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I . INTPiPTIOTION

This procram is aimed at the development of radiometrin

t e c h niq u e s  for the remote measurement of atmosoheric temnerature

and humidity profiles. The generated profiles are exnected to

he tristrumontal in the assessment of aoparent err~ rs in tar -en

n o s it i o ns  r e s u i t t ic f rom  r e f r ac t i on  i n d e x  gr a d i c - nt s  a lonc an

a tmocoher i c  p ropaoation path .

Remote altitude profile measurements of temn erature and

oonoentratior~c of gas constituents in the atmosphere have been

oreviously implemented by radiornetric measurement of the up-

wellin : radiance using aircraft , satellite , and balloon olat forms .

(Re ferenTes 1, 2 and 3) .  Unfortunately the altitude resolution

obtainable ~dth  up-looking radiometers using similar techniques

is inherenti : poor due to the erratic response of kernel functions

asso ‘iated with do~?n-weiling radiation. I1herefore, the mI~~aS11Fed

inf~ rmation for an up—lookino radiometer lacks s uf f i~~io nt  ~e~ a t l

to retrieve properties of the lower atm osphere  wh ere sha ruer

cralien ts of teronerature and humidity often oc~ur as a fu n c t i o n

of I Lu r n a l  and o ther  a tmosphe r i c  condi t ion s .

An a l t e rn a t e  t e chn ique  for  obta in ing more ac cu r a t e  t ennu era -

ture and  h u m i d i t y  p r o f i l e s  wi th  a graz~ n o -an g i e  u p — l o o k i n g  ra diom - J .
e t e r  has been inves ti oat ed .  The p r o f i l in ~ t echni qu e is based on

in forrrat ~on re 4irievals wh ch are oh La inc i f rom di r t e r o n ~~o — k e r n e l

f u n c t i on s  coo ra ted  from pair s  of h i ch  sp o o t r a l r n s o lu t i on  r a l i ~~—

m- ~t r~ c ~h-a nnols . fluatially s e l ect i v e  in fo rm a t ion  ‘an he -onn rat

from su’h functions wi th the requ red •ao ’u r a ’y  for  re t  H

t omne ratu  r~ ~ r a I i~~en ts  at  the lon :e t . al Li t in  1~ a t nr ’snh~ 
p~ • v.~

1.

- -~~~~ -~~~~~~~~~~ - -~~~~ ~~~~
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A retrieval of an assumed double inverted temperature profile

in the lower atmosphere , using three differential kernel information

channe l s  of CO2 s i gn a t u r e  emiss ion in the 13 ~im rec ion , has been

simulated. The retrieval is based on iterative solutions of the

radiative transfer equation and requires no apriori statistical

knowlelce of the atmospheric temperature profile. Temperature

inversions at 375 and 750 meters , assumed for the selected atmos-

pheric model , were reproduced in the simulated retrieval. However ,

the retrieved profile lacked detail at the immediate altitude above L
groun i level due to the excessive spatial widths of the difference-

kernel funTtlor~s.

A four information channel retrieval , based on hicher selec-

tive functions , will be investigated during  the next phase of this

program .

II. GENFS A L S°DPE

In general, variations in the atmospheric refraction in lex

may be classified as:

• Small-scale

• Larce-scale - •

Small scale var ia t ions  are associa ted  wi th clear air t u r bul~ noo

pheno mena in  the lower atmosp here and are m a n i f e s t ed  in random flue-

tuations of ar o n l i t ud e  and phase of erie r e -  t r ans  t’erred tbr~ i n h  the

medium , wi th a t ime c on s t a n t  in the m i l l i s e c o nd  range.  ~~~ l a n e

scale r e fr a c t i on  index  p r o f i l e ;  of’ in te res t  in th is  s tud .’ , is a

r e l a tiv e l y  l on c  t ime  p rope r ty  of an a t m o s p h e ri c  n at h  which  is  a

f u n c t i o n  of ’  ave ra °e values of’ local n re s su re , t o n n n r r a t~i i r e  and

humid i f y a long  the p a t h .

