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A m a j o r a s p e c t o f r e m o t e s e n s ­
i n g t o b e a d d r e s s e d a t t h e s y m ­
p o s i u m o n t h i s s u b j e c t i n A n a h e i m 
M a y 1 9 - 2 0 , is t h e g l o b a l s e n s i n g o f 
m e t e o r o l o g i c a l p a r a m e t e r s f r o m a 
s a t e l l i t e p l a t f o r m as a s u b s t i t u t e f o r 
r a d i o s o n d e s . A l t h o u g h p a p e r s o n 
o t h e r a s p e c t s o f r e m o t e s e n s i n g 
a r e i n c l u d e d i n t h e m e e t i n g a g e n ­
d a , I w i s h h e r e t o f o c u s o n t h i s i s ­
s u e a n d h o p e t h a t m y c o m m e n t s 
m a y h e l p t o s t i m u l a t e d i s c u s s i o n . 

T h e c o n c e p t o f r e m o t e s e n s i n g 
o f m e t e o r o l o g i c a l p a r a m e t e r s w a s 
f i r s t s e r i o u s l y p r o p o s e d i n t h e l a t e 
1 9 5 0 ' s , a l t h o u g h a s t r o n o m e r s 
w e r e a w a r e o f t h e t e c h n i q u e m a n y 
y e a r s e a r l i e r . I n t h e p a s t 15 y e a r s , 
g r e a t s t r i d e s h a v e b e e n m a d e i n 
t h i s e n d e a v o r , w i t h a n u m b e r o f 
sa te l l i t e s l a u n c h e d c o n t a i n i n g 
s e n s o r s c a p a b l e o f m e a s u r i n g 
t h e r m a l e m i s s i o n i n v a r i o u s p o r ­
t i o n s o f t h e i n f r a r e d a n d 
m i c r o w a v e r e g i o n s . 

A l t h o u g h a g r e a t d e a l o f t i m e , 
e f f o r t , a n d m o n e y h a s b e e n s p e n t , 
i t a p p e a r s t h a t w e a r e s t i l l a l o n g 
w a y f r o m r e p l a c i n g r a d i o s o n d e s 
w i t h s a t e l l i t e c o v e r a g e as t h e 

T h e a u t h o r is w i t h t h e A i r F o r c e 

C a m b r i d g e R e s e a r c h 

L a b o r a t o r i e s , L . G . H a n s c o m 

F i e l d , B e d f o r d , M a s s a c h u s e t t s 

0 1 7 3 1 . 

p r i m a r y m e a n s f o r g a t h e r i n g t h e 

p e r t i n e n t g l o b a l m e t e o r o l o g i c a l 

p a r a m e t e r s f o r u s e 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 . I n d e e d , w e 

a r e t o l d t h a t t h e n u m e r i c a l 

m o d e l e r s a r e r e l u c t a n t t o u s e o u r 

d a t a b e c a u s e o f t h e f e e l i n g t h a t t h e 

s a t e l l i t e d a t a a r e l ess r e l i a b l e t h a n 

t h e c u r r e n t l y u s e d r a d i o s o n d e 

d a t a . I f t h i s f e e l i n g is c o r r e c t , w e 

m u s t i m p r o v e t h e t e c h n i q u e , p a y ­

i n g c a r e f u l a t t e n t i o n t o a l l d e t a i l s . 

I f s a t e l l i t e s o u n d i n g i s t o s u c c e e d , 

t h e b u r d e n is o n u s t o d e m o n s t r a t e 

b o t h t h e u t i l i t y a n d t h e l i m i t a t i o n s 

o f t h e t e c h n i q u e . I t h i n k o u r g o a l 

s h o u l d b e as s t a t e d a b o v e : " F o r 

g l o b a l d y n a m i c a l w e a t h e r f o r e c a s t ­

i n g m o d e l s , r a d i o s o n d e d a t a 

s h o u l d b e c o m p l e t e l y r e p l a c e d b y 

s a t e l l i t e d a t a . " L e t ' s t a k e a l o o k a t 

s o m e o f t h e p r o b l e m s t h a t s h o u l d 

b e a d d r e s s e d : 

MEASUREMENTS 
F o r t h e c u r r e n t p u r p o s e s , I w i l l 

a s s u m e t h a t r a d i a n c e m e a s u r e ­
m e n t s c a n b e m a d e a t a r e a s o n a b l e 
a b s o l u t e a c c u r a c y ( p e r h a p s ~ 1 % ) . 
G e n e r a l l y , o n - b o a r d c a l i b r a t i o n a s ­
s u r e s t h a t t h e i n t e n d e d a c c u r a c y is 
m a i n t a i n e d . O n e p r o b l e m is t h a t 
s o m e i n f e r e n c e t e c h n i q u e s m a y r e ­
q u i r e h i g h e r a b s o l u t e a c c u r a c i e s i n 
o r d e r t o i n s u r e s t a b l e s o l u t i o n s . 

