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A Computer Code to Calculate Emission

and Transmission of Infrared Radiation

Through Non-Equilibrium Atmospheres

I. INTRODUCTION

The Air Force Geophysics Laboratory is in the process of developing a compre-

hensive computer code, NLTE, for calculating the radiance due to infrared-active

species in the upper atmosphere. In particular, the code deals with atmospheric

conditions in which local thermodynamic equilibrium (LTE) cannot be assumed; that

is, conditions under which the populations of vibration-rotation states cannot

(necessarily) be given by a Boltzman-distribution with the kinetic temperature.

Moreover, it does a line-by-line calculation, rather than a band calculation, using

the properties of individual rotational lines obtained from the AFGL Atmospheric

Absorption Line Parameters Compilation. 1,2, 3 The output is the integrated

radiance from each line under consideration. The individual lineshapes can also be

obtained, if necessary.

At present, the non-LTE conditions are simulated by the use of a vibrational

temperature profile. Work is in progress to incorporate into the program computa-

tions of the direct physical mechanisms that are responsible for the populations of

the excited states. That is, the excitation of infrared-emitting species by sunshine,

earthshine, collisions, and photochemical reactions will be used to directly calculate

(Received for publication 6 July 1983)
(Due to the large number of references cited above, they will not be listed here.
See References, page 21.) L
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the populations of vibrational states rather than using the vibrational temperature

profile as input.

The looking geometry is assumed to be horizon-to-horizon. It is therefore

parameterized by a tangent height, the lowest altitude along the line-of-sight path.

2. FORMULATION

We consider the path through which a photon has to pass to reach the observer
to be made up of a series of slabs. In each of the slabs the kinetic temperature, the

vibrational temperature, and the density of the atmospheric constituents in the

ground and excited states is assumed to be constant. The altitude of the end points

of each slab may not differ by more than 1 km (Figure 1).

Zi l Zi

OBERE/#Z 
LAYER

Figure 1. The Line-of-Sight Path Through a Layered
Atmosphere, the enhanced segment showing its
intersection with the ith layer over a distance
Azi= Zi+ 1 - Zi

At first glance, it might appear that we are constructing a model for a one-

dimensional atmosphere. This, however, is not the case. One can make the slabs

as small as desired-so small in fact that the errors may be determined principally

by the uncertainties in the input model atmosphere. Nor is there any requirement

that the two slabs corresponding to a given altitude on either side of the tangent

height point have the same composition.
In the equations that we derive, we will assume that lines for which the intensity

is calculated are non-overlapping. That this is a reasonable assumption can be

seen from the following argument. The two closest lines in the 15-11m band of the

C 1 2 016 O110-OO00 transition are Q(2) and Q(4) which are 0.0145 cm-I apart.

6



Recalling that the Doppler linewidth at 200 K, corresponding roughly to 70 km in

altitude, is about 0. 0005 cm" 1 , it can be seen that the separation between the Q(2)

and Q(4) lines corresponds to about 30 linewidths. Apart from the accidental over-

lap of lines of different bands, that may occur rather infrequently, we expect most

of the lines to be spaced several linewidths apart. The assumption of non-overlapping

lines thus appears reasonable.

We express the radiance in terms of np, the number of photons (of frequency

v cm - 1) per wavenumber per unit area per steradian which are observed at a
point z along the line-of-sight path per unit time. The change in n, in a path length

dz is described by

dnv = h v'O  
A"

- n. (n, B( -4 u) - n B (uf)) +A7 nu  f(v- v()

Ut c Iu u

where h and c are Planck's constant and the speed of light, n2 and nu are the number

densities of the lower and upper radiating states, B(U -0u)andB(u - f) are Einstein

coefficients for absorption and induced emission, A is the Einstein coefficient for
spontaneous emission and f is the normalized lineshape function such that

f f(v - V0 ) dv = 1. (2) I
00,

In Eq. (1), nV n B(U - u) is the term for the absorption of incident photons.

n. nu B(u -4f) is the induced emission term. The factor (hv0/c), which is commonly

absent in derivations of this equation, appears because of the fact that n V is a photon

flux rather than an energy flux, and because v is in units of cm-I instead of sec-

The Einstein coefficients 5 are connected by

B( U u) = g B(u -1) (3)

and

3
A = 87 hV0 B(u " '2) (4)

where g1 and gu are the statistical weights of the lower and upper radiating states.

Through use of Eqs. (3) and (4), the definition

5. Penner, S.S. (1959) Quantitative Molecular Spectroscopy and Gas Emissivities,
Addison-Wesley, Reading, Massachusetts.
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Y = * (5)

and some algebraic manipulation we see that Eq. (1) can be cast in the form

V 0  B(U- u) [ -n .ll - ) + 2ci' Y f(&'-i 0) (6)

One can readily see that the (1 - y) factor corrects the simple absorption term

(which is proportional to n, n.) for stimulated emission; the other term in the

brackets is the spontaneous emission.

Next we connect the Einstein coefficient to the line strength which is available

on the AFGL Line Parameters Compilation. 1 The tabulated line strengths S(T s )
are given for conditions of LTE at the standard temperature Ts, which is 296 K,

and are related to B(U - u) by

h '0  u) = S(T (1 - exp (-C 2 0 /Ts)) -  (7)

('I Is20
-l~s

where C2 = 1.4388 K/cm is the second radiation constant and P (T s is the prob-

ability of finding the lower vibration-rotation state occupied. In general, P= n ( /n

where n is the total number density of the specie.

The exponential term in Eq. (7) takes into account the stimulated emission at

296 K, and in fact is simply y evaluated under conditions of LTE at T s.

We now define the optical depth, T , by

dTr hw0  S(Ts) -
cB(U u) f(iv)n (l ) f(V -) T n ep )70 s.

(8)

Since the quantities f, n, and y are (by assumption) constant within the confines of

each slab, the optical depth of the ith slab is

S(T) z. -z
Ar =r(- = - (i-y).

ATl Ti (Z T~ (Z) = f(V - V) n~
Vl~i T l i+11 V li) P Ts 0 (/~n 1 - xp(--C2 vo0/Ts

(9)

(The subscript i is implied for f, n,, and y.) Expressing n, in terms of the total

number density, this becomes

8

r~~~~~~~~ - -. - - -.* * % * -.. -* -.a . . . . .



L P(T5 ) I f(v-vo) n, AZ i  (10)
VTi SI -exp (-C 2 V /T) 

The term in square brackets now represents the line strength for conditions pre-

vailing in the slab, including corrections for stimulated emission, and this times1
f(V- v0) is the conventional absorption coefficient k(v). Pf(T) must be evaluated

with the understanding that non-LTE conditions prevail, in general; the same applies

to y. Both these quantities therefore actually depend on the vibrational temperature

as well as the kinetic temperature of the slab.

To complete the analysis one combines Eqs. (6) and (8) to give

= nV .V (11)

This equation can easily be integrated across a slab. The solution is

- ATi A Fi "Ti

nn(Z n (Z i ) e + 2 cv i (I- e (12)

where the slab-dependence of - is finally made explicit with the subscript. In Eq.

(12), the first term represents the absorption within the ith slab of radiance inci-

dent upon it at Zi; and the second term represents the contribution from the ith slab

alone. The strategy of the program is now clear. The boundary condition at the

far horizon is n (Z.) = 0 for all frequencies. Using that as the starting point, one

calculates the radiance at the near end of each slab from Eq. (12) until the observer's

end of the line-of-sight path is reached. One thus obtains a line profile for the

observed radiance. This profile is integrated over frequency to get the radiance

for the line in question. At the end the result is converted to units of
2_W/cm steradian.

NLTE also calculates the integrated radiance to be expected if the line is

thin-that is, if ATVi is always much less than unity for that line. The determination

of whether a line actually is thin is made by comparing this result with the integral

ovL the computed lineshape. Agreement within 5 percent defines a "thin" line.

The program adds the integrated radiance from all the lines it selects from the

line-file provided by the user. It performs this operation for each looking geometry

specified, starting with the lowest tangent height. For each tangent height after

the first, as the computation proceeds it checks to see whether the line under con-

sideration has been found to be thin for paths characterized by a lower tangent height.

If it has, it is also assumed to be thin for the current path and all paths characterized

9"..



by greater tangent heights. The lengthy profile calculations are thereby avoided

for this line, and the integrated intensity is taken to be the "thin" result.

3. USE OF THE PROGRAM

NLTE has been written in ANSI-standard FORTRAN '77. It is still in the pro-

cess of being developed and made more efficient, and many changes are antici-

pated. A listing appropriate for radiance from CO2 is given in the Appendix. At
present NLTE requires 65,000 words to compile and execute on the CDC -6600 at

AFGL. A high-optimization option should be selected at compile time (OPT = 2)
unless changes are being made and the debug package is required. Except for a

few seconds of overhead required for initialization, the execute time is nearly

proportional to the number of lines used. It is usually also proportional to the

number of tangent heights selected, but if many of the lines are thin the execute

time can be reduced since fewer computations are required. Selecting the Doppler

lineshape instead of the Voigt profile can cut the run time by a factor of three.

NLTE requires information from three data files, one of which is the

input stream. These files, which are associated with units 1, 2, and 3, contain

miscellaneous program input, an atmospheric profile, and a coded AFGL line file,

respectively.
Table 1 lists the miscellaneous program input on unit 1. Three card-images

are required, and they are read with list-directed reads. This means that comma

or blank delimiters separate the data elements, and there is no need to align the

latter in particular columns. All variables of type character must be enclosed in

quotes ('). Default values result from blank fields. These are defined by consecu-

tive commas or, in the case of the last fields on a card, by a single slash ().

Example 1 gives a possible data record for Unit 1.

The first of these three cards gives the specie of interest, and three energies

which are required. The latter are the energy of the vibrational transition in ques-

tion, which is needed to calculate y; the vibrational energy of the lower state,

needed for Pf(T); and the energy of the lowest-energy vibrational transition, needed

to calculate the vibrational partition function. The program does not recognize

defaults for any of these quantities.

The second card identifies the lines which are used to calculate the radiance,

assuming they can be found on the line file. That is, the required frequency range,

band, branch, and rotational line designations are specified, and all lines satisfying

these requirements are used. The frequency range is given by VMIN and VMAX.

The band is specified by the upper- and lower-state quantum numbers, UST and LST;

the branch, by BR; and the rotational line by NRQL. Acceptable values of BR are

10
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P' IQ, '', and 'A', where 'A' implies all branches. Acceptable values of NRQL

are integer numbers identifying single lines of a branch; and 999, implying all lines

of the selected branch(es).

NDP is a code specifying the lineshape to be used in the computation. A value

of 0 causes the Voigt profile to be used; 1 gives the Doppler lineshape.

The program recognizes defaults of 0, 0, and 50000 for NDP, VMIN, and

VMAX respectively.

The third card gives the tangent heights which define the looking geometry for
each desired case. TANIN is the lowest tangent height, TANF the highest, and

INTRVL is the spacing.

.-

Table 1. Miscellaneous Program Information on Unit 1

Quantity Description Units Type Example

(CARD IA)

MOL Molecular formula Character 'C021
ISO Isotope code Integer 626
VIBE Vib energy of the transition cm Real 667. 3
VIBL Vib energy of lower state cm- 1  Real 0
VIBQ Vib energy for partition fn cm Real 667.3

(CARD 1B)

BR Branch (P, Q, or R) Character 'R'
NRQL Rotational quantum line Integer 999
UST Upper vib state (AFGL not 'n) Char2cter '01101'
LST Lower vib state (AFGL not 'n) Character '00001'
NDP Lineshape option Integer 0
VMIN Lowest wavenumber desired cm Real, int 600
VMAX Highest wavenumber desired cm ~I  Real, int 750 '

(CARD IC)

TANIN Initial tangent height km Integer 70
TANF Final tangent height km Integer 80
INTRVL Examination height km Integer 5

Example 1 Example of an Input Data Record on Unit 1

'CO2', 626, 667.3, 0, 667.3
'R' 999, '01101', '00001'/
70, 80, 5

Unit 2 contains the atmospheric profile which is to be used in the radiance cal-

culation. The file providing this information is headed by a single card-image con-

taining identifvin comments. Each succeeding card-image contains the information

11
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listed in Table 2, in the format given there. No more than 250 cards, which

* correspond to successively higher altitudes with a 1-kn spacing, may be read in.

