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A MODULAR RADIATIVE TRANSFER PROGRAM FOR  GAS 
FILTER CORRELATION RADIOMETRY 

Joseph C. Casas’ and   Shi r ley  A. Campbell2 

SUMMARY 

A l i n e - b y - l i n e   r a d i a t i v e   t r a n s f e r  program t h a t  simulates 
the  response  of  a G a s  Fi l ter  Correlation  Radiometer (GFCR) as 
a func t ion  of a l t i t u d e  i s  presented  and  discussed.  The program 
w a s  developed t o  s p e c i f i c a l l y  solve downward viewing GFCR 
simulat ion  problems,   but   can be eas i ly   adap ted  t o  many 
d i f f e ren t   i n f r a red   s enso r   r equ i r emen t s .  The o v e r l a i d   s t r u c t u r e  
and   spec i f i c   t a sk   sub rou t ines   pe rmi t   des i r ed   mod i f i ca t ions  
t o  be made wi th  ease. 

The program  performs  the  task of ca lcu la t ing   a tmospher ic  
t r ansmi t t ance  and  upwelling  radiance as a func t ion   of  wave- 
number, a l t i tude,   and  pr imary  gas   concentrat ion,   and writes 
t h e   r e s u l t s  on a temporary   s torage   d i sk .  The program  then  uses 
t h e s e   r e s u l t s   t o   c a l c u l a t e   t h e   o u t p u t   r e s p o n s e   o f   t h e  GFCR. 

Both  input   and  output   of   the   program are descr ibed ,  as w e l l  
as a sample tes t  case. The FORTRAN var iab les ,   subrout ines ,   and  
overlaid  programs are  l i s t ed   and   exp la ined .  A f lowchar t  i s  
also furn ished .  

’ Research Associate, Department  of  Physics  and  Geophysical 
Sciences,  Old  Dominion Universi ty ,   Norfolk,  VA 23508. 

Research Associate, Department of Physics  and  Geophysical 
Sciences,  Old  Dominion Universi ty ,   Norfolk,  VA 23508. 



INTRODUCTION 

The u s e   i n   r e c e n t   y e a r s   o f .   h i g h   s e n s i t i v i t y   a n d   h i g h  
e f f e c t i v e   s p e c t r a l   r e s o l u t i o n  (less than 0 . 1  c m - ' )  i n s t r u -  
mentation  in  the  remote  measurement  of trace atmospheric  gases 
has   required  ref inements   in   the  computat ional   methods  ut i l ized 
in   eva lua t ing   t he   a tmosphe r i c   t r ansmi t t ance   i n   t he   i n f r a red  
spec t r a l   r eg ion .  The p r i n c i p l e   o f   d e t e c t i o n   o f   t r a c e  atmos- 
pher ic   gases ,   spec i f ica l ly   gaseous   po l lu tan ts ,   has   been  
descr ibed by Ludwig ( r e f .  1). The success  of t h i s   p r i n c i p l e  
not  only  depends upon t h e   a b i l i t y   o f   t h e   i n s t r u m e n t   t e c h n i q u e  
to   d i sc r imina te   be tween   t he   po l lu t an t   and   i n t e r f e r ing   spec t r a l  
l i n e s ,   b u t  a lso r e q u i r e s  a n  accu ra t e  knowledge  of  high  resolu- 
t i on   po l lu t an t   and   a tmosphe r i c   spec t r a .   Th i s   can  Only be 
accomplished  by  applying a l ine-by- l ine   a tmospher ic   rad ia t ive  
t r a n s f e r  program. 

The h igh   r e so lu t ion   o f   t he  GFCR instrument  requires t h e  
usage of a l ine-by-line  program  for  the  purpose  of  analyzing 

long  path trace atmospheric  gas  measurements. The program 
p r e s e n t e d   i n   t h i s   p a p e r  i s  a combination  of  an  improved  version 
of the  l ine-by-line  program  described i n  r e fe rence  2 and  several  
d e s i r a b l e   c h a r a c t e r i s t i c s  from o the r   l i ne -by- l ine   r ad ia t ive  
t r a n s f e r  programs ( r e f s .  3 and 4 ) .  The o b j e c t i v e  was to   deve lop  
an e f f i c i en t ,   gene ra l i zed   l i ne -by- l ine   a tmosphe r i c   r ad ia t ive  
t r a n s f e r  program,  which  could  be  readily  adapted  to many 
d i f f e ren t   i n f r a red   s enso r   r e sea rch   needs .  The program  current ly  
accornodates nadir   v iewing  sensors   but   can  be  modif ied  for  limb 

scan   s enso r s   v i a   t he   app ropr i a t e   geomet r i ca l   i n t e rp re t a t ion   o f  
a tmospher ic   l ayer   t ransmiss ion   va lues .   This   paper   descr ibes  

t h e  program  and t h e   b a s i c   a n a l y t i c a l   c o n c e p t s  upon which it is  
based, as  w e l l  as i t s  opera t ion .  
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SYMBOLS 

. .  

ci concent ra t ion   o f   absorb ing   gas ,   par t s   per   mi l l ion  
( PPm) 

C8 Boltzmann d i s t r i b u t i o n   c o n s t a n t ,  c m  Kelvin 

E monochromatic  upwelling  radiance, w a t t s  cm-2sr-1 

E '  energy  of  the  lower s ta te ,  c m - '  

f Chapman funct ion,   d imensionless  

h senso r   a l t i t ude   i ndex ,   d imens ion le s s  

h '   uppermost   layer   a l t i tude  index,   dimensionless  

HS 
wavenumber dependent   sun  i r radiance a t  t h e   t o p  
of   the  a tmosphere,  watts c m - 1 s r - 2 c m - 1  

k a tmospheric   layer   index,   dimensionless  

1 th ickness  of l a y e r ,  c m  

m constant ,   1 .5   for   water   vapor  and 1.0 f o r   a l l  
o ther   molecules ,   d imensionless  

NO Planck  blackbody  radiat ion,  watts cm-2sr-' 

P mean pressure  of  l a y e r ,  atm (1 atm = 1.01325 E+5 
Newtons/meter2) 

Pe equ iva len t   p re s su re ,  a t m  

S i n  ad jus t ed   spec t r a l   l i ne   i n t ens i ty ,   a tm-1cm-2  

SO s p e c t r a l   l i n e   i n t e n s i t y ,  a t m - 1 c m - 2  

T layer  temperature,   Kelvin 

TO r e fe rence   t empera tu re   co r re spond ing   t o   spec t r a l  
l ine  parameters ,   Kelvin 

TS surface  temperature ,   Kelvin 

z a l t i tude   index ,   d imens ionless  

CCin   ad jus t ed   spec t r a l   l i ne   ha l f -wid th ,  c m - l  

a0 l ine   ha l f -wid th ,  c m - l  

3 



Bin 
E wavenumber  dependent  surface  emittance,  dimensionless 

Lorentz  line  shape,  dimensionless 

T 

wavenumber  dependent  absorption  coefficient, 
atm- lcm- 

gaseous  transmittance  at  a  particular  altitude, 
dimensionless 

e sun  zenith  angle,  degrees 

w wavenumber  (inverse  wavelength) , cm-l 
averaged  wavenumber, cm“ 

SUBSCRIPTS: 

i  gas  species  number 

n  spectral  line  number 

DICTIONARY  OF  FORTRAN  VARIABLES 

ABSCOF1 

ABSCOF2 

ABSCOFT 

Absorption  coefficient  for  interfering  gases 
at OMEGA  ((cm”atm-l)/cm-l). 

Total  absorption  coefficient  for  all  active 
infrared  gases  (ABSCOF1 + ABSCOF2)  ((cm-l 
atm- ) /cm ) . 

ADJALPH  Adjusted  half-width of WZ (cm-l). 

ALPHA Half-width  value  at  half  maximum  of WX from 
spectral  line  parameter  tape  (cm-l) . 

ALPHAD (I, NLAY)  Half-width  values at half  maximum  of WZ for 
a  Doppler  spectral  line for  species I (cm-l) . 

ALPHAL ( I, NLAY)  Adjusted  half-width  values at half  maximum 
o f  WZ for  a Lorentz  spectral  line  for 
species I (cm-’) . 

ALPHAV  (I,NLAY)  Adjusted  half-width  values  at  half  maximum 
of WZ for  a  Voigt  spectral  line  for  species 
I (cm-l) . 

4 



ATMTAU (NLAY ,NXM) For a tmosphe r i c   l aye r s , ,   c a l cu la t ed  trans- 
mission of atmosphere a t  t h e   t o p  of t h e . l a y e r  
a t  OMEGA; f o r  instrumentation and   ca l ib ra t ion  
l aye r s ,   c a l cu la t ed   t r ansmiss ion  of t h a t   l a y e r  
a t  OMEGA. 

BBCNEW (NLAYI)  Radiation of the   co ld   b lackbody  ca l ibra t ion  
source a t t enua ted  by the  vacuum ce l l  a t  OMEGA. 

BBCNEWC ( N L A Y I )  Radiation of the  cold  blackbody  cal ibrat ion 
source a t t enua ted  by t h e   c a l i b r a t i o n  ce l l  and 
t h e  gas cel l  a t  OMEGA. 

BBCNEWG ( N L A Y I )  Radiation of the   co ld   b lackbody  ca l ibra t ion  
source a t t enua ted  by the   gas  ce l l  a t  OMEGA. 

BBCNEWV ( N L A Y I )  Radiation of the   co ld   b lackbody  ca l ibra t ion  
source a t t enua ted  by t h e   c a l i b r a t i o n  ce l l  
and  the vacuum ce l l  a t  OMEGA. 

BBCOLD (NLAY I ) Radiation of the   co ld   b lackbody  ca l ibra t ion  
source   a t tenuated  by t h e  vacuum ce l l  a t  t h e  
previous OMEGA. 

BBCOLDl (NLAYI)  Temperature of the   cold  blackbody  cal ibra-  
t i o n  source (Kelvin) . 

BBCOLDC ( N L A Y I )  Radiat ion of t he   co ld   b l ackbody   ca l ib ra t ion  
source   a t tenuated  by t h e   c a l i b r a t i o n  c e l l  
and t h e   g a s  ce l l  a t   t h e   p r e v i o u s  OMEGA. 

BBCOLDG (NLAYI) Radiat ion of the   co ld   b lackbody  ca l ibra t ion  
source   a t tenuated  by t h e  gas ce l l  a t  t h e  
previous OMEGA. 

BBCOLDV ( N L A Y I )  Radiation of the   cold  blackbody  cal ibrat ion 
source a t t enua ted  by t h e   c a l i b r a t i o n  ce l l  and 
t h e  vacuum ce l l  a t   t h e   p r e v i o u s  OMEGA. 

BBHNEW (NLAY I ) Radiation of the   ho t   b lackbody  ca l ibra t ion  
source a t t enua ted  by the  vacuum cel l  a t  OMEGA= 

BBHNEWC ( N L A Y I )  Radiation of the   ho t   b lackbody  ca l ibra t ion  
source a t t enua ted  by t h e   c a l i b r a t i o n  ce l l  
and the   gas  cel l  a t  OMEGA. 

BBHNEWG ( N L A Y I )  Radiation of the   ho t   b lackbody  ca l ibra t ion  
source a t t enua ted  by the  gas cel l  a t  OMEGA. 

BBHNEWV (NLAY I ) Radiation of the   ho t   b lackbody  ca l ibra t ion  
source a t t enua ted  by t h e   c a l i b r a t i o n  ce l l  
and t h e  vacuum cel l  a t  OMEGA. 
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BBHOLD ( N L A Y I )  Radiation  of the h o t  b lackbody  ca l ibra t ion  
source   a t tenuated  by the vacuum ce l l  a.t t h e  
previous OMEGA. . .  

. .  

BBHOLDC ( N L A Y I ) '  , Radsation  of t h e  hot   b lackbody  ca l ibra t ion  
source   a t tenuated  by the c a l i b r a t i o n  cel l  and 
the gas cel l  a t  t he  previous OMEGA. 

BBHOLDG ( N L A Y I )  Radiation of the   ho t   b lackbody  ca l ibra t ion  
source  a t tenuated  'by t h e  gas cel l  a t  t h e  
previous OMEGA. 

BBHOLDV ( N L A Y I )  Radiation  of the hot   b lackbody  ca l ibra t ion  
source   a t tenuated  by t h e  c a l i b r a t i o n  ce l l  
and t h e  vacuum ce l l  a t  t h e  previous OMEGA. 

BBHOT ( N L A Y I )  

BLCKIN (NLAY I) 

B RDFAC 

BROAD 

C 

c7 

C8  

c9 

CHAP ZEN 

CMINV 

Temperature  of t h e  hot   b lackbody  ca l ibra t ion  
source  (Kelvin) .  

 instrument.'^ internal   b lackbody  temperature  
(Kelv in) .  

Pr imary  gas   pressure  broadening  factor .  

Primary gas pressure   b roadening   coef f ic ien t .  

2 * CMINV. 

First r a d i a t i o n   c o n s t a n t  (1.19083-12 wa t t s  
cm-'sr -' cm-I  ) . 
Boltzmann's  constant  (1.439 c m  K). 

Doppler  coefficient  (6.76753-8).  

Exponential  component of the Chapman 
t ransmission  funct ion  of  t h e  atmosphere  for 
t h e  s o l a r   z e n i t h   a n g l e .  

Distance  above  and  below OMEGA considered 
a s   c e n t e r  l i n e  abso rp t ion   i n   t he   t r ansmi t t ance  
c a l c u l a t i o n   a t  wavenumber OMEGA ( c m - l ' ) .  

COMF'ABS (1 ,NLAY) L i n e   p r o f i l e  component of absorpt ion 
c o e f f i c i e n t   a t .  OMEGA. 

COSS Cosine of the so la r   zen i th   ang le .  

DELTAW Minimum allowa$de i n t e g r a t i n g  wavenumber 
increment (cm-  ) . 

DIST Width o f  t h e  spec t ra l   band   pass .  

6 



DV(JJ ,NEMIS ,NSURF)  D i f f e r e n t i a l   s i g n a l   r e s u l t i n g  from t h e  
t ransmission 'of   external   energy  between  the 
gas  and vacuum cell  (watts cm-2 sr-1 ) . 

EL 

EMISBB 

Energy  of lower state o f   t r a n s i t i o n   o f  WZ 
f r o m  s p e c t r a l   l i n e   p a r a m e t e r   t a p e  (cm-l) . 
Emissivi ty  of the   i n s t rumen t   i n t e rna l  
blackbody. 

EMISS (NEMIS) Thermal e m i s s i v i t y   o f   t h e   e a r t h ' s   s u r f a c e  
wi th in  the e f f e c t i v e   f i e l d   o f  view. 

ERFC Er ro r   func t ion   desc r ib ing   t he   co r rec t ion  
for   the   Voig t   p rof i le   approximat ion .  

E RRDN (NLAY I ) Error i n   t h e   s i g n a l   r e s u l t i n g  f r o m  an 
imbalance  between  the  optical   paths ( % ) .  

FCD Doppler   in tens i ty   func t ion .  

FCERR Er ro r   func t ion   fo r   t he   Vo ig t   i n t ens i ty  
approximatPon. 

FCL Loren tz   i n t ens i ty   func t ion .  

FCV Vo ig t   i n t ens i ty   func t ion .  

FILTERW (NOC) Instrument filter wavenumber a t  which inpu t  
t ransmission  values  are  loca ted  ( c m - l ) .  

GASANEW ( J J , N E M I S ,  Total   upwell ing  a tmospheric   radiat ion 
N S U R F )  a t t enua ted  by t h e  gas  ce l l  a t  OMEGA. 

GASAOLD ( J J , N E M I S ,  Tota l   upwel l ing   a tmospher ic   rad ia t ion  
N S  URF) a t t enua ted  by t h e  gas  ce l l  a t   t h e   p r e v i o u s  

OMEGA. 

GASBNEW ( N L A Y I )  Radiat ion  of   the  internal   b lackbody 
a t t enua ted  by t h e   g a s  ce l l  a t   t h e   p r e v i o u s  
OMEGA. 

GASBOLD (NLAY I ) Radiat ion  of   the  internal   b lackbody 
a t t enua ted  by t h e   g a s  ce l l  a t  t he   p rev ious  
OMEGA. 

GASCONC ( ILINE{L) ,  Concentration  of  gas ILINE (L)  i n   l a y e r  
NLAY ) (PPd 

GASENEW ( J J , N E M I S ,  Total upwell ing  a tmospheric   radiat ion 
NSURF)  a t t enua ted  by t h e   g a s  cel l  including  gas  

ce l l  thermal  emission a t  OMEGA. 

7 



GASEOLD ( J J ,NEMIS ,  Total upwel l ing   a tmospher ic   rad ia t ion  

ce l l  thermal  emission a t  the   p rev ious  
OMEGA. 

NSUFU?) a t t enua ted  by t h e   g a s  ce l l  inc luding   gas  

GBALDIF ( N L A Y I )  D i f f e rence   o f   t he   r ad ia t ion   f rom  the   ho t  
and cold  blackbody  balance  sources 
a t t enua ted  by t h e   g a s  ce l l  path.  

GCLTAIN ( N L A Y I )  Average  transmission  of  the  gas ce l l  f o r  
t he   i n t e rna l   b l ackbody   r ad ia t ion .  

IDENT ( 16 ) 

ILINE (NOMEG) 

I P O I N T  

IPOLLUT 

I S  

JCOUNT 

JPROF (NLAY) 

KB I 

MOLWT ( I S  ) 

MOLWTIS 

NEMI  S 

NLAY 

I d e n t i f i c a t i o n  numbers corresponding t o  
a c t i v e   i n f r a r e d   g a s .  

1 - Carbon Monoxide (CO) 
2 - Water ( H 2 0 )  
3 - Sulfur  Dioxide (SO2) 
4 - Ammonia ( N H 3 )  
5 - Methane (CHI,) 
7 - Nitrous  Oxide (N20) 

10 - Nitric Oxide (NO) 
1 2  - Carbon Dioxide ( C 0 2 )  

Ar ray   o f   i den t i f i ca t ion  numbers cor res -  
ponding t o   s p e c t r a l   l i n e s   i n  OMEGSTR. 

Working p o i n t e r   f o r  OMEGSTR. 

I d e n t i f i c a t i o n  number of  primary  gas.  

I d e n t i f i c a t i o n  number of   spec ies  WZ from 
spec t r a l   l i ne   pa rame te r   t ape .  

N u m b e r  o f   i n t eg ra t ion   s t eps .  

L ine   p ro f i l e   a r r ay :  1 i f   L o r e n t z i a n ,  
2 i f  Voigt. 

N u m b e r  of   a tmospheric   layers .  

Array  of  molecular  weights  corresponding 
t o   t h e  IDENT a r r ay .  

Molecular  weight  of  species I S  (grams/ 
molecules) . 
N u m b e r  o f   e a r t h ' s   e m i s s i v i t i e s   t o  be 
considered. 

To ta l  number o f   i npu t  homogeneous l a y e r s  
(atmospheric + inst rument  + c a l i b r a t i o n ) .  

8 



NLAY I 

NOC 

NOMEG 

NSPEC 

NSTORW 

NS UN 

NSURF 

NXM 

OMEGA 

OMEGSTR (NOMEG) 

OPATH (NLAY) 

PLANCK 

PLANK (NLAY I ) 

PRES (NLAY)  

PROFACl ( I ,  NLAY) 

PROFAC2 ( I  ,NLAY)  

RADATM (NLAY , NXM) 

N u m b e r  of instrument l a y e r s .  

N u m b e r  o f   i npu t  FILTERW values. 

N u m b e r  o f   s p e c t r a l  lines i n  OMEGSTR. 

N u m b e r  of active inf ra red   gases   be ing  
considered. 

Number o f   s p e c t r a l  l ines i n  WSTOR. 

Number o f   i npu t  SUNW values. 

N u m b e r .  of surface temperatures t o  be 
considered. 

Number of  primary  gas concentration 
m u l t i p l i e r s  (XMULT) . 
The center wavenumber o f   t he   sub in te rva l  
being  considered for transmittance 
c a l c u l a t i o n s  ( c m - 1 )  . 
Array   of   spec t ra l  l ines  from OMEGA-CMINV 
t o  OMEGA + CMINV. 

Op t i ca l   pa th   o f   l aye r  ( a t m - c m j .  

Thermal emission o f   l aye r  a t  OMEGA (watts 
cm-2 . 
Thermal emission of   the instrument 's  
i n t e r n a l  blackbody a t  OMEGA (watts 
c m - 2  sr- . 
Pressure of  layer  (atm) . 
M u l t i p l i c a t i v e   v a r i a b l e   f o r  l i n e  p r o f i l e .  

