere ( c a l l e d  
nature). Th i s  reco rd  i s  t hen  used t o  f a b r i c a t e  
obse rva t i ona l  r e p o r t s  and t o  eva lua te  analyses 
and forecasts .  2) A convent ional  data ass im i la -  
t i o n  c y c l e  t h a t  i s  used as t h e  " c o n t r o l  exper i -  
ment." The c o n t r o l  experiment i s  l i k e  an 
opera t i ona l  f o recas t -ana lys i  s c y c l e  based on 
convent ional  observat ions,  except t h a t  i t  makes 
use o f  f a b r i c a t e d  convent ional  data obta ined 
f rom t h e  na tu re  r u n  t o  produce t h e  analyzed 
f i e l d s .  3 )  A s a t e l l i t e  d a t a  a s s i m i l a t i o n  t h a t  
d i f f e r s  f rom t h e  c o n t r o l  i n  a l s o  i n c l u d i n g  
f a b r i c a t e d  s a t e l l i t e  d a t a  i nco rpo ra ted  i n  an 
i n t e r m i t t e n t  o r  t ime-cont inuous manner, i n  t h e  
fo recas t -ana lys i  s cyc le .  4)  Forecasts  produced 
f rom b o t h  c o n t r o l  and s a t e l l i t e  i n i t i a l  condi- 
t i ons .  
na tu re  p rov ides  an assessment o f  t h e  impact of 
sate1 1 i t e  data. 

Two impor tan t  cons ide ra t i ons  a re  i nvo l ved  
i n  t h e  des ign  o f  t h e  c o n t r o l  a s s i m i l a t i o n  run:  
t h e  na tu re  o f  t h e  i n i t i a l  cond i t i ons ,  and t h e  
f o r e c a s t  model used. I n  r e a l i t y ,  shor t - range 
f o r e c a s t s  have e r r o r s  stemming f rom t h r e e  
d i f f e r e n t  sources: 
s ta te ;  2) model e r r o r s  t h a t  can be asc r ibed  t o  
numerical t r u n c a t i o n  ( h o r i z o n t a l  and v e r t i c a l  
t r u n c a t i o n  e r r o r s  due t o  i n s u f f i c i e n t  r e s o l u t i o n ) ;  
and 3 )  model e r r o r s  t h a t  can be asc r ibed  t o  t h e  
"phys ics"  o f  t h e  model. 
pa ramete r i za t i on  o f  subgr id  processes 1 i k e  
r a d i a t i o n ,  cumulus convection, and f r i c t i o n ,  as 
w e l l  as sources o f  ex te rna l  f o r c i n g ,  l i k e  
orography, sea/land con t ras t ,  and even t h e  use 
o f  an a r t i f i c i a l  r i g i d  t o p  boundary cond i t i on ,  
common t o  a l l  numerical models. Numerical and 
"phys i ca l  I' d e f i c i e n c i e s  i n t r o d u c e  s s temat i c  

ev iden t  i n  t h e  d i f f e r e n c e s  between model and 
ohserved c l i m a t o l o g i c a l  averages. A s t r i k i n g  
example o f  these c l  ima to l  o g i c a l  e r r o r s  i s  
apparent i n  t h e  s t a t i o n a r y ,  f o r c e d  p l a n e t a r y  
waves. 
n u m e r i c a l l y  w e l l  resolved,  t h e y  a r e  no t  w e l l  
s imulated by numerical models. 
f o recas t ,  a model tends t o  d r i f t  towards i t s  own 
c l ima to logy ,  so t h a t  se r ious  e r r o r s  i n  t h e  
s t a t i o n a r y  waves a r e  apparent a f t e r  even a 
s h o r t  t ime. For  r e a l  i s t i c  s i m u l a t i o n  s tud ies ,  
a l l  t h r e e  sources of e r r o r s  should be simulated. 
I n  p rev ious  s i m u l a t i o n  experiments, t h e  
model was used t o  produce t h e  " t r u e "  s t a t e  and 
" fo recas ts . "  Therefore, t h e  e r r o r s  i n  t h e  f o r e -  
c a s t s  were due o n l y  t o  e r r o r s  i n  t h e  i n i t i a l  
cond i t i ons .  Th i  s method ( " i d  e n t i  c a l  t w i n  
exper iment" )  has t h e  apparent advantage t h a t  i t  
i s o l a t e s  t h e  e f f e c t  o f  i n i t i a l  da ta  e r r o r s  and 
avoids b o t h  numerical and "phys i ca l  I' er ro rs .  
On t h e  o t h e r  hand, i t  has a ve ry  impor tan t  
shortcoming: s ince  t h e  model and "nature"  have 
t h e  same c l ima to logy ,  t h e  accuracy o f  t h e  
s imulated f o r e c a s t s  may be f a r  s u p e r i o r  t o  t h e  
accuracy o f  r e a l  f o recas ts .  As a r e s u l t ,  t h e  
e x t e r n a l  e r r o r  growth due t o  t h e  f a c t  t h a t  
c u r r e n t  models a r e  o n l y  approximations o f  t h e  
atmosphere i s  n o t  present  i n  t h e  " i d e n t i c a l  