The lowest altitude must be less than or equal to TANIN. The highest must be

greater than or equal to TANF + 50, since the calculations are done using 50 layers.

V A procedure for obtaining the atmospheric-profile data files in the form re-

quired by NLTE for input on Unit 2 is described in the next section

* .Unit 3 contains the coded line file. This is needed to determine the absorption

'. and reradiation of energy by each line in the wavelength range under consideration.
The contents of such files, and the means of obtaining them from the complete data

base which has been developed at AFGL, are given in Section 5.

Table 2. Atmospheric Profile Information on Unit 2

Quantity Description Units Format

A (integer) Altitude km 15
TRTMP Kinetic temperature Kelvin F 0.3
ALCOR Atmospheric pressure atmos E 12.5
RHO Density of radiating molecule cm- 3  E12. 5
VBTMP Vibrational temperature Kelvin Fl0. 3

4. A PROCEDURE FOR THE ATMOSPHERIC PROFILES

A procedure, called ATMOS, is available at AFGL for the purpose of allowing

users to create databases in the format required to input to NLTE on Unit 2. The

data presently built into ATMOS are profiles very much like those in the 1976 U. S.

Standard Atmosphere. The vibrational profiles can either be read as input to this

procedure, or derived in a very simple (but contrived) way from the kinetic tempera-

", ture. The alternative to reading vibrational temperatures directly is to add or

subtract a fixed number of degrees to or from the kinetic temperature. Interpola-

tion procedures are built in so that input data for the vibrational temperature are

not needed at intervals as closely spaced (I km) as they are on output.

The procedure, ATMOS, is in a very preliminary stage of development. In the

future, its data base will be expanded to include various standard atmospheric pro-

files and some other features as well. However, it can be used in its present form

on the AFGL central computer system, as shown in Example 2.

ATMOS requires user input at two places: the BEGIN card and the data card

following the end-of-record in the input stream. Also, if vibrational profiles are

to be read in, a logical file called TAPE4 must be attached. The BEGIN card has

two parameters which, if selected, cause the output data file to be cataloged as a

12
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permanent file. The parameters are PFN and NAME, and are used in the example.

It is acceptable to omit them completely, in which case the form is simply BEGIN,

ATMOS, P, and the data are not saved on a permanent file. In either case, the first

ATTACH card should be used exactly as in the example.

The data card should contain six quantities, listed in Table 3. They are read

with a list-directed read, discussed above. Most of them are variables of type
character, and must therefore be enclosed in quotes. MOL specifies the radiating

molecule. Acceptable values of DORN are 'DAY' or 'NIGHT', reflecting the fact

that some species' density profiles have diurnal variations. HMIN and HMAX are

the minimum and maximum altitudes of interest.

Table 3. Input Data for the Procedure, ATMOS

Variable Description Type Default

MOL Molecular Formula Character
DORN Day or night profile Character 'NIGHT'
HMIN Lowest altitude (km) Integer 0
HMAX Highest altitude (km) Integer 250
CODE Code for vib temp Character 'ADD'
FMT Format for read, or Character '(15, F10. 3)'

number of degrees to add '0'

EXAMPLE 2 Use of the Procedure, ATMOS

USER1, T30. 1234 USER
A TTACH(P, P ROCFILE, ID=WINTE RS, M R= 1)
ATTACH(TAPE4, USERSFILE, ID=USE R, MR= 1)
BEGIN(ATMOS, P, PFN=OUTPUTFILE, NAME= USER)
EOR
'CO2', 'NIGHT',70,190, 'READ', '(I5,34X, F10.3)'

CODE and FMT have different forms depending on whether the vibrational

temperature profile is to be read from TAPE4, or the vibrational temperature pro-

file is to be determined from the kinetic temperature profile. Meaningful values

for CODE are 'READ' and 'ADD'. Anything else causes the vibrational temperature

to be set equal to the kinetic temperature everywhere.

If CODE is read as 'READ', the vibrational temperature is read in a user-
selected format, given by FMT. Each card-image on TAPE4, except for a header

card containing identifying information, should contain an altitude and a vibrational

temperature in that order. FLIT should then specify two fields, one integer and one
* real, for reading these quantities. The default value of FAIT is '(15, FI0. 3)', but

inside the quotes and parentheses, which are required, any format is acceptable.

13
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If CODE is read as 'ADD', FMT must be a character representation of the

number of degrees to add to the kinetic temperature. Possible values are '+10',

'50', '0', and '-50'. Default is '0'.

5. THE AFGL ATMOSPHERIC ABSORPTION LINE PARAMETERS COMPILATION

For many years, AFGL has maintained and continually updated its own com-

pilation of atmospheric absorption line parameters for transitions from the

millimeter region through the visible. These are described in various publications. 1-4

The compilation is the responsibility of Dr. L. S. Rothman, AFGL/OPI.

For users of the AFGL computer system, the data reside on a disk pack in the

CDC-6600 computer center. For workers at other installations, the compilation

is available on two magnetic tapes. (It is also accessible on two CC tapes at AFGL,

but use of the disk pack is preferable. ) The compilation was originally developed

in two parts. The "Main" compilation contained data from the principal sources of

atmospheric infrared absorption. These molecules, corresponding to a gas code

of 1 through 7, are H 2 0, CO 2 , 03, N 2 0, CO, CH 4 , and 02 respectively. The trace-
3 '

gas file contained data for the molecules whose codes are 8 through 28. In fact,

this division still exists on the magnetic tape compilations. A merged line file was

recently written to a single disk pack, however, making all the data available (at

AFGL) by use of simple procedures.

The data exist in card-images on the pack and tapes, with one card-image

corresponding to each transition. There are almost 300, 000 transitions (lines) in

all, arranged in order of increasing wavenumber. They are grouped in files spanning

100 wavenumbers, each one divided into records containing up to 250 lines (pack) or

40 lines (tapes). On the pack the files are in buffered binary form; on the tapes,

buffered BCD.

The data available for each transition are given in Table 4. 1 There are several

programs available for accessing subsets of the complete compilation and making

them available in particular formats for specific purposes (for example, input to the

LTE radiance program, FASCODE 6 ). The formatting listed in Table 4 is the output

specification of a procedure, WRITE, written by Dr. Rothman to obtain a coded line

file from the disk pack. Generally, subsets of the complete data set are located

according to particular (1) frequency ranges, (2) molecules, (3) isotopes, and

6. Clough, S.A., Kneizys, F.X., Rothman, L.S., and Gallery, W. 0. (1981)
Atmospheric Spectral Transmittance and Radiance: FASCODIB.
AFGL-TR-81-02§9, AD A104832; also SPIE 277 (Atmos Transmission)
152-166.

14
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(4) vibrational bands. However, by reading the line file and checking any of the
parameters given, one can make a selection based on other criteria as well.

Table 4. Line-File Data for Each Transition

Format Symbol Line-File Datum

F10.4 v Resonant frequency (cm-f1
El0. 3 S Line intensity at 296 K (cm-I/(molecule-cm2))
F5.4 a Halfwidth (air broadening) (cm-I ,'atmos)
F10. 3 E" Energy of the lower state (cm-i)
2A8, A 10, A9 Quantum numbers, line identifiers
13 Entry code for these data
14 ISO Isotope code
13 MOL Gas code

The meaning of the physical data (frequency, and so on) listed in Table 1 is

self-evident. The quantum numbers are discussed in Reference 1 (and, to a small

extent, below). The entry code is usually irrelevant for the user. The gas code
is an integer between 1 and 28, as mentioned above. The isotope code is also

explained in Reference 1. It is a string of integers representing the last digit in

the atomic weight of each atom, given in the order in which the atoms exist in the
molecule. For example, the main isotope of CO 2 is identified by the code 626,
since the molecule consists of atoms of atomic weight 16, 12, and 16.

5.1 Obtaining Files From the Disk Pack

The procedure WRITE, mentioned above, is the easiest way for users at AFGL

to obtain data from this compilation. Example 3 gives a control-card sequence
which obtains, catalogs on permanent file, and lists all ozone lines between 2000 and-I
2020 cm . For any job using this procedure, the first three cards must be pre-

pared exactly as in the example, except for the user's name and problem number,

the specification of the logical file name (P) and possibly the time allocated to the
job. The BEGIN card contains optional parameters, described below, which deter-

mine the disposition of the information acquired from the compilation. The data
card(s) following the end-of-record (EOR) provide the information the procedure

requires to identify the desired lines.

The information to be taken from the data cards is listed in Table 5. Each card
is read with a list-directed read, which means that the data fields (eight in number)

should be separated by comma delimiters and no attention need be paid to the col-
umns used for each field. Default values result from blank fields (consecutive

commas). After the last field containing a non-default value, a slash () can be used
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to terminate data input for that card. Either the slash or a sufficient number of

commas to define each field must be used. All input data of type character must

be surrounded by quotes, like '03' in Example 1. Leading blanks inside the quotes

will give unpredictable results. Anywhere else, blanks are irrelevant.

EXAMPLE 3 Use of the Procedure WRITE

USER1, T30, CM50000, STMFA, PK. 1234 USE R
A TTACH(P. PROCEDURES, ID=- ROTHMAN, M R= 1)
MNT(VSN=FAS53. SN=FASPK)
BEGIN(W RITE, P, PFN=OZONELINES, NAME= USER, COPFIL= YES)
EOR
2000, 2020, '03' ..... 'PFILE'

Table 5. Input Data for the Procedure, WRITE

Datum Quantity Type Default

Vi,V2 Frequency range (cm-1) Integer or real
MOL Molecular formula Character All molecules
ISO Isotope code (Reference 1) Integer All isotopes
UST, LST Band quantum numbers Character All branches
SCRIT Threshold strength Real All strengths
DISPOS File disposition code Character List only

VI and V2 must be specified, as there is no default. MOL is an alphanumeric

symbol giving the molecular formula. ISO is the isotope code explained earlier, UST

and LST are the upper- and lower-state quantum numbers of the vibrational band

desired. The quantum numbers are different for different molecules, and their

meaning is discussed in Reference 1. For the purposes of WRITE, one enters con-

secutive digits inside the quotes, for example '11101'.

SCRIT is an intensity threshold. Lines which are weaker than this threshold

are ignored. Because of the small magnitudes involved, an E descriptor should be

used.

The data selected by the program can either be listed on OUTPUT or written to

TAPE8, which is later made into a permanent file. DISPOS is a code used to select

the desired disposition. Entering either 'PFILE' or 'PUNCH' in this field causes

TAPE8 to be written. Anything else invokes the list option. One can list some data

and save other data by entering different disposition codes on different cards.

Lines satisfying the requirements of each separate data card are frequency-

ordered on whichever file they are directed to, OUTPUT or TAPE8. However, lines

from one data card will always follow those from preceeding cards. If the frequency

ranges are increasing and do not overlap, frequency-ordering is preserved.
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Otherwise, for TAPE8 only, a SORT/MERGE option (see below) can be specified on

the BEGIN card to restore frequency-ordering.

The BEGIN card invokes the procedure WRITE (which is found on logical file P

in our example). It allows up to four optional parameters which are used for three

separate purposes: to preserve the frequency-ordering on TAPE8, as mentioned

above; to give the permanent file name and user identification required for cataloging

TAPE8; and to cause the information on TAPE8 to be copied to OUTPUT. The form

of each of these parameters is KEYWORD-VALUE, where KEYWORD is fixed and

VALUE is supplied by the user. Table 6 describes these parameters. PFN and

NAME should be either both be specified, or neither. The parameters can be

entered in any order following the logical file name. Parameters which are omitted

assume default values, the effect of which is given in Table 6.

Table 6. Parameters for the Procedure, WRITE

Keyword Value Default

SORTM YES No SORT/MERGE

PFN Permanent File Name No catalog is done even
if PFILE is specified

NAME User's ID on some data cards

COPFIL YES No list of TAPE8

It is possible to invoke WRITE more than once in a single job, with different

parameters, so long as TAPE8 is returned after each usage and so long as one data

record is provided for each usage.
The WRITE output specification given in Table 4 is that used on TAPE8. It may

change slightly for certain frequency ranges, since sometimes more significant

figures are available than this particular format allows. The field widths are always

the same, however. On OUTPUT, when the list option is selected, the fields are

spread out for Lase in reading and to make space for annotation.

