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1. INTRODUCT ION

MIDTRAN is a computer code which calculates transmittance and radiation for

paths through the earth ’s atmosphere in the 2 - 5 ~.zm spectral region . The codt is

based on a marriage of the AFGL codes LOWTRAN3(1) and HITRAN~
2
~ The overall

structure and formats of LOWTRAN3 have been retained for the inpu t parimeters ,

path geometry and continuum transmittance components. The HITRAN dat a ‘~pe is

used to precaiculate the spectral absorption properties of atmospheric molecu1t~ ,

which are stored on tape and then used as inpu t data by MrDTRA N . The use of these

data stored on extern al library tapes allows MIDTRAN to perform calculations for

multilayered atmospheres at reasonable speeds and with a spectral resolution of

0.05 cm ’ or better. Because of the library tape’s present stru cture , MIDTRA N

is best suited for paths which fall below 15 km altitude at some point . The code is

written in FORTRAN and is compatible with CDC and IBM fo rmats . For radiation

calculations, the user has the option of specifying a backgroun d blackbody source

of arbitrary temperature and emissivity and then calculating the radiation as seen

through an atmosphere. In following the LOWTRAN3 structure , the user has the

choice of six model atmospheres or radiosonde data and of different atmospheric

paths , horizontal, vertical, or downward . Thus , MIDTRAN has flexibility for

those systems studies which require atmospheric transmittance at lower altitudes

while maintaining good spectral resolution.

Section 2 gives a description of the MIDTRAN software and describes t ’e

MIDTRAN library tapes. Instructions for using M~~ TRA N are in Section 3 and

Selby and R. NcClatchy , “Atmospheric Transmittance From 0 .35 to 28 .5 ~m;
Computer Code LOWTRAN3 , ” Report No. AFCRL-TR-75-0255 , AFGL/OPI ,
Hanscom AFB , Mass., May 1975.

McClatchy , et al., “AFCRL Atmospheric Absorption Line Parameters
Compilation,” AFCRL-TR-73-0096, AFGL/OPI, Hansom AFB. Mass.,
January 1973.

5

4
I



comparisons to transmittance data are in Section 4. The appendices contain

listings of MIDTRAN , a sample run , a list of variables, a MIDTRAN flowchart , and

a listing of MRDAT, the program which generates the library tapes.

The support furnished by the Naval Weapons Center and the Air Force Avionics

Laboratory via the Air Force Geophysics Laboratories is greatfully acknowledged.
The contract monitors are Mr. S. Ted Smith (NWC), Dr. R. Sanderson (AFAL), and

Mr. B. Sandford (AFGL). Previous support of the Defense Advanced Research
Projects Agency for the development of a preliminary version (MRDA ) of MIDTRAN

for use on an FIP-2 100 minicoxnputer~
3
~ is acknowledged . The present code super-

sedes the earlier MRDA code.

The MrDTRAN code can be directly used on either a CDC6600 computer or a
minicomputer with virtual memory capability. Execution times on a CDC6600 for
both transmittance and radiation is approximately 1.8 sec/wavenumber for a path
transversing 11 model atmosphere layers and in steps of 0.01 cm 1

~ (100 calculations /

wavenumber). Calculational times on the PRIME 400 minicomputer are about 4 times
slower. Total times for a calculation depend on the machine’s tape read speed;

considerable time can be spent by the PRIM E in skipping over files to get to a

spectral region near the end of a library tape. The code is still in the developmental
stage. Qualified requestors may obtain copies of the code and library tapes from

Aerodyne Research, Inc.; a charge will be made for tape duplication.

3D. Kryger and D. Robertson, “MRDA - A Medium Resolution Data Analysis Code
for the HP2100 Minicomputer,” AFGL-TR-77-0044, AFGL/OPR Hanscom AFB,
Massachusetts 01731.
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2. DESCRIPTION OF M 1DTBAN SOFTWARE

2.1 The MIDTRAN Code

MIDTRAN is designed to make medium resolution atmospheric transmission

and radiation calculations in the range of 1800 to 6000 cm~~ over a wide variety of
geometrical paths . The first part of the calculation consists of predicting the con-
tinuum transmissions (H 20, N 9, molecular scattering) along with aerosol absorp-

tion for the chosen path and wavenumber interval . These calculations are carried
out by what is essentially LOWTRAN3~

1
~ with all the spectral calculations removed.

In the second part of MIDTRAN , the medium resolution spectral calculations are

performed . Magnetic tapes which contain a complete library of extinction coefficients

are used to provide the data for computing the spectral contributions . After having
calculated the totaltransmission due to the spectral structure , the program then

combines the continuum and medium resolution results; if desired , the radiation

is also calculated at each frequency . The frequencies , radiances , and transrnittances
are then written to a disk file , associated with FORTRAN logic unit 9. In the third

part of MIDTRA N , this disk file is rewound , and the transmittarices and radiances
are then degraded to the desired spectral resolution using the available slit function

before being printed out and/or plotted.

In the process of computing the continuum results , intermediate values are

saved for later use in the spectral calculations . For example , the pressure ,
temperature , and altitude of each layer traversed by the geometric path are stored .
In addition , the transmission through each layer is also stored in an array TRAN 1 for

use in calculating the radiation . Finally, the atmospheric concentration of H 90 and

03 in each layer along with the molecular density (of all gases~ for the part icular
path through each layer is saved . Using this information from the continuum part of

the calculation and data from the library tape , MIDTRAN calculates the spectral
transmission and radiation over the geometric path at frequencies defined by the

_______________  



input . The spect ral absorption coefficients are read from the library tape . They
are tabulated for the six importan t infrared atmospheric molecules:

H 20, C02, 0~ , N 90, CO , and CH 4.

The tape s are organized in 2 cm 1 blocks over the 1800 to 6000 cm~~ range
that MIDTRA N operates . In each wavenumber block , the extinction coefficients for the
six molecular species are tabulated at 9 pressure-temperature points , the wa ve—
numbers being chosen to represent the structure of the absorption spectra for the
particular species in that wavenumber block . For each specie s, the wavenumbers

wer e selected so as to define the spect ra by identifying the most importan t lines in
the region . In combining the separate contributions from far and near spectral
lines , the extinction coefficients were calculated near the line center at 10 points ,
spaced 0. 01 cm~~ apart , and at 0 .1 cm 1 irte rvals between adjacent strong lines .
In order to obtain the extinction coefficient at a particular pressure , temperature
and frequency , the program performs linear interpolatio ns over the pressure/
temperature matrix and then over frequency .

Presently, the slit function library in MIDTRAN contains the option for no
slit function at all and for a generalized slit function which requires the user to
inpu t two arrays for its definition , the slit width and the shift . The plotti ng option
requires that the use r input certain titles , initial axis values , and scaling

parameters for use by the plotting software . The plotting softwa re now in the
program is designed for a PRIM E 400 system with a Versatec printer/plotter .
The user must examine this part of the code to determine its compatabi litv with
his system . Pri nted outpu t is columnar and is blocked in sections which contai n
a maximum of 240 pairs of output data .

2 .2 The MIDTRA N Libra ry Tapes

The MIDTRA N Library tapes contain the spectral absorption coefficients for the
six atmosphe ric species which have significan t absorption in the 1800 — 6000 crn~~
region . The species are: H 20, C02 , 03, N 20, CO , and CH 4 . The abso rption
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coefficients are calculated at selected (P , 1’, L i )  points and then writ ten onto a t ape

that is accessed by MIDTRAN . The CDC6600 computer at AFGL was used to

generate these tapes .

2. 2. 1 Choice of Spectral Absorption Coefficients

The data in the MRDA library tape are organized so as to define the absorption

spectra for the species in as compact a form as possible . Thus , nine pressure—

temperature (P , T) points are used to describe the atmosphere , and the total

number of wavenumber points within each block is l imited to 250 .