T h e g r e a t m a j o r i t y o f m e a s u r e ­

m e n t s t o d a t e h a v e b e e n m a d e i n 

t h e 1 5 - µ m C O 2 b a n d f o r t e m ­

p e r a t u r e - s o u n d i n g p u r p o s e s a n d 

i n t h e w a t e r - v a p o r a b s o r p t i o n r e ­

g i o n f r o m 1 8 - 3 0 µm f o r h u m i d i t y 

s o u n d i n g . M e a s u r e m e n t s a t 

s h o r t e r w a v e l e n g t h s ( 4 - 7 µm) m a y 

p r o v i d e i m p r o v e d o r a d d i t i o n a l i n ­

f o r m a t i o n u l t i m a t e l y l e a d i n g t o i m ­

p r o v e d a t m o s p h e r i c s o u n d i n g s 

a n d a n i m p r o v e m e n t i n i n f o r m a ­

t i o n o n s u r f a c e - e m i s s i v e p r o p e r t i e s 

a n d c l o u d s . H o w e v e r , b e c a u s e o f 

t h e s t r o n g t e m p e r a t u r e d e p e n ­

d e n c e o f t h e P l a n c k f u n c t i o n , 

c a l i b r a t i o n p r o b l e m s m a y b e m o r e 

s e v e r e i n t h i s r e g i o n . T h i s p r o b l e m 

m a y b e o f f s e t b y t h e f a c t t h a t a 

s m a l l t e m p e r a t u r e c h a n g e w i l l l e a d 

t o a r e l a t i v e l y l a r g e c h a n g e i n 

e m i t t e d r a d i a t i o n . T h u s t h e a c ­

c u r a c y r e q u i r e m e n t o f m e a s u r e ­

m e n t m a y b e r e l a x e d . 

T h e d e v e l o p m e n t o f m e a s u r i n g 

i n s t r u m e n t a t i o n b e c o m e s p a r t i c u ­

l a r l y s i g n i f i c a n t i n t h e m i c r o ­

w a v e r e g i o n w h e r e p o w e r a n d 

w e i g h t l i m i t a t i o n s a r e t h e m a j o r 

o b s t a c l e s . T h e a d d i t i o n a l p r o b ­

l e m o f s u r f a c e e m i s s i v i t y f l u c t u a ­

t i o n s w i l l r e q u i r e t h a t t h i s q u a n t i t y 

b e m o n i t o r e d w i t h o n e o r m o r e i n ­

d e p e n d e n t c h a n n e l s s o t h a t t h e 

v e r t i c a l s t r u c t u r e o f t e m p e r a t u r e 

a n d m o i s t u r e c a n b e d e t e r m i n e d 

i n t h e l o w e r h a l f o f t h e 

t r o p o s p h e r e i n d e p e n d e n t l y o f t h e 

t y p e o f u n d e r l y i n g s p a c e . 