__________________ ___
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~he r e fr ac  t iv e  in d e x  n of the a t m o o n h e r e  is e c r i v e n  ie n t  l’j

d e s c r i b e d  in t e r m s  of the r e fr a ct i v it i ’  1, i n n  n ar t s  pe r  m i l l i o n s ,

by the e x p r e s si o n ,

o = 1 + 10 ~~N (1)
or N = (n - l )  10

The r e f r a c ti v it y  at opt i ca l  w av e l en o th s  is re la ted  to local -

temnera ture and nr e s s u r e  ( R e f e r e n c e  4 )  by :

N ~~~9 (2)

where : P = pressure in millibars

T = temnerature in decrees kelvin

The dowowa r b e n d in g ,  cu rva tuve  of an op t ica l  ray at a o iven

al t i t u d e  level is e-iven h -  the e r ad i e n c  of’ the r e f r a c t i v i ty :

IN :O IP ~°P dTC = = - 
tT 

+ —

~~

- (n)

For r a d i o  a n d  role ro’rave fr e q u en cy  r rona -an i  on , an a d d i t i o n a l  t er m

due to h u m i di ty  or a i i e nt .  e nt e r s  into t h e  above curvature eilna tior’ .

A b s o lu t e  -:alu is of l oca l  t e r n n e r a t u r e  and nres su re  as a fun

t i  o r  of a l t i t u d e  e nt er in  - in equat  Ion (~
), may he e s t i m a t e d  w i U n i n

a smal l  e r r o r  f r om r e n or u e  i s t a t i s t i c a l  data f or given ge o o rauh i ’  
l
b

a r~~a a n n  I ro~ a su r ’- ~ or ~ i n n I  (o r  o c e an )  t e m p e r a tu r e . Similarly,  close 4 ,
en ~i m a te s  on p re s su re  vs a lt i  t in  le o ra i i on t s  are ob t a i n e d  f r on t  ro i l  c o r —

sal cu r v nn ;  . 5~e si o a t  ton l i o n - r o u t ’ r s q u it  e l it ’f ’  r on 1. f o r  t h e  ca so

of’ torn’’ na~ ore cra l ents . A n a t l a n l e  s t a t i s t i c a l  da ta  on t emperaturr’

p ‘ i i  r ’S fl r ‘i i  r i ’ y~~od ~‘S t i nina tes on g r a l ie n t s  at r e l a t i v e ly  hi  ch

a i ’ r r d es . At ~ho low er  alt i~~n h’r h o w e v ’r , ‘ h a r o s  i n  the y r a l i e t.

—-  ~~~~~~~~~~~~~~ - - .~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~
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l i r-~~’’ i c n n s  (i.e., invers i ~n s )  occur fr e q u e nt ly  as a resul t  of ’ mann:’

a r m o s n h i ’r i . c san i ab l e s , ( e .g .  , pos i t i on  of the sun , ov e ro a ce  c o n d

t i~~n , s u rf a c e  aol ambient temperature , wind v e l oo it v r  and d i r e c ti on ) ,

whi ~h r e s u l t  in subs t an t i al  er r -~r in a s s e s s i n g  the t rue  tar - ct p o s i t i on .

~iea su re - .i t o n c ’er a tu r e  crad ien t s  at lowe r a l ti t u d e  us ing  r a d i o —

s o n ic  te~~h : i  ~ues are  ~iven  in Fioure 1. The double  i nve r s ion  in

the ~sr a d i e nt  ( s ur e r a i l a b at i c )  is ty nica l  for  mid -day  c o n d i t ion

w h e r e by  th e  s u r f a c e  t emn e ra tu r e  is h i n n h e r  than the s u r rou n d i n e

a m ’ i e n i t  t s m c e ra t u r e . Pos it ive  inve r s ion  at g round  level (n o t  shown

in F i nur e  l~~, on the other  hand typ ica l ly  occurs at n m n n h t .  The n e u t r a l

gr a d i e n t  (F l e :ur e  1) is normally tyn ical  for  early m or n i n g  a n d  lat e r

a ft e r n o o n  c o n dit i o n s . It is c lear  that the u n c er n a in t ~y inn the

chancinno gradient and associated inversions in vicinity of ground

or ocean surface is the largest source of potential error in esti-

matino the local curvatures in ray bending for cracin --angle Un’-

lookin p o in t  m o  or direction f i n di n o  detection s\sten:s .

This study is aimed at establishine: the feasibility of deter-

mining the temp erature and humidity gradient profiles at the lower

altitude levels by means of remote radiometric measurements. Using

this measurement information in conjunction with statistical m~asrsre i

data on lo:al atmospheric conditions (temu erature , pressure and

h u m i d i t y ) ,  assess inn tareet error pos itior~s in real t i  roe ant  ea rs

to be feasible.