Example 4 contains a small subset of lines from the 11101-00001 band of CO2 ,

in the format assigned by WRITE and described above. Example 5 gives a possible,

albeit unusual, set of requirements for linefiles, with many different forms used

on the data cards. Only three sets of lines are written to TAPE8, and these are

then ordered before being cataloged and copied. The second call to WRITE pro-

4duces the lines of which Example 4 is a subset.

4.
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EXAMPLE 4 Portion of a Coded File from WRITE

2075.2960 7.868E-24.0770 2.341 11101 00001 P 2 482 626 2
2076.8632 3.363E-23.0770 2.341 11101 00001 Q 2 482 626 2
2076.8788 5.894E-23.0770 7.804 11101 00001 Q 4 482 626 2
2076.9034 8. 166E-23.0760 16.389 11101 00001 Q 6 482 626 2
2076.9369 1.009E-22.0750 28.095 11101 00001 Q 8 482 626 2
2076.9793 1. 160E-22. 0750 42.922 11101 00001 Q 10 482 626 2
2077.0308 1. 265E-22. 0740 60.871 11101 00001 Q 12 482 626 2
2077.0912 1.325E-22.0740 81.940 11101 00001 Q 14 482 626 2
2077.1607 1.340E-22.0730 106.130 11101 00001 Q 16 482 626 2
2077.2393 1.316E-22.0720 133.439 11101 00001 Q 18 482 626 2
2077.3270 1.258E-22.0720 163.868 11101 00001 Q 20 482 626 2
2077.4239 1. 173E-22.0710 197.416 11101 00001 Q 22 482 626 2
2077.5299 1.069E-22.0710 234.083 11101 00001 Q 24 482 626 2
2077.6373 1.252E-23.0780 0.000 11101 00001 R 0 482 626 2

EXAMPLE 5 Possible Usage of the Procedure WRITE

USER2, T30, CM50000, STMFA, PK. 1234 USER
ATTACH(P, PROCEDURES, ID=- ROTHMAN, M-R= 1)
MNT(VSN=FAS53. SN=FASPK)
BEGIN(WRITE, P, SORTM=YES, PFN=MISCLINES, NAME= USE R, COPFIL=Y ES)
RETURN(TAPE8)
BEGIN(WRITE, P. PFN=CO2LINES, NAME= USER)
EOR
1220. 000, 1221. 000/
1220, 1221, 'H20'/
1220 , 1221, 'H20 ' 181 I
1220, 1221, .,' 100','000' /
1220, 1221 ..... 5. E-22/
1220, 1221,, .. 5. E-22, 'PFILE'
1220, 1221,,, '00000111',00000000',, 'PUNCH'
1220., 1221., 211.... 'PFILE'/
EOR
2000, 2173, 'CO2', 626,' 11101', '00001',, 'PFILE'

5.2 Obtaining Files From the Magnetic Tapes

Users who do not have access to the disk pack can obtain the line-file data from

the two magnetic tapes. The tapes contain files spanning 100 wavenumbers and each

file is split into records containing up to 40 transitions (the last record generally

being shorter). Each card-image consists of eight 60-bit words, and there is a

single word at the beginning of each record specifying the number of transitions on

the record. The typical record therefore consists of 321 words.

The data on the tapes are the same as is given in Table 4, and in fact the format

appropriate for decoding the record is exactly that given in Table 4 except for the

35 characters specifying the quantum numbers and line identifiers. The format for

this portion of the card-image depends on the molecule in question and is described

in Reference 1. In this context (magnetic tapes) the ordering rind formatting given
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in Reference 1 is correct, unlike that of the new disk pack where uniformity dic-

tated certain changes.

In order to obtain a line file the coded records containing the data must some-

how be read into arrays, and the data must be checked to see if they are included

in the user's desired subset. In other words, a program to serve the function of

procedure WRITE is required. On CDC systems, each record can be read with

a BUFFER IN statement. One can then use the internal file feature of FORTRAN '77

as a means of converting character information to numerical information. This

feature utilizes a variable or array of type character as the internal file. For-

matted read and write operations, to and from this region of memory, perform

the conversion. This approach is superior to the use of DECODE for several

reasons, one of which is that it is ANSI-standard and hence available to all

FORTRAN '77 users.

Example 6 gives a small portion of a possible FORTRAN program which could

be used to examine the line-file data on a CDC system. The tape is identified with

TAPE5. After the record is buffered in, the first word, A(M), is checked to deter-

mine the number of transitions on the record. The internal file used here is the

variable C. Then, using array B as the internal file, the data for all transitions

are read into arrays according to FORMAT statement 102. All the information is

now in numerical form and can be manipulated with normal arithmetic operations.

except the 35 characters of identifying information which are left in character form

and can therefore be compared only with other character variables.

The loop DO 300 performs simple comparisons for each line to see if the data

satisfy the user's criteria. The third and fourth IF statements compare substrings

of the Ith element of CH with the codes for the desired branch, defined in the DATA

statement.
This sketchy example, with its data and formats "hardwired" in, is obviously

insufficient to duplicate the capability of procedure WRITE, but the basic idea can

be developed into something considerably more general. Note that there is no need

to dump all of the 35 characters of identifying information into a character array.

Some of that information, such as the upper- and lower-state quantum numbers, is

in the form of digits and could be converted to integers for arithmetic comparisons.

Alternatively, any or all of it could be ignored altogether.

This also neglects the matter of file positioning -that is, skipping files and

records until the record containing the lowest desired frequency is in position to be

read. This is obviously desirable, to avoid reading and simply discarding hundreds

or thousands of records. Since files span 100-wavenumber regions, the number of

files to skip is easily determined. For example, to get lines in the region 650-750 cm

six complete files are skipped: SKIPF(TAPE5, 6, 17, C). If, in addition, the lines
-1

at 650 cm are known to be in the (N+l)st record, N records can then also be
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7. 7

skipped within the seventh file): SKIPF(TAPE5, N, 1,C). Otherwise, as is generally the

case, one must read each record of the correct file to discover its range of wavenumbers.

For users at installations without CDC equipment, the procedures for reading

the coded tape are likely to be quite different. In particular, the different word
V sizes and character codes have to be accounted for.

* EXAMPLE 6 Portions of a possible FORTRAN code for reading magnetic
tape line files.

P ROGRHAM X
CHARACTERW80 B(40)
CHARACTER*'35 CH(40)
CHARACTER*10 C. BRDES(2)
DIMENSION A(32 1), V(40), STS(40), ALF(40), EDP(40), IS0(40), MOL(40)
DATA BRDES/' 0 11 01,' 0 00 01'/
OPEN(5)

100 FOR.MAT(8A10)
101 FORMA T(I 10)
102 FORMAT(F 10. 4, E 10. 3, F5. 3, Fl10. 3. A35, 3X, 14,13)

MDES =2
IDES =626

150 BUFFER IN (5, 0) (A(l). A(3 2)
IF(UNIT(5))200. 900, 900

C
C CHECK N, THE NUMBER OF LINES ON THIS RECORD
C

200 WRITE(C. 100)A(1)
READ(C, 101)N

C
C DECODE THE REST OF THE RECORD
C

M =8*N+ 1

READ(B, 102)(V(I), STS(I), ALF(I), EDP(I, CHI, ISO(1), MOLII 11 N)
C
C CHECK FORT THE DESIRED MOLECULE (MDES), ISOTOPE (IDES) AND
C BRANCH (BRDES)
C

DO 300 I = 1, N
LF(MOL(I). NE. MDES)GO TO 300
IF(ISO(I). NE. IDES)GO TO 300
IF(BRDES(l). NE. CH(I) (3:12))GO TO 300
IF(BRDES(2). NE. CH() (18:27)GO TO 300

C
C STORE THE DATA FOR THIS LINE
C

300 CONTINUE
GO TO 150

C ERROR BRANCHES
C

900 CONTINUE

20

PAN



49 - -. T -. A,. T - -77 7 7-7 -77

References

1. McClatchey, R. A. , Benedict, W. S. , Clough, S. A. , Burch, D. E. , Calfee, R. F. ,
Fox, K., Rothman, L. S..* and Garing, J. S. (1973) AFCRL Atmospheric
Absorption Line Parameters Coyipilation, AFCRL-TR-73-0096,_AD 762904.

2. Rothman, L. S. (1981) AFGL Atmospheric Absorption Line Parameters
Compilation: 1980 Version, AFGL-TR-81-0112, AD AU98387 also
Apg1. 0 ~t.,a~791-795. Rothman, L. S. , Gamache, R. 11. , Barbe, A.,
Goldmani A. , Gillis, J. R. Browni, L. R. , Toth, R. A. , Flaud, J. Al., and
Camy-Peyret, C, AFGL atmospheric absorption line parameters compilation:
1982 edition, to be submitted to Applied Optics.

3. Rothman, L. S., Goldman, A. , Cillis, J. R. , Tipping, R. H. , Brown, L. R.,
Margolis, J. S. , Maki, A. G. , and Young, L. D. G. (198 1) AFGL Trace Gas
Compilation: 1980 Version, AFGL-TRJ-81-0159, AD A 100357, also
A ppl. Opt. 20.:1323-1328. Rothman, L.. S., Goldman, A.. Gillis, J. It.,
Liamache "., Pi ckett, H. M. , Poynter, R. L. , Ilusson, N. , and Chedin, A.
AFGL trace gas compilation: 1982 version, submitted to Applied Optics.

4. Park, J. H. , Rothman, L. S. , Ringland, C. P. , Smith, Al. A. [1. , Richardson, D. J. ,
and Larsen, J. C. (198 1) Atlas of Absorption Lines From 0 to 17900 cm- 1 ,
NASA RP-1084, National A eronautics and S-pace Administration, Scientii
and Technical Information Branch.

5. Penner, S. S. (1959) Quantitative Molecular Spectroscopy and Gas Emissivities,
Addison-Wesley , Reading, Massachusetts.

6. Clough, S.A., Kneizys, F.X., Rothman, L.S., and Gallery, WA. 0. (1981)
Atmospheric Spectral Transmittance and Radiance: FASCOD1B,
AFGL-TR-81-UZ69, AD5 A104832, also SPIE 277 (Atmos Transmission) 152- 166.

21



Apedi

Prga Lsig

U2

62P



2REAL hWZ--
3 INTEGER TAbXN,TANF,*,MCGL,NJS,CEGY.FLAG

____ CHARACIER4 gR.4QNCN1K1fl.RrH
5 CriARAC1EA'! XX(T),PCL

DIONENSICK ZZ(2!h94h&58 (Z5C),St2toJCWIC(25o),VIGT425CI
10 ~ DI'!LNflQK LT(5ShkJLLU'4k

211 OIEN~zICN V (540E,STS(54S) , ALF (54,6) ,E0 1 16r)
12 n YTKFNS!ION RAn ILI -SUP4Qan £4.1 -1Cf 4.aTHINRtktd-EjASru ___

413 C
A4 - OPEN(1,FLct=*flPUT'I

15 OPEN(2)
> A§L - DPSNLII

17 OPENEli,FILf : CtrPuv.,

19 1 FC4NAJ(//l

21 C

23 £
28a C OEFItjF ALL XBIAliIS-thflINITIAL VALLES

$425 C EARTNRi EACTH* S RACIUS (KrI)
26 - T S = STANDARD LINE STRErGTI TENFERATL$E (K) FCR AFEL TAFEr

2? C 0OT = EOLTPIAKIS CONSTANT £tPGS/oEGI
c RK = CLTZPSNS' FACTCR (CE-i/0DEG). Th-IS rACTCR I! NEECEC IN

29c E)PRESSIONS LIKE EXF(-h*C'V/W8CLTZvTJ) Iwlhs V IS IN CP-i
30 AKE IS £ CHE £EZIEALRE. LATER Ill I EliEZELQ £&CETILS -

31 C ARE 'REMULTIPLIEJ EY 6K 10 SAVE !CrE COLIA1ICI5.
__2 r. 95 ECLTZ'TS/H',C)

A33 C C SPEED CF LIGHT ICM/SEC)
34 C N FLANKKS CCNSTANT (ERC-SEC) AFTER £15 IMtIAL ULSE. IILLYIPLY El
3s C 16'0-? TO GET IRKS LPI1TS, wP1ICH GIvLS T L EtENTLAL RAOIANCE' It,
36 cTERMS CE WATSjfljJHEg THAN FDCCz/cFr-
37 C

3q EARTHE (!S

41 SCLIZ 1-181E-16

4 43 H = 6.62E2E-27
4 AL lK5 =EtLTZJIIIC)

46 BS = tSi.EK2

411 NLIR = S0

849 EN(2) -=
so X913) = 0

* 51 C
C-- f**00ee gosemS uS9SSSsSo...fl.....*...q..