M u l t i p l i c a t i v e   v a r i a b l e   f o r  l i n e  p r o f i l e  
( I W-w I /ALPHA) . 
For   a tmospher ic   l ayers ,   the   rad ia t ion  
upwelling from the  atmosphere as a result 
of  atmospheric  gaseous molecular emission 
a t  OMEGA: f o r  instrument and   ca l ib ra t ion  
l a y e r s ,   t h e   r a d i a t i o n  as a resu l t  of  
gaseous molecular emission o f   t h a t  layer 
a t  OMEGA ( (wat ts  c m - 2 s r - 1 ) / c m - r ) .  
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RADCOLC ( N L A Y I  ) 

RADCOLD ( NLAY I ) 

RADCOLG (NLAY I ) 

RADCOLV (NLAY I ) 

RADGASA ( J J , N E M I S ,  
NSUFU?) 

RADGASB (NLAY I ) 

RADGASE ( J J , N E M I S ,  
N S U R F  

RADHOT ( N L A Y I  ) 

RADHOTC ( N L A Y I )  

RADHOTG ( N L A Y I )  

RADHOTV (NLAY I ) 

RADOLD (NLAY , NXM) 

RADOTOT (JJ , NEMIS , 
NSU,RF) 

In t eg ra t ed   r ad ia t ion   o f   t he   co ld   b l ackbody  
ca l ib ra t ion   sou rce   a t t enua ted  by the  
c a l i b r a t i o n  ce l l  and  the  gas  cel l .  

I n t e g r a t e d   r a d i a t i o n  of the  cold  blackbody 
ca l ib ra t ion   sou rce   a t t enua ted  by t h e  
vacuum cel l .  

In tegra ted   rad ia t ion   of   the   co ld   b lackbody 
ca l ib ra t ion   sou rce   a t t enua ted  by the   gas  
cell .  

Integrated  radiat ion  of   the  cold  blackbody 
ca l ib ra t ion   sou rce   a t t enua ted  by t h e  
c a l i b r a t i o n  and vacuum cel ls .  

In tegra ted   to ta l   upwel l ing   a tmospher ic  
r a d i a t i o n   a t t e n u a t e d  by t h e   g a s  ce l l .  

Inc ,egra ted   rad ia t ion  o f   t h e  i n t e r n a l  
blackbody  attenuated by t h e  gas ce l l .  

In tegra ted   to ta l   upwel l ing   a tmospher ic  
r ad ia t ion   a t t enua ted  by the   gas  ce l l  
including  gas  ce l l  thermal  emission. 

Integrated  radiat ion  of   the  hot   blackbody 
ca l ib ra t ion   sou rce   a t t enua ted  by the  
vacuum ce l l .  

In tegra ted   rad ia t ion   of   the   ho t   b lackbody 
ca l ib ra t ion   sou rce   a t t enua ted  by the  
c a l i b r a t i o n  c e l l  and t h e   g a s   c e l l .  

Integrated  radiat ion  of   the  hot   blackbody 
ca l ib ra t ion   sou rce   a t t enua ted  by the  gas  
cell .  

Integrated  radiat ion  of   the  hot   blackbody 
ca l ib ra t ion   sou rce   a t t enua ted  by the  
c a l i b r a t i o n  ce l l  and t h e  vacuum cel l .  

For a tmosphe r i c   l aye r s ,   t he   r ad ia t ion  
upwelling  from  the  atmosphere  as a resulr;  
of  atmosphe-ric  gaseous  molecular  emission 
a t   t h e   p r e v i o u s  OMEGA; for   inst rument   and 
c a l i b r a t i o n   l a y e r s ,   t h e   r a d i a t i o n   a s  a 
resu l t   o f   gaseous   molecular   emiss ion   of  
t h a t   l a y e r   a t  t h e  previous OMEGA. 

Total   upwell ing  radiat ion a t  the   p rev ious  
O m G A .  
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RADSOLD ( J J , N E M I S ,  Radiation  upwelling  from  the  atmosphere 

the   p rev ious  OMEGA. 
N S U R F )  as a r e s u l t   o f   e a r t h   s u r f a c e   e m i s s i o n  a t  

RADSUN (NLAY,NEMIS ,  Radiation  upwelling  from  the  atmosphere as 
NXM) a result  o f   i nc iden t  solar energy a t  

OMEGA ( (wat ts  c m - 2 s r - 1 ) / c m - 1 ) .  

RADSUNO (NLAY,NEMIS ,  Radiation  upwelling  from  the  atmosphere 

the   p rev ious  OMEGA. 
N W  as a r e s u l t   o f   i n c i d e n t  solar energy a t  

RADSURE' ( J J , N E M I S ,  Radiation  upwelling  from  the  atmosphere 
NS URE' 1 as a r e s u l t   o f   e a r t h   s u r f a c e   e m i s s i o n  a t  

OMEGA ( ( w a t t s  c m - 2 s r - 1 ) / c m - 1 ) .  

RADTOT ( J J , N E M I S  Tota l   upwel l ing   rad ia t ion  a t  OMEGA 
NSURF) (RADSUN + RADSURF + RADATM) ( (watts 

c m - z s r  -1) / c m - l )  . 
RADVACA ( J J , N E M I S ,  In tegra ted   to ta l   upwel l ing   a tmospher ic  

N S U R F )  r ad i a t ion   a t t enua ted  by t h e  vacuum ce l l .  

RADVACB (NLAY I ) I n t e g r a t e d   r a d i a t i o n   o f   t h e   i n t e r n a l  
blackbody  attenuated by t h e  vacuum ce l l .  

RATLV ( 1 , N L A Y )  Rat io   of   Lorentz   to   Voigt   half-widths  
f o r   s p e c i e s  I .  

REFTEMP ( I)  Reference  temperature  corresponding t o  
i d e n t i f i c a t i o n  numbers  of s p e c t r a l  l i n e  
parameters from tape   (Kelv in) .  

RESPG (NOC) Normalized  transmission  values  for  gas 
ce l l  given a t  FILTERW. 

RESPIN Ins t rument  de tec tor   response .  

RESPV (NOC) Normalized  transmission  values  for 
vacuum ce l l  given a t  FILTERW. 

ROOTEMP (NLAY) Square  root   of   layer   temperature .  

S Ad jus t ed   l i ne   s t r eng th   o f  WZ ( a t m - l c m - ' ) .  

SIGAV ( J J , N E M I S ,  S igna l   resu l t ing   f rom  ex terna l   b lackbody 
N S U R F )  rad ia t ion   a t tenua . ted  by t h e  vacuum ce l l  

and t h e   a p e r t u r e  (watts cm-2sr-1). 

S I G B V  ( N L A Y I )  S igna l   r e su l t i ng   f rom  the   i n t e rna l  
b lackbody  rad ia t ion   a t tenuated  by the  
vacuum ce l l  and the   ape r tu re  (watts 
cm-2 . 
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SUNCOM ( N E M I S  ) 

SUNFLUX (NSUN) 

SUNINTP 

SUNW (NSUN)  

SURFCOM (NEMIS , 
NS URF 

sz 

TAU (NXM) 

TAUA (NLAY I 

TAUGFIL 

TAUOLD (NLAY , NXM) 

TAUSLAT (NXM) 

TAWFIL 

TCONSQ 

TEMP (NLAY)  

TEMPCON 

TERFC 

Component of . solar  energy  unatten.uated 
by the atmosphere (watts cm-'sr-l). 

Wavenumber dependent solar  energy   inc ident  
a t  t h e   t o p  of the  atmosphere (watts 
cm-2  sr - l )  . 
In t e rpo la t ed   so l a r   ene rgy  a t  OMEGA. 

Wavenumbers cor responding   to   the  SUNFLUX 
input   va lues .  

Component of   sur face   energy   cont r ibu t ion  
unattenuated by t h e  atmosphere (watts 
cm-2 sr - l )  . 
L i n e  s t r eng th  values of WZ from s p e c t r a l  
l ine   parameter   t ape  (atm-1cm-2). 

Transmission of l a y e r  a t  OMEGA. 

Ca lcu la ted   average   t ransmiss ion   coef f ic i&t  
f o r   t h e  vacuum ce l l  ape r tu re   r equ i r ed   t o  
Da lance   t he   op t i ca l   pa ths   fo r  two e x t e r n a l  
blackbody  temperatures. 

In te rpola ted   t ransmi t tance   o f   gas  ce l l  
f i l t e r  a t  OMEGA. 

For   a tmospher ic   l ayers ,   the   ca lcu la ted  
t ransmission of the  atmosphere a t  the  
top   o f   t he   l aye r   a t   t he   p rev ious  OMEGA; 
fo r   ins t rument  and c a l i b r a t i o n   l a y e r s ,  
t h e  t r ansmiss ion   o f   t ha t   l aye r  a t  t h e  
previous OMEGA. 

T o t a l   a t m o s p h e r i c   s l a n t   p a t h   c o e f f i c i e n t .  

In te rpola ted   t ransmi t tance   o f  vacuum 
c e l l  f i l t e r   a t  OMEGA.. 

Temperature   dependence  of   the  rotat ional  
p a r t i t i o n   f u n c t i o n ;  (TEMPCON) u n l e s s  
water ,  which i s  (TEMPCON) 5 A  . 
Temperature of layer   (Kelv in) .  

Reference  temperature  of  gas/temperature 
of layer   ( temperature   adjustment  for  l i n e  
half-width) . 
Error   func t ion  term f o r   V o i g t   p r o f i l e .  

12 



TERFC2 

THICK (NLAY ) 

TINV (NLAY) 

TOTATM (NLAY , NXM) 

TOTRAD (JJ ,NEMIS,  
N S U R F )  

TOTSUN (NLAY , NEMIS , 
NXM) 

TOTSURF (JJ , N E M I S  , 
NSURF) 

TRANS (NLAY , NXM) 

TSURF ( N S U R F )  

v ( JJ, NEMIS , NSURF) 

VACANEW (JJ, N E M I S  , 
N S  U R F  ) 

VACAOLD (J J , NEMIS , 
N S U R F )  

VACBNEW (NLAY I ) 

VACBOLD ( NLAY I ) 

TERFC squared. 

. Thickness   of   layer  ( c m ) .  

Inverse   of   layer   temperature .  

For a tmosphe r i c   l aye r s ,   t he   i n t eg ra t ed  
rad ia t ion   upwel l ing  from the  a tmosphere 
a s  a resul t   of   'a tmosphere  gaseous  molecular  
emission; for in s t rumen t   and   ca l ib ra t ion  
l a y e r s ,   t h e   i n t e g r a t e d   r a d i a t i o n  as  a 
r e s u l t  of gaseous  molecular  emission of 
t h a t   l a y e r .  

Total i n t eg ra t ed   upwe l l ing   r ad ia t ion .  

Integrated  radiat ion  upwell ing  f rom  the 
atmosphere as a r e s u l t  o f   i n c i d e n t   s o l a r  
energy. 

Integrated  radiat ion  upwell ing  f rom  the 
atmosphere as a r e s u l t   o f   e a r t h   s u r f a c e  
emission. 

For a tmosphe r i c   l aye r s ,   t he   ca l cu la t ed  
integrated  t ransmission  of   the  a tmosphere 
a t  t he   t op   o f   t he   l aye r :   fo r   i n s t rumen t  
and c a l i b r a t i o n   l a y e r s ,   t h e   i n t e g r a t e d  
t r ansmiss ion   o f   t ha t   l aye r .  

Temperature   of   the   ear th 's  su r f ace  
w i t h i n   t h e   e f f e c t i v e   f i e l d  of  view  (Kelvin). 

Average   s igna l   resu l t ing   f rom  the   t ransmiss ion  
of   external   energy  between  the  gas   and 
vacuum cel ls  (wat ts  cm-2 sr-l)  . 
Total upwel l ing   a tmospher ic   rad ia t ion  
a t tenuated   by   the  vacuum cel l  a t  OMEGA. 

Total   upwell ing  a tmospheric   radiat ion 
a t t enua ted  by t h e  vacuum ce l l  a t  t h e  
previous OMEGA. 

Radiat ion  of   the  internal   b lackbody 
a t t enua ted  by t h e  vacuum cel l  a t  OMEGA 
(watts cm-2sr-1 ) . 
Radiation of the   in te rna l   b lackbody 
a t tenuated   by   the  vacuum ce l l  a t  t h e  , 

previous OMEGA (watts cm-2sr-1 ) . 
13 



VBALDIF ( N L A Y I )  

VGTPAR 

VGTPAR2 

VGTPAR4 

w3 

W I  

WF 

WRATLV 

WRATVl 

WSTOR (NSTORW) 

wz 

XMULT (NXM) 

Z E N I T H  

Di f fe rence  of t h e   r a d i a t i o n  from t h e   h o t  
and  cold  blackbody  balance  sources 
a t t e n u a t e d  by  the.vacuum cell  path.  

A Voigt  parameter. 

Rec ip roca l   o f   t he  Voigt parameter  squared. 

VGTPAR squared. 

OMEGA cubed. 

I n i t i a l  wavenumber used for t r ansmi t t ance  
c a l c u l a t i o n  ( c m - l )  . 
F i n a l  wavenumber used   fo r   t r ansmi t t ance  
c a l c u l a t i o n  ( c m - l )  . 
Ratio of  Lorentz t o  Voigt  half-widths 
f o r  W Z .  

1 - WRATLV. 

A r r a y   o f   s p e c t r a l   l i n e s ,   t h e   f i r s t   o f  
which is  < OMEGA and  the  remainder  are > 
OMEGA but-< OMEGA + CMINV. 

Wavenumber va lues   f rom  spec t r a l   l i ne  
parameter   tape ( c m - l )  . 

- 
- 

Pr imary   gas   concent ra t ion   mul t ip l ie rs .  

Sun zen i th   ang le   (deg rees ) .  

PROBLEM D E F I N I T I O N  AND METHOD OF SOLUTION 

A l i ne -by- l ine   r ad ia t ive   t r ans fe r   compute r  program was 
needed t o  e f f i c i en t ly   pe r fo rm the t a sk   o f   da t a   r educ t ion  f o r  
s e v e r a l   v e r s i o n s  of t h e  GFCR which are  being  developed by 
NASA/Langley Research  Center (LaRC)  . The w r i t i n g   o f   t h e  SMART 

program w a s  undertaken t o  minimize   da ta   reduct ion   cos t  by t h e  
e f f i c i e n t   u t i l i z a t i o n  of computer   s torage  through  overlaying,  by 

reducing  execut ion time, and by combining several phases   of   the  
previous  data   reduct ion  procedure,  i . e . ,  instrument  balance  and 
c a l i b r a t i o n   ( r e f .  1) and   da t a   s igna l   s imu la t ion .  The modular 

14 



structure of the program  was  designed  to  permit  modifications of 
the  computational  algorithms  without  affecting  the  program  frame- 
work. The  individual  overlaid  programs  and  subroutines  are 
explained in the  Program  Organization  and  Description  section. 
In addition,  thorough  documentation  was  necessary  for  program 
clarity. 

In order to minimize  computation  time  without  a loss in 
accuracy,  certain  assumptions  were  made  concerning  the  atmos- 
phere  and  radiative  transfer  processes in the  algorithms  used 
to  perform  transmittance  calculations.  To  compute  the  trans- 
mittance  from  the  earth's  surface  to  a  sensor  altitude,  h , 
the  modeled  atmosphere  between  these  points  is  divided  into 
a  number  of  homogeneous  layers, i.e., regions  within  which 
the  temperature,  total  pressure,  and  concentrations  of  the 
primary  and  interfering  molecular  absorbers are uniform.  The 
error  in  this  approximation  may  be  made as small  as  desired 
by  subdividing  the  atmosphere  into  a  sufficiently  large  number 
of layers.  The  total  radiance  incident  on  a  sensor at altitude 
h  is  given  by 

where Aw is  the  spectral  bandpass of interest  and E(w) is 
the  total  monochromatic  upwelling  radiance. 

For  a  cloud-free,  non-scattering  atmosphere  under  local 
thermodynamic  equilibrium, the atmospheric  radiative  trans- 
fer  equation  for  the  total  monochromatic  upwelling  radiant 
energy, E ( w )  , as viewed  by  a  nadir  type of sensor  can  be 
written  as 
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E(w) = E ( @ )  N0(w,Ts) -r(w,h) 

where ~ ( w )  is  the  wavenumber  dependent  surface  emittance, 
NO(U,T~) is  the  Planck  blackbody  function  which is dependent  on 
wavenumber  and  surface  temperature, Ts , or  radiating  gas 
temperature  at  a  particular  altitude,  T(z) . The monochromatic 
transmittance of the  atmosphere  between  the  emitting  surface z 
and  the  altitude  of  the  sensor,  h , is represented  by  -r(w,h) , 
and the  monochromatic  vertical  transmission of  the  entire 
modeled  atmosphere  is  represented  by  T(w,h') . The  solar  zenith 
angle  is 8 and  the  wavenumber  dependent  sun  irradiance  at  the 
top of the  atmosphere is Hs . The  Chapman  function  (ref. l), 
f ( 8 )  , is equal  to  sec 8 for Oo - < 8 - < 60° and is equal  to 
the  Chapman  polynomial  for 8 > 60° . The  three  terms on the 
right-hand  side of  equation (2) represent,  respectively,  the 
earth's  surface  emission,  the  atmospheric  emission,  and  the 
solar  reflected  energy  (see  figure 1). All  of  these  components 
must  be  considered  in  the  solar-thermal  overlap  region at 
4 . 6  pm. These  terms  are  represented  in  SMART  by  RADSURF, 
RADATM,  and  FWDSUN,  respectively. 

A  closer  examination  of  the  form  of  equations (1) and ( 2 )  

indicates  two  very  distinct  differences  between  the  methodology 
of SMART and other  conventional  line-by-line  radiative  transfer 
programs. The  first  difference  is  the  order  in  which  the 
integrals  over Aw and  over  the  change  in  altitude, Ah , are 
performed.  By  initially  integrating  over  Ah  monochromatically, 
the  inflexibility of transmittance  averaging is  eliminated, i.e., 
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Figure 1. I n t e r a c t i o n  of rad ia t ion   wi th   the   a tmosphere .  



t h e  monochromatic  transmission a t  any a l t i t u d e  h i s  given 

by 

and not  by - 

The s p e c t r a l   r e s o l u t i o n   o f   t h e   t r a n s m i t t a n c e   v a l u e s ,   i . e . ,   t h e  
number of w ' s  a t  which t h e   a b s o r p t i o n   c o e f f i c i e n t  i s  c a l c u l a t e d ,  

i s  def ined by the   u se r  i n  subrout ine  GETW. The algorithm  used 
f o r   o u r  CO c a l c u l a t i o n s  i s  explained la te r  i n  t h i s   s e c t i o n .  

The second  difference  between SMART and  most other   l ine-by-  

l i n e   r a d i a t i v e   t r a n s f e r  programs is  t h e   s p e c i f i c a t i o n   o f  t h e  order  

of limits of i n t e g r a t i o n   o v e r   a l t i t u d e .  The lower limit of i n t e -  
g r a t i o n  i s  t h e   r a d i a t i n g  source and  the  upper l i m i t  i s  t h e  sensor  
a l t i t u d e  which  a l lows  for   pract ical   computat ion of  t h e  mono- 
ch romat i c   and   t o t a l   i n t eg ra t ed   t r ansmiss ion  a t  the  top  of   each 

atmospheric   layer  as seen by equat ion ( 3 ) .  Th i s   e l imina te s  

redundant   ca lcu la t ions  of a tmospheric   t ransmit tance i n  eva lua t ing  
s i g n a l s  from a i r c r a f t   p l a t f o r m   s e n s o r s  a t  v a r i o u s   a l t i t u d e s .  

T h e o r e t i c a l l y ,   t h e   t o t a l   a b s o r p t i o n   c o e f f i c i e n t  a t  any 
wavenumber, w , c o n s i s t s  of c o n t r i b u t i o n s  from a l l   s p e c t r a l  

l i n e s ;  however, for   p rac t ica l   computa t iona l   purposes ,   on ly  

l i n e s   w i t h i n   t h e   v i c i n i t y  of w a re   cons ide red   fo r   ca l cu la t ion  
i n  SMART. The c o n t r i b u t i o n   t o   t h e   a b s o r p t i o n   c o e f f i c i e n t   o f  

l i n e s  i n  t h e   v i c i n i t y  of w can   be   d iv ided   in to  two p a r t s ,  
d i r e c t  and  wing.  Those l i n e s  which l i e  wi th in   an   i n t e rva l  

def ined  by approximately 100 half-widths   of   the   pr imary  gas   to  

each   s ide   o f  w are cons ide red   t o   be   t he   d i r ec t   con t r ibu to r s  
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to  the  absorption  coefficient,  while  those  lines  lying  outside 
of this  interval  result  in  wing  absorption. In the  SMART 
calculation  of  direct  line  absorption  contribution, at each 
incremented  step  a  symmetric  interval  (CMINV) is considered 
about  the  center  wavenumber.  This  interval  is  constant  through- 
out  the  entire  band. For atmospheric  carbon  monoxide  using  the 
Lorentzian  line  profile, an interval  of 5 cm-l  was  selected  since 
this  value  was  approximately 100 times  the  line  half-width of 
CQ. For  spectral  lines  beyond 5 cm",  the  direct  contribution 
to  the  absorption  coefficient is very  small  (ref. 8 ) .  Presently, 
the  SMART  program  does not  include  wing  contribution. 