The choice of the (P , T) points is based on the expected range of atmospheric

pressures and temperatures . Figure 1 shows the (P , D va r i ab i l i t y ,  along with

illustrative radiosonde data , taken from several AFGL Mission . (4 i  The

heavy dots within the circles show the nine (P , D points at which the spectral

absorption coefficients are calculated. Pressure / tempera ture  points for pressures

below 100 mb are not included in the tap e at this t ime , since the dominant part  of

the atmosphere is at lower altitudes . The tape program contains  Doppler line—

shapes , so the user can generate his o’.vn high al t i tude tape to use with  MIDTRA N .

A considerable savings in the total number of wavenumber points at which the

spectral absorption coefficient s must he stored is obtained by identify ing the

stronger spectral lines within each wavenumber block . \Then one or more of the

species have strong lines within a block , the absorption coeff icients  are calculated

at the peak , at 10 points about line center 0.01 cm~~ apart , and at intervals of

0. 1 crn~~ between adjacent peaks. Spectral absorption coefficients for intermediate

values are obtained by linear interpolation .

4B . San dford , et a l . ,  “Aircraft Sign atures in the Infrared 1.2 to 5.5 Micron
Region , “ AFG L-TR-76-0133 , Air  Force Geophysics Laboratory (OPR~, Hanscom
AVB , Mass . ,  01731 , (June 1976) .
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2.2.2 The MRDAT Code

The MRDAT code is operational on the AFGL CDC6600 computer. It calculates

the spectral absorption coefficients from line parameters contained on the HITRAN
data tape~

2
~ and writes them to an external tape. These tapes comprise the MIDTRAN

tape library. The Lorentz lineshape function is used to describe the contribution of

overlapping line tails. In the 2360 — 2500 cm ’ spectral region, the CO2 lineshape
includes the Burch form factor~

5
~ as modeled by Kaplan , et alI6~ A Voigt

lineshape is included in the program; internal logic selects this lineshape when the
Doppler width becomes comparable to the Lorentz width.

The absorption coefficients are calculated in two steps. The contribution of
lines external to each wavenumber block are calculated at two points (the edges of
the block); linear interpolation is used to determine their contribution at intermediate

• frequencies . The contribution of the nearby lines is calculated at each wave-
number point within the block . Th~e two results are combined and then written onto
the library tape.

The spectral absorption coefficients for each molecule are calculated for

1 cc of pu re gas at STP (i .e ., 2.69 x io 19 molecules) . MIDTRA N includes the
• concentration when calculatin g the transmittance. The codes are written for

9 (P, T) points and 6 atmospheric molecules . They are specified in the MRDAT
input cards . So long as these parameters maintain the structure shown in Fig. 1 , new
tapes which are tailored to specific problems (like high altitudei are easily generated .

2 .2 .3 MRDAT Input Parameters

The spectral absorption coefficients are calculated from the molecular  line

parameters on the AFGL HITRA N data tape . A listing of the program (MRDA T~ i~

5D.E . Burch , D. A . Gryvnak , R.R. Patty, an ti C .E . Bartkv , •Journa l , Optica l
Society of America, 59, 267, 1969.
6L .D . Kaplan , M . T. Chahine, J. Susskind , J .E. Sean , Applied Optics, 16 ,

322 , 1977 .

11
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given in Appendix B. The data for the input parameters are given by the followin g
sequence of read input lists:

1. NPTPTS, MSPEC Format (812)
2 . P (I) , 1= 1, NPTPTS Format (8E10 .0,
3. T (I), 1= 1, NPTPTS Format (8E10.Ot
4. W (M , M 1, 7 Format (7E 10. 3)
5. Vi , V2 , DV , VLWST , VHGHST , DELTV. BOUND Format (7E10~3)
6 . SSTR , VBLOCN , DV2 Format (3E10 .3~
The input quantities are:

NPTPTS = number of (P , T) points
P = pressure values
T = temperature values

species column density 0. 269E20 molecules/cm 2 for
(1-190, C09, O3~ N 90, CO , CH 4, O2~~

= lower frequency limit (cm 1) of the library tape
V2 = upper frequency limit (cm~~ ) of the library tape
DY = frequency increment for calculating between strong lines
VL\.VST = lower frequency bound , cm ’, for consideration of distan t

lines. (presently , overidden internally)
• VHGHST = upper frequency bound , cm 1, for consideration of dis tant

lines . (presently , overidden internally~
DELTV = frequency increment for distinguishing between near and far

lines.
• BOUND = distance (cm 1) from line center beyond which a line is not

included , presently fixed at 20. 0 cm 1.
SSTR = lower line intensity limit used for accepting lines.
MSPEC = identification of the six molecules (Set = 123456l~

2 )

• Since oxygen does not have any important absorption bands below 6000 cm~~~, It is
not included as one of the six species in MIDTRA N , but could be used in place of a
molecule on a new tape library.

12
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\‘BLOCK = frequency interval length (cm 1) into which the range [vi , v2]
is divided for blocking.

DV2 = frequency increment (usually 0 .1 cm~~ ) fo r calculations
between strong lines .

Figure 2 is a schematic which illustrates the choice of these wavenumber
parameters.

AL-78-303
DV

___ _
~~~~~~~~~~~~~~~~

_ SSTH

\TLOCK 

~~~
DELTV DELTV

“Far ” Lines I.-~ -lt “Near” Lines - “Far ” Lines

Figure 2. Schematic Showing the Definition of Wavenumber Parameters
for MRDA T . Note tb p t  the Second Line Ic Weaker Thra SSTB
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3. OPERATING INSTRUCTIONS

3.1 Input Data and Formats

Many of the input cards and operations are very similar to those of LOWTRA N .
In particular , the card input sequence is nearly identical. The inpu t cards can
be divided into two blocks , specification of the case to be calculated and specification
of slit function and/or plotting parameters and formats. Up to 10 cases can be
run . All calculations (including multiple cases) are completed in the first block
(CARDS 1 - 4) before reading the second block of data (CARDS 5 - 7) . Cards

1, 3, and 4 are identical to LOWTRAN3 inpu t cards~~

The data necessary to specify a given problem are given in a four card

sequence as follows:

CAR D 1 MODE L , BlAZE , ITYPE , LEN , JP , IM , Ml , M2 , M3 ,
NLDAT , R Format (1013, F10.3)

CARD 2 mAD, EMIS , TBACK , NTS , NTP , NRS, KRP , XORG, YORG
Format (flO , 2F10 .3, 415 , 2F10.3)

CARD(s) 2A (Atmosphere data cards when M = 0 or M = Ti

CARD 3 Hi, H2, ANGLE , RANGE , BETA , VIS
Format (6F10.3)

CARD 4 Vi , V2 , DV
Format (3F10.3)

CARD 1 (Model —1 to indicate last calculation)

CARD S TITLE
Format (20A4)

(Slit Function Parameters)

CARD 6A WIDTH , SHIFT , NS
Format (2F10.5 , 110)

CARD 6B XSS (fl , I = 1, NS
Format (8F 10.5)

CARD 6C SS (I) I = 1, NS
Format (8F10.5)

14



(Plotting Parameters)

CARD 7A XTITLE
Format (20A4)

CARD TB YTITLE
Format (20A4)

CARD 7C XAXIS, XINIT , XSCALE , DXT , NMINX
Format (4EiO.4, 110)

CARD 7D YAX IS, YINIT , YSCALE , DYT, NMINY
Format (4E 10. 4 , Rb)

If MODEL = 0 or 7 , meteorological data used to describe the atmosphere are

Inputted on CARD(s) 2A . Transmittance and radiation calculations for all the various

cases are completed with results written to an external file , before either the slit

function is used or the plotting routine is employed . The extern al file is associated

with FORTRAN logical unit 9. CARDS 1 - 4 can be repeated to perform up to ten
calculations , ending with a MODEL = -i on CARD 1. Another cyclical sequence

of input data follows this card to specify the title , slit function parameters, and

plotting parameters for each of the cases. Up to two plots (radiation and transmittance’

can be made for each case and card set . The first block (CARDS 1 - 4) is described

in Subsection 3.2 and the second block in Subsection 3.3.