TRANSMITTANCE 
W e m u s t b e a b l e t o c o m p u t e t h e 

t r a n s m i t t a n c e o f t h e a t m o s p h e r e 
f o r a n y g i v e n a t m o s p h e r i c p a t h , 
g i v e n a c o m p l e t e p h y s i c a l 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 . T h e c u r ­
r e n t s t a t e o f a f f a i r s is t h a t n o a d e ­
q u a t e c o m p a r i s o n o f t r a n s m i t t a n c e 
m e a s u r e m e n t s a n d c a l c u l a t i o n s 
h a s b e e n d o n e o v e r t h e a t ­
m o s p h e r i c p a t h s r e p r e s e n t a t i v e o f 
t h e s a t e l l i t e - s o u n d i n g p r o b l e m b y 
u s i n g t h e l a t e s t a v a i l a b l e m o l e c u l a r 
p a r a m e t e r s a n d c o m p u t a t i o n a l 
t e c h n i q u e s . I n d e e d , a t t e m p t s t o 
c o m p u t e t h e o u t g o i n g r a d i a n c e i n 
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the 15-µm CO2 b a n d w i th c u r r e n t 
t ransmi t tance mode ls have fa i led , 
a n d the b l a m e has b e e n imp l ic i t l y 
p l aced o n the t ransmi t tance func ­
t ions. It may b e l o n g there , bu t that 
po in t has never been c la r i f i ed . 
Because of th is inabi l i ty to c o m ­
pu te the o u t g o i n g r ad i ance , 
t ransmi t tances have b e e n e m ­
p i r i ca l l y ad jus ted a n d most users 
have reso r ted to statistical tech­
n iques of i nve rs i on to ob ta in tem­
pe ra tu re (or h u m i d i t y ) f r o m the 
m e a s u r e d rad iances . T h u s the 
d a n g e r arises that the resu l t i ng i n ­
ferences may be d r a w n large ly 
f r o m the statistical da ta a n d may 
not be a t rue resu l t of the measure ­
ments at a l l . It w o u l d seem that 
o u r in i t ia l a i m s h o u l d be to 
va l idate t ransmi t tance ca lcu lat ions 
against t ransmi t tance measure ­
ments . T h e n we s h o u l d va l idate 
rad iance ca lcu la t ions against r a ­
d iance measu remen ts . O n l y then , 
if we are successfu l , c a n we h o p e to 
ga in the best poss ib le in ferences 
f r o m the satel l i te measurements . 

T h e t ransmi t tance p r o b l e m is 
no t l im i ted to the 15-µm r e g i o n . A 
total a p p r o a c h mus t be d e v e l o p e d 
so that a l l poss ib le spect ra l reg ions 
i n b o t h the i n f r a r e d a n d 
m ic rowave reg ions are e x p l o r e d to 
de f ine the best possib le channe ls 
fo r m e a s u r i n g rad iances associated 
w i th the d e s i r e d meteoro log ica l 
a n d sur face pa ramete rs . 

RADIANCE 
VALIDATION 

A s n o t e d , r ad iance va l ida t ion is 
a key step a l o n g the r o a d toward 
the comp le te u n d e r s t a n d i n g of the 
u n d e r l y i n g phys ics . B y rad iance 
va l ida t ion , I m e a n the c o m p a r i s o n 
of o u t g o i n g r a d i a n c e ca lcu la t ions 
w i th satell i te measu remen ts after 
care fu l ly d o c u m e n t i n g the at­
m o s p h e r e a n d sur face p roper t ies 
w i th aux i l i a ry me teo ro log ica l 
measu remen ts . F o r e x a m p l e , i n 
o r d e r to c o m p u t e the u p w e l l i n g 
rad iance i n the 15-µm C O 2 b a n d , 
we must k n o w the t empe ra tu re 
d i s t r i bu t i on f r o m the sur face to 

the 1-mb leve l i n suf f ic ient deta i l 
that smal l -scale ver t ica l s t ruc tu re 
w i l l no t s ign i f icant ly affect the 
c o m p u t e d rad i ance . W e mus t also 
k n o w the wa te r -vapor d i s t r i bu t i on , 
the o z o n e d i s t r i bu t i on , the surface 
(g round ) t e m p e r a t u r e a n d pres­
su re , a n d the h o r i z o n t a l a n d 
ver t ica l d i s t r i bu t i on of c louds i n 
the f ie ld of v iew. W e have to u n ­
d e r s t a n d the l im i ta t ions of o u r as­
s u m p t i o n that CO2 is u n i f o r m l y 
m i x e d , a n d the poss ib le impac t o f 
n o n e q u i l i b r i u m processes at the 
h i g h e r a l t i tudes. W e n e e d to c o n ­
s ider the poss ib le impac t of 
aerosols o n the em iss ion . H a v i n g 
adequate ly c o n s i d e r e d a l l of these 
effects, we are p r e p a r e d to de f ine 
the total set of aux i l i a ry measure ­
men ts r e q u i r e d as " g r o u n d t r u t h " 
i n c o n j u n c t i o n w i th the satell i te 
pass ove r a pa r t i cu la r po in t . S o m e 
l i m i t e d a t tempts have b e e n m a d e 
to p e r f o r m this analysis, bu t to 
date sat isfactory resul ts have not 
b e e n f o r t h c o m i n g a n d a fo l l ow-up 
analysis of the cause has no t been 
a c c o m p l i s h e d . 