540 C READ IN MCOELL14G CATA FROP CARDS- -UN!? I
55 C
56 C CARD 1A SPECIES CAPROr-±1~S-OIREC112 READfl jlLAkK-flIAlS-I& __ .-
57 C PCL RACIATING rOIEGULE UINFUT AS 'CO2 , ETC.

24



so CG INCLUDING CLOTE!)

fil c TghlJ-TTrk

62 C VI9L =VIERATICNAL ENERGY (CP-1) 1
'F TI-E LCWtR ST DIE

t4C rHE EXPRESSIC4 FCR Tf-E PAR7I11CN FLNCTICN
Es____C r _ _ _ - ---.-

66 C CA4D t6 SFECIES CARD
67 n 0_--x-_ A_ Nn. i 1,k~ L4Afl f l l -. R__ I
68 C NRQL =ROTATICNAL CUANTUM LIKE

_________ 111U____ 9 = TH; llDC.D TATF jhjrrfr tArf. if.c cric u lvATTnmi

70 C LST =THE LChER STATE INCICE! (A'rGL LINE FILE NCT81IONI
71 c r ____.j~qH§: -,-rF~~ TC.. II~kEEI~~ . Lf ELI. a.-nnPi. -f

72 C VPIN =LOIER LIMIT ON THE WAAENLlEA. CF 7WE CESIFED LINES
___ c 91AX =IIPEE LTMTI CtLM WLLEJl'Vj OkfFk~JSLLhL

7'. C
71j r- wI' 1- hE iAl.All-E f.l. Amn cP&Atir,.Fl ARF FvAhLiL"M--______ ____

76 C WMiN WRO. ()'? ALL DUD NTUP LIKES ARE EVALLATEr
77 ___

78 C DEFAULT CN V411, IS ZLRC*I THAT IS, THr LOI.E!T-14VENLt1EE9 LIKES (N
79 C l~o: FLL.AELEVALPIUfl. D.EFAUL! CIA V1Al IS k NUtLEEK GhRLAIER Tl-IlN -

so C AhV CrNCEI..DRLE lAvENUPBERq CN 4 LINE FILE, 50COQ C -I.

82 C INDIVIDUAL LINES CAN BE SELECTED 9Y SET~t C BF TC F, C. OR 9
83 C -ANh-NKQL TC Ift Di.SIRED, LII. KUA'Efi.
64 C
a L.A1O IC IAKGLDhI nL!C~hT f.AR1l-amLKIT I- -- LI!.T-C 0 .C7EC. &EAC.+ bZ LEFALLIS
86 C TANIN =INITIAt TANGENT I-EIGI-T 1vm)
it? r -. IANF _=_IItL _TNr.CT INFTCINT f(Ml
ad C IPTRVL EXAPINATICN IKTER411. Irmo

91 C0401
C 91

92 READ (1,'3 "CL.ISCVIRJE,vIBLvIBC
a I URTT= 14,111 MC T 4ZnVTRF$VTRl uTlf

94. 11 FC R AT( IH1I, 4X ,AIOL = ,4A3,i,.5,'ISC = I!CTCFE CCCE =*9I4#/,5X,
99_ _Eg IfAWrt.tC I tL~mi f- AiLRAKSITL~k x 91.
96 Z5X,IVIBL -VIBRATICNAL ENERGY (CP-1) CF THE Lf"WER ST07E zlFS.3,
q? 7 *UiX .JTP r - k#TAtA fjKj_' AIJUt jCP-j-_tPR TT~rA 1RjIJIC 12 -b

so 4' =,F9.31

t00 C
JfjC rALt ln r~. -M-EinS1A.Ij-trM THE FCIAlA IkTQ1AnIIC-T~ hhl l

102 C ASSOGIATEC WITH THE5 RADIATING MOLECULE

101. CALL M4OLEC APDL,ISCPOLW4TOEGYFRCt,TErFI

lot WRITE(4,12)P'OLhTDEGVPROT,TEXF
187 1l FnQNATIRX.*N1OLhT =.l,4 __

toe 1'DEG-1 =*,13,/,SX,
tog 20FROT 'F...W__________ ____

4110 311EXP =,9F4.21

112 WGT = FLCAT(MOLWTI/6.02u,86E,23

Il1. NCP

25



116 VIN X= S.Gd 2

11?

.9119 REAC (I, ERNg'rLELTYLST,?NDFVMIN, VMA X

122 1- FNR4L , EGC, (999) Xx ( XX I)
9123 1 I?%r(vPIN)

_ _N: I t IIii IX)

125 95SG(1) IVCIGT'

4(IF (NDF . FC .AISC1='CgP(IE..I
127 W$ITE4i,Zi)I,N,MOL,IS0,U4 T,LSI,BR, X(2),tRCL, Xfl?),MSC(1)
'2t 1F~A(xPCQNWL SEARCI THE. LINE FILE rbN,5, C'
129 lIE,' CM-I FOR LINES OF *,A&',/,5X,
III 2-- - 'IS C CFE =',14,/95xs
131 T'e;NO =,IX .5,' - ,x5/5,
1 32 'OERANC, ajuxLAI I sjs a tA l -I !- A
133 51LINE 9 :12,1IX ,A5,of, 5X ,
0-14----- $-5At2'= LlEEIAFE OOTION SLLECIEC'I

.4135 WR IITF(4,1)
-LMf
13;

139 REAl h±,*) TANIN,TANF,INTRVL
14Q -WFITE 149(.) TANINTANF,INIAVL

!4iE FCqMAI(5,*JNIJIAL TANGENT IEIGMI IRMIS) =I,.X
14.2 -VFINAL TAFCENT HEjH4T (K15 '15/,X
143 IIFX AMTINAT I CN TIPTE Rv4AL I(KMS)J =%T51
144 WRITILIA,i.L. - - - ---

:4S c
14 u C- 9###*4P4##4#####4449444194##4484#

:47 C-
148_-- C CA~r Z ATrCSPtE; E CARCS---LNII E
1149 C
ISO C THEF FIRST CARO IS AN dl-CNLAACTFR TCFNTITI.JN&. 14 StC-F wHtCH TC
151 C SIMPLY REAr ANC PkINTEC. SLCCESSIVE CAFFIS EAC)- CNTAIN, It' FCF-

N152 C _MA!S-YAIEhAELCW!
253 C
154, £ 4 LIITIZCE IKrSI t111&GE0tPEIE1I I!
155 C TRT4P (A) TRANSLATICNAL TEtFERAIUREI K) $10.3
1 r AiCOR(A) AU'NCSFFiATC FFI-cIRF IhTFICqFFrFS) F 1- 9
:57 C RI-O(A) DENSITY CF RADIATING POLECILE (CM-3D E12.5

*1158 - VEIP I A) WlPAIICt'AL TEPPLRAJFL-(K - - J10.1
:59 C

162 READI2.63)PSG
163 .IRITE(%,EI.)SG

165 62 FCQMATI7XOALTI,5K,ITR TEMP vS TENP,96,PTOT PGESS',IX,AS,
LEE - - 1CEMIIT Y I / 26W(KfI l A1ftSsAMICS 1 -7 tr P - 3)~
16i U3 FCQMAT(8A1C)

*.168 64. FCRMATII.4X.ATM OSPHERRF- -- '.fIfl"-/I

171C

C.6.



A'- 7 -- .- ..

172 70 REAO (2,80,ENO=91) A,TRTNP(A) ,ALCCE(AP ,RfrC(AI ,VSTMF(AI
173 A03 Ffl0MATTS,1,P1Fj2i2~l a_ b --1
174. WRITE 0#9,81) ATqTPP(A),V9TNP(A),ALCOR(A),PHO(Ap
175 Ai FrQNAh(ril.TR.2.2t13.2V.Fi4s&Ab
176 GC TO 71

17e C TrE ARRAY 6HC IS CCNVERTZD TO THE CECOKETRIC ?EAN CENSITY 1N THE
AZ5. LJr t ntF t A~--i nt-N~Tl~ ME A kLAL #k. A IC SIT LC Al n IKE L.

tat r TwF ARRA tS- MEPA Alit -AREM Jfl.LCsdtltf If! &ktjfArt IL&.2tAIL~S.jLE.-
182 C T E LAYER %HOSE 3OLkOA~iES ARE A ANC * * 1. THESE *VE*GE TEMPERATURES
1AA c- AnC A.cc o,ITTrI rC~ A" OW E ~C( U r-k r t & riTLL mc FCatro

18'. c APPEARS EVERY T1lt: THE TEMPERATURES ARE ISED) AND FT04(0 IN THE
1*4 r SAMEARRLYS. AS tLIMH *1(0-4LA)-INE 1StL*X f(5 151f tAXE11 &105 EC;A,-
is( C DARIES ARE A *10) 841 KPI ASCYS' THE EARTH'S SURFACE IS A.
IA, ----------
lea C TO-rI PROGrIP ASSUMES T~a LAYERI 4. ()F THE AIPOSFPERE IS IN I KM STRATA.

1SO C ORAT IS AN ARRAY STCRING THE PROUCT OF TUC RsuICS1
4q r ISTIIRATICKLAL fARJ1ICN FLNCIIOM Al 15 (296 K) (OV) TO

192 C THE %IBRATIONAL FAST 17110 FLNCTICN AT wPImF (213
tel r Aka - IkL AflTIA AL. PAaXITICN FUNCTION AT IS (29f K) TO
194 C THE RCTATICNAL PARiTITION FLNCTICN At ICIMP

19f C TS/TIMP, I.HERE TR IMP IS THE ECILAL TRANS LAT ICIAL ICPPERAIURE .

198 C ALCOREAI IS READ IN AS THE 10181 PRESSURE. AT VTATENENI 9S IT
'OC C FIFUMES -Ah AkR.AYSTO-RI& ThE FACTO& SY MUICH THIE LC-RENIZ LINENWITH
200 C PARAMETER (GIVEN ON THE LINE FILE AT TS 9KC I ITMCSPIFRgE) IS PILTI-

2n cm r.-;n Tn rrcorry rra Cc:CC iC;: Ah Aji-bARI-CLS- MLJtO S--
'02 C
203 00 QV-u: I LJ-Xt2 VStETJ"D1iGV
204 1 A - I

_________._ 1:.n~ - If"E~--
20EDC 9S A YANII,I
207~~~~~~R CI~A I -C01.AAaff.
206 'HIP (A 0.S5'(TQTP(A)Il +I RPP A 1)'8

26g - 4t-nAJn tO.'LsiTNPLM. -vBlPP(A*i1)1I'8K
210 Z1 = 1.01(l.3 - £XP(-VIBQ/(VBTMP(A))I)**EEGV
211 flfRfTIA - fQVnZ' sifIITPV LI) "wPROT
212 95 ALCORIAP ALCCR(A)'(BSTfTRTNP(AIA#'Y

:11 SCTTCIL-11

214 C
LLL... C *q###e# epu....qw...*g.w.....q.9*w

216 C
;17 r rAn -- ifrL~r z~~~s--& I -M l ACS--.j
218 C
21a r T6tC CrrlYl VFAn -V rC Tt~ lr CT Ir AKQ____

220 C SELECTS LINES CF INTEREST eASEC ON TRANSITION 'ZT*TES (LSTLSTI,
221 C RANrH IPpc AMP, I ThF EKenA I PiOA1fFOSS6, T IN CARD 18. MCSI OF
222 C TNE VARIAELES READ IN (VINIT, 21, Z2...) ARE STOREr IN ARRAYS
2231 r 11. A' AI -- PkTflC In CTTRFJLU.I Th-E V.ARIABLES THEM-
i24 C SELVES ARE LATER USED FOR MISCELLANEOUS (TI-R PURPOSES.