3.2 Input Parameters

3.2.1 CARD1: MODEL, IHAZE , ITYPE , LEN , JP , IM , Mi , M2 , M3 , NLDA T , R

The parameter, MODEL , selects one of the six geographical model atmospheres,~~
specifies that  meteorological dat a are to be used in place of the standard models , or
indicates the end of the first blocks of data (the second block being the output parameters).

IHAZE specifies whether aerosol attenuation is to be included in the calculat ion
or not . For any problem , the atmospheric path must be specified as one of three
types according to ITYPE and LEN . The rest of the quantities given on CARD 1 (which
can be left blank if not required) provide the user with options to suppress printing
(JP), to intermix the six standard model atmospheres (Ml , M2 , M3) , to input
a new model atmosphere (IM, NLDAT), and to specify the earth radius (R) . The

options for the above parameters and their use are described below :

15

_ _ _ _



MODE L = —1 indicates end of first dat a blocks
= 0 indicates meteorological data are specified for a horizontal

(constant pressure) path.

= 1 selects TROPICAL MODEL ATMOSPHERE

= 2 selects MIDLATITUDE SUMMER
= 3 selects MIDLATITUDE WINTER
= 4 selects SUBARCTIC SUMMER

5 selects SUBARCTIC WINTER
= 6 selects 1962 US STANDARD
= 7 ind icates a new model atmosphere (or radiosonde data) is to

be inserted

BLAZE 0 means no aerosol attenuation included in the calculations .
= 1 or 2 if aerosol attenuation is required (see also , CARD 2 .

If IHAZE is set equal to 1 or 2 ari d visual range (VIS) is not specified on
CARD 2 , the program will then automatically select visual ranges of 22 or 5 krn ,

respectively.

ITYPE = 1 for a horizontal (constant pressure) path .

= 2 for a vert ical  or slant path between two a l t i tudes .
= 3 for a vertical or slant path to space .

The TYPE 1 path should not be confused with a 900 path where the local height
at the end of the trajectory is sign ifi cantly different from tITh t at the beginning . In
such a case , specify the path according to ITYPE = 2 .

LEN = 0 for normal operation of program .
= 1 selects the downward TYPE 2 path shown in Figu re 3(ei .

The parameter LEN, can be ignored (that is , left blank )  for the ma jo r i t y  of
cases. It need only be used for a downward looking path (H2 < Hi )  when two paths
are possible for the sam e input parameters. In such a case , a computer printout

16
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Figure 3. Geometrical Path Configuration for: (a) Horizontal Paths (Type 1),
(b) Slant Paths Between Two Altitudes Hi and H2 (Type 2),  and
(c) Slant Paths to Space (Type 3). For Downward Looking Paths
Where HMIN < H2 < Hi , Two Trajectors Are Possible As
Indicated in (d) and (e) . The Angle 9 Corresponds to ANGLE on
CARD 3. From Ref . (1).
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statement will be given , indicating that the user has two choices for the problem
and the shorter path (see Figure 3(d) ) has been executed . Set LEN = 1 for the
longer path case.

JP = 0 for normal operation of program .
= 1 additional printout , including a 0.1 cm~~ printout of da ta .
= 2 partial printout at a resolution of DV.
= 3 highest level printout includes absorption coefficients from

t ape .
l1~l = 1 when radiosonde data are to be read in ini t ial ly .

= 0 for normal operation of program or when subsequent
c alculations are to be run with MODE L = 7.

NLDAT number of levels to be read in for MODE L 7 .

Note that IM and NLDA T are only used when MODEL = 7 and then only on
the first calculation when the atmospheric data are read from Card(s) 2A .

The parameters Ml , M2 , and M3 can each tak e any integral value between 0 and

6. Set Ml = M2 = M3 0 for normal operation of program . They modify or
supplement the altitude profiles of temperature , water v apor , and ozone , respectively,
for any given atmospheric model specified by MODEL . For example:

Ml = 1 selects the TROPICAL temper ature altitude profile
= 2 selects the MID LATITUDE SUMMER temperature alt i tude

profile
= 6 selects the 1962 US STANDARD temperature altitude profile
= 1 selects the TROPICAL water vapor alti tude profile
= 2 selects the MID LATITUDE SUMMER water  vapo r altitude

profile

= 6 selects the 1962 US STANDARD water vapo r altitude profile

M3 = 1 selects the TROPICAL ozone at t i tude profile

2 selects the M~~ LATITUDE SUMMER ozone al t i tude profile

18
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R = radius of the earch (km) at the particular geographical
location at which the calculation is to be performed .

If R is left blank , the program will use the midlatitude value of 6371 . 23 km
when MODE L is set equal to 0 to 7 . Otherwise , the earth radius for the appropriate
standard model atmosphere (specified by MODE L) will be used .

When MODEL = 0 or 7 , the new atmosphere (model or radiosonde data )
is inserted between CARDS 2 and 3.

3.2.2 CARD 2: IRAD, EMIS , TBACK , NTS , NTP , NRS , NRP , XOR , YOR

This card is in addition to the LOWTRA N input cards . It determines whether

atmospheric radiation is calculated and specifies the slit function and plot

parameters .

IRA D = i/o if radiation calculations are/are not to be made .

EMIS = emissivity of a backgroun d radiation source located at
the beginning of the path . (Include , if ~~AD = 1.)

TBACK = temperature (in degrees Kelvin) of the background
radiation source . (Include , if IRA D 1.)

NTS = 0 when using a previously specified value.
+1-1 use variable slit function on t ransmit tance and plot /don ’t

plot.

= +/— 3 don ’t use any slit function (leave points as they are) for
transmittance and plot/don ’t plot .

NTP = +1 plot transmittance vs cm ’.
= — l plot transmittance vs microns .

NRS = 0 ±1 , ±3 (same as NTS , for r adiation) .

NRP = ±1 (same as NTP , for radiation) .

X0R = coordinates (in inches) for the lower left corner of the
YOR plot .

19
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The background radiation source is calculated using the temperature dependence
of the blackbody function and a surface emissivity given by EMIS . Radiation from this
gray body source is then propaga ted throu gh the atmosphere from Hi to H2.

It should be noted that all transmittance and radiation calculations for all of
the variou s cases are made and written to an output file , before any slit functions
are used or plotting software is employed . The external file is associated with
FORTRA N logical unit 9 . Af te r  the t ransmit tance and radi ation calculations for all
of the cases have been written to unit 9 , it is rewound and used as input for the slit
function and plotting sub routines. For degrading and plotting, the order of processing
then proceeds as follows: CASE 1 transmittance , CASE 2 t ransmit tance  
CASE N t ransmit t ance , CASE 1 radiation , CASE 2 radiat ion , Case N
radiation . This is illustrated in the followin g matr ix:

NTS (CASE 1) , NTP (CASE i i
NTS (CASE 2) , NTP (CASE 2~

Briefl y , Column 1 monitors
NTS (CASE N i , NTP (CASE N the present slit function being
NRS (CASE U NRP (CASE ~ 

used and whether or not to
plot . Column 2 determines

NRS (CASE 2~, NRP (CASE 2) the units if the user has
chosen to plot .