T H E INVERSION 
PROBLEM 

A n u m b e r of ma themat i ca l 
techn iques have been p r o p o s e d 
( a n d t r ied) fo r i n ve r t i ng the equa­
t i on of rad ia t i ve t ransfer . G i v e n 
the r a d i a n c e measu remen ts a n d 
a n a p p r o p r i a t e t ransmi t tance 
f u n c t i o n , the p r o b l e m is to d e ­
t e r m i n e the ver t ica l t empe ra tu re 
p ro f i l e , o r , g i v e n the m e a s u r e d r a ­
d iance a n d the t empe ra tu re p r o ­
f i le , to d e t e r m i n e the ver t ica l d is ­
t r i bu t i on of water vapo r . A t t emp ts 
to p e r f o r m this i nve rs i on w i thou t 
r ecou rse to a priori i n f o r m a t i o n 
abou t the a t m o s p h e r e have largely 
fa i l ed . T h e reason fo r th is is u n ­
c lear , bu t is p robab l y re la ted to the 
n o n - u n i q u e n e s s of so lu t i on as­
soc iated w i t h a g i ven measu remen t 
a n d t ransmi t tance accuracy . A s a 
resu l t , w o r k e r s d e v e l o p i n g ope ra ­
t i ona l r e d u c t i o n techn iques have 
o p t e d fo r statist ical techn iques i n 
w h i c h a la rge b a n k of 

c l ima to log ica l da ta is u s e d i n the 
i n v e r s i o n process . I n some cases 
the resu l t i ng pro f i les a re d e p e n ­
d e n t o n the f i rst guess. I n o ther 
cases the resul ts c a n be c h a n g e d by 
u s i n g a d i f fe ren t in i t ia l set of 
c l ima to log ica l da ta . I n any event, 
the resul ts a re no t comple te ly 
sat isfactory, a n d there is the c o n ­
c e r n that the stat ist ical-data set 
s o m e h o w u n d u l y in f luences the 
f i na l resu l t . It seems des i rab le to 
r e n e w o u r a t tempts to deve lop i n ­
ve r s i on techn iques that a re i n ­
d e p e n d e n t of the r e q u i r e m e n t fo r 
c l ima to log ica l statistics a n d d e p e n ­
d e n t on ly o n some gene ra l c o n ­
straints r e g a r d i n g the gross 
character is t ics of the a tmosphere 
a n d sur face. If this is d o n e h a n d i n 
h a n d w i th the d e v e l o p m e n t of i m ­
p r o v e d t ransmi t tances a n d the 
va l i da t i on of u p w e l l i n g rad iances , 
we w o u l d t h e n have the most c o n ­
v i n c i n g d e m o n s t r a t i o n of the 
v iabi l i ty of satel l i te r e m o t e sens ing 
as a subst i tute fo r the rad iosonde . 

CLOUDS 
P e r h a p s the most d i f f icu l t 

p r o b l e m associated w i th d e f i n i n g 
the ver t ica l s t ruc tu re of the at­
m o s p h e r e relates to c louds . I n the 
i n f r a r e d , a l l bu t t h in c i r r us c louds 
are o p a q u e , a n d the abi l i ty to de­
t e r m i n e ver t i ca l s t ruc tu re be low 
c l ouds requ i res that " h o l e s " be 
f o u n d t h r o u g h w h i c h rad ia t i on 
f r o m the u n d e r l y i n g a tmosphere is 
t ransmi t t ed . T h i s object ive can be 
g a i n e d by d e v e l o p i n g i n s t r u m e n ­
ta t ion w i th h i g h spat ia l reso lu t ion 
o r by mathemat ica l l y r e m o v i n g 
c l o u d effects f r o m measurements 
i n two ad jacent f ie lds of v iew. 
A n o t h e r at t ract ive a p p r o a c h is the 
use of m i c r o w a v e emiss ion 
m e a s u r e m e n t s to s o u n d the lower 
(c loudy) p o r t i o n of the 
t r o p o s p h e r e . T h e o p t i m u m 
techn ique m a y invo lve some c o m ­
b i n a t i o n of i n f r a r e d a n d 
m i c r o w a v e channe l s a n d the sub­
sequent d e v e l o p m e n t of a c o m ­
b i n e d i n v e r s i o n techn ique . 