Comparison of these f o r e c a s t s  w i t h  

1) inaccuracy o f  t h e  i n i t i a l  

The l a t t e r  i n c l u d e  

e r r o r s  i n  t h e  model i n t e g r a t i o n s  wh + ch a r e  most 

Even though these l a r g e  sca le  waves a r e  

I n  a numerical 

t w i n "  experiments. Th is  has t h e  e f f e c t  o f  
i n c r e a s i n g  t h e  s k i l l  o f  convent ional  f o r e c a s t s  
a t  l ow  l e v e l s  o f  da ta  coverage, because t h e  
p e r f e c t  f o r e c a s t  model i s  a b l e  t o  " f i l l  up" data 
gaps. Consequently, a t  low l e v e l s  o f  data, t h e  
impact o f  an observ ing system i s  overestimated, 
whereas t h e  impact o f  h igh  l e v e l s  o f  data, such 
as prov ided by s a t e l l i t e s  can be underestimated. 
I n  add i t i on ,  i f  t h e  "nature"  and " f o r e c a s t "  
models a re  n o t  r e a l i s t i c  enough, i.e., d o n ' t  
possess a r e a l i s t i c  model c l ima to logy ,  t h e  data 
impact may be d i s t o r t e d .  Fo r  example, a fo re -  
c a s t  model t h a t  cannot s imu la te  t h e  " r o a r i n g  
f o r t i e s "  regime i n  t h e  Southern Hemisphere w i l l  
n o t  be helped by b e t t e r  l ow  l e v e l  winds i n  t h e  
Southern Hemisphere. The f o r e c a s t  model used 
should be s u f f i c i e n t l y  accurate t h a t  e r r o r  
growth should be dominated by i n i t i a l  data 
e r r o r s  r a t h e r  than  by model dominated e r r o r s  
such as t r u n c a t i o n  e r ro rs .  Otherwise, t h e  
experiment may overest imate t h e  s k i l l  o f  t h e  
f o r e c a s t  and underest imate t h e  i n f l u e n c e  o f  t h e  
da ta  on t h e  analys is .  

p rov ide  an accurate i n d i c a t i o n  o f  how s imulated 
d a t a  w i l l  i n f l u e n c e  f o r e c a s t s  i n  t h e  r e a l  world, 
i t  i s  c r u c i a l  t h a t  t h e i r  e r r o r  c h a r a c t e r i s t i c s  
be r e a l i s t i c .  Fo r  s imulated obse rva t i ona l  
e r r o r s  t o  be r e p r e s e n t a t i v e  o f  r e a l  observa- 
t i o n a l  e r r o r s  they  should be i n t roduced  a t  
ac tua l  observ ing l o c a t i o n s  and should n o t  be 
j u s t  w h i t e  noise. 
d e v i a t i o n  o f  t h e  o rde r  o f  GARP e r r o r s  s a t u r a t e  
t h e  spectrum a t  h i g h  f requencies and t h e i r  
e f f e c t  i s  mos t l y  averaged out. B ias  and h o r i -  
zon ta l  and v e r t i c a l  c o r r e l a t i o n s  of e r r o r s  w i t h  
each o t h e r  and w i t h  t h e  synop t i c  s i t u a t i o n  
should be i n t roduced  approp r ia te l y .  

a t tempt  t o  min imize d i f f i c u l t i e s  o f  e a r l i e r  
s t u d i e s  d iscussed prev ious ly .  
t h e  " i d e n t i c a l  t w i n "  cha rac te r  o f  prev ious 
s tud ies,  t h e  h i g h  r e s o l u t i o n  (1.875" x 1.875' x 
15 l e v e l s )  ECMWF model w i l l  be used as nature,  
and t h e  4" x 5' x 9 l e v e l s  GLAS model f o r  
a s s i m i l a t i o n  and fo recas t i ng .  Special care 
w i l l  be taken  t o  s imu la te  r e a l i s t i c a l l y  observa- 
t i o n a l  e r r o r s .  