III. SAflI° PHEN M O fHfF TN b v g-iF~ R L t  PflPI~-TN G

floe averane apparent r a d i a n  r e  sensed b-~ a radiometer viewi :r -:

t i n e  a tm c s nh e r e  is -eve rued by the s t e a d y — s t a t e  a t m o s p h e r i c  r a d i at i  on

t r a n s fe r  ~ q n r a t i o n  as illustrated schemat ically in Fi-inr e 2 .
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For a down-looking radiometer (Figure 2A), the apparent

radiance is given by:

~~T .
NA = B0 ( T )  T

0 +/ B~~(T )  ~ EL. dy (4)

where :

B0, B~ = Planck’s radiances at ground and ith altitude - - -
level, respectively

‘r , m, = atmospher ic  t ransmission coe f f i c i en t s  in the
° total propagation path from ground level to

re ceiver , and ith altitude level to receiver,
respectively

y = normalized spatial coordinate

The first term in the right-hand side of equation (4) is due to the

earth (or ocean ) radiance as attenuated in its total propagation

path. The second term represents re-emission of radiance in the

various atmospheric layers within the total pronanation path .

A similar transfer equation may be obtained for an up-lookiro-

radiometric system (Figure 2~

NA 
= J7 B1(T) dy (5)

where the sensed radiance is due to atmospheric emission only.

One method of radiometric profiling consists of implementino

several spectral sensor-channels , each selectively accer’tinn emitted

radiation from limited spatial regions . Such an ideal up-looking

profile radiometric system is depIcted in Figu re ~~~. As shown , I t .

consists of a multitude of sensor channels , each having rectan gular

_ _ _ _ _ _  
___±

~~~

• _ ±
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narrow response characteristics sensitive to radiation from dis-

crete altitude levels . In practice, the responses of the channels

are broadened by natural characteristics in the signature profiles

of the emitting gases as well as by their relative distribution with

altitude levels. Since the response widths of the actual channel

are f in i te, they must be contiguous so as to encompass the total

profiled range of interest.

The basic parameters associated with radiometrio urofiling

are def ined in Figure 4, where a down-looking radiometer is view-

ing an t atmospheric layer” within its field-of-view. The reroi r -

erot radiometric parameters are :

B1(T )  = Planck~ s radiance

= concentration of active gas

C(W,p) = gas emissivity

T = temperature

p = pressure

It should be noted that though gas ‘oncentrati cii a n t i  emissivitv are

also f u n c t i o n s  of temp e ra ture , th i s  f ’unn~~t i  ‘n-a l i e r ’ e r r i e n  n ;  is smal l

as compare d to that lu~ to r r e s n u r ~’, and } r I ~o ‘ I ~~~ , it in n eg l~’ ~U e i  h er ~~.

The apparent  rad ian ce  e m a n at  In c  f r om  ~i’~’ l a  ~ r ~~
:- s~ n s~’ I by

rad iometer  is shown in ‘icu re 4 a r r i  ‘ i v ~’n b y :

N1 
fi . (  r )  € 1 1  (h

where is the t r ansmiss ion  c o e f f i~~io r ~ o t ’ t he  total path f rom  ith

level to receiver .

10.
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floe apparent emission relationship in equation (iT ) ma :- he

expressed in a somewhat alternate form . Referr’n -  to Fioure  h ,

assume a rad iance source B5(T) alterratel:: located at noints A

and B , be low and above the almosnheric layer eons i tiered , resne;-

t ive ly .  The a n n a r e r t  a l s o e r t i o r i  wi t h i n  th~ laye r is then c t ; e r n  b y :

= 3 (T )  ET1 
- T

2 J (
~

From lit r eh o f ’  s law of al so rr ’ t ~on -e :n i  ns ion ear i v a l e n n  y: , the c o e f f i  c—

len t  in equa t ion  ( ! )  is e q u iv a l en t  to the t r a u n m i s s  v i t y  d i f f e r e n c e

in equation (7 )  which may also be e:.:rr csrod in a d i f f e r en t i a l  ferns .

namely:

= T
1 

- T
2 

= d~i (8)

T.

The spat ia l  der iva t ives  - ~, re fer red  t o  as ke rn e l s  or

func t ions , are the l inear  c o ef f i  ient  o n ’ th e  t o :r n e  r a t . in r~’ t i en -~~n :  l en ’

P l an o k ’  s rad iance  in e q u a t i o n s  ( 4 )  ant i  ( 0 ) .  l I en  ‘, th e  s a t

selec t iv i ty  of a radiometer  is de t e rmined  fr om ro sn on se  ‘har ’i

is t ics  of the kernels  as a f u n c t i o n  of a l t i t ud e .

The d i f f e r e n c e  in the na ture  of r espon se  of the k , ’r n ’ilr t ’ ‘n

up- looking and down-looking syst•ems may be v i su a l  i 5, 1 j  u 1  re ‘c cci

to Figu re 5. For a down—looking radi nine or ( h i  ~ )‘ l~ A~ , t b ’  ~~

c e n t r a t i o n  in the active gas an I hence tie cm:n: s i.  i t :  In b ‘ c ’ a t n  i n n ;

a long the direct i on of raitation . The tran sinr i .
~~~ : on ‘of ’ t’: ’i ‘~~ O t t