NRS (CASE N , , NRP (CASE N)

Once a particular slit function has been specified in Column 1; under the NTS
or NRS parameter , the NTS/NRS column can be left blank until a new slit function
is to be used (with the exception that in going from plotting to no-plotting or vice versa
the NTS/NRS parameter has be to explicitly entered) .

20 
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Likewise , the NTP/NR P parameter can be left blank after being specified ,
unti l  a new set of plotting units is desired. However , the N TP/NRP parameter need

not be respec if ied follow ing a ser ies of no—plot options under the NTS/NRS parameter .

3.2.3 CARD 2A: (For MODEL = 0 or 7)

If MODE L = 0 and ITYPE = 1, then meteorological data for a horizontal

(constan t pressure) path are to be inserted between CARD 2 and CARD 3

as follows:~~

ilL P, L DP , RH , WH , WO , VIS , RANGE
Format (3F10.3 , 2F5. 1, 2E10. 3, 2F 10.3) ,

where the above parameters refe r to altitude (km , pressure (mb ) , ambient
temperature (°C), dew point temperature (°C) , relative humidity (n i .  water vapor
density (gm m 3), ozone dens ity (gm m 3), visual range (km) ,  and path lengt h (kmi ,
respectively . It is only necessary to specify the quantities underlined with the solid
line and one of the quantities underlined with the dashed line . The ozone density \VO
can be specified using the parameter M3 on CARD 1, if data are not available. In
the latter case , a value will be calculated at altitude Hi , based on the appropriate
model atmosphere selected by M3 .

If MODE L = 7 and l1’d = 1, then a new model atmosphere must  be inserted at
this point , between CARD 2 and CARD 3~1) The number of atmospheric levels
to be inserted is given by NLDA T on CARD 1. The format for atmospheric data at
each of the levels is:

Z , P , L DP , RH , W}I~ WO , AHAZE
Format (3FiO. 2 , 2F5. i , 2E 10.3 , F10. 3)

The first level should he at Z = 0 .0 . These parameters are the same as defined
above in this subsection , excepting AHAZE , the aerosol number density (cn,~~~ .
It is only necessary to specify those quantities underlined with a full line and one
of the quantities underlined with the dashed line . If the aerosol number density was
not measured as a function of altitude and the user wishes to include aerosol

21

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• -

~~~~~~
-

~~
.,-

~~~~
-.- • . .—

~~~~~~~~~
•- . - • - —• •

~~~~~
- •-————-••

~~~
,•
~~ 

A



attenuation in the calculation , set IHAZE = i o n CARD 1. In this case , MIDTRAN

will use the aerosol models already contained in the program and interpolate to give
aerosol number density values at the same altitudes as the radiosonde (or new model
atmosphe re) data . The program will then look for a sea level visual range (VIS) to
be specified on CARD 3. If VIS is not specified , a 23 km sea level visual range

will be assumed. If ae rosol attenuation is not required , set IH AZE = 0 on Card 1
as befo re .

3. 2 .4 CARD3: Hi , H2 , ANGLE , RANGE , BETA , VIS

CARD 3 is used to define the geometrical path parameters for a given problem .

Hi = ini t ial  altitude (km)

H2 = final altitude (km)

ANGLE = initial zenith angle (degreesi as measured from Hi
RANGE = path length (k rn ’

BETA = earth center angle subtended by Hi and H2 (degrees)
VIS = sea level visual range (km)

It is not necessary to specify every quantity given above , oni those that
adequately desc ribe the problem according to the parameter ITYPE (as described
below).

(1) Ho rizontal Path s (ITYPE = 1)

(a) specif y Hi , RANGE , and VIS only
(b) if nonst andard meteorological data are to he used (that is , is

MODEL = 0 on CARD 1), then the radiosonde data must be
specified on CARD 2A and CARD 3 is omitted .

( 2 )  Slant Paths to Space (ITYPE = 3)
(a) specify Hi , ANGLE , and \‘IS
(b) specify Hi , HMrN , and VIS (fo r limb viewing problem where HMD

is the tangent height or minimum altitude of the path .)

22
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(3) Slan t Paths Between Two Altitudes (ITYPE = 2)

(a) specify Hi , H2 , ANGLE , and \‘IS

(b) specify Hi, ANGLE , RANGE , and VIS

(C) specify Hi , H2 , RANGE , and VIS

(d) specify Hi , H2 , BETA , and VIS

For cases (b) and (c) , the program will calculate H2 and ANGLE assuming

no refraction and then proceed as for case (a) .  This method of defining the

problem should be used when refraction effects are not important; for example , consider

ranges of a few tens of km at zenith angles less than 800. It can also be used for

large r angles (including 900) provided that the path lies within one atmospheric

layer .

Leave ANGLE and RANGE blank in case 3(d) . Thi s method can be used when the

geometrical configu r ation of the source and receiver is known accurately, but the

initial zenith angle is not known precisely due to atmospheric refraction effects .

BETA is most frequently determined by the user from ground range inform ation .

In the cases of 2(b ) and 3(d) above , the subroutine , ANGLE , is called in

the program to determine the appropriate input zenith angle by the LOWTRAN3

iterative technique~~ that takes atmospheric refraction into account .

3. 2 .5 CARD 4: Vi , V2 , DV Format (3FiO. 3)

The spectral range over which transmittance data are required and the spectral

increments at which the results are calculated is determined by this card .

Vi = initial frequency in wavenumbers (cm~~ )

V2 = final frequency in wavenumbers (cm 1) where V2 > Vi

DV = frequency increment (or step size) (cm~~)

Note that ~‘ 1O~ /X where v is the frequency in cm~~ and X is the

wavelength in microns .

23
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For lower altitude paths, values of DV around 0.05 cm’
~ give su fficient

accuracy; for high altitudes , 0.02 or even 0 .01 cm~~ is necessary.

This completes the set of cards necessary to specify one transmittance/
radiation calculation . If more cases are desired , repeat the sequence . If no more
cases are desired , CARD 1 with MODEL = —1 is inserted after CARD 4 and before
the slit function/plot cards that are descr ibed in the next section .

3.3 Output Parameters

In the same way that the input data blocks are given in sequence , another
sequence of data specif ying the output format and parameters must  he given . The
MODE L — i card separates the two groups of cards . In the second sequence , the
ti t le , slit function , and plotting cards for each transmission or rad ia t ion  ca lcu la t ion
must be specified . Generally, one complete cycle in the sequence from t h i s
second section of input data is structured as follows:

CARD 5 TITLE
CARDS GA - 6C SLIT FUNCTION PARAMETERS

,
CARDS 7A - 7D PLOTTING PARAMETERS

All of these calculations are executed in one call to subroutine L~~ , which is made
just prior to stopping above statement d27 .

3.3.1 CARD 5: TITLE (20A4)

The ti t le is used on th e plot ari d is printed with no change .

3.3 .2 CARDS 6:

WIDTH . SHIFT . NS Format  (2F lO .5 , 110)
XSS(1), I = 1, NS Format (SF10 .5)

SS(I) , I = 1, NS Format  (SF10 .5)

24
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WIDTH = width of slit function in cm ’~
SHIFT distance (cm’4) between points at which the slit function is

calculated
NS = number of (XSS , SS) points to define the slit function (max . 8
XSS = wavenumber coordinate of slit function points
SS = weighting function values for slit function

When no slit function is desired (i .e. ,  print the results direct ly) ,  Cards (3
are omitted . This is determined by setting NTS or NRS equal to 3 in Card 2 .
An illustrative example for the generalized slit function is given in Figure 4. The

• results are degraded to the desired resolution by integrating over the slit function .
If the same slit function is used for subsequent calculations , Cards 6 are omitted .
This omission must be reflected by zeros for the NTS and NRS parameters in Card 2 .
Arbitrary v alues of SS and XSS can be used , because the slit func t ion  is norm alizec] .

SS AL 78 304

~~~ xSS

Wavenumber (cm ”i )

Figure 4 . Example of a Generalized Slit Function Specified By
Six Values of XSS and SS

25

, - . .