F i n a l l y ,  i f  s i m u l a t i o n  s tud ies  a r e  t o  

Random e r r o r s  with a s tandard 

I n  t h e  c u r r e n t  s i m u l a t i o n  s tud ies ,  we w i l l  

I n  o rde r  t o  avoid 

6. SIMULATION OF OBSERVATIONS OF SPACE-BASED 
SOUNDING SYSTEMS 

I n  t h i s  study, we w i l l  be s i m u l a t i n g  f o r e -  
c a s t  impacts u s i n g  t h e  c u r r e n t  pass ive HIRS2/MSU 
sounding system as w e l l  as o t h e r  pass ive systems 
us ing  t h e  Advanced AMTS and AMSU i n f r a - r e d  and 
microwave sounders a lone and i n  va r ious  c m b i n a -  
t i o n s .  I n  a d d i t i o n ,  we w i l l  s imu la te  a c t i v e  
l i d a r  systems which measure pressure p r o f i l e ,  
temperature p r o f i l e ,  and winds. The l o c a t i o n  
and t imes  o f  t h e  pass ive soundings w i l l  be 
i d e n t i c a l  t o  those produced qpera t i ona l  l y  i n  
November 1979. I n  t h e  case o f  t h e  opera t i ona l  
HIRS2/MSU sounding system, one c o u l d  s imu la te  
atmospheric soundings i n  a manner analogous t o  
those o f  t h e  convent ional  observ ing system by 
u s i n g  ac tua l  s t a t i s t i c s  r e l a t i n g  accurac ies o f  
r e t r i e v e d  atmospheric soundings w i t h  co loca ted  
radiosonde repo r t s .  Th i s  approach has two 
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impor tan t  drawbacks. F i r s t ,  t h i s  procedure 
cannot be used w i t h  f u t u r e  sounders, f o r  which 
we have no e r r o r  s t a t i s t i c s .  
more s i g n i f i c a n t l y ,  t h e  e r r o r s  o f  temperature 
p r o f i l e s  r e t r i e v e d  from pass ive sounders a r e  
n o t  random, b u t  a r e  h i g h l y  c o r r e l a t e d  i n  t h e  
h o r i z o n t a l  and v e r t i c a l  and a r e  dependent on 
t h e  na tu re  o f  t h e  synop t i c  s i t u a t i o n ,  i n c l u d i n g  
t h e  i n t e r r e l a t i o n s h i p  between atmospheric 
temperature-humid i ty  p r o f i l e ,  ground temperature, 
and c l o u d  f i e l d s .  

mined f rom pass ive sounders, we t h e r e f o r e  t a k e  
t h e  more fundamental approach o f  f i r s t  simu- 
l a t i n g  rad iance  observat ions seen by  t h e  s a t e l -  
l i t e  and then  r e t r i e v i n g  temperature p r o f i l e s  
f rom t h e  observat ions.  The s i m u l a t i o n s  a r e  
performed u s i n g  t h e  r a d i a t i v e  t r a n s f e r  model 
desc r ibed  i n  Susskind e t  a1 . (1983) and tempera- 
t u r e  r e t r i e v a l s  as i n  Susskind e t  a]. (1984). 
I n  o rde r  t o  s imu la te  rad iances f o r h e  channels 
f o r  a g i v e n  observat ion,  one needs t h e  su r face  
pressure, atmospheric temperature-humidity- 
ozone p r o f i l e ,  t h e  ground temperature and emis- 
s i v i t y  as a f u n c t i o n  o f  frequency, and t h e  
m u l t i - l a y e r  c loud  f i e l d  t o g e t h e r  w i t h  t h e  
s p e c t r a l  p r o p e r t i e s  o f  t h e  clouds. I n  a d d i t i o n ,  
one needs t h e  v iew ing  ang le  of t h e  s a t e l l i t e  
and l o c a t i o n  o f  t h e  sun. I n  o r d e r  t o  s imu la te  a 
sounding repo r ted  a t  a g i v e n  t i m e  and l o c a t i o n ,  
t h e  atmospheric temperature-humid i ty  p r o f i l e  i s  
t aken  f rom t h e  "na tu re "  run, as ob ta ined  f rom 
ECMWF, i n t e r p o l a t e d  i n  space and t i m e  t o  t h e  
s a t e l l i t e  coord inates.  The su r face  pressure i s  
ob ta ined  u s i n g  i n t e r p o l a t e d  sea l e v e l  pressure 
values, again g i v e n  by "nature," and topograph- 
i c a l  f i e l d s .  The f i e l d s  ob ta ined  f rom ECMWF 
d i d  n o t  c o n t a i n  i n f o r m a t i o n  about ozone, ground 
temperature and e m i s s i v i t y ,  and c louds however. 
O f  these, ozone i s  t h e  l e a s t  s i g n i f i c a n t  and was 
f i x e d  as a f u n c t i o n  of l a t i t u d e  accord ing t o  
c l i m a t o l o g i c a l  values. The ground temperatures 
and su r face  e m i s s i v i t i e s  were s imulated accord ing 
t o  reasonable va lues determined f rom a n a l y s i s  o f  
HIRSPIMSU da ta  f o r  November 1979 as i n  Susskind 
e t  a l .  (1984). 