The  SMART  program is divided  into two primary  level  over- 
lays  (see  figure 2) - The  first  lower  level  overlay, as described 
in  the  Program  Organization  and  Description  section,  performs 
initialization of all  variables  required  for  the  calculation  of 
the  monochromatic  gas  transmission  (TAU)  for  each  atmospheric, 
instrument  cell,  and  instrument  calibration  layer. The procedure 
for  the  computation  of  TAU  is  initiated  by  a  call  of  the  READTP 
subroutine,  which  reads  all  spectral  reference  information: i.e., 
line  position (WZ), half-width  (ALPHA),  intensity (SZ), lower 
energy  level (EL), and  species  identification  nunber (IS) from 
the  spectral  line  parameter  reference  tape  for  the  band  interval 
WI - CMINV  to WF + CMINV. To analyze  the  GFCR  sensor  carbon 
monoxide  data  measurements  in  the 4 . 6  pm region,  the  McClatchey 
spectral  line  parameter  tape  (ref. 5) was  used  to  obtain  all 
spectral  reference  information.  The  parameters  read  should  be 
under  room  temperature  and  standard  pressure (296.0 K and 1 atm) 
conditions  or  the  appropriate  conversion must  be performed  prior 
to reading  these  parameters in subroutine  READTP  (see  Appendix C). 

The  gaseous  transmittance at a  particular  altitude  as  a 
function of wavenumber  is  given  by 
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PROGRAM  SMART 

( MAIN OVERLAY ) 7 
PROGRAM  TRANSMT 

( IS1 LOWER LEVEL OVERLAY 1 

r"l 
1 GETW 1 1 READTP 1 SUBROUTINE  SUBROUTINE 

N 
0 

PROGRAM  SRTQFCA 
(2nd LOWER LEVEL OVERLAY 

XNTEQ, XNTEQZ, 
XNTEG3,  XNTEG4 

FUNCTION 

F i g u r e  2 .  SMART program  s t ruc tu re .  



where K ~ ( w )  i s  t h e  wavenumber dependent   absorp t ion   coef f icent  
of   gas   species  i ( t h e i r  sum being ABSCOFT) , p (PRES) i s  
t h e   t o t a l  mean pressure   o f   l ayer  k , ci (GASCONC) i s  t h e  con- 
cent ra t ion   o f   absorb ing   gas  i , and R (THICK) i s  t h e   t h i c k -  
nes s   o f   t he   k th   l aye r .  

I n   g e n e r a l ,   t h e   a b s o r p t i o n   c o e f . f i c i e n t   o f   t h e   n t h   l i n e  
of   spec ies  i is  described by 

where Sin i s  the   l aye r   t empera tu re  (TEMP) c o r r e c t e d   l i n e  
i n t e n s i t y  and Bin i s  t h e . l i n e   s h a p e   f u n c t i o n ,  i .e. ,  Lorentz,  
Voigt,   or  Doppler.  The Lorentz   l ine   shape  is  given by 

1 "in 
B i n ( w )  = y 

( w  - w i n  ) 2  + ("in)2 

where ain (ADJALPH) is the  temperature .   and  pressure  dependent  
l i n e   h a l f - w i d t h   f o r   l a y e r  k and i s  c a l c u l a t e d  by 

(Tg) 1'2 ADJALPH = ain = clope T 

The r e fe rence   l i ne   ha l f -wid th ,  a. (ALPHA),  i s  read from t h e  
s p e c t r a l   l i n e   p a r a m e t e r   t a p e  a t  temperature To (REFTEMP). 

The equiva len t   p ressure ,  Pe i s  a f u n c t i o n   o f   t h e  r a t io  of 
self-broadening t o  the   n i t rogen-broadening   e f f ic iency  (BROAD) , 
t h e  t o t a l  pressure  (PRES), and the   concen t r a t ion  of t h e  
absorbing  gas  (GASCONC) as given by 

Pe = [GASCONC *(BROAD - 1) + 1 1  *PRES . (9) 

I n   t h e  case of trace gases   i n   t he   a tmosphe re ,   t he   equ iva len t  
p re s su re  is set equal  t o  t h e  t o t a l  a tmospher ic   p ressure   s ince  
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self-broadening is insignificant. For  instrument  and  calibra- 
tion  layers,  self-broadening is assumed and'the corresponding . .  

equivalent  pressure  for  BROAD  is  calculated. 

The  line  intensity (S) depends  upon  the  temperature 
through  the  Boltzman  distribution  factor  (ref. 6) and is 
expressed  as 

. .  

or 

S = S Z  "TCONSQ * EXP  [-C8*(TEMPCON - l)*EL/REFTEMP] (11) 

where  m  is 1.5 for  water  vapor  and  ozone  and  1.0  for  other  in- 
frared  active  molecules,  such  as CO, C02, N2C, and  C8  is  the  Boltzman 
distribution  constant.  At  this  point,  the  user  has  the  option  of 
calculating  ABSCOFT as determined  by the Lorentz  function  or  as 
determined  by  an  approximation  to  the  Voigt  function  detailed  by 
Kielkopf  (ref. 7). The  flexibility  of  SMART  allows  easy  insertion 
of  the  Doppler  line  profile  calculation  by  the  addition  of  an 
option  as  defined  by  JPROF  in  the  same  program  location  as  the 
Lorentz  and  Voigt  function.  The  line  shape  for  each  layer  (JPROF) 
must  be  designated  in  the  input  and  need  not  be  the  same  for  each 
layer.  The  direct  contribution  to  the  absorption  coefficient  from 
all  infrared  active  lines  whose  center  positions  lies  within  CMINV 
of the  wavenumber  under  consideration  (OMEGA),  i.e., the.interva1 
OMEGA - CMINV  to OMEGA + CMINV,  constitutes  the  total  direct 
absorption at OMEGA. For additional  spectral  line  information, 
the  interval  of  direct  contribution  can  easily  be  extended by 
increasing  the  dimensions  of the appropriate  variables.  The 
total  absorption at OMEGA  for  this  interval  is  determined  by 
the  summation of the  absorption  coefficients  for  all  lines 
within  the  interval. In addition,  the  user  can  automatically 
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obtain  the  total  absorption  coefficient  (ABCOFT)  that 
corresponds  to  a  maximum of ten  different  primary  gas  vertical 
mixing  ratio  profiles  as  defined  by  XMULT.  Each  value of 
XMULT is multiplied  by  the  volume  mixing  ratio of  the  primary 
gas  in  every  layer  resulting  in  a  bias  shifting  of  the  input 
vertical  mixing  ratio  profile.  ABSCOFT  is  calculated as  the 
sum of two  components,  ABSCOFI,  which  is  the  absorption 
coefficient  for  the  primary  gas,  and  ABSCOF2,  which is the 
absorption  coefficient  for  all  other  interfering  gases.  The 
absorption  effects  of  continua,  such  as  nitrogen  and  water 
vapor,  could  easily  be  considered  in  the  form  of  an  added 
third  term  to  ABSCOFT  after the necessary  algorithms  for 
accurately  calculating  the  continuum  absorption  in  the  spectral 
region  under  consideration  have  been  developed. 

After  completion of the monochromatic  calculation of ABSCOFT 
at  OMEGA  for  the  first  layer,  the  transmittance is calculated as 
shown by  equation ( 5 ) .  This  procedure  is  repeated  resulting  in 
a  TAU  value  for  each  layer  k . The  self-emission  (RADATM)  of 
each  layer  is  then  calculated  via  the  wavenumber  dependent  energy 
described  by  the  Planck  blackbody  function  used in subroutine 
PLANKF.  The  temperature  used  in  PLANKF  is  the  mean  temperature 
(TEMP)  of  the  emitting  layer.  The  emissivity (EMISS) of the 
layer  is  determined  by  the  calculated  transmittance of that  layer 
as given  by 

The  total  monochromatic  transmittance  (ATMTAU) at the  top 
of  each  atmospheric  layer  is  then  calculated as 

and  written on temporary  storage  disk 6 with  the  corresponding 
wavenumber  and  self-emission  component. 
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The next   operat ion  performed by SMART i s  t h e  determinat ion 
of t h e  wavenumber inc remen t   s t ep   s i ze  for t h e  purpose of 
r epea t ing   ' t he   t r ansmi t t ance   ca l cu la t ions  fo r  the e n t i r e   s p e c t r a l  
band being  considered, i .e.,  W I  - CMINV t o  WF + CMINV. Th i s  

task is  accomplished by t h e  GETW subrout ine.  . The s i z e   o f   t h e  
wavenumber inc remen t   u sed   i n   abso rp t ion   coe f f i c i en t   ca l cu la t ions  
i s  a r b i t r a r y  and  depends upon t h e   s p e c t r a l   r e s o l u t i o n   r e q u i r e d  
by the  u s e r ,   s i n c e   t h e   a b s o r p t i o n   c o e f f i c i e n t   v a r i e s   r a p i d l y  as  
a func t ion   o f   ' r e l a t ive   pos i t i on  t o  t h e  spectral l i n e   c e n t e r s .  
Subroutine GETW can  be  replaced by any  of   several  schemes (refs. 
4 ,  8 ,  and 9) proposed  for   select ion  of  wavenumber p o s i t i o n s   f o r  
l ine-by- l ine   absorp t ion   ca lcu la t ions .  For a p p l i c a t i o n s  of 
SMART t o  t h e  GFCR carbon monoxide sensor ,  a minimum mesh s i z e  
(DWMIN) of . 0 1  cm-' and a maximum mesh s i z e  of .5 cm", which i s  
1/8  of t he  average  distance  between CO spectral l i n e s ,  w a s  
de t e rmined   t o   mos t   e f f i c i en t ly   desc r ibe  t h e  wavenumber dependent 

a b s o r p t i o n   c o e f f i c i e n t .  When the s p e c t r a l  l i n e  dens i ty   be ing  
examined is high, a l a r g e  number o f   i n t e g r a t i o n   p o i n t s  are 
ca l cu la t ed ;  however, i f  t h e  s p e c t r a l   l i n e   d e n s i t y  i s  low, fewer 
po in t s   o f   i n t eg ra t ion   a r e   cons ide red .  The t ransmi t tance  cal- 
c u l a t i o n  for  a new OMEGA i s  performed  and t h e  corresponding 
r e s u l t s ,  i .e . ,  ATMTAU ( w )  and RADATM ( w ) ,  are  w r i t t e n  on 
temporary  storage d i s k  6 .  This  procedure i s  r e p e a t e d   u n t i l  
ATMTAU and RADATM for t h e  e n t i r e  spectral band are w r i t t e n .  

The second  lower  level  overlay i s  comprised of fou r  
sec t ions .  The f irst  sec t ion   o f  the ove r l ay   r eads  t h e  inpu t  
data required  for   computat ion  of   inst rument  parameters, and 
the remain ing   var iab les   o f  t h e  RADSURF and RADSUN contr ibu-  
t i o n s   g i v e n  by equat ion ( 2 ) .  A f t e r  i n i t i a l i z a t i o n  of v a r i a b l e s ,  
subrout ine FILTERP i s  called t o   e v a l u a t e  by i n t e r p o l a t i o n  the  

wavenumber dependent   var iab les ,  i .e. ,  instrument  f i l t e r  
func t ions  and solar i r rad iance .   va lues .  The second  sect ion 
c a l c u l a t e s  the ear th 's  monochromatic  emission (RADSURF') as a 
func t ion  of one  or  more surface  temperatures   and  emissivi t ies .  
This   t ask  i s  accomplished by employing  subroutine PLANKF i n  
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t h e   c a l c u l a t i o n   o f   t h e  wavenumber dependent   P lanck   d i s t r ibu t ion  
of  energy. 

The s o l a r   c o n t r i b u t i o n  (RADSUN) i s  ca l cu la t ed   i n   acco rdance  
with  equat ion ( 2 )  by subrout ine SUNNY, where t h e  Chapman 
func t ion  i s  employed in   de t e rmin ing   t he   s l an t   pa th   t r ansmi t t ance  
of   inc ident   so la r   rad iance .  The t h r e e  terms of  equation ( 2 ) ,  

i .e . ,  RADSURF, RADATM, and RADSUN, are then  obtained by a t tenu-  
a t ing   each  component by the   appropr ia te   a tmospher ic   t rans-  
mit tance (ATMTAU) v a l u e   f o r   a n   a l t i t u d e   c o r r e s p o n d i n g   t o   t h e  
t o p  of each  a tmospheric   layer .  

The t h i r d   s e c t i o n   c a l c u l a t e s   t h e   i n t e r n a l   r a d i a n c e  values 
f o r   t h e  GFCR sensor   and  the  necessary  parameters   for   balance  and 
c a l i b r a t i o n .  [A detai led  descr ipt ion  of   inst ruments   based  on 
t h e   g a s   f i l t e r   c o r r e l a t i o n   t e c h n i q u e  i s  presented i n  r e fe rences  
1 and 21 .  I n   add i t ion ,   t he   s imu la t ed   s igna l s  (DV and V )  

corresponding t o  the   s enso r   de t ec t ion   o f   t o t a l   upwe l l ing   r ad iance  
(RADTOT) are ca l cu la t ed .   Fo r   conven ience ,   t he   t r apezo ida l   ru l e  
i s  used   fo r   i n t eg ra t ion   o f  a l l  v a r i a b l e s   o v e r   t h e   s p e c t r a l  
band  being  examined.  This  process i s  performed by the   sub rou t ines  
XNTEG, XNTEG2,  XNTEG3, and XNTEG4. The dimensions  of  the 
v a r i a b l e s   t o  be integrated  determines  which o f  t h e  four  sub- 
r o u t i n e s  is c a l l e d .  The required  output   parameters ,   both 
atmospheric  and sensor, a r e   t h e n   s t o r e d  and are r e a d i l y  
a c c e s s i b l e   f o r   o u t p u t   l i s t i n g   i n   s e c t i o n   f o u r .  

PROGRAM ORGANIZATION AND DESCRIPTION 

The SMART program is w r i t t e n   i n  FORTRAN I V  f o r   t h e   C o n t r o l  
Data Cyber series computer  systems  and i s  over la id .   For   our  
sample test case   us ing  1 7  i n p u t   l a y e r s ,   t h e   s t o r a g e   r e q u i r e d  
i s  130300 o c t a l  words. The s to rage  i s  dependent upon t h e  
number of   a tmospheric   and  instrument   layers   required  for  
c a l c u l a t i o n s .  Each add i t iona l   l aye r   r equ i r e s   app rox ima te ly  
2000 octal  words. 
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Each overlaid  program  and i t s  subrout ines  are l isted on 
the  fol lowing  pages.   For   each  program  or   subrout ine,   the  
requi red  number of o c t a l  words of  storage  and  an  exp1,anation 
of   the   func t ion  are presented.  A d i c t i o n a r y  of FORTRAN 

var iab les   used  w a s  g i v e n   i n  a prev ious   sec t ion .  A f low  char t  
showing t h e   l o g i c  f l o w  and t h e   i n t e r r e l a t i o n  of t h e   v a r i o u s  
programs and subrout ines  i s  shown i n   f i g u r e  3 .  
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Figure 3 .  Flowchart of SMART program. 
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Figure  3 .  Flowchart of SMART program  (continued).  
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PROGRAM SMART 

SMART, t h e  program  executive,  has t w o  main  functions.  
F i r s t ,  it superv ises   the   execut ion  of t h e  t w o  lower l e v e l  
overlays.   Second,   s torage  for   each  array  and  program  constant ,  
which is common to   each   over lay ,  i s  set  a s ide .  The s to rage  
requi red ,  i .e . ,  program  length + buffer   l ength  + l abe led  
common l eng th  + blank common l eng th ,  i s  132418 . 

10 

1 5  

OVERLAY(MAINIODOI 
PROGRAM S M A R T ( I N P U T ~ O U T P U T I T A P E ~ ~ T A P E Z ~ T A P E ~ )  

C *** T H I S  PROGRAM  PERFORflS  L INE-BY-LINE  RADIATIVE  TRANSFER  CALCULATIONS FOR 
c NON-HOMOGENEOUS  ATMOSPHERIC  NODELS A S  A F U N C T I O N  OF A L T I T U D E  
C *** THE  SECOND  SECTION  SIMULATES  THE  RESPONSE OF T H E   G A S   F I L T E R   C O R R E L A T I O N  
C INSTRUMENT  AT   THE  VARIOUS  ALTITUDES *** 

1 IDENT(20)rXNULT(lO)rJPROF~l7) 

1 BROAOrW1,WF 

C O M M O N / A B / T E M P ~ ~ ~ ~ ~ P R E S ~ ~ ~ ~ ~ T H I C K ~ ~ O P A T H ~ ~ ~ ~ ~ G A S C O N C ~ ~ O D ~ ~ ~ D  

C O M M O N / A A / N X M ~ N L A Y ~ N L A Y I ~ N O C , K B I , N S P E C ~ D E L T A W ~ C M I N V D I P O L L U ~ I  

CALL  OVERLAY(4Hf lA INr1 ,O)  
R E U I N D  6 
C A L L   O V E R L A Y ( ~ H H A I N , Z D O )  
STOP 
END 
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PROGRAM TRANSMT 

TRANSMT is t h e  first overlay  subordinate  to-SMART. 

TRANSMT reads  the  a tmospher ic   p rof i le   in format ion   and   the  
integrat ion  processing  parameters   f rom cards. . F r o m  the s p e c t r a l  
l ine   parameter   t ape ,  wavenumbers, h a l f - w i d t h s ,   i n t e n s i t i e s ,  
energ ies  of the   lower  state,  and i d e n t i f i c a t i o n  species num- 
be r s  are read.   For   our   calculat ions,   McClatchey 's  spectral 
l ine   parameter   t ape  (ref.  5) was used w i t h  a p p r o p r i a t e   u n i t  
conversions  applied.  TRANSMT per forms  l ine-by- l ine   rad ia t ive  
t r a n s f e r   c a l c u l a t i o n s  and writes on  temporary  storage d i s k  6 

cen te r  wavenumber, t ransmit tance,   and  radiance as  a func t ion  of 
a l t i t u d e  and  primary  gas  concentration.  Storage  required i s  
1122748 . 

