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THE NIMBUS 7 LIMS WATER VAPOR MEASUREMENTS; E l l i s  E. Remsberg 
and James M. Russel l  111, Atmospheric Sciences D iv is ion ,  NASA Langley 
Research Center, Hampton, V i r g i n i a  23665-5225 

The Limb I n f r a r e d  Moni tor  o f  the  Stratosphere (LIMS) experiment on 
Nimbus 7 used the  technique o f  thermal i n f r a r e d  l imb scanning t o  sound the  
composition and thermal s t r u c t u r e  o f  the  Ear th 's  stratosphere (1). One o f  
t he  LIMS channels was s p e c t r a l l y  centered a t  6.9 micrometers t o  measure 
the  v e r t i c a l  p r o f i l e  o f  water vapor radiance from about 15 t o  55 km. Data 
were obtained from l a t e  October 1978 u n t i l  May 1979 over a l a t i t u d i n a l  
ex ten t  o f  64 S. t o  84 N. p rov id ing  near g lobal  coverage. 

The water vapor radiances were reg i s te red  against  pressure-a1 ti tude 
us ing temperature versus pressure p r o f i l e s  r e t r i e v e d  concurrent ly  from 
radiances measured i n  the  15 micrometer CO, band. Water vapor mix ing 
r a t i o  p r o f i l e s  were then r e t r i e v e d  us ing a f u l l y  i t e r a t i v e ,  non l inear  
technique t h a t  i s  independent o f  t he  f i r s t -guess  c l ima to log i ca l  water 
vapor p r o f i l e  shape (2).  D e t a i l s  o f  the  measurements and t h e i r  v a l i d a t i o n  
are given i n  ( 3 )  along w i t h  determinations o f  t h e i r  uncer ta in ty .  M ix ing  
r a t i o s  are i n  the  p a r t s  per m i l l i o n  by volume (ppmv) range throughout t h e  
Ear th 's  stratosphere. Data p r e c i s i o n  was estimated t o  be 0.2 t o  0.3 ppmv, 
and the  accuracy, based on computer s imulat ions,  i s  20 t o  30 percent. 
Comparisons w i t h  several co-1 ocated b a l l  oon measurements o f  water vapor 
dur ing  the  LIMS measurement pe r iod  i nd i ca ted  agreement t h a t  was cons is ten t  
w i t h  accuracy estimates. The h igh  p rec i s ion  ( 5  t o  10 percent)  o f  the  data 
y i e l d s  e x c e l l e n t  i n fo rma t ion  on the  r e l a t i v e  v a r i a t i o n s  o f  the  water vapor 
f i e l d s  w i t h  t ime and l a t i t u d e .  

Radiance p r o f i l e s  were obta ined every 12 seconds along the  o r b i t a l  
tangent path, both day and n igh t ,  and approximately every f i f t h  p r o f i l e  
(spaced about 4" apa r t  i n  l a t i t u d e )  was re t r i eved .  
r e s o l u t i o n  o f  each i n d i v i d u a l  p r o f i l e  i s  about 5 km, wh i l e  the  ho r i zon ta l  
r e s o l u t i o n  s e t  by the  LIMS f i e ld -o f - v iew  and l imb  viewing geometry i s  
about 18 km by 300 km. The p r o f i l e  tapes were placed i n  the  arch ive  a t  
the  National Space Science Data Center (NSSDC) i n  1984. 

The v e r t i c a l  

The asynoptic p r o f i l e  data were processed i n t o  a zonal mean and s i x  
s ine  and s i x  cosine Four ie r  c o e f f i c i e n t s  f o r  the  synoptic t ime o f  12 GMT 
by us ing a Kalman f i l t e r  a lgor i thm a t  each 4" o f  l a t i t u d e  and f o r  12 
pressure l e v e l s  from 100 mb t o  1 mb. 
used t o  c rea te  hemispheric maps o f  water vapor and t o  i n v e s t i g a t e  i t s  
t ranspor t  (4).  Examples o f  the  f i e l d s  and t h e i r  v a r i a b i l i t y  w i l l  be 
shown. This  c o e f f i c i e n t  form o f  the  data was arch ived a t  NSSDC i n  the  
sp r ing  o f  1985. 

These Four ie r  c o e f f i c i e n t s  were then 
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The dis t r ibut ion of LIMS water vapor was i n i t i a l l y  discussed i n  
(31 ,  ( 5 1 ,  and ( 6 ) .  The data show that  ( a )  there is a poleward 
la t i tudinal  gradient w i t h  mixing ra t ios  t h a t  increase by a factor of 2 
from Equator t o  k6Oo a t  50 mb; ( b )  t h a t  most of the time there i s  a 
f a i r ly  uniform mixing r a t io  of 5 ppmv a t  h i g h  la t i tudes,  b u t  more 
var ia t ion exists d u r i n g  winter; ( c )  a well-developed hygropause or 
m i n i m u m  i n  mixing r a t i o  exists several kilometers above the tropopause 
a t  low t o  mid la t i tudes ;  ( d )  a source region of water vapor exists i n  
the upper stratosphere to  lower mesosphere t h a t  is consistent w i t h  
methane oxidation chemistry, a t  l eas t  w i t h i n  the uncertainties of the 
da ta  [see also reference (711; (e )  an apparent zonal mean water vapor 
d i s t r i b u t i o n  prevails t h a t  i s  consistent w i t h  the circulation proposed 
by Brewer i n  1949; and ( f )  a zonal mean d i s t r i b u t i o n  exists i n  the lower 
stratosphere t h a t  i s  consistent w i t h  the idea of quasi-isentropic 
transport transport by eddies in the meridional direction. 
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