inn  reaases a lone  the d i rect i on of the p ropacat  i o t t  p a t h .  l i en ’” .

peaking of the we I -;h t i n n  fu n c t i o n  along the ur ma - -n I m n-a H: n-r i 1 1

o c c ur .  For ar t  un—lo ok ing ra(]ton:l~t e r . no peak i n o n-r i ii o’rur ci 

- - - ~~~~~~ -~~~-- -~~~~~~---~~~~-~~~ -~~~~~~ -- --- ~~~~~~~ 
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both quan tit i e s  increase along the d i rec t ion  of radiation as shown

in Figure 5B. Typical monochromatic weighting functions as a f u nc-

tion of a l t i t u d e  are shown in Figure 6 for a dowri-lookin - suc tem ,

and Figure 7 for an up- looking system. As may be seen from F t t -u r ~ 7 ,

the spa t ia l  resolut ion for  an up-looking rad iomete r  is poor due to

the e~~~onential  nature of the weighting func t ions .

IV. DIFFER ENT IAL KE RN EL APPROACH

In view of the above d iscuss ion it is clear that wei -htirn -

functions generated in channels of an up- looking  radiometer , which

are solely based on spectra l  var ia t ions  in the s iona tu re  s t r en -ths

of the active gases, suffer from inherently poor spatial selectivity .

Hence , additional properties in the s igna ture  parameters  mus t  he

utilized to generate selective kernel functions. A possible app roach

is the utilization of the inherently steen slope characteristi -s

associated with the ind iv idua l  rota t ional  emiss ion l i nes  of a t m o s -

pheric gases as an addit i ona l  degree  or’ freedom. mi s requ i res

sensinc radiation from sections of a r o t a t i o n a l  em i s s ion  line by

means of a high spectral resolution rad i ometer.

Figure  8 illustrates a rotation line share with L or er nt z i a n

attenuation profile which well. ren resents nr e s sur e  r e - i o n s  in t i r e

vici nn i tv of gr o u n d  levels of t he  a t n : o n n he r e . me a b n or n ~ ion as a

f un c t ion of wave number i S “ I von he :

a(v) r 
-~ (~)~iT ( v _ v ~~) 7’

- 

1’.
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where

S line intensity

7 half-width at half maximum

v ,v0 variable and line center wave numbers, respectively

The altitude dependency of the absorption coefficient is due to the

nressure variation in line width and is given by:

‘
~~~~~~~~~~~~~

= ‘yap (10 )

where

p = = normalized pressure

P0 = pressure at groun d level

= line width  at ground level

The altitude (pressure ) dependent transmission coefficient for

monochromatic radiation (which is a good approximation for high

resolution radiometers with channel spectral widths of the order

or less than 1 percent of the absorption line w i d t h ) is g i v en  b y :

T ( p )  = EXP
[

~
f 

a(p) w(p ) sec 0 dh] (11)

and

w( p ) = w0p 
(lo t

where

w (p) = can concentration

= concentration at cround level

= ab s o r p t i o n :  c o e f fi c i e n t

0 = z e n i t h  a”cle

h al~~I~ r ;- ’i ’
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Inserting equations (9), (10), and (12 ) into equation (11),

and differentiating with respect to scale-height parameter y, the

following expression for the weighting function is obtained :

T _ k sec Q P
2 rC2 2 \~~~

’2
y (l+C 2 )~~

2 C2+p 2 L 4 (l~~)

where
Sw

k — 

~~~~~~~~ Parameters independent
of pressure

v— v
C =  °

p = e~~ ; = pressure scale hei~ht)

As an example cons ider  the func t iona l  re la t ionship  of the

weighting function with pressure for extreme spectral positions of 
I

’

sensor channels at two rota t ion lines of various s igna ture  i n t e n s i tie s .