32( C 21 (5T1) LINE INTENSITY fIM-/POLECULE-CMZI
227 -, 72 AL 4F-Lz FKi Z MALF-MICTL &L2StK A"D I ATKMCSPNERE

'2t C ICM-1/ATICS)

27
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229 Cv (EOP) -E#tIRGV OF THE LCNER STATE (0-.1)j
230 Cus, LS a hAFR Akn I .LdF..R. STE IgAklSXI.WMS -USPECXIkLLY

*231 C BCH (e"N"'I = akANCt (pt C. Cli R)
c___ k 1SCLI , nIATT.Ai. OLIANTY )JLIE --

233 C I -ISOTOPE CCCE

ILI NkXTE(d..91) UST,LST
!15,91 ECifAIM5X.FGi J.I-k.E FILE 0.5 IN~kEST Ent TRANSZTICH

231 LA',' TO '059/1
21- WITE&...S2 . .

i3i 92 FCRMA1C5X,0RAICH ,2X, LINE*,2X,'VREC. ((Il-I,.Vv'
1* TREK&T0.2k. Of Thv-iTHej.~j T5 c7ATF- l'grv

242 .--- G .,lwA COUNTS- THI-TOTAL 1 UStLR Of-lIhES TO eE EVA"INED
; 413 C

2415 -

24?7 :60 REAO(!,11(,ENO.1;5IVINITZ1,Z2,V*USLS,6CHN, I
24a .7!AIF 5E2aX.9 ,FhJ3 AS,3X, A5,14X ,$i, I! .4

-. c. PRO.GAM- EXA14INES.ANII RiTURNS CORRECT rMAPNSITION STATE, LINEIS),9
251 C AMT BRANCPIES) FOR THE GliEN ISCTOFE. IF TIE DCPFLEQ CFTICN

Z ~ ~ ~ ~ U :r2n C E11SiLEflI E-L REKIZ 1. TIKEIE7C LRE-25 E51 10 ZE1O . -

25? IFfUST.NE.LS) GO TC 101.

259 IF(9R.NE.@t*.AND.8Q.NE.8Cml GC TO iGJ
-. m IFNg G. EN.AKD.NQL.K.99)CCTO 1lIE

261 C
i6z2 JA% = JMOX + 1 -

u63 V(JNAX) WINIT
Mo. tT1ZtINAVI 71 ___ _________________

265 L(MX Z2
iLLf If(N1Fl.EQ..JAL~t~tAX) D-fl.
26? CtMX

29f ---- ftt.~xI = C
* 4269 RCLCJH4AX) = 4

273 GC TO 100
* i-T.AiiAlL.Er.LU11 C-TO 1

275 WR.ITE14I',)
-27t c

C AT THIS FCINT THE DATA HAVE ALL BEEN READ INAWO STOREC I H
278 C APPQOP RIATE ARFAYq. Nn, fiC SOPF PIJAINRA lTWTAlT7ATTttI &Nn-tH5I,
i7g C PROCEED huMH THE LCOPS WHICHI PERFORI TFE ACTUAL CALCLLATIChS.

_ZM_ __- - _C_ _ ___

261 C PU96#OU e..~E#~U.~9e#.~
282 c
283 C PRESET T1HE LINESHAPE ORDINATE. DVV IS THE -DISTAN~CE- IN CM-1

284 C FROM THE CENTER OF IKE- LIKE.1 INQE-SlIflii ______

28
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-~ ~~~~ ~~~~~~~~ S .. . . . . .- S..-.r.n-r- 7-7.- , - .1a-a - - -

261 OC1RL .0
2at CC181 .0

2901 fl'10I S

C. 92 129 .11(J) =C

29.. C Ti-x TOTAL KUH8E< OF DIFFEREN-T LINE-OFSIC-T PATHS TO 13E CONSI~cRED IN
2qg r ALL -IZ lUAE-IAuhhl/TKIaM.L. +.hS £.L-SfS-ALn E -fjrkljSnL
29f C FCUR 4POSSIOLV LISS, IN THE CASE OF THE LAST t.COLP) IC "AKE T~f

20 DvfTJTP ri mcl NAIArI Pflr ajI~f eCCYAT.. 1

298 C ArRAYS. Ti-E LOCP OC 31E IS ENtEREO CNCE FOR EACH GROIF. THE I EGEP

300 C PATH. NREPS 9EO4STENUMELt; CF GPOUPS 10-ICH MLST EE HANCLEC. IMAY

101ki 9 11A N - ihJ.T a T KI T K. To" *
30..NA MOCthREPS,.)

306 IF(Nr.GT.0) NREPS *NREPS4I

110 C' LCcP Tn SELECT GROLPS CF (4 OR LESS) TANCENT HFIGH7S. CALCLATE
-wit C' -1TLSE GA-FI SIPULTANL.OLSLY. KtEh TE7IS LC(F ENOS, EYECLION
312 C TERMINATES.

U. DC 30, Nq 1 ,FREPS

!16 OC 140 1I ,
317 HISITS =. IPMI f '.'E(NR-i) + I - WiINTRUA
i18 IFHT().GY.TANF)GO TC 140O
1q =-kA I
320 140O CCNTINUE

322 C' SL"9AU IS AN AFRAY THAI STCFES THE !LM OF FACIANCES FFCM ROTATIONAL
23 Cs - .I&EANS-IlIChS FON A G.IVEN TANCEhl ILIGHk. FRES.EY Tl-IS ARFLY TO ZE~n.

2'C' ALSO CALCULATE THE AR.RAY OF FA81k LENGTiVS Z1, FriR Eci- LAVE; (
321i ev Atd' LAC IkTH AIALrFN$ ilICklT IN THIS- GRCLP- ACIUALLV-4 i-Z-S 7HZE PAGELCT
326 0' OF THL TOTAL NL:MaER DENSITV AT THE ALTITICE IN QLESTICN ANC TI-E GEO-
1121 Co mrfTcAi payw pmV-rI4 Tk TwdO zi aR Tb4c rAcro jn115 trrki.gpy
3428 K11.M TO CM.

330 DC 14S I =l,IAX

332 DC 145 N = 1,NLYR

334. Z1 SQRT(FLOAT(A - HTS(Ifl'(2,0*EARTHR * FLOAT(A 4 iIEII
zis ~7 %n* IOTFI nATA---I.T AI i*(;)-F ARTHP 4 fLjr-Ttfi4iISlj)jj

336 14.5 ZZ(A,I) = FHOFA)'(ZZ - 1)*1.CE#05

330 URITE(4,21

340 l/ls5X*'LINE'93N,4(j3,* KM (T hIN)%I59 KP%5X)w

34.2 Ce

29

At*5t



.4.7

KY'e

3145 CNN q2C COFRECIS FOR THE STIMULITEC EHISSIOR AT TS 12iE K).

9 3~~46 C" TlE DOPPLER LIREICINi ______

934? C** AL C =SG:RT(2ALOG(2b'ECLTZ'TRINP/(MCLWT'C'CI)4VIRIIT
Jose C" WH4;RF TRTP IS THE ACILAS IEANV(IIll At 6146 PPFEIl:CF_

9349 C"*

250 QCfZL.J =±IsJPAKX
!931 VINIT z 4 (j)
3S2 - - 2 I. - -EKP(-VINIT/eSTP
153 aCPQ A2'SCET(2.*9'RLTZ/(eK'hkGT'COC))'V]NIT

3S4 C' 0__ __ ______4

CC ...... __"*- ..........

357 C ' TIE LOOP CC 150 CALCULATES PATI-!INCLPEN~DN GLINT ITIES WmnICN
451 .C ' DEPENr. ONLY ON ALTITUDE. ALIiLLES RUN PROP THE LOCKI RECU4ISEL FOR -

C ' ' THE FIRST (LOWES;TI LINE-OF-SIGHT PIT' TO TIE PYGMEST REQUiRED FOR THE

3 8 0 C 4 L f L Q L I T 1 H !1 G -U - R E N T . G R C L F . 1 P . & x L S t E L & L k E RCm ul a ~ l I E

C vFALTITGDTS.

J3 C ' T(J G4F FR8OL T Fz FICEN T IN TH LOER SCCTTE -LNOE STIEOATf CCNDIRTION
365- -- Cv T~ 0C WE PATIO T1GAIO A CO TARECI FRD STINUL AEC NS C11 AT AT ITU

Al C1 A AND FOR STANOARC CONDITIONS. THE. PROLC! CF ri-tSE TtREL FACTORS
371 C4 GIVES THE LINE STRENGTH AT ALTITUDE A, SEA). c(A)6F(.L GIVES

:?3 C f'
374 NPX=H1S(INA) HYS CII 4 NLYR
!75 00 iu N~ = ,NPAX

4 376 A- &AAi5(1) *_N.-±--
377 GAl=EXP(-tVI IT-WIeE)/TRTHP(A)IIEXPI-wIEEI -e'HP(IIAl

375 Zi = ECP(JI/D!l - (EDP (JI-VI0LI/TRTNP(AI ILVOM I

381 150 01.10(A) = LOPP'SORTETRTWP(AII
*82 . -__ I F Lh -i.V E, 1)CA -TtC 10-----------------
383 C*

385 C WU@V6SI W4844SSe4SUqq49

381 C Of THE LOOP CC 170 L 101,1,-i VARIES THE FREGUENCy EEThEEN THE CENTER
at _ -- C- ! _.SETNEkIfLAC IELW kG& TH E INT EGRATIONh OVEtT LLLlE -SIGliL

1389 C 'f PATH (THE ?-INTEGRATION) IS THEREFORE CEIPLEIELT CARRIED 0L0 FOR ONE
390 C "0 FR-:GkNCY FOR EACH TANGrNT HEIGhT IN THE CLgEPH GROIF AcEINVTH
391 C 'f NEE(T FRECLENCY IS CONSIDERED.
*92 so
393 C Of FOR SOME LINES, THERE "Al EE FREQUENCIES MEAk 'NHE CENITE& OF T11E LINE

11------C -AN!ERlIULIIN__llAERY IHICK-!rlhhAt IFREUNCIES ICR WHICH.U
395 C " RAGIATIOR FROM SLAG (N-11 IS COMPLETELl IESOREO Ip site i, so

*4 96 C '4 TPAT AT TI-E ENE OF SLAB (N) TI-E SANFI WI Y SEON fI-A7 StAB.%
9 ~~~397 C " FOR SUCH CASES, PIE INTEGRATION THRUG HE FRTIFO H IE
N391 C OF-SIGH-1TM TH VtVAfLGSSA.RY SLECTI it FFUFriS ~t rititnsr1

399 C " ORCER----S1ARTItG IN THE WING, WITH L 10I1--- WE CAR FLAG THiE FEE-

30



'.00 C UENCIES NEAR TN:. LINE C,_NTER FCF NMICP- Ti-IS EvTFA WC£I' CAN %FE

.3nr in T o

4.06 C o
AIof -L±!Ik iOc; LC LED CAiLULATES* FCR ALL ALTISLDES RLCLIEE,_1mE VALUES

'.00 C of OF Till VCIGV POF!LE AT THE "CISTANCE- FIC- TI-F CEI TEF OF TO-E LINS
#, 11 cr__ 0 -IiriLC ET_ THE CU-REL VALLE CF L --LhAI 1if LkILL .LP1 ErC&M W
.. 10C 'CENTr.

'.12 flC WA K - 1, PAx
- A- h1S(1) + N 1

4.141 ALFO = ro!t (Al
It z L)IMiALEL .

616 R~AT =A2*4ALF(.j).ALCOR(A))/ALF:

'.10 C

4.20 C off
42 r 91I__tg 'rOnP.L 41Zr I i .AX VAA.LLS 1JE TANCENI P-EIGIoTS. THE. PACF1LE AFf.AT.

'22 C 96 N a, IS ALSC IiITIALIZEO, ANC iT.e FLAG IS CHEC9CEC fNE FOSSxIBLV RESET.