1 

5 

10 

1 5  

O V E R L A Y ( H A I N r l r 0 )  
PROGRAM  TRANSMT 
DIMENSION R E F T E ~ P ~ ~ ~ ) ~ A L P H A L ~ ~ O O ~ ~ ~ ) ~ P R O F A C ~ ~ ~ O O ~ ~ ~ ~ I  

1 P R O F A C 2 ~ 3 0 0 r l 7 ~ r T A U ~ l O ~ r C O M P A B S ~ 3 O O r l 7 ~ ~ T I N V ~ l 7 ~ ~  
1 R O O T E ~ P ( l 7 ) r A T f l T A U ( l 7 ~ l O ~ ~ R A D A T M ~ l 7 r l O l r  
2 A L P H A V ~ 3 0 0 r 1 7 ~ ~ R A T L V ~ 3 0 0 ~ 1 7 ~ r A ~ P H A D ~ 3 0 O r l 7 ~  

R E A L   M O L U T ( Z 0 ) r M O L V T I S  
C O M ~ O N / A B / T E M P ~ 1 7 ~ r P R E S ~ l 7 ~ r T H I C K ~ l 7 ~ ~ O P A T H ~ l 7 ~ ~ G A S C O N C ~ 2 O r l 7 ~ ~  

C O f l M O N I A A / N X M r N L A Y ~ N ~ A Y I r N O C ~ K B I ~ N S P E C ~ D E l T A U ~ C ~ I ~ V r I P O ~ ~ U T r  

COMMON W S T 0 4 ~ 3 0 0 ~ r O M E G S T R ~ 3 O O ~ r I l I N E ~ 3 O O ~  

1 I D E N T ( Z O ) r X M U L T ( l O ) ~ J P R O F ( 1 7 )  

1 B R O A D r U I r U F  

DATA C 7 / 1 ~ 1 9 0 6 E ~ 1 2 / 1 C B / 1 ~ 4 3 9 / ~ C 9 / 6 ~ 7 6 7 5 E ~ B / ~ C 1 0 / 1 0 ~ ~ / ~ N S U N / 4 1 /  
D A T A   ( R E F T E M P = 3 0 * 2 9 6 . )  

1 
DATA~MOLWT=2~.~lB.~b~.~l7.~l6o~44r,Q4.,28o~l7o~3O.~46o~4*44.~64.~ 

C * *+ INPUT  PARAMETERS  READ  FROf l   CARDS * *+  
5 6 . r 4 4 . r 1 7 . ~ 3 0 . )  

READ 10101 NLAYrNLAYI rNOC,NXMrNSPEC. IDENT 
1010 F O R M A T ( 5 1 5 r 5 X ~ 2 0 1 2 )  

1 0 2 0   F O R M A T 1 4 0 1 2 )  

1 0 3 0   F O R M A T ( 4 F l O m 4 r 1 5 r F l O . C )  

20  READ 1 0 2 O ~ ( J P R O F ( K l ~ K = l r N l A Y )  

R E A D   1 0 3 0 r  U I r  W F r D E L T A W r C f l I N V ~ I P O l l U T ~ B R O A D  

READ 1 0 4 0 ,   ( X M U L T ( J ) 9 J = l 9 N X M )  

READ 10509 ( T E M P ( J l r P R E S I J l r T H I C K ( J ) ~ J = l ~ N l A Y )  

READ 10609 ( f G A S C O N C ( J ~ K ) r J = l r 1 6 1 ~ K = l ~ N ~ A Y )  

2 5  1040 F O R M A T ( B F 1 0 . 4 )  

1050 F O R M A T ( 3 F l O m 4 1  

1060 FORf lAT(OE10 .3 )  
3 0  C *** I N I T I A L I Z A T I O N  *** 

K B I = N L A Y - 2 * N L A Y I  
O R E G A = Y I  
D V 1 - 0 .  
NSTORW=NOPlEG=O 

3 5  I = O  
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40  

4 5  

5 0  

5 5  

60 

65 

70 

7 5  

8 0  

8 5  

90 

9 5  

100 

1 0 5  

10 
c *** 
C 

2 0  
t *** 
C 

2 5  
3 0  

3 5  

4 0  
45 

5 0  
c *** 

5 5  
1000 

60 
65  

c *** 
70 

DO 10 K=l.NLAY 
O P A T H ( K ) = P R E S ( K ) *   T H I C K i K )  

R O O T E M P I K ) = S O R T ( T E M P ( K ) I  
T I N V ( K ) = l . / T E W P t K )  

B R D F A C ~ ~ ~ R O A D ~ 1 ~ ~ * G A S C O N C ( I P O L L U T ~ K ~ + l o  
I F  (NLAY.EQ.11  P IES(K)=PRESIK)*BRDFAC 
I F  (K.GT.KBI)   PRES(K)=PRESfK,)*BRDFAC 

CONTINUE 
READ  SPECTRAL  LINE  PARAMETER  TAPE FOR ALL L I N E S   I N C L U D E D   I N   W I - C M I N V  T O  
WF +CMINV * **  
U3=OflEGA  +OREGI *OMEGA 
DETERMINE  SPECTRAL  L INES TO BE  INCLUDED I N  SUBINTERVAL OF I N T E G R A T I O N  
AN0  ADJUST  CORRESPONDING L I N E  PARAHETERS *** 
I F  (OMEGA .EO.  W I )  GO TO 5 0  
I F  lOMEGSTR(1)  .GE. (Of lEGA-CMINV))  GO TO 4 5  
0 0  2 5  Km2,NOHEG 

CALL R E A D T P ( U I , C M I N V I W F ~ I D E N T , N S T O R U ~ N O M E G ~ ~  

I P O I N T = K  
I F  (OMEGSTR(KI  .GE. (OMEGA-CMINV)) GO TO 3 0  

CONTINUE 
NOMEG=NOMEG - 1 P D I N T  +1 
1.1 -1POINT +1 
0 0  3 5  J=l,NOMEG 

I L I N E t J ) = I L I N E ( J   + I P O I N T - l )  
O M E G S T R ( J ) = O M E G S T R ( J   + I P O I N T - 1 )  

CONTINUE 
D O  40 K = l r   N L A Y  

DO 40   J= l . rNOMEG 
A L P H A L t J s K ) = A L P H A L ( J   + I P O I N T - l s K )  
P R O F A C 1 l J ~ K ) = P R O F A C l f J   + I P O I N T - l n K )  

R A T L V ~ J s K ) ~ R A T L V l J + I P O I N T - 1 1 K )  
I F  (JPROFtK) .EO. l )  GO TO 40 

Cf lNT INUE 
I F  ( W Z  oGT.  (OMEGA + C M I N V ) )  G O  TO 100 
GO TO 65 

READ  SPECTRAL  LINES FOR SUBINTERVAL OF I N T E G R A T I O N  *** I =o 

REWIND 2 
R E A D ( 2 , l O O O )   W Z p A L P M A ~ S Z ~ E L # I S  
F O R M A T ( F l O o ~ , F 5 . 3 r E 1 5 . 8 ~ F l 2 a 4 ~ 1 2 ~ )  
I F  ( E O F t Z ) )  100,60 
I F  ( U t  .GT. (Of lEGA  +CMINV))  GO TO 100 
I = t + l  
I F  (OMEGA .EO. WI) G O  TO 70 
NOHEG=NOflEG +1 
OMEGSTRINOMEGI=WZ 
I L f N E ( N O M E G ) * I S  
NSTORW=NSTORU + 1  
WSTOR(NST0RW) -WZ 
D E T E R H I N E   L I N E   P R O F I L E  PARAMETERS AND ADJUST FOR LAYER  TERPERATURE *** 
DO 95 K = l r N L A Y  

T E M P C O N = R E F T E M P ( I S )   * T I N V ( K )  
TCONSO=TEMPCON  *TEMPCON 

ADJALPH=ALPHA  *PRESIK I *   SORT(TEMPC0YI  
I F   ( I S  .EO. 2 )  TCONSO=  TCONSO  *SORT(TEMPCON) 

S=SZ  *TCONSP  *EXP(-CB  *(TEMPCON -1.1 * E L / R E F T E M P I I S ) )  
I F  (JPROF(K).EO.l)  GO TU 8 5  
M o L u T I S * n O L W T t f S ~  
A L P H A D ~ I ~ K ~ ~ C 9 * W Z * R O O T E M P ~ K ~ * S O R T ~ 2 8 ~ / M O L U T I S ~  
TSTALPH*ADJALPH/ALPHID( l rK)  
A L P H A V ~ I ~ K ~ ~ ~ 5 3 4 3 L * A D J A L P H t S O R T f ~ 2 l 6 6 7 * A D J A L P H * A D J A L P H  

1 + ALPHAD(I,K)*ALPHID(I~K)) 
VGTPAR=.83255*ADJALPH/ALPHADfI~K) 
V G T P A R t = l o / t V G T P A R * V G T P A R )  
R A T L V ( I ~ K ) ~ l . / ~ l . + A D J I L P H + V G T P A R Z / A L P H A V ~ I ~ K ~ ~  
I F  (VGTPAR.LTo1.51 GO T O  75 
VGTPAR4*VGTPAR2*VGTPAR2 
E R F C * ~ l o t 4 o 5 * V G T P A R 2 + t . * V G T P I R 4 l / ~ l o + 5 ~ * V G T f A R Z  

1 + 3.75*VGTPAR41 
GO TO 8 0  

TERFCZ=TERFC*TERFC 
75 TERFC=l./(I.+r47047*VGTPAR) 

E R F C = V G T P A R * T E R F C * ( . 6 1 6 8 6 - ~ 1 6 9 9 4 * T E R F C + l ~ 3 2 5 5 4 * T E R F C Z ~  

3 3  



110 

1 1 5  

1 2 0  

1 2 5  

1 3 0  

1 3 5  

1 4 0  

1 4 5  

1 5 0  

1 5 5  

160 

1 6 5  

170 

1 7 5  

1 8 0  

80 CONTINUE 
85 ALPHALf f ,K )=   ADJALPH 

I F  f J P R O F ( K ) * E O . 2 )  GO TO 90 
PROFACl f1 ,K ) .   , 3183   *S /ADJALPH 
GO TO 95 

90 P R O F A C ~ ~ I I K ) ~ . ~ ~ ~ ~ * S * E R F C / A D J A ~ P H  
95  CONTINUE 

GO TO 5 5  
C *** CALCULATE  ABSORPTION  COEFFIENT AS DETERMINED BY L I N E   P R O F I L E  *** 

100 D O  1 2 0   K m l r N L A Y  
DO 120 J=l,NOMEG 

PROFACZ(JsK)=ABSfOMEGA-  O t l E G S T R ( J ) I / A L P H A L f J p K )  

WRATLV=RATLVf I r K )  
I F  I J P P O F f K ) . E O . l )  GO TO 1 1 5  

WRATLVl=l.-WRATLV 
F C L = l . / I L . + f P R O F A C 2 f J ~ K ~ * P R O F A C 2 f J ~ K ~ ~ ~  
T S T P R O F = A L P H A L f J ~ K ) / A L P H A D ~ J ~ K )  

E X P T S T = - . ~ ~ ~ ~ ~ ~ * P R O F A C Z ( J V K ) * P R C I F A C ~ ( J , K I  

F C D = E X P ( E X P T S T )  
GO TO 110 

I F  fTSTPROF.GT.1) GO T O  1 0 5  

I F  fEXPTST.LT.-675.84) GO TO 105 

1 0 5  FCD.0. 
110 F C E R R = f f . 8 0 2 9 / P R O F A C Z f J ~ K ~ ) - f . 4 Z O 7 * P R O F A C Z ~ J ~ K ~ ~ ~ /  

1 f f l . / P R O F A C L f J , K ) )  + 1 P R O F A C 2 I J , K ) * P R O F A C Z f J ~ K ) ) *  
2 ( *2030  + 1 ~ 0 7 3 5 5 * f P R O F A C Z ( J ~ K I * P R O F A C 2 ( J ~ K ) ) ) ) ~  

1 Y R A f L V * W R A T L V l * F C E R R * ~ F C l  - F C D l  
FCY=WRATLVl *FCD*WRAT~V*FCL+ 

C O H P A B S f J ~ K ~ = G A S C O N C f I l I N E ( J ~ ~ K ~ * F C V * P R O F A C l f J ~ K )  
GO TO 1 2 0  

1 1 5   C O N T I N U E  
C O M P A B S ~ J I K ) ~ G A S C O N C ( I L I N E ~ J ~ ~ K ~ * P R O F A C ~ ~ J ~ K ) / ~ ~ ~ ~ P R O F ~ C ~ ~ J ~ K ) *  

1 PROFACZ f J, K )  1 
120 CONTINUE 

D O  1 2 5  K = l r N L A Y  
DO 1 2 5  J m l r N X M  

RADATHfK,J I=O.  
A T H T A U f K p J ) = l .  

1 2 5   C O N T I N U E  
DO 170 Km1,NLAY 

D O  1 3 0  J=l,NXM 
IF fK.EO.1) GO  TO 1 3 5  

A T H T A U ( K , J l = A T H T A U ( K - l ~ J )  
R A D A T M f K p J ) = R A D A T M f K - l p J )  

1 3 0   C O N T I N U E  
1 3 5  ABSCOFE*ABSCOFl=Om 

IF f K . L E * K B I )  GO TO 1 4 5  
DO 1 4 0  J m l t N X M  

A T H T A U f K p J I = l .  
R A D A T N ( K s J I = O .  

1 4 0   C O N T I N U E  
1 4 5  DO 160 L=l,NOMEG 

I F   f I L I N E ( 1 )  .EO* I P O l L U T )  GO T O  1 5 0  
ABSCOFZs  ABSCOF2 COMPABS(L,K) 
GO TO 155 

150 ABSCOFl=ABSCOFl   +COMPABS(LpK)  
155   CONTINUE 
160 CONTINUE 

P l A N C K = C 7 * W 3 / f E X P ~ C B * O H E G A / T E M P f K ~ ) - l ~ ~  
ABSCOFT=ABSCOFl  +ABSCOF2 

C *** CALCULATE MONOCHROMATIC  4TMOSPHERIC  TRANSMITTANCE AND EHISSION 4ND WRITE 
C RESULTS ON D I S C  6 *** 

DO 1 6 5   J - l r N X M  
I F   ( K a L E m K B I )  ABSCOFT. A B S C O F l   + X M U L T f J )  +A.RSCOFZ 
TAUfJ ) .   EXPf -ABSCOFT  *OPATH(K) )  

A T M T A U f K , J ) = A T H T A U I K ~ J ) * T A U ( J )  
R A D A T H ( K t J ) = R A O A T M ( K , ~ ) * T A U ( J ) + P L A N C K * ( l . - T A U ( J ) )  

165 CONTINUE 
170 CONTINUE 

U R I T E f 6 ~ 0 M E G A ~ ~ f A T ~ T A U ~ K ~ J ~ , J I L , N X n l , K I 1 ~ N L A Y ~ ~ f ~ R A D A T ~ f ~ ~ J ~ ~  
1 J = l r N X M ) , K = l r N L A Y ) r D U l  

C A L L  G E T Y f O f l E G A ~ D E L T A W ~ N S T O R W ~ D W l ~  

RETURN 
END 34 '  

C *** CALCULATE NEW OMEGA *** 
I F  (OMEGA .LE. Y F )  GO TO 20 



SUBROUTINE GETW 

GETW i s  a subroutine  of TRANSMT. GETW determines   the  
wavenumber mesh f o r   i n t e g r a t i o n .  The algori thm 1) determines   the  
d i s t a n c e  from OMEGA t o  t h e   c l o s e s t   s p e c t r a l   l i n e ,  2 )  cal- 
c u l a t e s  1 / 4  o f   t h a t   d i s t a n c e ,  3 )  determines   the  maximum (DW) 

between DWMIN and t h e   v a l u e   c a l c u l a t e d   i n   s t e p  2 ,  and 4 )  sets 
t h e  new i n t e g r a t i o n   p o i n t   e q u a l   t o  OMEGA p lus  DW. The minimum 
in t eg ra t ion   s t epp ing  s i z e  i s  r e a d   i n  TRANSMT. S torage   requi red  
is 16448 . 

1 
C *** DETERMINE  THE WAVENUNBER MESH F O R   I N T E G R A T I O N  *** S U B R O U T I N E   G E T W t W ~ D W ~ N S T O R W ~ O W l )  

COHHON W S T O R f 3 0 O ) r O ~ E G S T R f 3 0 0 ) r I L I N E 1 3 0 0 ~  
Wl=W-WSTOR( l )  

5 WZ=W$TOR(2)-W 
D W ~ + A H A X L ~ A N I N ~ ~ W L I U ~ ) * ~ ~ ~ I D W ~  
w = w  + o w 1  
I F  (WSTOR12)  .GT.  W )  RETURN 

10 5 I F  fWSTORfK) .GT.WI  GO TO 10 
K-3 

K = K + 1  
GO TO 5 

DO 1 5  Jm1,NSTORW 
15 15 W S T O R I J ) = W S T O R l J + K - Z )  

RETURN 
END 

10 NSTflRW=NSTORW-K+t 

35 



SUBROUTINE READTP 

READTP is a subrout ine of TRANSMT. READTP r e a d s   t h e  

s p e c t r a l  l i n e  parameter   tape  for  a l l  l ines  i n  t h e   i n t e r v a l  

WI - CMINV t o  WF + CMINV and writes them on temporary  storage 

d i s k  2. S torage   requi red  i s  20008 . 

10 

1 5  

2 0  

2 5  

30  

SUBROUTINE R E A D T P f Y ~ r C n r U F I I D E N T I K , L I  
C *** READ  SPECTRAL  LINE  PARAHETER  TAPE  FOR ALL LINES  FROH  UT-CMINV  TO WF + 
C C H I N V  
C VARIABLES  INCLUDE  L INE  LOCATION  (YZ l ,HALF-UIDTH f S L ) , L L Y E  STRENGTH (SI, 
C GROUND S T A T E   E N E R G Y   ( E I I S P E C I E S   I D E N T I F I C A T I O N   N U 4 B E P  ( T f l  *** 

D I M E N S I O N   I b E N T f 2 0 1  
COflMON WSTORI30O~rOflEGSTRf3OO1~IlINEI3OO~ 
REMIND 2 
K * l  
1-0 

I F  f W Z  .GT. fWF + C f l l l  GO TO 2 5  
I F  ( W Z  mLTm f W I -   C H I 1  GO TO 5 

5 REbD(7,10001 WZ,BLIS,EIIS 

DO 10 J= 1916 
I F  ( I D E N T I J I  .Ea. I S 1  GO TO 1 5  

10 CONTINUE 

1 5  W R I T E ( 2 1 1 0 0 0 1  WZIBL,S.EVIS 
GO TO 5 

P R I N T  1010, WZIBL,S~EIIS 
1010 F O R M A T f l H  ~ F 1 0 ~ 4 ~ l X 1 F 5 ~ 3 ~ l X 1 E 1 5 ~ B 1 l X ~ F l 2 ~ 4 , 1 X , I t )  

I F  ( W Z  . LT*  H I 1  M S T O R f l J = Y Z  
I F  f W Z  eGTm f W I  +CH) )  GO TO 5 
L -  1 4 1  
I L I N E f L ) + L S  
OHEGSfR (L I - WZ 

K - K  4 1  
W S T O R I K I  = W Z  
GO TO 5 

20 I F  (WZ*LT .WI l  GO TO 5 

1000 F O R M A T f F 1 0 . 4 r F 5 . 3 ~ E l 5 . 8 1 F 1 2 . 4 r I 2 )  
2 5  W R I T E f 2 ~ 1 0 0 0 ~ W Z ~ B L ~ S I E , I S  

a E T u a N  
END 

36 



PROGRAM SRTGFCA 

SRTGFCA is the  second  overlay  subordinate  t o  SMART. 

SRTGFCA reads   f rom  ca rds   su r f ace   t empera tu res   and   emis s iv i t i e s ,  
and  opt ical   and  thermal   parameters  as  r equ i r ed   fo r   i n s t rumen t  
s imulat ion.  SRTGFCA reads  f rom  temporary  s torage  disk 6 t h e  
t ransmit tance  and  radiance  calculat ions  performed by TRANSMT, 

and  computes  instrument  response  parameters. It i s  aga in  
emphasized t h a t  any   in f ra red   ins t rument   requi r ing   a tmospher ic  
t ransmit tance  and  radiance  information as i n p u t  may be sub- 
s t i t u t e d   f o r  SRTGFCA. S to rage   r equ i r ed  is 27342* . 

‘1 

5 

10 

1 5  

20 

2 5  

30 

3 5  

40 
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4 5  

5 0  

55 

6 0  

6 5  

70 

7 5  

EO 

85 

90 

9 5  

100 

1 0 5  

110 

7 2 . 3 2 2 E - 6 )  
.DATA C 7 / 1 ~ 1 9 0 6 E ~ l 2 / ~ C B / l ~ 4 3 9 f ~ C 9 f 6 ~ 7 6 7 5 E ~ E / ~ C l O / l O 9 ~ / ~ N S U N / 4 1 /  
READ lOEOrNERISrNSURF,NOC~ZENITH 

READ 1090. f T S U R F f  J), J=l ,NSURF) 

READ 109Or(EMISSfJ)rJ=l,NEMIS1 
READ 1 1 0 0 ~ f F I L T E R W ~ J ~ ~ R E S P V ~ J ~ ~ R E S P G ~ J 1 ~ R E S P ~ J ~ r J * l ~ N O C ~  

READ 1 0 9 O ~ ~ B L C K L N ( K ) r K ~ l r N ~ A Y I )  
READ 1 0 9 0 ~ ~ E 8 H O T f K ~ ~ B B C O L D l ~ K ~ r K ~ l ~ N L A Y I ~  
READ 1090r E H I S B B  
I F  f ( W I . L T ~ F I L T E R W f   1 1  1 .OR. (WF.GT.FILTERW(NOC) I 1  GO TO 5 0 0  
JCOUNT=O 
0 0  5 K=l.NLAY 
DO 5 J = l r N X H  

1 0 8 0   F O P R A T f 3 1 5 , F 1 0 * 3 1  

1090 FORHAT(EE10 .3 )  

1100 F O R M A T f F l O ~ 3 ~ F 1 0 ~ 6 ~ F 1 0 ~ 6 ~ F l 0 ~ 3 )  

P A D A T M f K r J ) = T R A N S f K , J ) . T O T I T n ( K I J ) . O .  
5 CONTINUE 

0 0  10 KS1,NLAYI 
R A D H O T ~ K J = P A D C O L O ~ K l = ~ A D H O T G ~ K J = R A O C O ~ G ~ K ~ = R A D H O T C ~ ~ ~ * ~ A D C O ~ C ~ K ~ =  

1 R A D V A C b f K ) ~ R A D G A S E f K ) ~ R A D H O T V ( K 1 ~ R A D C O L V ~ K ~ ~ O ~  
10 CONTINUE 

DO 1 5   K - l r N L A Y  
DO 15 L = l , N E H I S  
DO 15 f l 81 rNSURF 
DO 1 5  J=l,NXM 

T O T S U N I K , L ~ J ) x O *  
J J = J ? f K - l ) * l O  
R A D G A S A ( J J ~ L ~ M ) ~ R A O V A C A ~ J J ~ L r H l ~ R A D G A S E ~ J J ~ L r M ~ ~ O ~  
T O T R A D f J J , L ~ H ) ~ T O T S U R F f J J ~ l ~ M ) ~ O .  