I n  t h e  case o f  ground-temperature, we 
generated f i e l d s  of TG-TA, t h a t  i s  ground 
temperature minus sur face a i r  temperature, and 
examined t h e i r  mean and s tandard d e v i a t i o n  over  
a Z"x2" g r i d  f o r  t h e  month. 
f o r  a i v e n  l o c a t i o n  were then  d e f i n e d  as TG = 
TA + G- A + 6 where TA i s  t h e  i n t e r  o l a t e d  
su r face  a i r  temperature as above, G- A i s  t h e  
mean ground-surface a i r  temperature d i f f e r e n c e  
f o r  t h e  l o c a t i o n  as determined f rom r e a l  
HIRSP/MSU da ta  f o r  t h e  month, and 6 i s  a random 
component c o n s i s t e n t  w i t h  t h e  observed s tandard 
dev ia t i on .  Sur face e m i s s i v i t y ,  E ,  a t  50.3 GHz, 
which i s  an impor tan t  f a c t o r  a f f e c t i n g  MSU and 
AMSU observat ions,  was determined i n  an analo- 
gous manner, u s i n g  mean and s tandard d e v i a t i o n  
va lues of E determined f o r  November 1979 f rom 
t h e  r e a l  HIRSP/MSU data. 
t o  note, l o o k i n g  a t  t hese  maps, t h a t  t h e  
s tandard d e v i a t i o n s  o f  E were i n  general small, 
except f o r  t hose  areas where t h e  i c e  edge was 
changing d u r i n g  t h e  month o r  i n  reg ions  o f  
v a r i a b l e  snow cover. Sur face e m i s s i v i t y  f o r  
t h e  i n f r a - r e d  channels was taken  as f i x e d  as 
desc r ibed  i n  Susskind e t  a l .  (1983). 

Secondly, and much 

To s imu la te  atmospheric temperatures de te r -  

- 

Ground temperatures 

7-5- 
p.r 

It was i n t e r e s t i n g  

Perhaps t h e  s i n g l e  most impor tan t  f a c t o r  
a f f e c t i n g  t h e  observat ions and accuracy o f  
pass ive r e t r i e v a l s  i s  clouds. I n  o rde r  t o  get  
t h e  proper  s p a t i a l  c o r r e l a t i o n s  o f  e r r o r s  as a 
f u n c t i o n  of synop t i c  s i t u a t i o n ,  t h e  c loud  f i e l d s  
must be very r e a l i s t i c a l l y  r e l a t e d  t o  t h e  
synop t i c  s i t u a t i o n .  We used t h e  r e l a t i v e  
humid i t y  f i e l d s ,  r., t o  produce up t o  f o u r  
l e v e l s  o f  broken cfouds a t  each sounding loca-  
t i o n ,  w i th  pressures a t  850 mb, 700 mb, 500 mb, 
and 300 mb. The c loud  f r a c t i o n  a .  a t  a g i ven  
l e v e l  j, i s  s imulated accord ing t i  

r j  - r c j  

1 - rcj 
"j  = -------- 

where r c j  i s  a pressure dependent r e l a t i v e  
humid i t y  c u t o f f  va lue  whose values were prov ided 
by NMC. 

The rad iances f o r  channel i observed by t h e  
s a t e l l i t e  a r e  computed as 