A. For the first channel located at line center:

C = 0

k (14 )

B. For the second channel located at the far winos of the line :

C~~”>pH (Ps )
2 

-- - -.~~~~~ -. - -~~~~--~~~~~---- - - - --~~~~~~~~~~



The difference-kernel generated from the absorption lines with cor-

responding channel positions (equations 11 and 12) is given by:

- = Apk - ( 16)

1 2

with  a rne ai : no ru r r in c  at pr essu re  level a l t i tudes :

r -i k-2

~peak L~~ i (1 (,

where :

— 
k sec 0A — 

(1~~fl2 ) K Z~~

— 

k1 sec Q
B — 

(l +C1
D ) kl~~

Thus n eaked  w e i nh t in g  f u n c t i o n s  ma- ,- be :; e n e r a te t i  f rom d i f f e re n ce

sirnals at two spectral line positions , w i t h  a spatial selectivity

be ing  a f u n c t i o n  of the radiative s i g n a t u r e  intensities of the tn-rn

lines. It should be pointed out, however , t h a t  the d i ff e r e n c e

kernel obtained from channels at extreme spect ra l  pos i t ions  are

rather broad due to the shallow gradient at the far wing of the

line and hence are inadequate for profiling the boun -~ai’,y layer

wi th the require d high spectral  r e s o l u tio n .

Refe r r ing  to Fi gure 8, it may be observe-I that a steep slope

in the absorption line occurs in the  vi - ‘i- it:; -~~~~~ i ts  half  n t e n n r  it’;

position and hence its senstti vi~~, to :ressur~’ a n i n t t i o n  w i l l  be l a r- e

in t h i s  r en ion . -mis su oge st s  t h at  :‘ a r~’ ‘w- ’ r r- ’s u o n : s e  i i  f f e r e n n e e  ke r ee l s

ma,’- be generated for channel pos I tines tN- - i ‘ l ’ n i t - v of  its s t ee n e nt

sl  one. This configirrat ion is sh rr’c i in ‘ i ’ ~ r” °

i t

-l 1
~~~~

— 

1°. 
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V. GEN E RATI ON OF DIFFEREN CE KERN E L FUNCTI ONC

The 002 emission band at 13 pin was considered for generating

differential kernel functions due to its high signature intensit1-

characteristics and the feasibility of hich spectral resolution

instrumentation in the band (e.g., heterodyne radiometric techniques

using tunable diode laser local oscillators). The technique however

can be adapted at other spectral bands in the infrared or millimeter

waves where discrete signature spectra due to uniformly mixed atmos-

pheric gases exist.

The difference in kernels for two channels associated with two

discrete lines , is given (see equation (13)) by:

A = (~~~~ T ) 
~~~~~~~~~ 

= sec 0 IK1{1 ej  
K1/2

(l~~)
I 2 2 1K / 2  ‘I
1
02 + ~~2 e2 (

- K2 [ 1+C22 J C0
6 -~- t~~

2 f
where :

relate to signature strength of the two lines as
I - defined in equation (13)

C1,C’2 are normal ized spectral  posi t ions of’ the two line
channels

Thus, niven two spectral lines of signature stren- -ths K1 ant i  K,~, the

spectral positions of the channels 
~~~ 

and (~~~~ which result in n e a k i n n o

the difference kernel at a given altitude , are found by : n i n n i n n t z i n -

equation (18) at a pressure P1 e o r r e s n o n b i n -io to the alt itude lec~ l,

name ly :

~~~~ P = P l
= 0  (1°)

21.
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anti solvtn - for C1 ann-I “ ,, . Such computat ions were pe r fo rm ed  by

solvinc the trans endental equation (18 ) for various combinations

of’ line nairs and channel spectral positions , so as to obtain hinhl:.-

selective and conti -vous difference kernel channels at the l~ wer

atnrrosn heric levels .