I have t r i ed to ind ica te m y c o n -

cont'd. on pg. 33 
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DIGESTS OF 
TOPICAL 
MEETINGS 

Authors' summaries of papers pre­
sented at topical meetings of the 
Society have been offset into 
digests of the meetings. Digests 
f rom the following meetings are 
still available, and may be ordered 
from the Optical Society of 
America, Suite 620,2000 L Street, 
N.W., Washington, D.C. 20036. 

Topical Meeting on the Use of Op ­
tics in Microelectronics —January 
25-27,1971 
Twenty-three papers cover such 
subjects as: artwork generation 
and inspection, device and mask 
fabrication, lens technology, 
coherence, and design problems. 
Staple binding, 89 pp. $5.00 pre­
paid; $5.75 invoiced. 

Topical Meeting on Integrated 
Optics: Guided Waves, Materials, 
and Devices — February 7-10, 
1972 
The 51 papers cover such subjects 
as: materials, passive and active in­
tegrated elements, fabrication 
techniques, nonlinear interactions, 
fibers, and integrated sources and 
amplifiers. Perfect bound, 170 pp. 
$10.00 prepaid; $11.00 invoiced. 

Topical Meeting on Il lumination 
Optics — September 5-7, 1972 
Areas covered by the 16 papers in­
clude: reflector design, theoretical 
and experimental results on 
equivalent-sphere i l lumination, 
design of condensor systems, and 
design of compound-i l lumination 
systems. Perfect bound, 60 pp. 
$3.00 prepaid; $3.50 invoiced. 

Topical Meeting on Optical 
Storage of Digital Data — March 
19-21,1973 

T h e 34 papers discuss such sub­
jects as: bit-serial storage, materials 
for optical recording, holographic 
memories, systems, page com­
posers, and digital recording. 
Perfect bound, 143 pp. O S A mem­
bers: $10.00 prepaid; $11.00 in­
voiced; nonmembers: $12.50 pre­
paid; $13.50 invoiced. 

Topical Meeting on Integrated 
Opt ics—January 21-24, 1974 
There are 76 papers covering the 
following areas: couplers, diffrac¬
tors, fabrication techniques, feed­
back structures, fibers, filters, 
lasers, materials, modulators, 
periodic structures, and 
waveguides. Perfect bound, 312 
pp. O S A members: $12.00 pre­
paid; $13.00 invoiced; nonmem­
bers: $15.00 prepaid; $16.00 in­
voiced. 

Topical Meeting on Optical 
Propagation Th rough Turbulence 
— J u l y 9-11, 1974 
T h e 46 papers cover such subjects 
as: frozen moments, saturation, 
linear and nonlinear studies, 
planetary boundary layers, 
measurement of C n 2 and M T F , 
scintillation, adaptive systems im­
aging, and beam spread and 
wander. Perfect bound, 177 pp. 
O S A members: $12.00 prepaid; 
$13.00 invoiced; non-members: 
$15.00 prepaid; $16.00 invoiced. 

Topical Meeting on Optical Fiber 
Transmiss ion—January 7-9, 1975 
T h e 56 papers discuss the follow­
ing subjects: fiber materials, 
fabrication processes, fiber 
waveguides, cabling, coupling, 
splicing, and transmission systems. 
Perfect bound, 215 pp. O S A mem­
bers: $12.00 prepaid; $13.00 in­
voiced; nonmembers: $15.00 pre­
paid; $16.00 invoiced. 

cont'd, from pg. 11 

cept of the state of remote sound­
ing as applied to the remote 
sensing of meteorological 
parameters. I am certain that I 
have omitted reference to many 
problems, and in addition I have 
not mentioned other sounding 
techniques such as l imb scanning 
and selective chopping. In 
general, these other techniques 
are variants of the basic concept 
requir ing solutions of the same 
problems outlined above. 

Once our ability to solve the 
direct problem (outgoing spectral 
radiance computation) has been 
established, our credibility will im­
prove, and progress will be 
achieved in solving the inverse 
problem with its much greater im­
pact on the meteorological com­
munity. 

cont 'd from pg. 32 

study suggests that the demand for 
scientists and engineers in 
domestic production of energy 
may more than double by 1985 
over that m 1970 if dependence on 
foreign sources of energy is re­
duced to 9%. Employment in this 
area accounted for 140,000 scien­
tists and engineers in 1970. The 
largest growth in manpower re­
quirements is anticipated in the 
areas of chemistry, physics, and 
mathematics. T h e report is availa­
ble for $1.00 f rom the National 
Planning Association, 1606 New 
Hampshire Avenue, N.W., 
Washington, D.C. 20009. 
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