* * 
R i  = C aj R i j  + (1-Caj) Ri,cLR 

where R i j  i s  t h e  rad iance which would be observed 
i n  channel i i f  t h e  f i e l d  o f  view were complete ly  
covered by c louds  a t  1 eve1 j. i s t h e  
rad iance which w p l d  be observed 7FL!here were 
no clouds, and a .  i s  t h e  f r a c t i o n  o f  t h e  sky 
covered by c loud2 a t  l a y e r  j as seen f r o  above. 
C lea r l y ,  w h i l e  a .  can be as l a r g e  as I ,  fa., 
can o n l y  be betwden 0 and 1. To i n s u r e  t h j s ,  we 
assume t h e  c louds i n  each l a y e r  are,total ly cor-  
r e l a t e d  i n  space and f i x  a j  = aj-Cak f o r  

l a y e r  j where a: rgp resen ts  a l l  l a y e r s  above 
j, b u t  c o n s t r a i n  a .  t o  be no l e s s  than  zero. 
o t h e r  words, a j  eqdals zero,if a. i s  l e s s  than  
t h e  c loud iness  above, and a .  i s  ?!he d i f f e r e n c e  
between a j  and t h e  l a r g e s t  g loudiness above 
otherwise. A1 1 c loud  rad iances a re  s imulated 
assuming t h e  c l  ouds a re  opaque a t  i n f r a -  r e d  
f requenc ies  and t ransparen t  a t  microwave f r e -  
quenci es. 

The GLAS r e t r i e v a l  method uses two f i e l d  o f  
view t o  per form a c loud  c o r r e c t i o n  t o  be used on 
t h e  observed i n f r a r e d  radiances. I n  t h e  simula- 
t i o n  of radiances, obse rva t i ons  i n  two f i e l d s  o f  
v iew were s imulated f o r  each sounding. The 
rad iances a l e  s imulated assuming o n l y  t h e  c loud  
f r a c t i o n s  a j  d i f f e r  i n  t h e  t w $  f i e l d s  o f  view. 
F o r  a g i ven  l e v e l ,  a. and a .  , corresponding 
t o  c l o u d  f r a c t i o g s  i i ' k o t h  f i d t i s  o f  view, were 
s imulated f rom a .  i n  t h e  f o l l o w i n g  way. A t  
aj = 0 o r  100, b a t h  c l p d  f r a c t i o n s  a r e  Set a t  
0 t o  100. Otherwise a .  i s  l e s s  than  a . ,  
v a r y i n g  l i n e a r l y  betwedh t h e  f o l l o w i n g  p d i n t s  
( 8 ,  0), (20, l o ) ,  (90,,60) and (100, l oo ) ,  and 
a. i s  g r e a t e r  t han  a .  v a r y i n  l i n e a r l y  between 

p o i n t s  (o,o), (20~30) and Qioo,ioo). Th is  
a l l ows  f o r  reasonable d i s c r i m i n a t i o n  between t h e  
c l o u d  f r a c t i o n  and rad iances i n  b o t h  f i e l d s  o f  
view. I n  a n a l y s i s  o f  ac tua l  data, t h i s  d i s -  
c r i m i n a t i o n ,  which i s  necessary f o r  per forming 
t h e  c loud  c o r r e c t i o n ,  i s  ob ta ined  by separa t i ng  
and then  averaging obse rva t i ons  i n  t h e  warmest 
and c o l d e s t  i n d i v i d u a l  spots i n  an area. 

R i  , 

k 

I n  
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As i n  t h e  a n a l y s i s  o f  r e a l  HIRSEIMSU data, 
soundings a r e  r e j e c t e d  i f  t h e  rad iances i n d i c a t e  
t o o  much c loud iness  i n  t h e  f i e l d  o f  view ( t y p i -  
c a l l y  more than  70% i n  a sounding area) o r  i f  no 
atmospheric s o l u t i o n  can be found f rom which 

' 

computed rad iances match t h e  c l o u d  co r rec ted  
rad iances t o  w i t h i n  1°K. AMTS and AMSU observa- 
t i o n s  and r e t r i e v e d  temperatures a re  produced 
i n  an analogous way. 

I n  t h e  case of a c t i v e  sounders, t h e  e r r o r s  
obta ined f rom a n a l y s i s  o f  t h e  da ta  a r e  more 
n e a r l y  random and unco r re la ted  w i t h  each other .  
Therefore, t h e  approach o f  generat ing random 
uncor re la ted  e r r o r s  w i l l  be used i n  s i m u l a t i n g  
r e t r i e v e d  q u a n t i t i e s .  
coverage o f  sounding da ta  w i l l  be taken as i n  
t h e  pass ive sounders f o r  comparison purposes. 
Later ,  more r e a l i t i c  scan p a t t e r n s  f o r  t h e  
a c t i v e  sounders w i l l  be used. Studies w i l l  be 
made as a f u n c t i o n  o f  assumed noise l e v e l  and 
scan pa t te rn .  I n  a l l  cases, s igna l  t o  no i se  
values w i l l  be at tenuated a t  g i ven  levels, 
accord ing t o  t h e  e f f e c t i v e  c loud  cover, ai, 
as d e f i n e d  above. 

To beg in  w i th ,  t h e  
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