4.24 OC 17; 1 1,1-AX

-- A-, _K!S4 I)
'.28 Z1 = (A) 9

ZZ(A,I)4SGT(A)

'31 C see 71r.~iFA... .
611 SIA~I lI ZflhTEGiRATIOk ALCNG THE LIIE-OF-:cIGiI AT THEI FAA

'.32 C of CCIZCN. Ti-5 
LCCP CO 1(5 CANRIES Tl-E COLCUtATICH TC T#-E TANGENT

&133 r~ *Of- _AkLThlPalbi.DIm-ALS j.00P. AN&G Ibi TKE NEXT CKE, 21 HiECCHES ThAI
'.3'. C off OPTICAL nEFTN CF TPEc CURQE T SLAe At TIE FcCLENCY IN OLtSTION.
&I M r off____ ______

436 DO IS NK 1,NLYPR
4137 _____ - A, Kil; hSII _- bl-

'.36 11. S= 1Z(,1*r1

140 1 F( Z I LT.3S. )Z 2 z LX P(Z I

'.42 C
2' --t a r.C.MlPI I th 7=T9j;1pAITr~k PVAfiR11,C IT Fft TIEL -LANGEN1I HEIGHT

444,' fff9 PCINI IIKOLGH NILR sLAeS TC Ti OBlSER VAT ION FCINT.
6 hr C Vey ____

".16 its nC 17C N - 1,NLYR
1.7 A -UI~fft4 . U - 4

".6 ZI *S(A)9ZZ(A,I)*WGT(A)

'.50 IF(I.LT.M!IZE - EXP(-ZI)
hill 17a N1711 pli z17 11977 T 4 11t-L.1 "1±.0884.&i'A
1.52 C of#

1194. C 9a9 HAS 8tEk FCUND AS A FUNCrICI' CF FRECUENCY (INDcXEC 1V L) FCRt EACH TAN-
1a 999 Off 1 UNI bT E 1iQfln By 11 N IN CLRRL*IX GRCLLS -- __

456 C off

31



C ~ *~ '-

NC

661 0 T1E LOP C 1C RJS TROUH TE TNGET IEIGHS 1, TE LRSE1 GOUP
46 2I TESNC FEENTRS.' NS FEC IN0 ZeC D fM

CAf. ' ___- __ 1 __"I I*FX

C- *~_ la TM OOI)P THtC l THGM THE TfSANGENT GROU

171 72 is I~ sIAX
'?s THNRl 6.0 .
IP Ir DC L x. 2. -1

and 72 x lI

4.7 Z2(I 22 ilr *.*Z 2.Z lL,+

4.83 IF I(AES(TH-INIII-RAC(1I I, LT. (CACI I) '. SII JT(J)
A-8--t- 192 SUfqRA(I) zSUP'RAU * RA(I)

4.85 C
46CL!_h 1±F LA~ i~uST LCOP _UND4 -VARA . ~s1± .)iEII LlfH1

do7 C v 4

C

*5 ~192 N = JT(J).__-____
4.93 IFIN.E0.01N =IMAX
a 9% - 17 UIlAX.Ntl)GC TO 195 -

1#95 IF(N.EQ.5)GC VC 199-
4.97 191 FCRMAT(/I.,- R~flTANrCL (PHOTCINSfCH2*STR4SEC*CM-1) FCdR LlNc,
a6ga iAi.T3.* jjc FRFCUENCY (CM-11 AT Va4iTCI'S fAhrFNT HF~rTC-1.

'.9S 27X,'FPEO,9ZX9i.ZXI9,' KMI')

So1 WRIIEI'.,2)N
502 =- .D0S1A C
503 1F(NVZ(L,fI.LO.3.01GO TO 194.
set, 71 = VINII 4 tvV(I I

505 193 URITEIL.,1923Z1,p£IVZ(L,1),I=i,N)

6 - - C ~ Tq.t - -- - - ----

iii C a PRINT CUT T1HE RADTANCFS
sit C
S12 195 WFLE( g)ON;L.L-f-ITFK(
513 IFIN.LT.53.-RITE(4, 1971 (RADII) ,I=itNI

'(I2



gig Q rMAT I IN &boy-6 &tiVO4 ;) - -1

sit IFtJT(j) *C1.0)JV(Jl

!le 280 CCNVZIkUE

520 COO ENO TI'E LCCP (!NOEV J) THAT CIPOCScS OIFF!AENT tIt.ES

522 CO 00459404FOOofS V# .*of* 0 *#*aff 6 o *0 g*.@,.* 4 # 4 004a oo so**#
923 - --

921 201 FCQ"A71I TOTAL FCR-91'. LIN~ES =%L4E1Zq%1AqY~3

f2l 300 CCNTINUE

530 Ce 9-O TI-E LCCF (INDEX NRI SELECT114G CIFFERE~l GPPUFS OF LINE-CF-STGHT PAIHS

S32 C 04*0*9 0900.0*.4 0 Of.490 .*.** 00 **.*s*u*.. 0444 940 0 V#uuvss......u..Of*.u04 f fp Os.

S34 9q? IF (JwfAX.EG.V WRITE (4990)
U -COO FCONAIIA 1111- 8 J 0494* wfndf i -m~ Fri---~-

536 CLOSE IUP 31.1)

s3e CLCSE (Uhkll3J
93q eiq tFil l,

.4 33



. . . . .- . . . . * . . . ..- .. .~ *

I FUNCTION WIEIF IEYA)

3 C 7N9 NETNCC IS CUE TO ROICKI. THE6 FOATRAP LISTING WA!
4 PURL AnStJLLAPFNlYV Tr F- H- AWVrYTTLn tL L~ 4 ~
s ~ C -FORNATICN CF LINE ANO CONIINLLJS SPECTRA,- SPPC!AL SEPORT !C.1,

7 C
a tJ THELB LIVU V - QALCULAIllOt .I! tiSLRIBEt IV . to. AAREOMG-

9 C AKO R. Wi. N!CNCLLS, "EPISSXCN, ASSCRPT ION AND TRANSFEC OF
13 AflkI IN HEATEC ATNOSPHERLS.- PERGAECN PRESS shEl -ICRK.

it C (1972) - PP. 2fl5-?37.

13 CI"EtliC di1h

is .4.Ia9Ee35X 4.E-o1,.97 /lilts56!.2/
16 - IF (KNT %EQ. 1) GO TO 170
17 lie CONTINUE
___a___X___a___LT.LKL!Z-------
19 IF (A *EC. 0.0 GO Tn 160

-0 IF ILK * 0) ,GT. 25.0) G( TC 190
21 C flC COPPUTAIION VORt GEN--:AL CASE

StU -_ ---. -Al RHMJ
23 A2 = AOA
24 IF 1A .TALj .CILZ
25 Z m: CEXPECIPLXf-OI'A,Cl*Xll

27 GO) TO 1!C
A -~- 120 CCNTINUE
29 Z = CCCSICWPLKOL'K,041A)

31 13C CONTINUE

4 33 e2 = -AII'*G(2)

435 T = SOS 4 0.2SORHNSOA2
21nt16 hl z tlht. NPI ___

37 T z T 4 S 4 0.25

39 e1=AI-at

S4.1 19 (T *GT. 2.5E-121 GO TC 140

4#3 60 Tn 151
411s 14,9 CCNTTNUF

4.5 UNERI = 4.,EqV + CIN)'452
4
S * 81/1

4?7 iSS CONTINUE
hi sSRU z %FRFORTIk12

49 RETURN
so idn GNTINUF E _______

51 VNERV = 911N2*QZ'EEP(-X'X)

53 170 CCNTINUE
54 NTR -
55 NPI = N?qfl * I%
56 KPIP±~ = NPAX 4 NP1.. . . ---

57 01450 = RI-ERN

34
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56 -NPI

0 K zK + I

6z ieC CONTINUE
r . - OC - - -I , - -- -

60. -YL S0N V)G42
-- G. TC IIC

%Etl ISO CCNfINUE

68 C USE ASYM$1CY!C EXPANI;ICK FCI1 CCMFLcA ERROR FL'TIC
r' yr; ,A l Ikr A*P k-

70 C
71 ..AhL a-Z.5

74 f3C 203. 1 - It S

76 CENQ =CENPOENR - A
* - NM -rfTfr4NW.- I

it!AN =AN - 0. 5

8) F.N - 0/(CENOEfR + OENICENDI
A. - ymgapgrMr~J

82 62TUFN

35



I SUJ0ROIUTI E HOLEC(MCL,ISOPCLwT,CEGvPROr,TEXP)
3 ~TIIS SURRCLTIKaE, GIWL.N THE HCLZCULE CODE 1110L) AND TIME ISOTCPE CODE

c t1zf - c I'Mq PARAMEfTcBq UINTCH &a; ITi Fa VASC hrA IFr WaTI iI &
c C 'CLECULE IK OUISTICNI 40OL iT. THE MOLECULAQ o-ETGHT

i.I r yr- M rcrrkcgarv 1c C Tky VOAY(P Aa4Tg.a
? C PR1O T THE EXFOhEfT OF PERATLRE IN TPF

13C EAP:TtEXCN OF IEPFEROILRE It,

r, T ACtrl Tk DIjrjr Ia? 9C LCL UT ILT

c IV. CP TO~ CI IFASINGLE LvtAT 1!71 CM-I WITTI. 5 CE-
Ii.r rcIwcearv -M cv

is C
t$ r n.FruIS-2- EfOL. LLM A -IA~oM.W r £Lfz s..t O!*NASELy rw~.-
I? C PRrI IS I FOR ALL LINEAR OCLECUL:-S, 1.5 C1HERWISE
tA r~ T,;90 TIC F a ,n7, -Ca~nz~ __

19 c

21 CHARACTErfS tOLCOO(?I,POI
22 DntIMENIflk -kDa.WIW I4IOLIjSOLZI.
23 DATA (NOLCCC(II,I=1,'I,''t4ZO',*CO2*,'OJ'N0%C C.O'2.

25 DATA CLC(II17/A4.e4,d6z2

29 ~ PROT 1.
IInpv= _____

31 TEXP =0.5

*33 100 IF(rOLCCE1I).EC.HOL)IC I
-- I4 I -.IA IJJ.E--------------------RN
35 IF(IC.iEQ.I.C.R.IC.EQ.3)GO TO 12C

3? IFIIC.NE.1IPRCT 1.0
3A r F I - C)L duac - - - - -- - - - -

39 IFtIC.EQ.71DEGV S

N UsiIF(1MOIFF)11.0,ldaO,150
1 111 TCP . MrtT~rfTn:

43 140 14CLUT = CLWGT(ICI
& IAR - - - _~

445 c

4? M2 = 11401FF - 1004MI1O
&-- MIR . IflYKIr - lfflIa4 - a~f

49 NCLWT = ICLWGIICI 4 Ml + 112 4 M3

51 RETIJR$

36



Appendix B

Example of Program Output for a Single Line of the
01101-00001 Band of CO2 . The Voigt Lineshape

is Used. The Spectral Lineshape and the Integrated
Radiance is Calculated for Four Tangent Heights

37
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-ALL - C ' ' . -* .