Fi nn res 10 and 11 show difference-weighting functions ob-

taire-d for vertical , and 30-degree grazing-angle  up-looking sys-

tems , r e sp ec t ive ly .  As shown , narrow-width difference kernels

resul t  at cont inu ous  regions immediately above ground level. The

d o t t e d  l ines shown in the figures represent undesirable reversal

in sicn (f’oldovers ) in the difference functions which must be dealt

~,:ith ins the  retrieval analysis so as to minimize this potential e r r o r .

A simulated temperature retrieval based on the difference kernel was

carr ied out and is discussed in Section IV.

VI. COMPUTER SIMULATED RETRIEVAL OF SUPERADIABATI f FEii PFFA~~I 1RTn ’
PRO FE LE

Retrievals of a t~,mtca1 superadiabatic lapse temperature

profile were computer simulated using the three lower differenc e--

kernel info rmation channels in Figure 11. The a lgo r ithm at i a n t -’-i

is based on i t e ra t ive  solut ions of the radiat ive t r an s f e r  c i n r a t i o r n s

and require no apriori statistical knowledge on atmosoheric n an’an.-

eters . The method is based on the u p - w e l lin g  r a i i a t . i o n n  r e t r i e v a l

pr ono s ed by W. L. Smith ( Re f e r en c e  n )  w h ich  was m o d i f i e d  h e re  f~
-
~

a down-wel l i rn o s i t u a t i o n . The basic  o u t l i ne  of the i t e r a t i v e

c omn n t a t t on  n r o - ’e iu re  is as fo l lows . 

- - -~~~~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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A tempera ture altitude profile is first assumed , and desig-

nated as the “ t rue ’ model atmosohere . -me radiance correseondin-r:-

to the “true ” profile at each snectral channel is then comouted

from equation (~~~ 
by tine m e t h o d  of digitization of the atmosphere

in discrete isobari- .- incremental regions . The computed radiance

levels at the channels are designated as the “measured ” values .

An arbitrary temperature profile desinnated as a “guessed ” model

is then assumed servino as a startinnz point in the iterative come -

utat ional  p rocess .  The radiances co r r e sp ond ing  to the “ guess ed” 4 .

model for all spectral channels as well as radiance ratios of

“measured” to “guessed ” values are initially computed.

As a first step in the iterations , “ gue ssed ’ model radiances

corresponding to each incremental altitude la:,rer are updated in

direct proportion to the computed radiance ratios of “measur e-I ”

to “guessed ” values . A first iterated model is then n-enerate-d by

averaning the temperatures  co r resp ond ing  to rad iances  of th e  sp e c t r a l

channels , each weighted  by the i r  charac te r i s t i c  ke rne l  f u nct ion  at

the given altitude. A relaxation method of iteration is adapted

whereb; snectra l radiances at incremental atmospheric la’-ers are

continuously updated , p roportionately to -the ratio of the “measure-i ’

to computed values. New consecutive models are generated , based on

averaged w et nh t e d  temp erature parameters from d i f f e r e nt i a l  ke rne l

functions at the given a l t i t udes .  The p r o c e s s  cont inues  u n t i l  t he

d i f f e r e n c e  between “measured ” and computed snectral radian -es ar’

below a erede te rmin ed  t h r e s ho l d  value.

- 

2~ .



- - -- 

~~~~~~~~~~~ 
- 

-_-~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘ 

~~~~ I

A simulated temperature  retrieval for an assumed double

inverted temperature profile, based on three information channels

(Channels 1, 2, and 3 in Figure 11) is given in Finu re 12. Curve

A in the figu r e  is the assumed “ t rue ” atmospheric profile , the

dashed curve is the arbitrary assumed initial model in the i tera-

tion , and the retrieved model profile is as shown in curve C.

The two inversions in the assumed model at 3724 m and 750 m a l t i-

tude are rep roduced in the retrieval. However, the fidelity of the

retrieved profile in the lower 375 meters above ground level was in- 1 -

sufficiently inaccurate due to excessive spatial widths in the

kernel functions of the three channels . A more accurate tempera-

ture retrieval implementing four information channels with narrower

spatial functions will be investigated during the next phase of the

program.