15 CONTINUE 
C *** READ  DISC 6 *** 

2 0  R E A D f 6 1 0 H E G A ~ f f A T M T A U f K ~ J ) , J . 1 , N X 4 ) 1 K l l r N L A Y ) r ~ f R A D A T M f K r J ~ r  
1 J ~ I ~ N X H l ~ K ~ l r N L A Y ~ r D U l  

I F   ( E O F ( 6 1 )   1 8 5 9 2 5  
25   JCOUNT=JCOUNT+l  

C *** INTERPOLATE WAVENUMRER OEPENOENT INPUT  VALUES *** 
CALL  F I L T E R P ~ O H E G A r T A U V F I l ~ T A U G F I L ~ S U N I N T P , N O C ~ N S U N ~ S U N U r S U N ~ l U X ~  

1 R E S P I N )  
C ***CALCULATE  UNATTENUATED  SURFACE  EMISSIOY *** 
C ***  CALCULATE  UNATTENUATED  SOLAR  RADIATION  REFLECTED 9 Y  THE EARTH  SURFACE *** CALL  P L A N K F I O M E G A ~ S U R F C O H ~ N E H I S ~ N S U R F I  

I F  fZENITH.GE.90.1 G O  TO 3 0  
. C A L L  S U N N Y f O H E C A ~ N E H I S r S U N C O H ~ Z E N I T H , S U N I N T P ~ C H A P Z E N 1  
GO TO 4 0  

D O  3 5   L = l r N E H I S  
30 CHAPZEN-0. 

35   SUNCOMfL)=O.  
C *** CALCULATE  TOTAL  ATTENUATED  RADIATION  AT  THE TOP OF EACH  ATMOSPHERIC 
C LAYER *** 

4 0  DO 130 K = l r K B I  
DO 1 3 0   L = l , N E M I S  

DO 1 3 0   H = l r N S U R F  
DO 1 3 0   J = l r N X M  

J J = J + f K - l ) * l O  
T A U S L A T f J ) = A T M T A U ( K B I ~ J 1 * * C H A P Z E N  
RADSUNIK,L ,J )=SUNCOHfL1  *TAUSLATIJ) *   ATMTAUIKPJ)  
R A D S U R F I J J I L ~ M ) ~ S U R F C O M ( ~ ~ M ~ *  ATMTAUfK,J) 
R A O T O T ( J J r L r M ) ~ R A O A T ~ f K ~ J )  + R A D S U R F f J J r L # M l  + R A D S f J Y ( K r L g J 1  

1 3 0   C O N T I N U E  
I F  (NLAYJoEO.0)  GO TO 160 
Y 3 =  OMEGA *ONEGA  *OHEGA 

DO 1 4 0   K = l r N L A Y I  
C *** CALCULATE  INSTRUMENT  DETECTED  RADIATION ***  

P L A N K I K )   = C 7   + W 3 / ( E X P ( C B   * O H E G A / B L C K I N ( K ) ) - l o )  * E M I S E B  
V A C B N E Y f K )   = P L A N K f K ) * T A U V F I L   * R E S P I N  
G A S E N E W I K )   * P L A Y K I K ) * A T H T A U f K   + K B t r l )   * T A U G F I L   + R E S P I N  
DO 1 3 5   L = l * N E M I S  

DO 135  Mml rNSURF 
D O  1 3 5  J.19NXH 
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115' 

120 

1 2 5  

1 3 0  

1 3 5  

1 4 0  

1 4 5  

1 5 0  

1 5 5  

160 

1 6 5  

170 

175 

1 8 0  

JJ-J + ( K - l )  *LO 
G A S A N E Y ~ J J ~ L e M ~ * R A D T O T f J J ~ L ~ M )  *ATMTAU(K+KBI , l )   *TAUGFIL*RESPIN 
V A C A N E W ( J J ~ L I M ) = R A D T O T ( J J I L ~ ~ )  * T A U V F I L   * R E S P I N  
G A S E N E U ( J J . L , M ) ~ ( R A D T O T ( J J , L l n )  * A T M T I U I K + K B I s l )   + R ~ D A T M ( K + K B I I  

1 1)) * T A U G F I L * R E S P I N  
1 3 5   C O N T I N U E  

C *** CALCULATE  BALANCE AND C A L I B R A T I O N  PARAMETERS *** 
B B H N E W ( K l * ( C 7   * U 3 / f E X P ( C B   * O M E G A / B B H O T ( K ) ) - l . ) )   * T A U V F I L   * R E S P I N  
B B C N E W I K ) = t C 7   * U 3 / 1 E X P ( C B   * O M E G A / B B C O L D l ~ K ~ ) - l ~ ~ )   * T A U V F I L * R E S P I N  
B B H N E W G ( K ~ ~ ~ C ~ * W ~ / ( E X P ~ C B * O M E G A / B B H O T ( K ) ~ - ~ O ) ~ * ~ T M T A U ( K + K ~ I ~ ~ ) *  

1 T A U G F I L * R E S P I N  

1 T A U G F I L * R E S P I N  

* T A U G F I L * R E S P I N ) * A T M T A U ~ K + K B I I I )  

* * T A U G F I L * R E S P I N ) * A T M T A U ~ K + K B I I 1 )  

B B C N E W G f K ) ~ ~ C 7 * W 3 / f E X P ( C B * O M E G A / B B C O L D l ~ K ~ ~ ~ l ~ ~ ~ * A T H T A U ~ K + K B I ~ l ~ *  

B B H N E W C ~ K ~ ~ B B H N E U G ~ K ~ * A T M T A U f K + K B I + N L A Y I ~ l ~ + ~ R A D A l M ~ K + K ~ I + N L A Y I ~ l ~  

B B C N E W C ~ K ~ ~ B B C N E U G l K ~ * A T M T A U f K t K B I t N L A Y I ~ l ~ t ~ R A D A ~ M ~ K + K B I + N L A Y I ~ ~ )  

B R H N E W V ~ K ~ ~ B B H N E W ~ K ~ * A T M T A U f K + K B I + N L A Y I ~ l ~ + ~ R A D A T M ~ K + K ~ I + N L A Y I ~ l ~  

B B C N E ~ V ( K ~ ~ B B C N E W ~ K ) * A T M T A U ( K + K B I + N L A Y I ~ ~ ~ + ~ R A D A T M ~ K + K B I + N L A Y I I ~ )  
* T A U V F I L * R E S P I N )  

* * T A U V F I L * R E S P I N )  

IF ~ O H E G A o E O o W I I  GO TO 1 4 5  
1 4 0   C O N T I N U E  

C *** INTEGRATE  INSTRUMENT  RADIATION  VALUES *** 
C A L L  X N T E G ( D W l r B B H N E U ~ B B H O L D ~ R A D H O T ~ N L A Y 1 )  
C A L L  X N T E G ~ D W ~ ~ B B C N E W ~ ~ B C O L D I R A D C O L D ~ N L A Y I ~  
CALL X N T E G ( D W 1 ~ B E H N E W G ~ B B H O L D G ~ R A D H O T G I N L I Y I ~  
C A L L  X N T E G ~ D W ~ ~ ~ B C N E U G ~ B B C O L D G I R A D C O L G ~ N L A Y I )  
C A L L  X N T E C f D W l ~ S B H Y E W C ~ B B H O L D C ~ R A D H O T C ~ N L A Y I )  
C A L L  XNTEG(DWl,BBCNEWC, BBCOLDC, RADCflLC,NLAYI 1 
CALL X N T E G ( D W l r V A C B Y E W ~ V A C B O L D ~ R A D V A C B s N L A Y 1 )  
C A L L  X N T E G ( D W l r G A S B N E W ~ G A S B O L D ~ R A D G A S B , N L I Y I I  
CALL X N T E G f D W 1 ~ B B H N E W V ~ B B H O L D V ~ R A O H D T V 1 N L A Y I )  
C A L L  X N T E G ~ D U l , B B C N E W V , B B C O L D V ~ R A D C O L V ~ N L A Y I ~  
C A L L  X N T E G 2 f D W 1 ~ G A S A N E W ~ G A S A O L D ~ R A D G A S A , N L I Y I ~ N E M I S ~ N ~ U Q F ~ N X H ~  
CALL X N T E G ~ ~ D W ~ ~ V A C A N E W ~ V A C A O L D ~ R ~ D V A C A ~ N L A Y I ~ N F M I S I N S ~ J ~ F ~ N X M ~  
C A L L  X N T E G ~ ~ D W ~ ~ G A S E N E W I G A S E O L D ~ R A D G A S E , N L I Y I ~ N E H I S ~ N S U Q F ~ N X M ~  

C *** STORE  CURRENT  INSTRUMENT  RADIATION  VALUES FOR INTEGRATION  PURPOSES **'* 
1 4 5  D O  1 5 5   K = l ~ N L A Y I  

B B H O L D f K ) = B B H N E W f K )  
BBCOLD(KI=BBCNEW(K)  
BBHOLDGfK)=BBHNEWG(K)  
BBCOLDGfK) -BBCNEWGfK)  
BBHOLDCIK) -BBHNEWCfK)  
BBCf lLDC(K) -RSCNEWC(K)  
BBHOLDV(K) -BBHNEWV(K)  
B B C f l L D V ( K I = R S C N E V V ( K I  
VACBOLDfK)=VACBNEW(K)  
GASBOLD(K)=GASBNEW(K)  

DO 150 L = l , N E M I S  
D O  150 Mm1,NSURF 

DO 150 J * l ~ N X M  
JJ= J + ( K - l )  *10 
G A S A O L D ( J J , L , ~ ) = G A S A N E U ( J J ~ L ~ M )  
V A C A O L O ~ J J ~ L ~ M ~ ~ V A C A N E U ~ J J ~ L ~ M )  
G A S E O L D f J J , L ~ M ) ~ G A S E N E W ( J J ~ L ~ ~ )  

1 5 0   C O N T I N U E  
155 '   CONTINUE 
160 I F  (0MEGAoEO.WI) GO TO 165 

C *** INTEGRATE  ATROSPHERIC  RADIATION AND TRANSMITTANCE AND INSTRUMENT 
C TRANSMITTANCE *** 

CALL X N T E G ~ ~ D W ~ ~ A T M T A U P T A U O L D ~ T R A N S , N L A Y , N X M ~  
CALL X N T E G ~ ~ D W ~ ~ R A D A T M , R A D O L D P T O T A T M P N L A Y ~ N X H ~  
C A L L  X N T E G 2 ~ D W l r R A D T O T ~ R A D O T O T ~ T O T R A D ~ K B I  ,NEMIS,NSURF,YXM) 
C b L L  X N T E G 2 ( D W l r R A D S U R F ~ R A D S O L D ~ T O T S U R F , K B I  ,NEMISINSURF,NXM) 
CALL XNTEG41DWl,RAOSUNvRADSUNO,TOTSUN~KBI rNEHIS,NYH)  

C *** STORE  CURRENT  TRANSMISSION  AN0  ATqOSPHERIC  RADIATION  VALUES FOR 
C INTEGRATION  PURPOSES *** 

165 DO 170 K l l r N L A Y  
DO 170 J l l r N X M  
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1 8 5  

1 9 0  

1 9 5  

200 

2 0 5  

2 1 0  

2 1 5  

220 

225  

230 

2 3 5  

240 

2 4 5  

2 5 0  

T A U O L D ( K r J ) = A T H T A U ( K I J )  
RADOLD(KIJ)=RADATH(K,J) 

170 CONTINUE 
DO 1 8 0   K = l r K B I  

DO 1 7 5   L = l , N E H I S  
DO 1 7 5   H = l r N S U R F  

DO 1 7 5  J=l,NXH 
J J = J + f K - l ) * l O  
R I D O T 0 T ~ J J s L ~ M ) ~ R A D T O T ~ J J ~ L r H ) .  
R A D S O L D I J J r L ~ H I ~ R A D S U R F ~ J J ~ L r H )  
R A D S U N O f K ~ L r J ) = R A D S U N ( K ~ l ~ J )  

175   CONTINUE 
1 0 0   C O N T I N U E  

GO TO 20 
C *** CALCULATE  INSTRUMENT  OUTPUT  RESPONSE  PARAMETERS *** 

185   1F   (NLAY1.EQ.O)  G O  TO 2 0 0  
DO 1 9 5   K = l , N L A Y I  
G B A L D l F ( K ) = R A D H O T G ( K I - R I D C O l G f K )  
VBALDIFIK)=RADHOJfK)-RADCOLD~K) 
T A U A ~ K ) = G B A L D I F ~ K ) / V B A L D I F f K )  
S I G B V ( K ) = R A D V A C E l ( K I *   T A U A t K )  
G C L T A I N ( K ) = R A D G A S B ( K l / R A D V A C B ( K I  
E R R D N I K ) = R A D G A S B ( K J . - T A U A f K ) *  RADVACB(K) 

DO 1 9 0   L = l v N E M I S  
DO 190 M=l,NSURF 

DO 190 J S l r N X l i  
J J = J +  (K-l)* 10 
S I G A V ( J J , L , M ) = R 4 D V A C A ~ J J ~ l , H ) *  T A U A t K I  
D V f J J , L r R ) = R A O G A S A ( J J r L , n ) -  S I G A V I J J r L , M )  
G C L T A A T ~ J J ~ L ~ M ) ~ R A D G A S A ~ J J ~ l ~ M ~ / R A D V A C A ~ J J , l ~ M )  
V(JJrL,M)=fRADGAS4(JJ,L ,n)  + S I G A V I J J , L , R ) ) / ? .  

190 CONTINUE 
1 9 5  CONTINUE 

C +*+ OUTPUT *+* 
2 0 0   J = O  

DO 2 5 0   L L . l r l 6  
I F   ( I D E N T ( L L ) . E O .  01 GO T O  2 5 0  
J = J + l  
IF ( I O E N T ( L L ) . E O .  1 )  I O ( J I = P H C O  
I F  ( I D E N T ( L L l . E O .  2 )  I D ( J ) = 3 H H Z O  
I F   I I D E N T ( L L ) . E O .  7 )  I D f J ) = 3 H N Z O  
I F  ( I D E N T ( L L l . E O . 1 2 )  I D ( J ) = 3 H C O Z  

250  CONTINUE 
I F  I IPOLLUT.EP.1)   IPOLT=ZHCO 
I F  I IPOLLUT.EO.21   IPOLT=3HH20  
I F  ( IPOLLUT.EO.3)   IPOLT*3HSOZ 
IF ( IPOLLUT.EO-.G)  IPOLT*3HNH3 
I F  ( IPOLLUT.EO.5)   IPOLT=3HCH4 
I F  IIPOLLUT.EQ.7)~IPOLT~3HNZO 
I F  f IPOLLUT.EP.12 )   IPOLT=3HCO2 
C =  2.*CHIHV 
DIST=WF-Wf 
D O  2 5 5  KS1,NLAY 
DO 2 5 5   J I l r N X H  
T R ~ N S ( K r J l = T R A N S ( K I J I / O f S T  

P R I N T  ~ O O O ~ I P O L T I W I I V F ~ C ~ D E L T A ~ ~ J C O U N T  
255 CONTINUE 

2000 F O P M A T ( l H l r * T H E   I N V E S T I G A T E D   P O L L U T A N T  IS * r A 3 / *  THE  W4VENURBER I N  
I T E R V A L  IS * r F 1 0 . 3 r *  TO * r F 1 0 . 3 / +  THE  SUBINTERVAL OF INTEGQATION I S  
2 * , F l O e 3 r *  C M - l * / *  THE MINIMUH  INTEGRATING  INCREMENT IS *rF6.3,+ C 
3 M - l * / *  THE NUMBER OF POINTS OF I N T E G R A T I O N  IS * * I 6 1  

P R I N T   2 0 1 0  
2010  FORHAT( lHOr*FILTER  FUNCTION*/+   UAVENUVBER  ,VACUUM  RESP G A S  CELL 

1 RESP  DETECTOR  RESP*) 
P R I N T  2 0 2 0 r l F I L T E R W ~ J ) ~ R E S P V ~ J ) r R E S P G I J l r R E S P ~ J ) ~ J ~ l ~ N O C ~  

DO 3 0 0  J m l r  NXM 
2 0 2 0   F O R H A T f l H  ~ F 1 0 ~ 3 ~ 4 X ~ F 1 0 ~ 4 ~ 4 X ~ F 1 0 ~ 4 ~ 6 X ~ F 1 0 ~ 4 ~  

C O N C l ( J ) = X W L T ( J )   * G A S C O N C f I P D L L U T ~ l ~  
300  CONTINUE 

P R I N T  2030 

4 0  



2 5 5  

2 6 0  

2 6 5  

2 70 

2 7 5  

2 8 0  

2 6 5  

2 9 0  

2 9 5  

300 

3 0 5  

310 

3 1 5  

3 2 0  

2 0 3 0   F O R R A T ( l H l ~ * A T M O S P H E R I C   P A R A M E T E R S * )  

2040   FORRAT(1H  , *LAYER TEMP ( K )  PRESS ( A T H I   T H I C K  I C M )  P 4 T H  (ATM-CM 
P R I N T   2 0 4 O r ( I D I J ) , J = l , N S P E C )  

1) * 1 4 t A 3 1 8 X ) )  

310 

3 2 0  

2 0 5 0  
3 3 0  

2 0 6 0  

2 0 7 0  

2 0 7 5  

2 0 8 0  

2 0 9 0  

2 1 0 0  

2 1 1 0  

2 1 2 0  
3 4 0  

2 1 3 0  

DO 310 K - l r N L A Y  
BRDFAC=fBROAD-l .  ) *GASCONCf IPOLLUT, l )  + l e  
I F  (KoLE.KB1)   PRESIK)=PRESIK)   *BRDFAC 
I F   ( K e G T o K B I )   P R E S ( K ) = P R E S I K ) / B R D F A C  

CONTINUE 
DO 3 3 0   K = l , N L A Y  
J = O  
DO 320 LL=1 ,16  

I F  ( I D E N T f L L ) . E O .  0 )  GO TO 3 2 0  

C O N C ( J ) = G A S C O N C I f D E N T ( L L ) , K )  
J = J t l  

CONTINUE 
P R I N T  ~ ~ ~ ~ , K , T E M P ( K ) ~ P R E S ( K ) , T H I C K I K ) ~ O P ~ ~ H ( K ) ~ O P A T H ~ K ) ~ ~ C O ~ C ~ J ) ~ J = ~ P N S P E C )  
FORMAT(1H ~ 1 2 ~ 5 X 1 F 7 . 2 ~ 3 X ~ F 6 . 5 ~ 5 X I 1 P E L t . S r l X 1 E L Z . 5 ~ l X ~ E l 2 ~ 5 ~ 3 X ~ 4 ~ E l O ~ 3 ~ l X ~ ~  
CONTINUE 
P R I N T   2 0 6 0 r Z E N I T H  
FORMAT( lHOp+THE SUN Z E N I T H  ANGLE IS *,0PF703,*  DEGREES*) 
LOOP=NLAY 
I F  fNLAYI .GT.0 )   LOOP=NLAYI  
DO 400 K m l r  LOOP 
P R I N T   2 0 7 0 r K  
FORRAT( lH l , *LAYER * r  12) 
I F   ( J P R O F ( K ) m E Q . l )   I P R O F = 7 H L O R E N T Z  
I F  (JPROF(K).EO.21  IPROF=5HVOIGT 
PRINT  2075 .   IPROF 
F O R b A T t l H  ,*THE  SPECTRAL L I N E   P R O F I L E  IS * r A 7 )  
P R I N T  2080 
FORMATI lHO~*ATMOSPHERIC  OUTPUT  PARAMETERS*)  
P R I N T   2 0 9 0 , I C O N C l ( J ) ~ J * l , N X M )  
FORMAT(1H  **THE  CONCENTRATIONS OF THE  INVESTIGATED  POLLUTANT  CONS1 

P R I N T  2 1 0 0 ~ ~ T R A N S f K ~ J ~ ~ J ~ l ~ N X M ~ ~ ~ T O T A T M ~ K ~ J ~ ~ J ~ l ~ N X M ~  
F O R R A T f l H  ,*TRANS = + , l P l O E 1 2 . 4 ~ / *  TOTATR ~ * ~ l O € l 2 0 4 )  

l D E R E D   A R E * / l O X ~ l P l O E 1 2 ~ 4 )  

DO 340 L - l r N E M I S  
P R I N T   2 1 1 0 1 E M 1 S S f L )  
F O R M A T t l H  ,*SURFACE E M I S S I V I T Y   = * , O P F 6 . 3 )  
P R I N T  2 1 2 0 , ( T O T S U N ( K , L r J ) . J = l ~ N X H )  
F O R H A T I l H   # * T O T S U N   * * , l P l O E 1 2 . 4 )  
CONTINUE 
J J = l + f K - l ) * l O  
J K =  J J + 9  
DO 3 5 0   L = l r N E M I S  
D O  350 M = l r N S U R F  
P R I N T   2 1 3 0 r E M I S S I L ) . T S U R F I M )  
F O R M A T f l H   # * S U R F A C E   E M I S S I V I T Y   * r O P F 6 . 3 r / *   S U P F A C E   T E V P E R A T U R E  = 

1 *.FBo3) 
P R I N T  ~ ~ ~ ~ ~ ( T O T S U R F ( J I L ~ M ) ~ J ~ J J ~ J K ) , ( T O T R A D ~ J ~ L ~ M ~ ~ J = J J ~ J K )  