~ 

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



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

3 .3. 3 CARDS 7:

XTITLE Format (20A4)

YTITLE Format (20A4)

XAXIS , X~~IT , XSCALE , DXT . NMINX Format (4E10.4, 110

YAXIS , Y IINIT , YSCALE , DYT , NM~NY Format (4E10. 4 , I i 0~

XTITLE = Title for abscissa units
YTITLE = Title for ordinate units

XAXIS = Length of x-axis in inches

XIN1T = Value of x at the origin
SCALE = Change in value of x per inch of plot

DXT = x—uni ts  between major tic marks

~~M IXN = Number of minor tic mark s between the major ones.

(Same definit ions for v—ax i s . )

These plot parameters are those that are necessary to specify a plot on the

PRfl\IE 400 computer at Aerodyn e Research , Inc . The user must  modify these

parameters and their  definition in order to be compatible with his plotting sothvare .

The external plotting subroutines which MIDTRAN expects to find are:

AXIS ,
PLOT .
INIT , and
ENDPLT .

They are called from subroutines L~~ , FRAME , and PROU T.

2(3 

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



4 . COMPARISON TO DA TA

Compar ison of atmospher ic transmittance calculated us ing MIDTRAN is made
to data taken by NRL~.

7
~ The comparisons show that the code is able to calculate the

data ’s spectral structure . Figure 5 shows N’R L data taken for a 5.12 km sea level
horizontal path at a spectral resolution of 0.08 cm’4 and a MIDTRAN calculation

performed at a resolution of 0.01 cm’4 and degraded to 0. 08 cm’4 using a t r iangular
slit function . The calculations combine the molecular spectral stru cture of a
HITRAN calculation and the H90 and N 2 continuum components from LOWTRA N .
This yields a calculated spectra that compares favorably with the data .

Figure 6 shows a comparison to the same data but on an expanded scale in
the 2355 — 2450 cm ’4 spectral region. This illustrates the fall—off in the t ransmit tance
as one moves in towards the 4 .3 j.~m CO2 ban d . The CO2 spectral absorption
coefficients in this region include the tai l contribution from all lines in the C09 band .
The form factor of Kaplan , et a1~

6
~ was used to modi fy the Lorentz lineshape .

The calculations have the correct roll-off as exhibited by the data hut underest imate
the strength of this effect . Since the difference between the calculated and measured

spectra decreases as one moves away from the CO9 ban d , the difference is most
likely due to the modeling of the CO 2 form factor. The parameterizntion used by

Kaplan , et al . is already larger than the form factor calculated by Bur~’h , et
from their  da ta , so no further changes were made to fit these data .  Fu rther
theoret ic al  studies and measurements at different atmospheric temperatures are

required to better  parameterize the lineshape in this region (and to verify that  the
strengt h i~ really due to CO9 and not to unexpected spectral structure in the N. >
and ‘or 11 20 c o n t i n u u m  components) .

7 K , Ha ugh t  and .1. Dowling, “ Long Path High Resolution Field Measurements  of
Absolute Transmission in the 3 .5 to 4 .0 ~im Atmospheric Window , “ Optics Let ters ,
1, 121 (19Th.
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4.15 ~m 4.10 gm
I 

— NRL Data 
MIDTRAN Calculation

0 5 . ii—~’ ‘ Path Length: 5 .12 km

Temperature: 294°K

7 H 90: 12.0 tor
Pressures: 1013 mb

2400 2420 2440
Wavenumber , cm ’4

Figure 6 . Comparison of NRL Data and MIDTRAN Calculation for a
5.12 km Path at Sea Level From 2385 to 2450 cm’4

Figu re 7 shows a comparison of AFGL data and MIDTRA N calculat ions for the

transmittance to space from an altitude of 8.5 km . The transm ittance data , which

were taken from the AFGL KC135A flying laboratory , are obtained by measuring

the solar spectrum and then dividing out the solar irradiance to obtain the atmospheric

transmittance. The data were taken in the vicinity of Johnston Island in the Pac i fic .
Local radiosonde dat a were obtained . The spectral resolution of the AFGL inter-

ferometer is 3.8 cm-1~
4>

The MIDTRAN calculation was done at a spectral resolution of 0.01 cm’4 and

then degraded to 3.8cm ”’ using the actual slit function of the AFGL interfereometer .

The calculation used local radiosonde data for the lower altitudes and the Tropical

29
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model atmosphere~
1
~ for the high altitudes. Table I shows the layers which were used

in the calculation . The radiosonde is not able to measure atmospheric water vapor
concentrations when the dew point depression temperature becomes less than _300.
Thus , the radiosonde inputs resulted in too much H20 absorption around 2000 cm’4;

the much lower H 20 concentrations listed in Table I bring the calculations and dat a
Into better agreement. The ozone profile is that of the Tropical Atmospheric model.

TABLE I - Model Atmosphere Used for the MIDTRA N Calculation Shos~~ in Figure 7 .
It is Based on Local Radiosonde Data Supplemented by the Tropical
Model Atmosphere.

Altitude Pressure Tem,~
erat u re 11203 03 

~(km ) (nib ) ( C) gm/rn gm/rn

0. 1013. 15. 0 .29 (+02 ) 0 .560 (—04)
4.658 58].. 0.5 ~ .74 (—01) 0.457 (—04)
4.968 559. 0.1 0 , 61 (—01 > 0.45 1 (—04)
5.850 500. —5 . 6 0.46 (—01 ) 0.433 (—04)
6.530 453 . —11.6 0.39 (—0 1> 0. 4 19 (—04 )
6. 854 439. —12.6  0 .36 (—01 > 0 .413 (—04 )
7. 560 400. — 1 8 . 4  0.3 1 (—01 ) 0 .399 (—04
9.640 300. —35.2 0.17 (—01) 0.390 (—04,
10. 548 263. —40.0 0. 12 (—01> 0.401 (—04)
10.890 250. —42.0 0.93 (—02 ) 0 .40~ ( — 04 i
12.360 200. —52.6 0.25 (—02 ) 0.437 (—04>
14.160 150. —66.6 0.80 (—03 , 0.453 (—04
14.617 139. —70.2 0 .70 ( —03 > 0.462 (—04 ,
16.550 100. —75.8  0.52 (—03 ) 0.581 (—04 )
16.846 95. — 7 6 . 4  0.52 (—03 > 0 .605 (—04 >
18.307 74. — 70.4  0.52 (—03 , 0. 103 (—03 >
18.630 70. —72.0 0.51 (—03) 0.119 (—03)
20. 650 50. —64.6 0.49 (—03> 0.221 (—03)
22.694 36. —56.8 0.53 (—03) 0.307 (—03t
23 . 054 34. —59.0 0.54 (—03) 0.321 (—03t
23.643 31. —51 .8  0.58 (—03 1 0.333 (—03 >
23. 850 30. -—51 .8 0.59 (—03 ) 0.337 (— 03 >
26.5 10 20. —46.6 0.58 (— 03) 0. 306 (—03 )
28.453 15. —38.4 0.45 (—03 ) 0.267 (—03)
29.431 13. —41.2 0.40 (—03 ) 0 .250 (— 03 )
31.218 10. —39.8 0.30 (—03 ) 0.190 (—03>
40.000 3.05 —19.2 0.43 (—04) 0.410 (—04)
50. 000 0.85 —3.2 0.63 (—05> 0.430 (—05>
70. 000 0. 06 —54.2 0. 14 (—06) 0. 860 (—07)
100.000 0.00 —63.2 0.10 (—8) 0.430 (—10)