VII. IN FRARE D HIGH SPECTRA L RESOLUTION RADIOMETRY
_ -.‘ 1The required high spectral  resolution of 10 to lO~ cm

for sensinc radiation from portions of a rotational emission l ine

d 
necessitates -the utilization of state-of-the-art spectrometer tech- - - ,

niques. Present day conventional spectrometers do not provide the

required resolut ion.  However , a heterodyne approach may be employed

wherein  a tunable laser (diode local oscillator) illuminates a p h o t o -

diode s imul taneously  wi th the incoming source i r r adiance .  The t - e s nn l t -

inn IF sin -cal Is a h igh  spectra l resolution s l i c e  of the infrared

radiation . [‘his technique has been successfully emp l oyed in a n u m b e r

of equipmen t and instrumentation developments ( R e f e r e n c e s  2 ari d ~‘I .

- 2 - .
_ _ _ _ _ _  _ - - - _ _
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A du a l - c h a n n n e l  i n f r a r ed  he te rodyne  radiometer  ( I H R ) ,  as

shown i n n  y i. -u re  l~ ( R efe rence  6 ) ,  is current ly b e ing  used to

assess the con centration and vertical d i s t r i b u t i o n  of atmospheric

ozone and ammoni a  by o b s e r vin g  the up-welling radiance from differ-

ent narts of’ the selected nas constituent line. The heterodyne

radiometer techniques employed to measure gas concentrations can

also be used to retrieve the thermal profile.

VIII. SU~~4ARY

A new method of remote profiling temperature and humidity

gradients in the lower atmosphere by means of up-looking grazino-

angle radiometer has been investigated. The technique consists of

generat ing d i f fe rence-kerne l  functions in several high spectral

resolution channels . These functions are shown to have inherent

high spatial resolution In the lower regions of the atmosphere .

The results  of’ a simulated retrieval of temperature profile with

an assumed double inversion below an altitude of 1 km, based on

three information channels , is p resen ted .



- 
_ _ _ _  - ---~~~~~~~~ - 

—

BLACKBOD V
DICKE SWITCH MOTOR REFERENCE

PHOTOMIXERS I I BLACKBODY

~~~~~~~~~~~~ REFERENCE
OPTICS

f 4’ 
4~~
.,

L 
.~ , ~~~~ ~ — 

- 

- _

~ 
e” i~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ --~~

~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
. 

-
~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~I T  :1

PERISCOPE

•1

Figure l~ . Infrared Ile l~~ t - oH; . ’ r e c - ~~1i o n er

_ _ _



- 
_ °

~~~~~~~~~~~~~~~~~~~~~~~~ --~~~ - - 
-

- - ‘ -~~~-~~~~~~ ‘ ~~~~ - —- - - --~~- -

Ix.  R E F E F EU CE S

1. J.W. Walters , K.F. Kunzi, R.L. Pettyjohn, R.K.L. Poon and

D.H. Staelin, “Remote Sensing of Altitude Temperature Profiles

With the Nimbus 5 Microwave Spectrometer ,” Journal of Atmosnheri~
Sciences , Vol. 32, pp l95d-l969, Oct. 1975.

2. B.J. Peyton, “Atmospheric Monitoring Using Infrared Heterodyne

Radio met ry , ” Proc. m t .  Telemetering Conf., Los ~nneles ,

Ca., Oct. 19724.

3. R.K. Seals and B.J. Peyton, “Remote Sensing of Atmospheric

Pollutant Gases Using an Infrared Heterodyrr e Spectrometer ,”

Proceedinn s  of the Internat ional  Conference  on ~~ ‘-i r o nm ent a i

Sensing and Assessment , Vol . 1, p l0-~ , t~~s Venas , Nevada ,

Sept. l9~ 5.
The U. 0 . Standard Atmosohere , W a sh inn t o n , p. ‘. U.S. Cove ~-nmen

Pr in t in - - O f f i ce , l9t~2.

5. W . L .  Smith , “ I te ra t ive  Solution of the Radiative Transfer

Equation for the Temperature and Absorbing Gas Profile of

an Atmosnhere”, Applied Optics , Vol. 9, N - ’ . 9, Sept. 1970.

6. 13. J. Pe:’ton , et al, “Infrared Heterodyne Spectrometer Measu r°- —

ments of’ the Verti’-al Profile of Tropmspheric Ammonia ant i

Ozone ,” AI~~ C o n r t ’erence , Los Angeles , ‘a ., l an .  1O~ 7.

H 
_  _ _ _ _ _ _  

:50. 
_