ISO a ISICTOPE COCE a621

IOL a 41lEATIOV.AL ENERGY ((N-1) CF THE LOvsER STATE a 0.0ItC
VIk :WinRATOkAa CU1ANTIM till1 Ernp PAWTTTAI. ri~riTriji ;--- -fl

Ofi 2
P~nT -a

TEP a.25

PROGftAM WILL SEARC- THE LINE FILE BETWEEN 0 AN[) 500 C?1-i FCR L'NCS CF (02

BANG 01131 - 0001

LINE B 2
AIfiAA .tSIAPL OPT toit SEALETE

11,X1111IAhUCFNT I- LKNSV 7a
FINAL TAINGENT HE ICl-T (KISl t 5
F)AM? NATION TNT;:Ruh.j55 (KI -- ;

4~TM 2.Jfi.PF- CL2.hIGnT 7-11C~r Kit; to F US S107E; VIE TEMIP COZ.NliGT. 2E-±C.G X 05i12j1
*1ALT YR TFHC 41R 1ZHAA012.ZPFS& OZ-..S.&&L1 -- T TV

(NMI (K) (K)I (5114135 (01- 3

70 21q.%SC 211,TSL .515260E-u4 *542! 3E*12
1t4 21it..S23 Il Ze -6. Alk * r- dL.&t0. . 4 70t9,!E# 1
72 214.26C 205.223 *3?CbIUE-J. .406490te12
71 21' TRI 2fl4-A,l 4

2
flfl4Ij g .4A -12.jt rCa41Z

74 21t.35C 198.3V *27E420E-C4 .!3!080E.1Z
9 ? 2fl4~l l -L" jgia~q .ZSE3!s gME u* .2L4Us* 11j76 23(.1 191,46 .2

0
C6?CE-u4 .2247300*12

2r,4f .&kZ%- -Lit.413 l - .1tti62 0Z1 -41. * 492 fl0js 2
4478 202.5;0 14la.V62 .1572106-34 If15!20E-12

7Q 211' C£c .. ..1 40 i1 470CQ Ilr. -A I LIfof1
so 19e.610 177.799 .i!TEJ .123q10E*ili

82 iqL.7(0 101.220 *74028)E-w5 .879C101.11
-ALI ±S---Z.ZAjL -IA&±a .6725a fL-45 * 1"1404* A

84 190.780 165.253 .52410CC-0S *635G50E1I

86 18E6870 160.817 .366500E-05 .S82t1
A?. 1 5f-AY I t5S.I --3~5tE~. - .8t&Atx±
As 1It.oic j58.397 .25e310E-os .!193E0IE.11

90 15680 Is(. 40A .1811900I-05 Z2!M800E+1i
C11 1*7.145 IKX-ISL .1s1AlflC--iC; - A1h7flV. I1

92 187.360 155.924 .i27190E-05 .1565301411

3 lAb it FS .ihzi_-Is - anLsiC
9% e 188.3s0 156 .292 .09!7'SOE-u5 .105300E.11

96 189.310 157.279 .62S3230-06 *765@30C4±6
97 19C.755 157.84.5 .5291,30E-o6 *638850E*10

383



v TIN - ;.- -%x I- .Iw I,- 'V.'v*Ir~~rr r -- h--

98 192.20C 158.51fl .44J0 68.JE-06 .!325201.10

Ig10 195.080 16C.514. .31!33uf-ae .3729300.10
101 197.64 Ed, 9& a 1,U -. IfAhlIfln .1II mnC -IQ

4102 200.2C0 16Z.34C .22#410f0u6 .2599000'10

104 205.310 16f.330 .1EM6OE-06 .182s100.10
105 20S.415 16836 Th i~fLf6 .±kf1lfltIfl
106 213.52C 170.R47 .12291th-0b *1282E01.IC
10? 21e.750 173,25C -- 1f I ]06 lnFtFn
108 22Z.980 17S.584 .9157000-07 gC0387GE*Cg

110 240.00C 191.'38 .701131E-07 *54?Z701.C9
11. 252.boCi- 14 Zi ."197iu7i .42fl5flLt+CS
112 214.000 187.5380 * 5

4e 21ui 0
7 .!34 90E*C9

A11. 6 C~.L -19 c.115 .4sC53Oo-oz .ZEb71*L~9
114 288.200 193.65. .43e'32JE-C7 .212S(!1'09
I15 sar~anr 1gE.665 . 3o0 s.i noF- Pz7,±1a 1n I. -

116 312.000 290.36q .3S1370Z-u? *14O?10E* CS
ALtL 324aOH 20.1.701 .32052uf-u? IIZ0ZE*Cg
118 33f.0CC 20E.A62 .2975Joc. I7 S859S5CE*C8

JI9534.OQj_ z01.452 Vz79q2e-ur .C~e?jEwle
120 36C.030 212.!75 .?50503"07 .6?17P0E+C8
121 371.4145 , .2-3.1 U701- 27. 5.i150L~f
122 382.49C 21E.214 .21!52Th-07 .482E40E+08
123 394.335 217.924 .1981605-J? * 4i2?13E4 C
124 '.r5.iec 2z. 8e.2 1!1E ? .540
125 ---- A f I10 - ?ZC-S?9 *1?144iJi-g7 *!~~Ec
126 427.64C 221.845 *15983t'E-O7 .263P8800*C8
12? 438.045 222.952-,4 ~ -J 7 ,LZ9S4kLtU
128 448.4E4 22!.9ml I1!Sq7N-,7 . 20Ct!IOE+ C8
12q 458.800 224.'?? *.1314316-L? .17!710.25*
130 409.27C 22S.533 .12,14106-u? . 15407wE'C8
131 -7e.3(5 221.141 .11Z230"J7 .1462zGE*1e
132 487.34C 22?.w53 .10S47C1-,7 .1.84E01.18

133 %9( Zfl375 22 -,E su 11M -0 7 klu

136 523.410 22M.368 .B?459jE 08 .9560730.0?
$ ~137 53.6 22.2 89U29-18 .8%763E,07

S138 521.49C 22S.725 .57134.8-08 .?5b2000.07

139 550.595 22q.959 .7 471aj:it-d 5kssw4 t0u r7___
140 559.6?0 230.13q *71C0170 Z-)8 .489790t* C?

142 574.580 230.364 .6444-30 z4f8 .40338014C7
143 582.055 _21t.42 - .1A530-us0 .21629E01.27
144 589.530 23C.441 SME0043E-08 .2294301.07
145 59?.fi1C 23r.420 GsC?jlnF- .;cc.2iFtc7
146 604.490 iO35 .5345431-08 E271?53E*C7
14? R1lf LAIC t.131 *11212&08i .2475601.0?
1w08 619.440 230.23r, .*889)C!-08 .22!12oE'o7
149 626.9ls _Zt1S A6&t5U0 .205113E*07
150 634.390 2Z5.979 .42501-08 .188000t407

4152 61.6.770 22P.636 .41!67.8-08 .159&00E.07

154 e5l.156 22S.242 .381730E-08 .13450EE07
155 - &66-9042 _Z289113 - 93 67101-0t .1ZJMt'M-
156 671.5220 228.76C .35226J8-08 l113P40E*C7
157 672.72a 228.401 .33e390r-R .1fl&.11 fi4tr7
158 663.916 22M.396 .32!OuE-08 SE0307CE+0E

*159 b90.100 227.790 *31fl270i--i8 .AE_8FiFtAh
160 696.290 227.46( .29997U6-08 .8147700.06

1(2 706.586C 220.75? .27S1+00-08 .7007800.06
103 711.674 22E.406 .2692800E-08 .049920E*06
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~ .1> ~ :22 ~ ~ t4 a i,~A



164 716.8ac2 22E.JSS .259760E-0d .EC2140E*06
I A; 721_q" yp;i Qif 7 flC -Pel q5A...d t- A - 9Pcc f~. __
166 727.058 225.356 .2411300-uS8 .5184200.06

J-lCL 737.186 22n ffb ?3nsFl .En.A±±o± ____ __

168 737.314 224.66Z .2244r5+0-08 *44.SSOOE.06

110 747.57C 22!.955 .20S33JE-08 .!eAISIOE'06
4 ~ ~ ~ ~ ~ ~ c~~ 97-2 13 71- -79 fl9n:. l C7pcfl 1. ;--

172 755.606 22!. 199 .1gE320E-Od * 1339l0E*-u6
173 7SQ.79g 2?).A27 IkqAiqf,f-flS R 1ijtj .z

11-' 761.82Z 2
!Z.46t .18!569-u8 *290?20E*6

I. 175 7f.7 ARC 771- naC -IZ 75c. -. S 21j[7Flnf6
116 771.9'.8 221. 737 .17 1551d E08 .253120c.+r6
17 -Z6-ni__ 22-i-282 .1. EEif3E-a .23igt.C6i
178 78(.074 221.132 .16095CE-0& .ZZO!e0E*C6
17q 7AI'-1'7 fl -A82 -10 A 1457.4.i .- U-06-&C6. . -

* .180 7853.200 220.3.51 tSG72,iE-u3 .191880E+-06
I*1 701 -5 76f 9 0jg-.F _.k.rjiefth..i2S2 fiA. &--n----r-- -

182 795.3!2 219.6U5 .14182jE-38 .1684406*C6
- 13 7qL.AqR&-2tS.25± .1JiSO-E0u8 .15itc611 6

1tau R02.4f4 218.901 *t!3'.5V-08 *i'.7850E4CE6
JAS A .a f - 2 14.557 .IZhaEUE&LE2&2Dh4

-. 186 80S.590 21f.219 .12!57L',-o8 .12S7900*06

'C188 816.72E 217.5"51 .1i81bOJE-08 .113S!00+C0
'Sq - a ncan -- 2.0. 2-3 S ±±'k6aCE-GS .±o6nac'o&

19) 821.860 21E.90, .1118 u0E-Qu8 .
0

45

AFGL LIKE FILE CF ArEROEST FOR IFRSITICN ulill ro !0Ci

SMANCH LINE FREC. (CW-1) LIKE STRENGTH LINEh.IOTH LCPER S TA~ FN0rGY

f4R 2 669.?6u .5970-19 .077 2.341

RADIANCE (PIOTONS/CMv2STRSS-C-CM-1I O LINEi R 2 '.1 FFEGUENICY ((#,-I)A AII AGN ECi

*FREG 7G KM 15 K10 80 DI 85 K?'

669.726-3 .9144J.1. *S4!468E+14 .S6d36E*14 .99414E414

*669.7265 .695eOE.1. .921910E+14 .94616E+14 .97342E414
'Saa hit.tZi!tt f.73 1Eti- .IMU1 -4 SIACIF+±4 . .94816+1f4

.P669.7267 *84iP4'E.14 a(@807E4i4 .89j316.1A .91391E414
) - A pP.726+A -AflA'±E-IF*1 - .AZ5iA±4 .skitk .8722.E#14-

669.72E9 .?6!61E+14 .78E05E#1.* el4'72E+14 .8250lE4
RA-77. 72LI15P4 l. 7L1ICnr.4l 75.71.1la. -7752f5IbF44L__

669.7271 .(877,4EC14. .70056E#4 .712650414 .72E66004
- AAQ.7772 1.5&q5F~l *11, -7lCflgll. -E7AQfit41h---a.6E,4
669.7273 46(9785.1. .(72. .1'60660.1'. .65t30041'.
fifQ-727k .77t0P~1. -- 7!CEFI f7+575&l .6'4ZE4±'.

- . 665.727 .8 01. .12190414 .746276+14 .6402!6+'.

a-669.7277 .141910.15r .1244601 E89 014. e43C.d!E4lA4
fitq,?7A yFir- jz5 ~ 1; F 4 1 .q 7 117PAF154 *25134,E.1'
669.7279 Z212410+15 .11135E+15 .4481(E*14. 12S?7E04'

12-1&A07*fl 17207r-4p 7O2t~L 91Pzs ->66 p*i *s4s51501±E.4_13
669.7281 .208290.15 .6E5'1E#14. .13'.1CE*1 .2755143
669.7282 .1825(0.15 .411460*14 .80768E+13 t1435(E413
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R- R MRr R. M. M-. 7..