99999.000 0.00 —63.2 0.i.) (—10) 0.
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PROGRAM Z-IRDAT (INPUT,OUTPUP , TAPE2 ,TAPE4 ,TAPE6-OtJTPUT ,TAPE5-INPU’T ,

PR0GRA~4 MRDAT( INPUT ,OUTPUT ,TAPE2 ,TAPE4 ,TAPE6 -OUTPUT ,TAPE5.’INPUT,
X TAPEII ,TAPF12 ,TAPE13)

C
C MAY 9 77 HITRAN MODIFIED FOR BLUE C02 ARC TABLES
C JUNE 2 3 -- VOIGHT PROFILE AND FORM FACTOR
C JULY 77 MODIFIED FOR RED C02 REGION
C AUG 77 REWRITTEN FO MRDA

LOGICAL LCHK ,LOGIC
DIMENSION SUHI(6,9,1ø1) ,sUM2(6,9,iZi),OMEGB (1øi ),

KSPECIE (7) ~AMASS(7) ,JCALC(7)
DIMENSION CAY3 (6,9) ,csl 9),CS2 (7 ,9) ,CA(9)
COMMON/INPUT ! P(1ø).Ti1g),w(7).vi 5’12,DV ,VLW5T ,VHGHST ,DEL-srV,

KB0UND ,NPTP’rs,MSPEc (7) ,ssTR 1VBLOCX.DV2
COMMON/ OMG / OMEGA (201 ,6) ,STOR (6.9 ,304)
COMMON/LINES! GNU (230),S(250).ALPHA (250),EDP(250),MOL (25Z),

KLCHK (25ø),TI(25Z,9),ITI(25Z),T~1AX
COMMON/BLOCK1/1’L~X ,CS1 ,CS2 ,CA,SUMI S SUM2 ,OMEGB ,JMAX ,NFILES
DATA ANASS/18 ,44. ,48.,4 4 .  ,28.- .16 .32.1
DATA $PECIE/4HH20 ,4HCO2 ,4H03 ,4HN20 ,4HCO ,4HCH4 ,4H02

C
P 1 3  - 14 159
Pø= 11d13 -
TZ =2 9 6 .

C
M1X~ 5
VSTEP 50.0
SLOWER 1 JJE-27

C14 ROOT OF MOLECULAR WT FOR DOPPLER LINE SHAPE
DO 1 H=i ,7

1 ANAS~3CM)=SQRT(A!-IASS(M))
C
C 1*1 THE3E DEFINTIONS ARE NOT ACCURATE
C READ INPUT PARAMETERS (P=PRES SURE), (T-TEMPERATURE) ,
C W(1)--.H20, W(2)=C02 ,W(3)=03 W (4)=N20,W(5) C0,W(6)=CH45W(7) 02.
C Vi A~V) V2 ARE FREQUENCY LIMITS FOR WHICH OUTPUT RESULTS ARE REQUIR
C DV I~3 MONOCHROMATIC FREQUENCY INCREI4ENT
C BOUND 13 THE FREQUENCY FROM ANY LINE CENTER BEYOND WHICH THE LINE
C
C ~~~ DEFINE MOLECULAR SPECIES
C ~~~ READ INITIAL PARAMETERS

CALL DATIN
WRITE (4 ,3) Vi ,‘12 ,NPTPTS

3 FORS’V~T (2Fi O 2 ,I5)
WRITE (4,4)(P(I),I—i ,NPTPTS)
WRITE (4,4)(T(I),I 1 , NPTPTS)

4 FOR,MAT(9F10.2)
C ~~~ CALCULATE CONTRIBUTION OP DISTANT LINES
C ~~~~~~~ FIRST DETERMINE OMEGBS (CALCULATIONAL POINTS)

5 VBOT~ FLOAT (INT(V i))
VTOP FLOAT ( lilT (V2 )
IF(VTOP.GT.236 0.O .AND VBOT ,LT.2360 .Z) VTOP-2360.0
IF (VTOP.LT.V2 ) VTOP VTOP+1 ,O
JMAX INT ( ( V T O P- VB O T) / D E L T V+ 1 . 0 0 0 0 1)

C ~~~ JMAX NUST BE LE . 101
IF (JMAX .LL 101) GO TO 8
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JMAX 101
VTOP~VBOT + 100 .4DELTV

8 V’JTO~~ VTOP
-
‘ ~OT

VLWS~ —VBOT-V3TEP
IF(’1O.GT .~~360 21) VLWST=2250 0
1f!.~G}LST=VTfjP + V3TEP
DO 1~J J=1 ,JMAX

10 O LG3 (J)=-~
’O+ (J—1)4DELTV

~~~~~ (SUM ~1L~2)-(LEFT ,RIGHT) SIDE OP REGION
C ~~‘~z:~~o SUM?S - -  R~AD TAPE -- CALCULATE

DO 1? NM—~ ,NAX
D~ 1~ N PT = 1 , N P r P T S
DO 12 J 1 , D~1AX

12 3’JM2 :-~r--I , NP T J ) — 0 , 0
C

D~) 3 J  N 1 4=I M AX
.~-~~MS2E C M~’•i~IF ( M . L E ~~J ’ GO TO 30

C ~~~ LOGIC IS FOR TEMP DEP OF LINE STEENG TH
LOGIC F A S ~~
I~~(M Q , 1 O M ,E c L 3 ORj 4 , EQ 6 )  LOGIC= .TRUE.

~~~~ P~ ESSJRE , TEMPERATURE LOOP
DO 23 N?T~ 1 ,NPTPT S

C*** (P ,T) COMPUTE DEPENDENCE OF LINE PARAMETERS
C3I(~~PT)~~~T0_T(NPT))/(TO*T(NPT)*L 6946)
wT=sQ~ ’r (T-(J/T (NPr)
CS2 C NPT) ~“T0/T (NPT )
IF YLC-~ IC) CS2(~i,NPT)=CS2 (M ,NPT)1WT
CA (NTT) ~WT’~P(N~ T) !PY

2 CONTt~ EE
3~1 CONTINUE

CAT~L REDLIN (VBOT ,VTOP)
C
C ~~~~~~ CALCULATION OF FAR LINES IS COMPLETED

1=l
DO 33 J=1,JMAX
W R 1T E ( 6 , 3 4 )  SPEC IE (M) ,OMEGB (J ) , ( SUM1 (M , NPT , J) , SUM2 (M ,NPT ,J) ,NPT-1

~ 5 5)
34 F O P I 4 A T (A 5 , F 1 Z 3 , 5 ( 2 X , 2 E 9 . 3 ) )

1.1=1-1+1
tF (M .GT.5) M’— 5

33 CONTINUE
C
C144 CALCTSLATE NEAR LINES
C ~~~~~~ CALL STRONG FOR CALCIJLATIONAL POINTS (OMEGA?S)

REWIND 13
7TOP -.11 -oVELOCK
DO 3~~ IFILE—i ,NF IL~ S
~J,1~;t1I-~o ii
VBOT-~V1-B3UND
1F(VrOP.GT.VVTOP) VTOP=VVTOP
IF(VTOP.GT.V2 ) VTOP=V2
NREC=.3
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34$ CONTINUE
C4CDC READ (13) N,(GNII(I),S(I),ALPHA (I),ZDP(I),MOL (I),

READ(13 ,END—350) N , (GNU(I) ,8 (I) ,ALPHA (I )  ,EDP(I) ,MOL(I)
X LCHX(I),1 1 ,N)

C4CDC IF (EOF(13)) 350,345
345 1’IREC—’NREC+l

WRITE (11)N,(GNU(I),S(I),ALPILA(I),EDP(I),MOL(I),
X LCHK (I),I—1,N)