2 1 4 0   F O R R A T f l H  , *TOTSURF  +* r lP lOE12.4 , / *  TOTRAD =* , lOE l2 .4 )  
3 5 0   C O N T I N U E  

’ I F  fNLAY1oEO.O) GO TO 400 
P R I N T   2 1 5 0  

2 1 5 0   F O R M A T ~ l H O ~ * f N S T R U M E N T  OUTPUT  PARAMETERS*) 
P R I N T  2 1 6 0 ~ R A O V A C ~ ~ K ~ ~ R A D G A S B ~ K ~ ~ T A U A ~ K ~ ~ E R R D N ~ K ~  

2 1 6 0 .   F O P R A T ( 1 H  .*RAOVACB = * r l P E l 2 0 4 ~ / *  RAOGASB  =*,E12.4/*  TAUA * * ,E  
112 
1 0 4 / *  ERRDN = * , E 1 2 0 4 )  

P R I N T   ~ D ~ O I ( C O N C ~ ~ J ) ~ J ~ ~ P N X M )  
P R I N T   Z l ? O ~ ~ T R I N S ~ K * K B f ~ J ~ ~ J ~ l ~ N X R )  

00 3 6 0   l = l s N E M I S  
DO 360 R + l r N S U R F  
P R I N T   2 1 3 0 , E R I S S ( L ) t T S U R F ( M )  
P R I N T  ~ ~ ~ ~ ~ ~ R A D V A C A ~ J I L ~ ~ ) ~ J ~ J J ~ J ~ ~ ~ ~ R A O G A S A ~ J ~ ~ ~ R ~ ~ J ~ J J ~ J K ~ ~  

2 1 8 0   F O R R A T ( 1 H   r * R A D V A C A   = * , I P l O E 1 2 . 4 / *  RADGASA * * ~ 1 0 E 1 2 0 4 / *  RADGASE =*  

2 1 7 0   F O R l ’ A T ( 1 H   r * T R ’ A N S   = * . l P l O E l t . 4 )  

1 ~ R A D G A S E ~ J ~ l ~ R ) ~ J ~ J J ~ J K ~ ~ ~ D V ~ J ~ L ~ ~ ~ ~ J ~ J J ~ J K ~ r I V ~ J ~ L ~ M ) ~ J ~ J J ~ J K ~  

l , l O E 1 2 0 4 1 *  DV 
360 CONTINUE 

~ + ~ l O E 1 2 0 4 f +  V = + , l O E l 2 0 4 )  

P R I N T   2 1 9 0  

41 



3 2 5   2 1 9 0  F O R M A T ( 1 H O p * C A L I B R A T I O N ' O U T P U T  PARAMETERS*) 
DVHOT=RADHOTCIK) -TAUA(K) *RADHOTV(Kl  
D V C O L D = R A D C O L C ~ K l - T A U A ~ K l * R A D C O L V f K l  
VHOT=(RADHOTC(K l .  + T A U A ( K l * R A D H O T V ( K l l / 2 ~  
V C O L D ~ ( R A D C O L C ( K 1   t T A U A ( K ~ * R A D C O L V f K I l / 2 ~  
P R I N T   2 2 0 0 9  T R A N S ~ K + K B I t N L A Y I r l l , S I D H O T C ~ K ~ , R I D C O L C f K ~ ~ ~ A D H O T V ~ K l ~  3 3 0  

1RADCOLVf K 1 9  DVHOT, DVCOLDp VHOT, VCOLD 
2 2 0 0   F O R H A T f l H  ,*TRA#S = * , l P E l 2 . 4 ? / *  RADHOTC = * r E l t . 4 , / *  BADCOLC .* t  

1 € 1 2 . 4 ~ / *   R I O H O T V   = * ~ E 1 2 * 4 1 / *  RADCOLV  =*,E12*4,/* DVHOT * * ,E12*4 r  
2 / *  DVCOLD  =*,E12.4,/*  VHOT * * r E 1 2 * 4 , / *  VCOLD -*rE17.4) 

3 3 5   P R I N T   2 2 1 0 '  
2210  FORMAT(1H  ,*BALANCE  OUTPUT  PARAMETERS*) 

O V H O T B = R A D H O T G ~ K l - T A U A ~ K ~ * R A D H O T ( K I  
D V C O L D B - R A D C O L G ~ K ) - T A U A ~ K l * R A D C O ~ D ~ K l  
V H O T B * ( R A D H O T G ( K l   t T A U A ( K I * R A D H O T ( K 1 1 1 2 *  

P R I N T  2 2 2 0 ~ R A D H O T ~ Y 1 ~ R A O C O L D f K ~ ~ R A D H O T G ~ K l ~ R A D C O ~ G ~ K ~ ~ D V H O T B ~  
3 4 0   V C O L D B * ( R A D C O L G ( K l   t T A U A ( K ) * R A D C O L D ( K ) ) / 2 .  

lDVCOLDBpVHOTB,VCOLD5 
2 2 2 0   F O R M A T ( 1 H  ,*RADHOT = * 9 1 P E l 2 . 4 ~ / *  RADCOLD = * ~ E 1 2 . 4 ~ / *  QADHOTG =*, 

1 E 1 2 . 4 9 / *  RADCOLG  =* ,E12.49/*   DVHOTB  ** rE12.49/*   DVCOLOR  -* tE l2.4p 
3 4 5   2 / *  VHOTB * * ~ E 1 2 . 4 9 1 *  VCOLDB * * r E 1 2 . 4 )  

4 0 0   C O N T I N U E  

5 0 0   P R I N T  3000 
G O  TO 5 5 0  

3000 FORMAT( IH l , *THE WAVENUHBER I N T E R V A L  IS OUTSIDE OF THE  F ILTER RANGE 
3 5 0  1* 1 

550  RETURN 
END 

4 2  



SUBROUTINE F I L T E R P  

FILTERP is a  subroutine of SRTGFCA. F ILTERP interpolates 
linearly the wavenumber-depepdent  vacuum cell and gas  cell 
filter  transmission,  detector response,  and solar  flux values. 
Input  filter  parameters  are  read from  cards in SRTGFCA while 
solar  flux  parameters  are  found  in DATA statements  in SRTGFCA. 

Storage  required  is 272* . 

1 

5 

10 

1 5  

2 0  

2 5  

SUBROUTINE F I L T E R P ~ H ~ T A U V P T A U G ~ I S U N ~ . N O C ~ N S U N P S U N W , S U N F L U X ~ R E S P I N )  

DETECTOR  RESPONSE9  AND  SOLAR  FLUX FROM INPUTTED  PARAMETERS **+ 
D I M E N S I O N   S U N U ( 4 1 l , S U N F L U X ( 4 1 )  
C O M M O N / C A / R E S P G ~ ~ ~ ) ~ F I L T E R H ~ ~ ~ ) P R E S P V ~ ~ ~ I P R E S P ( ~ ~ ~  
DO 10 K=Z,NOC 

' c  
C * * * ' I N T E R P O L A T E  WAVENUMBER DEPENDENT VACUU'l C E L L  RESPONSE, G A S  C E L L  RESPONSE, 

K 2 = K  

10 CONTINUE 
2 0   K l + K 2 - 1  

I F  (FILTERYfK).GE.W) GO TO 20 

C O ~ ~ ( Y - F I L T E R U I K 1 ~ ~ / ~ F I L T E R H ~ K Z ~ - F I L T E R ~ ~ K l l ~  
R E S P I N = R E S P f K l ) +  CON* ( R E S P ( K Z ) - R E S P ( K l ) I  
T A U V = R E S P V ( K l )  +COM * ( R E S P V ( K Z ) - R E S P V ( K L ) )  
TAUG=RESPG(Kl )  t C 0 M  + ( R E S P G ( K Z ) - R E S P G I K l ) )  

DO 3 0  KIZINSUN 
I F  ,(W.LT.SUNW(111 GO TO 5 0  

K 2 = K  

3 0  CONTINUE 
4 0  K l = K 2 - 1  

I F  ( S U N W t K I  mGE.W) GO TO 40  

C O H ~ ~ W - S U N U ~ K l ~ l / ~ S U N W ~ K 2 ~ - S U N H . ~ K l ~ ~  
S U N = S U N F L U X f K l )  tCOY*(SUNFLUX(KZI-SUNFlUX~Kl)I 
RETURN 

5 0  SUN=O. 
RETURN 
END 

4 3  



SUBROUTINE PLANKF 

PLANKF is a  subroutine of SRTGFCA. PLANKF ca lculates  
unattenuated  surface  emission  using  Planck's blackbody 
function. The surface  temperatures and emiss iv i t i e s   are  
read i n  SRTGFCA. The storage  required is  1068  . 

1 SUBROUTINE PL.ANKF f WISURFCOH,NEHISINSURF) 
C   +++ .CALCULATE  UNATTENUATED  SURFACE  EMISSION  USING  PLANCK  FUNCTION 
C HONOCHROHATICALLY *** 

D I H E N S I O N   S U R F C O H f , l O ~ l O )  
5 COH~ON/CB/EHISSflO~rTSURFflO~ 

DATA C 7 / 1 . 1 9 0 6 E - l 2 / ~ C 8 / 1 . 4 3 9 /  
U3=W*W*W 
DO 10 I - l , N E H I S  

DO 10 K m l r N S U R F  
S U R F C O M ( I r K ) + C I  * W 3 / ~ E X P ( C B * U / T S U R F f K ) ) - l . )  
S U R F C O H ~ 1 ~ K ) ~ S U R F C O H f I ~ K ~  *EHISS(II 

10 C O N T I N U E  
RETURN 
END 

10 

4 4  



SUBROUTINE  SUNNY 

SUNNY is a subrout ine of SRTGFCA.  SUNNY c a l c u l a t e s  
a t t enua ted  solar r a d i a t i o n   r e f l e c t e d  by t h e   e a r t h ' s  surface 
u s i n g   t h e  Chapman func t ion .  The sun z e n i t h   a n g l e  i s  an i n p u t  
t o  SRTGFCA. The s to rage   r equ i r ed  is 6 0 e  . 

1 SUBPOUTINE SUNNY(WINEMIS .SUNCOM.THETI ISUN~CHAPZEN)  
C *** CALCULATE  UNATTENUITED  SOLAR RADIATION REFLECTED B Y  THE  EARTH  SURFACE 
C MONOCHROMATIC ALLY^ *+* 

OIBENSION  SUNCOH(  IO) 
5 C O M M O N / C B / E f l I S S ~ l O ~ ~ T S U R F l l O l  

C O S S l C O S ( T H E T A / 5 7 . 2 9 ~ 7 7 9 5 )  
CHAPZEN.   CHAP(THETA)  
00 10 I g l r N E M I S  

SUNCOB( I )=SUN  *COSS *(l.-EHISS(I)I 
10 10 C O N T I N U E  

RETURN 
E N D  

4 5  



F U N C T I O N  CHAP 

CHAP is a  function of S R T G F C A  called by subroutine. SUNNY.  

CHAP determines  slant  path  transmission by use of the  Chapman 
polynomial. The  storage  required  is 538 

10 

1 5  

1 F U N C T I O N   C H A P ( T H E T A 1  
C *** DETERMINE  SLANT  PATH  TRANSMISSION 

C G I V E N  B Y  AN 8 TH DEGREE  POLYNOMIAL I N  THETA +** 
C FOR  THETA  .GT. 60. OEGPEESI  THE  N4TURAL.LOG OF THE  CHAPMAN  FUNCTION I S  

5 DATA P 1 1 3 . 1 4 1 5 9 2 6 5 3 5 /  
I F  (THETA.GT.60 . )  GO TO 20 
C H A P * l . O / C O S ( P I   * T H E T A I l B O .  1 
RETURN 

2 0   X X = T H E T A  

1 * X X - 1 . 3 7 2 5 5 8 0 4 E - 6 ) * X X   + 3 . 3 0 5 9 1 5 8 1 E - 5 1 * X X   + 2 . 3 0 5 4 6 1 5 2 E - 2 ) * X X  
2 - 2 . 4 4 2 1 1 9 4 0 1 * X X   + 9 . 7 8 8 6 9 2 7 3 E + l ) + X X   - 1 . 4 3 6 3 5 2 0 0 E + 3  

POLY*(((((((-8.39732633€-13*XX +2.12740023E-101*XX-9.45994657€-9)  

CHAP=EXPf -POLY)  
RE  TURN 
END 
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SUBROUTINES XNTEG, XNTEG2, XNTEG3, XNTEG4 

XNTEG, XNTEG2, XNTEG3, and XNTEG4 are  subrout ines   of  
SRTGFCA. They each   i n t eg ra t e  monochromatic values us ing   t he  
t r apezo ida l  r u l e ,  and d i f f e r  by the   d imens ions  of t h e  
var iab les   involved  i n  t h e   i n t e g r a t i o n .  The s torage   requi red  
f o r  XNTEG, XNTEGZ, XNTEG3, and XNTEG4 is 2 1 8 ,  1238,  31e,  and 
7 7 8 ,  r e spec t ive ly .  

10 

10 

SUBROUTINE XNTEG(DWlrVALNEWrVALOlD~SUMrK1 

D I M E N S I O N  V A L N E W ( 1 0 l r V A L O L D ~ 1 0 l r S U M ~ l O l  
C *** INTEGRATE  MONOCHROMATIC  VALUES  USING  TRAPEZOIDAL  RULE *** 

DO 50 I K = l , K  
S U M ( I K l = S U M ( f K l   + ( O U 1 / 2 1   * ( V A L N E W ( I K l  + V A L O L D ~ I K l l  

50  CONTINUE 
RETURN 
END 

C * **  INTEGRATE  MnNOCHROMATIC  VALUES  USING  TRAPEZOIDAL  RULF *** SUBPOUTINE X N T E G Z ( D W l r V A L N E W ~ V A l O l ~ ~ S U M r K B I r N E M 1 S ~ N S U R F ~ N X M ~  

D I M E N S I O N  V A L N E W ~ 1 0 0 ~ 2 ~ 2 l r V A L O ~ D ~ l O O ~ Z r 2 l ~ S U M ~ l O O r 7 ~ 2 ~  
0 0  50 K - l r K B I  

DO 50 L - l r N E M I S  
D O  5 0  M- lpNSURF 

DO 5 0  J - l r N X f !  
JJ-J + ( K - l I  *10  
S U M ( J J # L , M )   - S U q ( J J , L r M l   + I D W l I Z l *   ( V A L N E W ( J J r 1 , M I   + V A L O L D ( J J ,  

1 
50 CONTINUE 

RE TURN 
END 

L r W I l  

C *** INTEGRATE  YONOCHROMATIC  VALUES  USING  TRAPEZOIDAL  TULE *** 
SUBPOUTINE X N T E G 3 ( 0 W l ~ V A L N E W ~ V A L O L D r S U H ~ K r N X M )  

DIMENSION V A L N E W ( 1 7 r l O ) r V A L O L D ( l 7 ~ l O l r S U M ~ l 7 ~ l O )  
D O  50  I K I l r K  

D O  50 J = l r N X M  
S U M ( I K ~ J ) = S U V ( I K Y J I +  ( D W 1 / 2 1 *  ( V A L N E W ( I K , J l +   V A L f l L D f I K , J l l  

5 0  CONTINUE 
RETURN 
END 

C *** INTEGRATE  MONOCHROMATIC  VALUES  USING  TQAPEZOIDAL  QULF *** 
SUBROUTINE X N T E G 4 ( D W l r V A L N E W t V A L O L D , S U M , K I N E n I S , N Y n l  

D I P E N S I O N  V A L Y E W ~ 1 0 ~ 2 ~ 1 0 ~ r V A L O L D ( l O ~ 2 ~ l O l ~ S U f l ~ l O r Z r l O ~  
D O  5 0  I K = l , K  

DO 50 L = l r N E H I S  
D O  50 J = l r N X M  
S U ~ ( I K J L J J I = S U M ( I ~ ~ ~ L ~ ' J I  + ( D U 1 / 2 ) *  ( V A L N E W ( I K I L * J ) +   V 4 L f l L D ( I K r L  

1 
50 CONTINUE 

P J )  1 

QETURN 
END 
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OPERATING INSTRUCTIONS 

Input  

The input   f rom  cards  i s  d i v i d e d   i n t o  t w o  s e c t i o n s .  One 
s e c t i o n  i s  the  a tmospheric   data   used by TRANSMT and i t s  
as soc ia t ed   rou t ines .  The o t h e r   s e c t i o n  is the   i n s t rumen t  

data   used by SRTGFCA and i t s  as soc ia t ed   rou t ines .  

The phys ica l   s e t -up   fo r   t he  TEMP, PRES, and THICK d a t a  
i s  ar ranged   such   tha t   a l l . a - tmospher ic   l ayers  are r e a d   i n   f i r s t ,  
followed by the   ins t rument  ce l l  l aye r s   t o   be   cons ide red ,  
followed by an  equal number o f   c a l i b r a t i o n  c e l l  l a y e r s .  An 

o p t i o n   f o r  no in s t rumen t   and   ca l ib ra t ion   l aye r s  i s  explained 
la ter .  

In   o rde r   t o   avo id   unnecessa ry   ca l cu la t ions ,   one   shou ld  
be   ca re fu l  i n  choosing t h e  values   of  DELTAW and CMINV. For 
our  sample  case  using  carbon monoxide a s   t h e   p r i m a r y  gas, 
2070-2220 c m ”  a s   t h e  band width,  DELTAW of .01 c m - l ,  and 
CMINV of  5 c m - l ,  a t o t a l  of  1 2 6 2 8  po in t s   o f   i n t eg ra t ion  were 
considered. If DELTAW were chosen  smaller  and/or CMINV 

were chosen   l a rge r   t h i s  t o t a l  would b e   s i g n i f i c a n t l y   g r e a t e r  
causing  execution time t o   i n c r e a s e .  

Caut ion   should   be   exerc ised   concern ing   the   un i t s   o f   the  
l i ne   pa rame te r s   r ead   f rom  the   spec t r a l   l i ne   t ape .   These   un i t s  
must  be as  s p e c i f i e d   i n   t h e   d i c t i o n a r y  of FORTRAN v a r i a b l e s ,  
and the   r e f e rence   t empera tu re   o f   t he   spec t r a l   l i nes   mus t  be 
296.0K or the  appropriate   change t o  REFTEMP i n   t h e  DATA 

s t a t e m e n t   i n  TRANSMT must  be  performed. A sample case i n p u t  i s  
l i s t e d   i n  Appendix A. 

Ootions 

Present ly ,   one may choose  e i ther   Lorentzian or Kei lkopf’s  
approximation to  the   Vo ig t   ( r e f .  7)  p r o f i l e   i n   t h e   c a l c u l a t i o n  
of s p e c t r a l  l i n e  shape   i n  program TRANSMT. The Doppler l i n e  
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profile  will  be  added  in  order  to  more  accurately  describe 
atmospheric  conditions of  low  pressure  and  high  temperature. 
It should  be  mentioned  here  that the  Voigt  profile  requires 
a  significant  increase in  calculation  time. 

By  setting the  value of NLAYI  to  zero,  only  atmospheric 
transmittance  and  radiance  calculations  are  performed. 

The  program  is  currently  set  up  to  perform  carbon 
monoxide  calculations  in  the, 4 . 6  pm  spectral  band.  Any other 
primary  pollutant  gas  may  be  considered  by  setting  the  value of 
IPOLLUT  to  the  identification  number of that  specie  and  by 
making  necessary  adjustments  to  band  widths  and  filters.  The 
gas  broadening  coefficient,  BROAD,  must  also  be  changed  to 
correspond  to the gas  being  considered. 

Program  SRTGFCA  simulates  a  gas  filter  correlation  radio- 
meter.  Any  infrared  instrument  using  atmospheric  transmittance 
and  radiance  information  as  input  may  be  substituted  for  SRTGFCA. 

It should  be  mentioned  here  that  a  routine  to  plot  trans- 
mittance  versus  wavenumber as a  function  of  altitude  may  be 
incorporated  following  the  writing  of the transmittance  values 
on  temporary  storage  disk 6 in  TRANSMT. 

The  trapezoidal  rule  is  used as  the  integration  approxi- 
mation  in  routines  XNTEG,  XNTEG2,  XNTEG3,  and  XNTEG4.  Should 
the  user  wish  to  incorporate  a  different  integration  process, 
these  routines  may  be  easily  replaced.  Similarly,  that  sub- 
routine  that  determines  the  wavenumber  mesh  for  integration 
may  be  replaced  by an algorithm  more  suitable  to  the  user. 

output 

The  program  output  is  in  two  sections.  The  first  section 
lists  the  spectral  lines  used  in  the  calculations,  and  the 
input  data  such as atmospheric  profile  and  filter  parameters. 
The  second  section  is  divided  into  two  parts.  Atmospheric 
output  parameters, Le., band  integrated  transmission  and 
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total  upwelling  radiance as well  as  the  band  integrated  com- 
ponents of  the  total  radiance  (solar,  surface,  and  atmospheric), 
as a  function  of  surface  temperatures  and  emissivities  are 
listed  for  the  top  of  each  atmospheric  layer.  The  second  part 
lists  the  corresponding  instrument  output  responses  in  addition 
to  calibration  and  balance  output  parameters  as  required  by 
input  instructions. If  one  sets  NLAYI  to  zero,  the  instrument 
calibration  will  not  be  performed. 