66 28 :1.13:E15 .2(572E-14 .37-N96 E. 13 .4519926412
6t9.786 .2C63;+5 .2'P2;F~iL. S3~F1.xhha

669.7 ;287 *II2COE.15 .216151%1,4 o .66 1 3 .3994ef.12

7 -+14 ._8Z46E414 .25365E+1j6E9.7289 .97532E.I .±a.c±. .565.! .2 61
669.7291 .0565? +1. *1528.1. .215936.13 .279396412

72Ai sZ2- -* C eIIE1. ~1d.6141'.- -2 ;)7FtL1 A .215 EiI2I
669.723 " *.757 3 9214 .1 3567E.14 .18634E.1! .24266.12

6E5.7295 .6 7 3 f5i41+' .11e612e1. .16z5C6. , *2O97'E41i

669.7297 .60296E.1, *104755E+14 .14J06E+1! *18454E412
669.7211 .571i+1'. .Se7l5Et1 .1146.5E412 .17365E412 -

669 .729q .56238E%1 .921962.13 .12691E+1! .163726.12j
fi.7O ,q ii ;.,7F+1 .21tP.I-X- FLL-..S tf 1 546Q 1±1 -

6E.9.7!01 .490276.1. *6A.2'7013 .113416.1!I .146276412
669.71 a8? .'.45 1 1. .75220E413 *Ia75.Et12 .131526.12
669).730& .441921+l' .751722*13 .102513 .131SIE+12
AitZ 71)4 .'tZftEE+16 .152±Ee±3 .9b97?Et12 .124966.12

66.705 .4511. .661086.13 .!228CE+12 .1189C)(2E412
619j..la jtj4 jj -lk ..sAS.Ik~tl - .ll9Et±L - 1±3216412
669.733? .37150E,14 .E197IE6j19 .e336!E12 .10~aZE,12
669.7fl8 .355651114 .59i2JE413 .80082E+12 .1631SE*12
669.7339 .3642.1.~ S51t43E#1S *

7
655c6*12 .98E02E411

6E9.7313 *UZ74!E.14 S542UE4.13 .71259E+12 .94348E411

69.:73112 .!11412.1. .1461 .70171E+12 .9016oE*11

669.7213 .2SC7C.1. .478576*13 E4.5SHE+1 .83121641 C.-
669.731. .2798(E+14. .4s985E13 E620U.'E+12 .796316.11
66-9.731;, .269496+14 .14i214E#13 .59597E*12 .7673(6. 11

Z641 .5 S7%E 41 .'25iJE+3 .573296.12 *?3 6061411
669.717 .25 5GE.1. .L.19?E*13 .5519(6412 .71L486411

66.318 tIXL6LE14 ..311851113 5.ffa E4L12 -El kf 1
669.7319 .23342F+14 .286,772*13 .51256E.12 .659786121

-L-,72 .22553E#1'. .2E7,42E1±3 .49.46EE12 . 63 E4 -E* II
6e9.7221 .218(26.14 .354770'13 .477312+1Z .E143!E4i1
669.?i4L. .21ME611. . !4277E#±3 . 4i1±OE+12 .59 338 EA11
669.7323 *.06U86*1'. .33136E-13 .44555E+12 .5734t6.12
669.7;2. ,lole7,tF.16 .L2.fiqi±±. !3&IL tqfkSi1 ii.
669.7329 .19143E+14 Z3129E#413 .41693E+12 .53657E411
ML11L 2 .IAII.2E f-'.. . jCI,37E+13 . 0aU4E*12 .5194SEI1 - -

6609.72 .17991--1'. .Zq1GOE413 .39197E+12 .0121
669.732; - *7453EIP±4 .282076.13 .378902.12 .48?SEjsfIt
669.7329 .169396+14 .2;754641 I *3I6737212 .27Z36411

669.7331 *15976E+14 .25760E+13 .345856.12 .64592E411
669:.332 - ,lS .fltl4 ',SU6f±3 .3358011t12 .43217E1±1
6e9.7333 lS12E+14 .243026.13 *326 182.12 .419 686411

6.336 , .i p.. 2;!7_i g,ppn , 1R8.:1I66.335 .141.861'4 2961 .30614E.12 .396416411

669.7 37 .13533E*14 .217356.13 .2915EE+12 .3751:6411
66.738 .1317eE64-. .21713 .8761 pq P1t _ _

669.7339 .12839E+14 Elf 02E#13 .2762g2.12 .355452411 h
669.7340 115112±1 a~oeesur .269162+12 .16111

66.736 .2921. .155241 .2256 1 .337306.1

669.7343 .116042.1,4 .185862.13 *2'.9142.12 .3205161
669.7345 .110526*14 .116872.1 .237092+1 .19.956:11

669.731,6 .1079:E* E .I17222.1 .23132E+12 .21Si11
6b9.7347 .10!392.1. .16652413 .22582E+12 .29069E411a
69.71348 .1 295E.15. .1645724L3 0220502+12 .2636!F,411 LI
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Appendix C

Example of Program Output for All Lines of the
01101-00001 Band Of CO2. The Doppler Lineshape

is Used. The Integrated Radiance is Printed Out for
a Single Tangent Height
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140O 14MOUPE COOE 626b
U1IO VI&EATIONAL ENK (CM-1i OF THE TRANSITION' - 667.30E
016L SVI.kATIO4AL -E~ (C*-lI OF THE LOWER STATE = E.0CC
VIMQ S 1,0AiUM JRLi1 (CP-. IFOR PARTITIC14 FLN.;TIGNJ a66 7. 34

Cit Gv :

PM.z1.

P.C~tAPAN WILL. EARCH IN LINE FILE dLrWELN i AND 5.00 CM-. FOR LI'4FS I-Cn

bAhs. .1.1.1 --

LINE 0 * &ALL)
LOPPLER PE Lph lot. OP ELECTE

II IAL IA M-UM WMT R1G it
FINAL IANb4.NI "Etwuli (KM * 70

T~L~ncRL--" C tiui., KTI SM. To P *Us StC76% V!3 TEMP C02,'4TGH-, '--IqO K /-1?',' -

AL.* I I IP vi Ir MM PFr;S T

.9.59 ii&4Z 7F t3o . 1-l 42517l

7- cl . 206 26:. 223 :J.1,1, 2V- Ca. *3522Av.E12

7- 416. 360 1a.33 *27b-aGE-C4 . 30!80 El

z4 7.. . 13i il..46. -. 2C.*7OE-Ca. .224-73 E
77 2..4'7S 18 .36 *i77b2Cc-C(4 .19275:E*,Z
78 2 ,2. 620 1:..6(,2 :1.5 7 "-K- i. '132'Ef12
r C ije.st6 18-131~, *1Z7 !;ZFE-CI .t!14116 C4,12
0. 196.610 1?'.794 *1031?OE-Ca. *12091:E,12
Q. --J6. 655 ? d..0 *ob,)LE- CI S *011- 1
Oz ;.94..7aj 17-22~3 *7...ZSOE-CS .67q01.E~l1
OSi 1'32. ?4.0 165. .,'. *6ZA$MOE- C5 . 717141 E11 -

64. 194.?so 165.2-33 *62..IOOE-05 C635Q5:E41I____
o b 168. 825 lb-.555 .39t 7C-CS .53au2 EtiI
0'. 1o.6.70 16.i!, *368 COE-CS .*455 82.E * 1
8I 7 166.874 i5q.329 *3611520E- CS *341 S4 XEfI
s o 186.870 164.1 9? *258310E-CS *319369E.11
ev lat.670 197.124 *2163'.OE-CS *267341+.11
I. .ob. a70 15b..6 .±1.90E-CS .223607E*il

92 IS?. J60 15, .92'4 L27L9QE-C5 .15656VE~ll
93 187.445 150~. Ur 1gbb?0E-C5 l13C85jE*11

04 9,. 166. 330 150.292 Mo?570E-C6 *i03o E +11
1, V5 1.41.824 15'.339 .7499 FE-C6 *51241E.10

496 189.312 157.i!79 *629320E-66 .765033E10
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W. 4.,4. 755 151.64.5 *52" OaE-t *6 3865 E*10
90o 192. 203 IJ 15.5 .44.680E-C6 .S3292?E-10
~- . jJ.64s 15, .*-45 .3? i2uE-Ub .44580 5+10

I.-. i9. M 
0
8u1.S±' .3159302-C6 .37293 F+10

L4& 197.b64J 16-9q45 .26e -)JCE- C6 . i31tEX410
1. : 2..200 163.J *22o410E-CE *2599E!E#10
it- Z2. 755 b*dl .648 L *9SlS8LGE-Cb6 .21CL6 E410
14- 2,.5. 31J 16 *.333 .166 CE-tb 182 9 1.E#+10
1. 29 415 btA . F.S .- 141 -C UE- - 6 Ij31 .471510
luu, Z 3- 52 17 .o.7 *I2EqICE- Cu *12526 5.10

Ii. CO 753 17.j. 2 56 .1 o2C-E-C 10 76E7: E.+I1
IV,- .2J. iou 17'.ro4 *.1oC'.E-07 .iQ

3
o? E*!q

1.' .. 31. 99a 17/.426 .8u3, IGE-i .70332 E+39
11 _A.I.. 004 18 .73d .701135-C? .547275E*19

ci ~5c. 1Gj -o I.. e52 *b1 4 c5 - C7 .42?i91!E + 9
11 .'4. 04 l3 1, *5dj *.54e 2aiE- C7 * 334Lt 5+39

ha~ ~ ~~ .6 C 1'..15 *4 9 ,1E-7 +264E9
1- 288. 0o -_19 - .054 *43M042CE-0 7 .2129b E*09-

11, 3.044 1,): 1. A65 *39651CE-C7 .17!14 F+19
li. -3.2. noj t . *69 .35s317CE-C7 .147E*39N

-jZ4laQ -a d- .7- .32b5Z02-i?7 .11C22 E+19

11c 3.6. Gja ZuL.a.7c .2&3jCDE-C7 E?1Z7aE+C8

it 371. 445 fl..2 .23. ?7?C- 7.56v35 E+1lo12- ou..Q~ 2L,.ix1. .2145205-CT .48254..E+-.8
12A .Z94.33J5 217.824 .198iE02-07 .41295 F#.
12 - 4. 780 211..2'.3 .1834 10£-CF .35540 E+U6
12 4.6. F1u 22. * 579 .17: .505-C? JGS038.5+08
1r. 4. 7.6t4j 22.-45 .5.:30E-07 .263co.Efa1

12 c. 4, 45 -22. .952 1j4q 5 7C E-C 0 22994 5,08
IcR 448.450 2ci..9 *13'470E- C7 .20236 E+Z8
121 458660 2-727 .13:u30E-C7 .17!7..E*G8
13 'u 9 . 2 ?J-ie7.533 *12j-.1bE-CT .154u? E+^S
i3 478.3J5S 22o.5346 LiobSCE-CT .13(23 E+?8
1JL 4*87.34i 221..,53 .109.705-C? .12C45 Ei-Sa
IL 49t. 375 22'.662 .10 3374E-07 .1069 ii)8 i
Is- 5.5.41w 22).:77 .9Tu±40E- 952845
.39 5-14. 450 U-0o41 .4z,?-jCBc .64765.r5.2:
131t 52 4. 491; 22i...o .87-590E-CR .75607 -5.17
14. 532. 525 2 2 ;.-Z2? _7 q20- .67706E*:2
.AA 5.k 56i 22i,722.?8ibE-Cii .E6R32 5C7
13") 5. 595 22i.9i9 .?4715LE-Cc .5d.494 54.4?
14. 559. 630 23 .i49 .71-.STOE-Ca_ _.___ j~
14:' 507. 15 23- .274 .btoS2OE-C 6 *44283 53
14-'. bI-.5#8j 23. .ua .64..60k-C8 .41328.5.3?

1'3 562.0a55 E23. .4.23 2b'3E0 .326.4
14- soi-.530 a23 .u.Il .58v.40E-to :32M0 p437
142 5 97.b0 1u 23. .4.2b .559?GCE-C8 .29902 E.07
14. b.4. 490 is .3S5 .

5
345402-tO8 .27 :+]?2

i147 t~l.9E5 23. .3-19 .51:2102-;Ce .24756E*7
140 b19. 444 23 . e30u %O ±ts LtC4 _,2! 4aIIEIL
14. 626.915 23. .119 .4b61502- C8 .20591.E+07
i5, 6341.390 2il9271 ' 3 !aE-f .16880,E-0?
1 5.. 640.580 22;. e14 V43L6301EC8 .17292:Et07
IS' b4.6.770 Zzi.636 .4136)702- CS 159C!E4C7
153 052.961) 22. .4.45 .39?300E- Co .14629 E.07
15- 659.150 229 .2 42 .3817302-Ce .134565,+07
153 b65.340 22 .993 .3667 COE- S .12376 V#17
1 5b 671.530 22a.?0u .35c3602-CS .11354E*07y
157 6

7
r. 

72
k 2256.'.1 .33L19UE00o .160.71 E+17

15. 6.3.910 l2i,.98 .325J?0t-CS .9630735.'216
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