GO TO 340
350 WRITE (4,302) V1 ,VTOP
332 FORt-L~T(2F10 2)

CALL STRONG(M SPEC ,V 1,VTOP ,DV ,DV2 ,JCALC ,SSTR ,MAX ,NREC )
VTOP - VTOP+BOUND

C*** ZERO STOR—---READ TAPE CALCULATE
DO 35 MM- i ,MAX
DO 35 NPT=1 ,NPTPTS
JMAX-JCALC (MM )
DO 35 J•1,JMAX

35
REWIND 11
DO 55 IREC*1,NRE C
READ (i1)N , ( G N T J ( I )  ,5(I) ,ALPHA (I),EDP (I) 5MOL(I)~X LCHK(I),I=1.N) -
‘
~~~. 48 NPT =i , NPTPT S
DO 46 L-1,N
M=MOL(L)
DO 37 M M I ,MAX
IP(M.EQ .MZPEC (MM)) GO TO 52

37 CONTINUE
GO TO 46

52 SO_8(L)*CS2 (M,NPT)*EXP(_EDP(L)*CSi(NPT))
AL-ALPHA(L)  *CA(NPT )
AD- .3581E-64GNU(L) 4WT
ARAT— .832554AL/AD

C41 LOOP OVER CALCULATIONAL POINTS (OMEGA?S)
K -i
JMAX=JCALC (MM )
DO 44 J -1 .JMAX
V-OMEGA (J ,MM)

C 4*4  DETERMINE RANGE FOR ACCEPTING LINES
38 VLEFT-OMEGB( 1C )

IF (VL EFT +DEL TV-V ) 39 ,40.40
39 K— X +i

GO TO 38
41 Zi-A33 (VLEFT--GNU (L))

IF (ZLLT .BOUND) GO TO 42
Z2-ASS(VLEPT4-DELTV-GNU(L))
IF (Z2.GT.BOUND ) GO TO 44

C 444 IF LINE WITHIN “BOUND ’ OF INTERVAL , INCLUD E IT IN CALCULATION
42 Z A B S ( V - G N U ( L ) )

ETA— - 8325542/AD
CALL ABSO~ B (AL ,AD ,ETA ,ARAT,ZI AR )
FAC-SO 4AK

C~~ C02 FORM FACTOR
IF(bLEQ 2) FAC=FAC4FORM(Z ,M)
STOR (MM ,NPT ,J) -STOR (MM ,NPT ,JISFAC
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44 CONTI NUE
46 CONTINUE
48 CONTINUE
C ~~~ MORE LINES 7???

55 CONTINUE
C
C ~~~ , NE.\RBY REGIO NS ARE NOW CALC ULATED
C
C ~~~ CO~43INE RESULTS

DO 8~T b114-1,MAX
it = ME PEC (MM )
K = t
JMAX - JCALC(MM)
DO 63 J=1 ,JMAX
V=OMEGA(J ,MM)

62 VLEPT-’OMEGB(lC)
IF (VLEFT+DELTV-V) 63 ,64,64

63 I C K +i
GO TO 62

64 CONTINUE
DO 66 NPT-i ,NP~PTS
FACI SUMI (M!4,NPT ,K)
FAC2-.SUM2 (MM .NL~T ,K)
STOR (rlM ,NPT ,J)=STOR (*1,NPT ,J)÷FAC1+(FAC2-FAC1)4(V-VLEFT)/DELTV

66 STOR’ItM ,NPT ,J) = STOR (MM,NPT,J)4W (M)
68 CONTINUE
C
C~~~~**** WRIT E TABLE FOR NRDA
C

WRITE (4,220) SPECIE(M),J!IAX
C WRITE (6,2 2 2 )  SP E C IE (k4 ) , JNAX
C 2 2 2  FORMA T (1X ,A4 ,15)
220 FORMA T (A4 , 15)

DO 74 J=i ,JMAX
C WRITE (6 .226) O24EGA (J,MM) , (STOR (MM,NPT ,J) ,NPT-1 ,NPTPTS)

WRITD (4,226) OMEGA (J,MM),(STOR (l*1,NPT ,J),NPT 1,NPTPTS)
226  DORMA T (F 1 2.3 ,9Ei2 6)
74 CONTINUE
80 CONTINUE

Vi =Vt ÷VBLOCK
IF(IFILE.EO~NFILES) V1=VVTOPIF(V1.GE V2) STOP 23
VTOP V1 + VBLOCK

365 CONTINUE
GO TO 5

C
END
FUNCTION FORMUI ,M)

C
C FO RM FACTOR FOR SUB-LO REN TZ IAN TAILS
C

FOPit 1.0
IF (14.NE.2) RETURN
IF (Z.LT.O.5) RETURN

‘ IF (E.GT 23.) GO TO 10
FORM I . 069 ’E XP ( -  1334Z)
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RETU RN
10 FOP.M 05

IF ( Z .LE . 50.) RETURN
FORM = 0 0
IF (Z GE 25Z ) RETURN
FORM= .005*(12 5_ .05*Z)
RETU RN
END
SUBROUTINE ABSORB(AL ,AD .ETA ,ARAT ,Z ,A~~)
IF ((ETA.LE.5 ).AND .(ARAT .LE.2.)) GO TO 10
AK=( ,31831)1AL/(2442 + AL1AL)
GO TO 20

10 CONT.LNUE
A~C 0 ~ 0
DO 15 K=i ,51
Y=— 2 + (K..1)* 1
FY= (A R AT/ ~~D ) 4  - 149524EXP (—Y4Y)/(ARAT442 + ( E TA —Y )44 2 )
FY=F14 - 1
AM AI< + F T

15 CONT INUE
20 RE-rURN

END
SUBROUTINE DATIN
COMMON/INPUT! P(10),T(10),W (7),V1,V2 ,DV ,VLWST ,VHGHST ,DELTV

K ,BOUND ,NPTPTS ,MSPEC (7) ,SSTR ,VBLOCK ,DV2
C~CDC READ (5,76) NPTPTS,MSPEC

READ(5 ,76 ,END 345) NPTPTS ,MSPEC
76 FOPMAT(8I2)

C4CDC READ (5 ,77) (P(I),1 1 ,NPTPTS)
READ(5 ,77 ,END 345) (P (I) ,I—1 ,NPTPTS )

77 FORNAT(8(E10 0))
READ (5,77 ,END=345) (T(I) ,I—i ,NPTPTS)

C4CDC READ~ 5,77) (T(I) ,I 1 ,NPTPTS)
WRITE(6 ,82) (P(I) ,I=1 ,NPTPTS)

82 FORMAT (4  PRESSURE= 4,5(2X ,F7 2)/1ZX ,5(2X ,r7 2))
WRITF (6,84) (T(I),I=i ,NPTPTS)

84 FOR MA T ( 4  TEMPERATURE=4,5(2X ,F7 2)/13X ,5(2X ,F7.2))
C*CDC IF(EOF (5Y.NE.0) GO TO 345

READ(5 ,81) (W(M) M=1 ,7)
Si FORMAT(7E10.3)

WRITE (6 .83)
83 FORMAT ( 3X , 4WATER4 , 6X ,4CO24 ,6X, 4OZONE4 ,7X ,4N204 ,7X,4C04,8X 1 4CH44,

17X, 4024,4X)
WRITE (6,81) (W (M) ,M=i,7)
READ (5 ,85) V1 ,V2 ,DV ,VLWST,VHGIIST,DELTV ,BOUND

85 FORMAT (7E10.3)
WR I T E~ 6,87) V1 ,V2 ,DV ,VLWS T ,VHGHST ,DELTV ,BOUND

87 FOR MAT ( 4  (V1 ,V2 ,DV) =4 ,3F10.3 ,5X ,4 (VLWST,VHGHST ,DELTV) •~~~,
K 3F 1O.  3 , 5X .1BOUND =~~ ,F1L3)
READ (5 ,889) SSTR ,VBLOCK ,DV2

8C9 FORMAT (EJ0.2 ,FIL 3 ,3F10,2)