A  sample  case  output is listed in  Appendix B. 

SAMPLE  PROBLEM 

The  input  listed  in  Appendix  A  and  output  in  Appendix B 
correspond  to  a  problem  of  determining  the  GFCR  response of the 
instrument  flying at the  top  of  each of  the first  four  modeled 
atmospheric  layers.  The  model  chosen is a 45O North  Latitude 
July  atmosphere  with  a  corresponding  water  vapor  profile 
(ref. 10). The  sun  zenith  angle  is 45O. The pollutant  is 
carbon  monoxide  calculated at 10 different  concentrations  in 
each  layer,  with  interferent  constituent  concentrations of 
water  vapor  and  carbon  dioxide  held  constant  in  each  layer. 
The  spectral  band  is 4.6 vm,  and  the  filter  parameters  simulate 
those of a  NASA/LaRC  version  of  a  GFCR. 

COMPARISONS  AND  CONCLUSIONS 

Obviously,  any  computer  program is only as accurate  as 
the  theoretical  model on  which  it is based  and the  accuracy 
of the numerical  algorithms  coded  into  program  instructions. 
As outlined  previously  in  the  Problem  Definition  and  Method 
of  Solution  section,  the  accuracy of this  model  is  dictated 
by  the  assumptions  made  in  our  application  to  a  specific 
problem,. 

In order  to  verify  the  results  of the  SMART  calculated 
absorption  coefficients,  several  comparisons  were  made  with 
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ex i s t ing   expe r imen ta l   and   t heo re t i ca l   abso rp t ion   r e su l t s   i n  
t h e  CO fundamental  band. The SMART program's   a lgori thms  for  
computing  transmittance were checked   aga ins t   hand   ca lcu la t ions  
for s e v e r a l  wavenumbers  and were shown t o   b e   c o r r e c t .  The 
high  resolut ion  absorpt ion  measurements ,  .05 c m - l ,  r epor ted  by 
Chaney and  Drayson ( r e f s .  11 and 1 2 )  f o r   t h e  R20 l i n e  of t h e  
4 . 6  pm CO band w a s  simulated by t h e  SMART program,  degraded, 
and  compared.  The  absorption w a s  computed a t  . 0 1  c m - l  i n t e r v a l s  
u s i n g   t h e  AFCRL l ine   parameter   da ta   ( re f .   51 ,   then   convolu ted  
wi th  a t r i a n g u l a r  s l i t  t ransmission  funct ion whose width was 
. 1 2  cm- '  a t  half-maximum. The discrepancy  found  between  the 
higher   values   of  l i n e  s t r e n g t h s  by Drayson ( r e f .  1 2 )  which were 
c a l c u l a t e d  from t h e  measurements of Chaney ( r e f .  111, and  the  
lower l i n e   s t r e n g t h s  from  the AFCRL l ine   parameter   t ape ,  i .e. ,  
1.11 and 0 .80  ( a t m - l c m - l ) S T p ,  r e s p e c t i v e l y ,   f o r   t h e  R20 l i n e ,  
w i l l  be   i nves t iga t ed   fu r the r  i n  t h e   f u t u r e .  A prel iminary 
comparison  has shown no discrepancy  between  Drayson's l i n e  
s t r eng ths   nea r   t he  CO fundamental band center, e . g . ,   t h e  RO 

and P1 l i n e .  A s  t he   d i s t ance   o f  a l i n e  from t h e  band c e n t e r  
increases, the   d i screpancy   increases   be tween  the   h igher   va lues   o f  
Drayson 's   l ine   s t rengths   and  the  lower AFCRL d a t a   l i n e   s t r e n g t h s  
( r e f s .  13 ,  1 4 ,  15 ,  and 1 6 ) .  The SMART calculated  spectrum i s  
i n  excel lent   agreement   with t h e  experimental   spectrum  near  the 
l i n e  center, and   has   on ly   s l igh t ly   h igher   va lues  of absorp t ion  
i n  t h e  l i n e  wings. T h i s  dev ia t ion  i n  t h e  wings i s  probably  due 
t o   t h e   d i f f e r e n c e  between t h e  a c t u a l   l i n e   p r o f i l e   ( r e f .  1 7 )  and 
t h e   L o r e n t z   l i n e   p r o f i l e  employed i n   o u r   c a l c u l a t i o n s .  The 
absorp t ion  i n  t h e   l i n e  wings  calculated by SMART i s  in   agreement  
with  Burch  and Gryvnak ( r e f .  1 8 ) ,  who have shown t h a t   t h e  
extreme  wings of t h e   s p e c t r a l   l i n e s  are sub-Lorentzian.  Despite 
t h e  l i n e  wing  shape  differences,  a comparison  between  the 
equiva len t   l ine   wid th   ca lcu la t ion   us ing   the   Ladenberg   and   Reiche  
f u n c t i o n   ( r e f .  1 9 )  as descr ibed by Kondrat 'Yev  (ref.  2 0 ) ,  and 
t h e  SMART in t eg ra t ed   abso rp t ion   r evea l s  less than 0.5 percent  
d i sc repancy   i n   t he  t o t a l  absorpt ion by t h e  R 2 0  l i n e  under  Chaney's 
test condi t ions .  
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SMART c a l c u l a t i o n s  .of t h e   e n t i r e  CO fundamental band were 
performed  and  compared t o  t h e   i n t e g r a t e d   a b s o r p t i o n   r e p o r t e d  
by the   exper imenta l  work of Burch  and  Gryvnak ( r e f .  2 1 ) .  The 
SMART in t eg ra t ed   abso rp t ion   d i f f e red   f rom  the   va lue   r epor t ed  by 
Burch by only  6 .0  pe rcen t .   Th i s   d i f f e rence  is probably  due t o  
a combina t ion   of   an   uncer ta in ty   in   the   repor ted   exper imenta l  
condi t ions  and  Burch 's   reported k5.0 percent   ins t rumenta t ion  
measurement e r r o r   ( r e f .  21). 

A l i ne -by- l ine   r ad ia t ive   t r ans fe r   p rog ram  tha t   s imu la t e s  

a gas   f i l t e r   co r re l a t ion   r ad iomete r   has   been   deve loped   and  
descr ibed.  The o v e r l a i d   s t r u c t u r e   a l l o w s   f o r   t h e   s u b s t i t u t i o n  
of the  instrument   s imulat ion  program  with  one  that   descr ibes   any 
inf ra red   sensor .  Any o f   t he   spec i f i c   t a sk   sub rou t ines  may 
e a s i l y   b e   s u b s t i t u t e d  by a l g o r i t h m s   t h a t   a r e  more su i t ab le   and  
conven ien t   t o   t he   u se r .  

The program i s  cu r ren t ly   cons t ruc t ed  t o  perform  carbon 
monoxide ca l cu la t ions   i n   t he   fundamen ta l  4.6 pm spectral   band,   but  
by making necessary  adjustments ,   o ther   gas   species   t ransmit tance 
c a l c u l a t i o n s  may be made. Future   addi t ions   to   the   p rogram w i l l  
inc lude   the   Doppler   p rof i le   op t ion   (Lorentz   and   Voig t  are 
p resen t ly   i nco rpora t ed ) ,  a sub-Lorentzian  wing  absorption  al-  

gorithm,  the  water  vapor  and  nitrogen  continuum  absorption 
algorithms,  and a r o u t i n e   t o   p l o t   t r a n s m i t t a n c e   a s  a funct ion  of  
wavenumber. 

The s t o r a g e   r e q u i r e d   f o r   t h e  program is  dependent upon t h e  
number of   layers   (a tmospheric ,   ins t rument  ce l l ,  and c a l i b r a t i o n  
ce l l )  des i r ed   fo r   cons ide ra t ion .  For our  sample  case,  1 7  l a y e r s  
requi red  130300 o c t a l  words  of  storage  and 838 seconds  of 
execution time. Although t h i s  may appear t o  be a l a r g e  amount 
of t i m e  and s t o r a g e ,   t h e   p r e s e n t  program i s  e q u i v a l e n t   t o  32 
separa te   computer   runs   o f   an   ear l ie r   vers ion   of  a r a d i a t i v e  
t r a n s f e r  program  used a t  LaRC. By simultaneously  performing 
several   funct ions,   such as balancing  and  calibrating,  program 
ef f ic iency   increased ,   and  a c o s t   s a v i n g s   f a c t o r   o f   f i v e  was 
r e a l i z e d .  
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A sample  problem was processed.  The  resulting  computer 
listing of input  and  output is shown. 
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APPENDIX  A 

Input  Parameters f o r  a  Sample  Test  Case  Listed as Card Images 

17 4 31 10 3 1 2  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
2 ~ 7 ~ .  2223. .01 5 .  
3 .  .I .2 .3 
.e 1.0 
2q3.5 -9831 3 C O R O .  
292 1 
290.7 

.9497 
e 9  163 

3348C. 

259.3 .A837 304FIC.  
298.9 .a532 
206.6 

3040r) 
08228 30480 

289.1 m7927 30480 
2H3.4 7649 3G080. 
28 1 a 6  .7375 30480. 
31 ! - 5  .32 105 1. 
31 1.5 .O"lOS 1. 
31 1.5 .92 1 o= 1. 
31 1 .C .92 135 
298.5 .3210C 2.  

1 .  

298.5 .921 G 5  2 
298.5 .9210= 2. 
298 5 ,92135 2. 

30490 

1.OE-C6 1.aoUE-02 

1 .OE-U6 1 676E-C2 

1 .?€-06 1 -4Y8E-32 

l.CE-C6  1.331E-02 

1 1.00 
.4 .5  

.3s 

.35 
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1. 
1 .  
1 .  
I .  !. 
1. 
1. 
1. 
1. 
1. 
1 .  
1. 
1. 
1. 
1. 
1. 
1 .  
1. 
1. 
1. 
1 .  

1 .  
1. 

1. 
1. 
1. 
1. 
1 .  
1. 

200.- 
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APPENDIX B 

O u t p u t  Listing for a Sample T e s t  C a s e  

THE  INVESTIGATED  POLLUT,ANT IS CO 

THE  SUBINTERVAL OF I N T E G R A T I O N  IS 10.000 C M - 1  

THE  NUq8ER OF P O I N T S  OF I N T F G R I T I O N  I S  12628 

F I L T E R   F U N C T I O N  

THE  YAVENUMBER  INTERVAL IS 2070.000 TO 2220.000 

T H E   W I N I W U 9   I N T E G R A T I N G   I N C R E M E N T  IS 8010 C M - 1  

WAVENUMBER 
2070.000 
2075.000 
2080.000 
2085.000 
2090.000 
2095.000 
2100.000 
2105.000 
2110.000 
2115.000 
2120.000 
2125.000 
2130.000 
2135.000 
2140.000 
2145 000 
2150.000 
2155.000 
2160.000 
2165.000 
2110.000 
2175.000 
2100.000 
2105.000 
2190.000 
2195.000 
2200.000 
2205.000 
2210.000 
2215.000 
2220.000 

VACUUM  RESP 
0.0000 
e0050 
0250 
1 060 

.loo0 
e 1  550 
-2300 
3500 

e4850 
6250 
e7750 
8700 
,9300 
89700 
-9950 

1.0000 
-9950 
e9650 
-9050 
.8 100 
6800 
-5350 
a4100 
- 2 8 5 0  
1900 
1400 
0950 
-0650 
. O S 5 0  
a0150 

0050 

GAS  CELL  RESP 
0.0000 
,0050 
e0250 
1060 
.loo0 
,1550 
-2300 
3500 

-4850 
e6250 
e7750 

8 7 0 0  
9300 
-9700 
e9950 

1.0000 
a9950 
e9650 
a9050 
.a100 
6800  
-5350 
-4100 
e2850 . 1900 
-1400 
-0950 
-0650 
e0350 
-01 50 
moo50 

DETECTOR  RESP 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1 .oooo 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1 .oooo 
1.0000 
1.0000 
1.0000 
1.0000 
1 .oooo 
1.0000 
1.0000 
1. 0000 
1.0000 
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I 

ATYOSPHERIC PARAMETERS 
L A Y E P  TEYP ( l o  P R E S S  ( A T M I  
1 
2 

2 9 3 . 5 0  
2 9 2 . 1 0  

. 9 8 3 1 0  
a 9 4 9 7 0  

3 
4 

2 9 0 . 7 0   e 9 1 6 3 0  
2 8 9 . 3 0   , 8 8 3 7 0  

5 2 8 8 . 0 0  
6 

- 8 5 3 2 0  

7 
2 8 6 . 6 0   . 8 2 2 8 O  
2 8 5 . 1 0   - 7 9 2 7 0  

8 2 8 3 . 4 0   e 7 6 4 9 0  
9   2 8 1 . 6 0  

10 
- 7 3 7 5 0  

3 1 1 . 5 0  
11 

e 9 2 1 0 5  
3 1 1 . 5 0  

1 2  
0 9 2 1 0 5  

3 1 1 . 5 0  
1 3  

e 9 2 1 0 5  
3 1 1 . 5 0  

1 4  
0 9 2 1 0 5  

2 9 8  5 0  
1 5  

- 9 2 1 0 5  
2 9 0 . 5 0   e 9 2 1 0 5  

1 6  2 9 8 . 5 0  
17 

0 9 2 1 0 5  
2 9 8 . 5 0   0 9 2 1 0 5  

THICK ( C Y 1  PATH  (ATY-CM) 
3.04800€+04 
3 . 0 4 0 0 0 € + 0 4  
3 0 0 4 8 0 0 € + 0 4  
3 . 0 4 8 0 0 E t 0 4  
3 . 0 4 8 0 0 E + 0 4  
3 . 0 4 8 0 0 € + 0 4  
3 . 0 4 8 0 0 E t 0 4  
3 . 0 4 8 0 0 E + 0 4  
3 . 0 4 8 O O E + O Q  
1.00000E+00 
1 . 0 0 0 0 0 E + 0 0  
1 . 0 0 0 0 0 E + 0 0  
1 . 0 0 0 0 0 E + 0 0  
2 . 0 0 0 0 0 € + 0 0  
2 ~ 0 0 0 0 Q E + 0 0  
2.00000E+00 
2 0 0 0 0 0 0 E + 0 0  

2 . 9 9 6 4 9 E + 0 4  
2 . 8 9 4 6 9 € + 0 4  
2 . 7 9 2 8 0 € + 0 4  
2 . 6 9 3 5 2 € + 0 4  
2 . 6 0 0 5 5 € + 0 4  
2 . 5 0 7 8 9 E + 0 4  
2 . 4 1 6 1 5 € + 0 4  
2 . 3 3 1 4 2 € + 0 4  
2 . 2 4 7 9 0 E t 0 4  
9 . 2 1 0 5 0 E - 0 1  
9 . 2 1 0 5 0 E - 0 1  
9 . 2 1 0 5 0 E - 0 1  
9 . 2 1 0 5 0 E - 0 1  
1 . 8 4 2 1 0 E + 0 0  
1 . 0 4 2 1 0 E + 0 0  
1 . 8 4 2 1 0 € + 0 0  
1 . 8 4 2 1 0 E + 0 0  

c o  
1 -000E-06 
1 -000E-06 
1 e000E-06 
1 . 0 0 0 E - 0 6  
1 . 0 0 0 E - 0 6  
1 000E-06 
1 . 0 0 0 E - 0 6  
1 . 0 0 0 E - O b  
1 . 0 0 0 E - O b  
3.500E-01 
3 . 5 0 0 E - 0 1  
3 e 5 0 0 E - 0 1  
3 . 5 0 0 E - 0 1  
8 . 1 4 3 E - 0 2  
8 . 1 4 3 E - 0 2  
8 . 1 4 3 E - 0 2  
8 . 1 4 3 E - 0 2  

'HZ0 
1 . 1 3 4 4 ~ - 0 2  
1 . 6 7 6 E - 0 2  
1 - 4 9 8 E - 0 2  
1 . 3 3 1 E - 0 2  
1 0 2 1 3 E - 0 2  
1 . 0 9 2 E - 0 2  
9 . 6 7 5 E - 0 3  
8 608E-03 
7 . 5 2 8 E - 0 3  
0. 
0. 
0. 
0 .  
0 .  
0 .  
0 .  
0 .  

c 0 2  
3 2 0 0 E - 0 4  
3 . 2 0 0 E - 0 4  
3 . 2 0 0 E - 0 4  
3 . 2 0 0 E - 0 4  
3 . 2 0 0 E - 0 4  
3 - 2 0 0 E - 0 4  
3 2 0 0 E - 0 4  
3 . 2 0 0 E - 0 4  
3 . 2 0 O E - 0 4  
Q. 
0. 
0. 
0 .  
0 .  
0 .  I). 
0 .  

THE SUN Z E N I T H  ANGLE IS 45.000 DEGREES 

57 



LAYER 1 
THE SPECTRAL L INE PROFILE I S  LORENTZ 

ATVOSPHERIC  OUTPUT PARAMETERS 
THE CDNCENTRATIONS OF  THE INVESTIGATEO POLLUTANT CONSIOEREO A R E  

0 .  1.0000E-07 2.0000E-07 3.0000E-07 4.0000E-07 
T R A N S  = 9 .0869~-01 ~ . O G ~ O E - O I  9 .0053~-01   8 .9676~-01   a .9318~-01  

S U R F A C E  EMISSIVITY .9eo 
T O T A T M  = 4.7195~-06 ~ . ~ I B Z E - O ~  5.106b~-ob  5.2856e-06  5.4559~-06 

SURFACE ENISSIVITY = , 880  

SURFACE EMISSIVITY - ,980 

T O T S A D  = 5 . 8 7 6 3 ~ - 0 5  5 . 8 6 9 6 ~ - 0 5  5.8640~-05 ~ . B ~ B B E - O ~  5 .8541~-05 
SURFACE EMISSIVITY 9 ,980 

TOTSURF - 4.6617~-05 +.6+04~-05  4.6202~-05  4.6010~-05  4.5aza~-o5 

TOTSUN = 4.8823E-07  4.6696E-07  4.5384E-07  4.4404E-07  4.3596E-07 

TnTSUN = 2.9294E-06 2.8017E-06 2.7230E-06  216642E-06  2.6158E-06 

SURFACE  TEMPERATURE 9 300.000 
TOTSURF = 5.3556E-05 5.3311E-05 5.3079E-05  5.2859E-05 5.2649E-05 

SURFACE  TEWPERATURE 9 296.000 

TOTSAD = 5eltJ25E-05 5.1789E-05 5.1763E-05 5.1740E-05 5.1720E-05 
SURFACE EMISSIVITY 9 ,880 
SURFACE  TEMPERATURE = 300.000 
TOTSURF a 4.8091~-05 ~ . I B ~ I E - O ~  + . 7 6 6 3 ~ - 0 5   5 . 7 4 6 5 ~ - 0 5   4 . 7 ~ 7 7 ~ - 0 5  

SURFACE E M I S S I V I T Y  = ,880 
SURFACE  TEMPERATURE = 296.000 

TOTRAD = 4.9509E-05  5.9319E-05  4.9317E-05  4.9265E-05  4.9223E-05 

INSTRUMENT  OUTPUT  PARAMETERS 

R A O G A S B  = 3.3833E-05 

TOTRAO = 5.5740E-05  5.559lE-05  5.5193E-05  5.5515E-05  5.5349E-05 

TOTSURF 4.1860~-05  5.1669~-05  +.14aa~-o5 Z . L ~ I ~ E - O ~  4.1152~-05,  

R A O V A C B  = 4 .0824~-05 

T A U A  = B . Z R ~ ~ E - O I  
ERRON = 2.6392E-09 
THE CONCENTRATIONS OF THE INVESTIGATEO POLLUTANT CONSIOEREO A R E  

0 .  1.0000E-07  2.0000E-07  3.0000E-07 4.0000E-07 
TRANS = B.CZZ~E-OI 8 . 4 2 2 6 ~ - 0 1   8 . 4 2 ~ 6 ~ - 0 1  II.~ZZ~E-OI 6 . 4 2 ~ 6 ~ - 0 1  
SURFACE E M I S S I V I T Y  = e980 
SURFACE  TEMPERATURE 300.000 
RADVACA - 2.b875E-05 2.685OE-05 2.6810E-05  2.6784E-05  2.6759E-05 

RADGASE * ,  2.9195E-05  2.9187E-05 2.9180E-05 2.9175E-05 2.9167E-05 
DV 
V 

9 -1.2146E-09 2.0897E-08 3.8C68E-08 5.3762E-OB 6.7548E-08 
= 2.2271E-05 2.2253E-05 2.2237E-05 2.2222E-05 2.2209E-05 

SURFACE TEMPERtTURE = 296.000 
R A O V A C A  = 2.3686E-05 2.3668E-05  2.3654E-05  2.3642E-05  2.3632E-05 
RADGASA = 1.9630E-05 le9626E-05  1.9622E-05  1.9blBE-05  1.9615E-05 
R A O G A S E  = 2.6554E-05 2.6550E-05  2.6546E-05 2.6543E-05 2.6539E-05 

R A O G A S A  = 2.2270E-05  2.2263E-05  2.2256E-05 2’.2249E-05 2.2243E-05 

SURFACE EMISSIVITY = .9n0 

5.1572E-05 
5.8306E-05 

4.5654E-05 
501701E-05 

4.5177E-05 
5.1653E-05 

4.7097E-05 
5.529OE-05 

4.6926E-05 
5.5236E-05 

4.6605E-05 
5.5140E-05 

4.6309E-05 
5.5055E-05 

4.0567E-05 
4.9102E-05 

4.0310E-05 
4.9055E-05 

5r0000E-07 
6.4276F-dl 

7.0000E-07 
8.4226E-01 

B . O O O O E - O ~  
e . 4 2 m - 0 1  

2.6736E-05 
2.2736E-05 
2.9161E-05 

2.219bE-05 
e.o173~-08 

2.6674E-05 
2.2217E-05 
2.9142E-05 

2.2161E-05 
1.1278E-07 

2.6637E-05 
2.2205E-05 
2.9129E-05 

2.2139E-05 
1.3111E-07 

2.3613E-05 
1.9b08E-05 
2.6532E-05 

2.3605E-05 

2.6529E-05 
1.9605E-05 

2.3597E-05 
1.960ZE-05 
2.6526E-05 



ov 
V 
SURFACE 
SURFACE 
PADVLCA 
RAOGASI 
RADGASE 
ov 
V 
SURFACE 
SURFACE 
RLOVACA 
S I D G A S A  
RADGASE 
DV 
V 

CALIBRATION OUTPUT  PARAMETERS 
UI T R A N S  = a.9319~-01 
w RAOHDTC = 3.0296E-05 

RADCOLC 1.3627E-05 
RAOHOTV * 3.5813E-05 
RAOCOLV 1.7151E-05 
OVHOT * 6.1833E-07 
OVCflLO * -5.8639E-07 
VHOT , 2.9997E-05 ' 

VCDLD = 1.3920E-05 
BALANCE  OUTPUT  PARAMETERS 
RIOHDT * 3.7086E-05 
RADCOLD * 1.5933E-05 
RIOHOTG = 3.0736E-05 
RAOCOLG = 1.3206E-05 
OVHOTR 2.8268E-09 
DVCOLOO * 2.8260E-09 
VHDTB = ' 3.0734E-05 
VCOLOB m '  1.3205E-05 

3.1405E-08 
1.9599E-05 

3.5952E-08 
1.9593E-05 

2.5238E-05 
2.1035E-05 
2.7960E-05 

2.0975E-05 
1.2079E-07 

4.3766E-00 
1.9583E-05 

5.718CE-08 5.327312-08 
1.9578E-05  1.9569E-05 



L A Y E R  2 
THE S P E C T R A L   L I N E   P R O F I L E  IS LORENTL 

A T N O S P H E R I C   O U T P U T   P A R A M E T E R S  
T H E   C O N C E N T R A T I O N S   O F  THE I N V E S T I G A T E 0   P O L L U T & N T   C O N S I O E R E O   A R E  

0 .  1.0000E-07 2.0000E-07 3.0000E-07 4.0000E-07 5.0000F-07 6.0000E-07 7.OOOOE-07 8.0000E-07 1.0000E-06 
T R A N S  = 8.654OE-01  8.5771E-01  8.5079E-01  8.4k5OE-01 803875E-01 8.3346E-01  8.2856E-01 8etSOOE-01 8.197ZE-01  8.119OE-01 
TOTATM 9 6~7130E-06 7~0666E-06 7.3850E-06 7.6738E-06 7.9377E-06  8.1804F-Ob  8.5051E-06 8.6142E-06 8~8099E-06 9.1678E-06 
S U R F A C E   E M I S S I V I T Y  r 0 1 0  
T O T S U N  = 4 . 7 7 4 3 E - 0 7  
S U R F I C E   E M I S S I V I T Y  = , 

S U R F A C E   E M I S S I V I T Y  = 
T D T S U M  2.864bE-01 

4.3205E-07 

2.5923E-06 

4.1677E-07 

2.5006F-06 

4.04h6E-07 

2.k280E-Ob 

3.9934E-07 

2.3960E-06 

S U R F A C E   T E B P E R A T U R E  = 
T O T S U R F  * 5.0853E-05 
TOTRAO 5.8043E-05 
S U R F A C E  E B I S S l V I T Y  = 
S U R F A C E  T E M P E R A T U R E  = 
T O T S U R F  4.4262E-05 
T O T R A O  0 5.1452E-05 
S U R F A C E  E M I S S I V I T Y  = 
S U R F A C E  T E M P E R A T U R E  = 
T O T S U R F  C.5664E-05 
T O T R A O  5.524lE-05 
S U R F A C E  E M I S S I V I T Y  = 
S l I R F A C E  T E M P E R A T U R E  = 
T O T S U R F  3.9745E-05 
TOTRAO * 4.9323E-05 

4.7736E-05 
5e7293E-05 

4r9302E-05 
5.7663E-05 

4.8kklE-05 
5.7460E-05 

4.1946E-05 
5.ll56E-05 

4.1549E-05 
501107E-05 

ke4900E-05 
5.4937E-05 

4.4271E-05 
5.4752E-05 

4.3994E-05 
5.4675E-05 

3.9081E-05 
4.9118E-05 

m 
0 

5 . 0 0 0 O E - 0 7  
8.4226E-01 

6e0000E-07 
8.4226E-01 

1.0000E-07 
8.4226E-01 

2.3383E-05 
1.9453E-05 
2.6378E-05 



CALI8RATION OUTPUT  PARAMETERS 
TRANS = 8.9319E-01 

QI RAOCOLC = 1.3627E-05 
RAOHOTC 3.0296E-05 

P RAOHOTV 3.5813E-05 
QADCOLV 1.7151E-OS 
OVHOT 0 6.1833E-07 
OVCOLD * -5.8639E-07 
VHOT 2.9987E-05 
VCOLO 1.392OE-05 
RALANCE  OUTPUT PARANETERS 
RAOWOT 3.7086E-05 
CAOCOLO 1.5933E-05 
RAOHOTG m 3.0736E-05 
RAOCOLC = 1.3206E-05 
OVHOTB * 2.8268E-09 
OVCOLOB 2.8268E-09 
VHOTl . = 3.0734E-05 
VCOLOB 1.3205E-05 



LAYER 3 
THE SPECTRAL L I N E  PROFILE I S  LORENTZ 

ATWOSPHERIC  OUTPUT  PARAMETERS 
THE CONCENTRATIONS OF THE INVESTIGATED POLLUTANT CONSIDERED A R E  

0. 1.0000E-07  2.000OE-07  3.0000E-07  4e.0000E-07 
T R A N S .  8 . 3 6 3 6 ~ - 0 1  1 ) . 2 5 6 4 ~ - 0 1   8 . 1 6 4 3 ~ - 0 1  ~ . O E ~ B E - O I  8 . 0 1 2 3 ~ - 0 1  
TOTATW = 7 ~ 9 0 8 1 E - 0 6  8.3869E-06  8.7973E-06  9.1550E-06  9.4715E-06 
SURFACE EWISSIVITY I e980 
TOTSW = 4.689lE-07 4.4607E-07  5.3250E-07  4.2242E-07  4.1411E-07 

TOTSUN 2.8135E-06  2.6764E-06  2.5950E-06  2.5345E-06  2.4847E-06 
SURFACE ENISSIV ITY a 8 8 0  

SURFACE EMISSIVITY e980 
SURFACE  TEWPERATURE = 300.000 
TOTSURF 4.9047E-05 4.8425E-05  4.789OE-05  4.7422E-05  4.7006E-05 
TOTRAD = 5.7424E-05 5.7258E-05  5.7119E-05  5.6999E-05  5.6E92E-05 

SURFACE.TEHPERATURE 296 .000  
SURFACE EMISSIVITY  a980 

TOTSURF 4a2688E-05 4.2147E-05  4.1681E-05  4.1274E-05  4.09lZE-05 
TOTRAD 5a l065E-05  5a0980E-05  5.0911E-05  5.0851E-05  5.0798E-05 
SURFACE EMISSIVITY = m8EO 
SURFACE  TEWPERATURE 300.000 
TOTSURF = 4.5042E-05 4.3484E-05  5.3003E-05  4.2583P-05  4.2210E-05 
TOTRAD 5.4764E-05 5.4,547E-05  5.4395E-05  5.4272E-05 5.4166E-05 

SURFICE TEMPERATURE * 296.000 
TOTSURF * 3.8332E-05 3.7E46E-05  3.7428E-05  3.7062E-05  3.673EE-05 

SURFACE EMISSSVITY = ,880 

TOTRIO = 4 . 9 0 5 5 ~ - 0 5   4 . 8 9 0 9 ~ - 0 5  S . B B Z O E - O ~  4 . 8 7 5 2 ~ - 0 5   4 . 8 6 9 4 ~ - 0 5  

INSTRUWENT OUTPUT  PARAWETERS 

RADGASB = 3.3833E-05 

ERRON = 2.6392E-09 
THE CONCENTRATIONS OF THE INVESTIGATED POLLUTANT CONSIDERED ARE 

RIOVACB 4.0824E-05 

TAUA 8.2869E-01 

TIVANS 8 . 4 2 2 6 ~ - 0 1   8 . 4 2 2 6 ~ - 0 1  Q . ~ Z Z ~ E - O I  e . 4 ~ 2 6 ~ - 0 1   8 . 4 2 2 6 ~ - 0 1  
0 . .  1.0000E-07  2.0000E-07  3.0000E-07 4.OOOOE-07 

SUR,FACE EWISSIVITY * , 980  
SUFFICE -TEMPERATURE 300.000 
RADVACA 2.6297E-05 2.6209E-05  2.6136E-05  2.6073E-05  2.6017E-05 
RADGASA, 2.1784E-05 2.1767E-05 Zm175OE-05 2.1733E-05  2.1717E-05 

DV 
RADGASE = 2.8709E-05 2a8691E-05 2.8674E-05 2.8658E-05 2.8641E-05 

-7.5854E-09 4.7781E-08 9.1044E-08 1.2663E-07 1.5662E-07 
V '  2.1788E-05 2.1743E-05 2.1704E-05 2.1670E-05 2.1638E-05 
SURFICE E M I S S I V I T Y  = ~ 9 0 0  
SURFACE TEMPERATURE = 296.000 
R A O V A C A  2.3357E-05 2.3312E-05 2.3276E-05 2.3245E-05 2.3217E-05 
RADGASA 1.9354E-05 1.9345E-05 1a9336E-05 1.9327E-05 1.9319E-05 
RADGASE = 2.6278E-05 2.6269E-05 2.6260E-05 2.6252E-05 2 . 6 2 4 3 E - 0 5  

! 

4.1975F-05  4.1570E-05 
5.4071E-05  5.3985E-05 

5.000OE-07 6.0000E-07 
8.4726E-01 8.4226E-01 

2.9967E-05  2.5921E-05 
2.1701E-05  2.1685E-05 
2 . 8 6 2 5 ~ - 0 5   z . e 6 1 0 ~ - 0 5  

2.1610E-05  2.1583E-05 
1.R231F-07  2.0460E-07 

2.3192E-05 2.3169E-05 
1 .93 l lE -05  1.9302E-05 
Zeh215S-05 2.6227E-05 

4.0021E-05 3.9769E-05 
5.0664E-05 5.0626E-05 

3.5937E-05  3.5711E-05 
4.8554E-05  4.8514E-05 

4.5169E-05 
5.6412E-05 

3.9314E-05 
5.0556E-05 

4.0560E-05 
5.3700E-05 

2.309Z.E-05 
1.9272E-05 
2.6196E-05 



ul 
W 

DV * -2.1434E-09 
V . 1.9355E-05 
SURFACE EMISSIVITY = 
SURFACE  TEWPEPATURE - 
RADVACA 2.5077E-05 
RADGASA * 2.0772E-05 
RADGASE . 2.7697E-05 
DV 
V 
SURFACE EWISSIVITY . = 2.0777E-05 

SURFACE  TEMPERATURE 

R A D G A S A  = l.e590~-05 

= -3.e366~-09 

-a.7233~-09 

RADVACA 2.2437E-05 

ov  
RADGASE = 2.5514E-05 

V - I . ~ w ~ E - o ~  

CALIBRATION OUTPUT  PARAMETERS 
TRANS = a.9319~-01 

PADHOTV = 3.5a13~-05 

DVHOT = 6.1833~-07 

VHOT - z . ~ w ~ E - o ~  

RADHOTC * 3.0296E-05 
RADCDLC * 1.3627E-05 

RADCOLV * 1.715lE-05 

DVCOLD -5.8639E-07 

VCDLD 1.3920E-05 
BALANCE OUTPUT  PARAMETERS 

RADCOLD . 1.5933E-05 RADHOT = 3.7086E-05 

RAOCOLG 1.3206E-05 
RADHOTG 3.0736E-05 

DUHOTB = Z . W ~ ~ E - O ~  
DVCOLOB z.e26a~-o9 
VHDTB 0 3.0734E-05 
VCDLDl = 1.3205E-05 

4.7206E-08 
1a9312E-05 

7.9026E-08 
1.9279E-05 

2.4764E-05 
2.0679E-05 
2.7603E-05 

2.0600E-05 
1.575OE-07 

1.3607E-07 
1.9204E-05 



LAYER 4 
THE SPECTRAL LINE  PROFILE I S  LORENTZ 

ATMOSPHERIC nuTPuT P A R A M E T E R S  
THE CONCENTRATIONS OF 

0 .  
TRANS 9 8.1524E-01 
TOTATM 8.6745E-06 
SURFACE E M I S S I V I T Y  9 

SIJRFACE E M I S S I V I T Y  * 

SURFACE EMISSIVITY 9 

SURFACE  TEMPEPATURE 9 

TOTSUN 9 4.6215E-07 

TOTSUN 9 2.7729E-06 

TOTSURF 9 4.7735E-05 
T O T R A D  9 5.6872E-05 
SURFACE EMISSIVITY 9 

SURFACE TEMPERATURE 9 

TOTRAO = 5.0682E-05 
SURFACE E M I S S I V I T Y  9 

SURFACE TEMPERATURE = 

TOTSURF 9 4.1545E-05 

TOTSURF 4 . 2 0 6 4 E - 0 5  
TOTRAO 9 5.4311E-05 
SURFACE E M I S S I V I T Y  - 
SURFACE TEMPERATURE 
TOTSURF 9 3.7306E-05 
TOTRAD 9 4.8753E-05 

THE INVESTIGATE0 POLLUTANT  CONSIOEREO A R E  

8.0183E-01 7.9079E-01 7.8146E-01 7.7336E-01 
1.0000E-07 2.0000E-07 3.0000E-07 4.0000E-07 

9.2558E-06 9.7314E-06 1.0132E-05 1.0478E-05 
- 9 8 0  

.E80 
4.3857E-07  4.2480E-07  4.1458E-07  4.0616E-0.7 

2.6314E-06  2.5488E-06  2.4875E-06  2.4370E-06 
,980 
300.000 
4.6958E-05  4.6318E-05  4.5777E-05  4.S307E-05 
5.6653E-05 5 .6475E-05 5.6323E-05  5.6190E-05 

296.000 
980 

4.0869E-05  4.0312E-05  3.9941E-05  3.9432E-05 
5.0563E-05  5.0469E-05  5.0387E-05 5.0316E-05 
. ea0  

4.2167E-05  4.1592E-05  4.1106E-05  4.0684E-05 
300.000 

5.4054E-05 5.3872E-05  5.3725E-05  5.3598E-05 . eeo 
296.000 
3.6699E-05  3.6199E-05  3.5776E-05 3.5408E-05 
4.8586E-05 4.8479E-05  418395E-05  4.8323E-05 

6.0000E-07 
7.5976E-01 
1.1056E-05 

3.9235E-07 

2.3541E-06 

7.0000E-07 
7.5308E-01 
1.1305E-05 

3.8641E-07. 

2.3184E-06 

8.0000E-07 
7.4046E-01 
1.1534E-05 

3.8093E-07 

2.2856E-06 

1.0000E-06 
7.3868E-01 
1.1946E-05 

3.7101E-07 

2.2261E-06 

4.4517E-05 
5.5965E-05 

3.9070E-05 
5.0251E-05 

3 . 8 4 4 8 E - 0 5  
5.0139E-05 

3.7679E-05 
4.9997E-05 

3.9974E-05 
5.3384E-05 

3.9668E-05 
5.3291E-05 

3.9385E-05 
5.3204E-05 

3.8874E-05 
5.3047E-05 

3.4791E-05 
4.8ZOlE-05 

INSTRUMENT OUTPUT P A R A M E T E R S  
RADVACB 9 4.0824E-05 
R A O G A S B  9 3.3833E-05 
TAUA 0 8.2869E-01 
ERRON 2.6392E-09 
THE CONCENTRLTIONS OF 

TRANS 9 8.4226E-01 
0 .  

SURFACE E M I S S I V l T Y  9 

SURFACE TEMPERATURE 9 

R A O V A C A  9 2.6062E-04 
RADGASA 9 2.1588E-05 
RAOGASE 2.851ZE-05 
O V  
V 

8 -9.9065E-09 

SURFACE EMISSIVITY * 
9 2.1593E-05 

SURFACE  TEMPERATURE = 
RADVACA 9 2.3193E-05 
@AOGASA 1.9216E-05 
R I O G A S E  * 2.6141E-05 

0 ARE 
4.0000E-07 
8.4226E-01 

5.0000E-07 
8.4226E-01 

6e0000E-07 
8.4226E-01 

7.0000E-07 
8.4226E-01 

1.0000E-06 
8.4226E-01 

2.5488E-05 
2*1418E-05 
2.8342E-05 
2.9563E-07 
2.1270E-05 

2.5403E-05 
2.1379E-05 
2.8304E-05 
3.2792E-07 
2.1215E-05 

2.5704E-05 
2.1499E-05 
2.86236-03 

Z.14OOE-05 
1.9841E-07 

Z.5586E-05 
2.1457E-05 
2.8382E-05 
2.5415E-07 
2.1330E-05 

2.3001E-05 

2.6093E-05 
1.9168E-05 

2.2967E-OS 
1.9151E-05 
2 . 6 0 n 1 ~ - 0 5  

2.2937E-05 

2.6070E-05 
1.9146E-05 

2.2909E-05 

2.6060E-05 
1.9135E-05 



DV -3.7740E-09 
V ~ . ~ Z I B E - O ~  
SURFACE E M I S S I V I T Y  9 

SURFACE TEMPERATURE 
RADVACA 2.4883E-05 

RADGASE m 2.7535E-05 
RADGASA 2.0610E-05 

DV 
V m ZeO615E-05 

* -1.0501E-OB 

SURFACE E W I S S I V I T Y  = 
SURFICE TERPERLTURE 
R A D V A C A  9 2.2307E-05 
R A D G A S A  9 1.8481E-05 

DV 
R A D G A S E  m 2.5405E-05 

9 -4.99kkE-09 
V l . a 4 a 3 ~ - 0 5  

CALIBRATION OUTPUT  PARAMETERS 
TRANS a.9319~-01 
RADHOTC * 3.0296E-05 
RADCOLC m 1.3627E-05 
RADHOTV . 3.5813E-05 
RADCOLV m 1.7151E-05 
DVHOT 9 6 . ~ . 3 3 ~ - 0 7  
DVCOLD = -5.8639E-07 
VHDT 9 2.9987E-05 
VCOLD 1.3920E-05 
BALANCE  OUTPUT  PARAMETERS 

RADCOLD 9 1.5933E-05 
RADHOTG 3.0736E-05 

PADHOT 9 ~ . T O B ~ E - O ~  

RADCOLG 1.3206E-05 
D v H o n  E . B Z ~ B E - O ~  
DVCOLDB 2.826BE-09 
VHOTB = 3.0734E-05 
VCOLDB m 1.3205E-05 

2.4652E-05 

2.7477E-05 
2.0552E-05 

2.0491E-05 
1.2342E-07 

2.2163E-05 

2.5366E-05 
7.5146E-OB 
1 840CE-05 

1.8442E-05 

1.0764E-07 
1.911kE-05 

2.4509E-05 
2.0500E-05 
2m7424E-05 
r . e 9 2 6 ~ - 0 7  
2.0405E-05 

1.5090E-07 
1.9060E-05 

2.4350E-05 

2.7352E-05 

2.0303E-05 
2.4951E-07 

Z . O ~ Z ~ E - O ~  

1.6192E-07 
1.9042E-05 

1.E059E-07 
1.9014E-05 



APPENDIX C 

Unit  Conversion 

The  authors  wish  to  note  that in the past  various  units 
have  been used to  define  the  line  intensities;  therefore,  the 
following  conversion  factors  may be helpful. 

At  standard  temperature  and  pressure  condition, STP, 

1 (cm-atm) STP = 2.69 x lo1' molecules/cm2 ; 

however,  at  some  temperature T '  , 

1 (cm-atm) = 273.15 x 2.69 x lo1 ' molecules/cm2 T '  K 
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