WRITE (6,89) SS-rR ,VBLOCK ,0V2

89 FORMA T (~ SMIN FOR STRONG - 4 ,E10.3 ,5X ,4VBLOCK -4 1 F10,1 ,5X ,
&4DV2 = 4,F5.2)
IF (VI GE V2) STOP 21
RETURN
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343 STOP 2$
END
SUBROUTINE STRONG (M SPEC ,V1 ,V2 ,DV ,DV2 ,JCALC ,SSTR ,MAX ,NREC)

C DETERMINES CLACULATIONAL POINTS FOR STRONG LINES
LOGICAL LCHK ,LCHK0
DIMENSION G0(201),S0(201).,LCHK0 (221),DENS(7),MSPEC (7)
DIMEN SION JcALC(7) ,SPECIE(7).M0 (201),A0 (20i)
COMMON/~ INES/ GNU(250),S (250),ALPHA (250),EDP(250),MOL (250),
KLCHK (250),TI(250,9),ITI(250),TMAX
COMMON/OMG/ OMEGA (20i ,6),STOR (6,9,304)
DATA DENSI1.Z,i.0,.Oi ,.001,.0005,.005,.0t1/
DATA SPECIE/4HH20 ,4HCO2 ,4H03 ,4IiN2O ,4HCO ,4HCH4 ,4HO 2

C 4 4  INITIALIZE CONTROL VARIABLES
W1J - SQRT (10.0)
NMAX 200

C~
4 TOO MANY LINES--- -INCREASE SMIN AND READ TAPE AGAIN

S - NLINE S O
REWIND 11
DO 30 IREC 1,NREC
READ (1i)N,(GNU(I),S(I),ALPHA (I),EDP(I),14OL (I),

X LCHK (I),1 1 ,N)
IF(GNU (N).LT.Vi) GO TO 30

C 4  THROW OUT LINES THAT ARE WEAKER THAN SSTR
DO 20 J-1 ,N
IF(GNU (J).LT.V1) GO TO 20
IF(GNU (J).GT,V2 ) GO TO 27
IF (S(J).LT.SSTR .AND . (.NOT.LCHK (J))) GO TO 20
NLINES • IILINES+i
IF(NLINES.LE,NNAX ) GO TO 15
SSTR WIZ4SSTR
GO TO 5

15 G0(NLINES)GNU (J)
S0(NLINES) S(J)
A0(NLINES) ALPHA (J)
M0(NLINES)-Z40L”J)
LCHKO(NLINES) -LC~~ (J)21 CONTINUE

30 CONTINUE
C ~~~ SET UP PARAMETERS

27 IDO—5
DELTI - IDO4DV
ISPACE a 24ID0 + 2
LMAX 2 000
LMAX1=LX4AX - ISPAC E - 5
LX4IN= LMAX/2

C ~~~ PICK OUT STRONG LINES
PAC-1 OE-20
JLOOP O

309 JLOOP JLOOP +1
JPTS=0
FAC - 34FAC
DO 370 M-i ,NAX
JMAX = LMAX-JPTS
.TCALC (M ) 0
IF (MSPEC(M),LE.0) GO TO 370
OMEGA ( 1 ,X)•V1

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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MM=MSPEC (N )
~NIN’FAC4DENS(Z4M)JCN T I
DO 320 J C I ,NLINES
I F ( M 0 ( J C ) .N E . NM ) GO TO 320

C4
~~ GNU .GT. 2388 - - -  ACCEPT ALL C02 R BRANCH FUNDAMENTAL LINES

IF (G0(JC).GT.2388..AND.LCHKO (JC))GO TO 308
IF(Sø (JC).LT.SMIN) GO TO 320

C 44 ACCEPT LINE - DETERMINE CALCULATIONA,L POINTS
308 D1=(G.0 (JC)-OMEGA(JCNT ,M))/DV

IF (D1.LT (.54DV)) GO TO 320
ID IDO
IF (D1.GE.ISPACE) GO TO 313
I D (D 1 + 0 . 5 )

C~
44 ID IS NUI4BER OF POINTS ON LINE WING---DV SPACING BTWN P15

IF (ID.EO.0) ID I
D2= (C0(JC )-OMEGA (JCNT ,M) )/ID
JCNT JCNT+ID
OMEGA (JCNT ,M) =G0(JC)

C444 IF (.J CNT GT IOZ) JLOOP-60
IF (ID EQ i) GO TO 320 -

I D I D—i
GO TO 3i6  -

C~~~
4 ID GE.8---LINES WELL SEPARATED - L.H.S OF INTERVAL

31 3 DO 314 II—i ,ID
JCNTII=JCNT+II

314 OI4EGA (JCNTII ,M)=OMEGA (JCNT,M)i-II4DV
C114 DETERMINE POINTS BETWEEN THE TWO LINES—-- INCREMENT S OF bV2

JCNTID JCNT+ID
VA • DV24 (FLOAT(INT(OMEGA(JCNTID ,M)/DV2)) + 1.0 )
VB = DV24FLOAT(INT ((G0(JC )-DELT1-- ZOi)/DV2))
JCNT = JCNT+2*ID+1
IF (VB.LT.VA ) GO TO 316 -

1D2 = 1+IMT ((VB-VA)/DV2+ .0005)
JCNT JCNT-ID-- i
DO 315 II=i ,ID2
JCNTII JCNT+II

315 O!-IEGA (JCNTII ,M) = VA-’- (II—i)4DV 2
JCNT = JCNT+ID+ID2+1

316 OMEGA (JCNT ,M)=G0(JC)
C444 LIN2S CLOSE --- OR --- R.}LS. OF INTERVAL

DO 317 II=1, ID
JCNTT I=JCNT-II

317 OMEGA(JCNTII,M)=OMEGA (JCNT ,M)-II4DV
C*** IF TOO MANY CALC .PTS., INCREASE SMIN

IF (JCNT GT JMAX ) GO TO 371
320 CONTINUE

C4
~
4 JCALC = NO,. OP CALCULATIONAL POINTS

•JCALC (M) =JCNT
370 JPTS JDTS+3CALC (M)

C* ** DECIDE WHETHER TO LOOP BACK AGAIN
-IF (-]LJ OP,GE.60) GO TO 371
IF ((JPTS.LT .LMIN) ,J\ND . (FAC GE SSTR)) GO TO 309
IF (-IPT SL T LMAX1) GO TO 321

371 FAC44FA C
GO TO 309
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321. CONTINUE
ICOUNT O
DO 230 M 1 ,MAX
MM NSPEC (N )
IF ( : *t .LE.0) GO TO 240
JCNT=JCALC (N)
IF(JCNT.GT.1) GO TO 330

C
C
C NO STRONG LINES IN THIS BLOCK
C

JCALC (M) -5
JCNT 5
DLI .254 (V2—V 1)
DO 331 X—2 ,5

331 ONEGA (K ,M )=V 1+(K_ i )*DLT
WRITE(6,339) JLOOP,FAC ,SPECIE~~~I),(OMEGA(JJ,M),JJ-i ,JCNT)

339 F0R MA T(/ 4  NO INTENSE LINES4 ,IOX ,4JLOOP ~ ,I4 ,
&1OX ,*SMIN= *,E10 3 ,12X, *SPECIES\* ,Ai0/
&~ OMEGA 4 5F14.3)

- GO TO 240
C
C STRONG LINES IN THIS BLOCK
C4~’4 DEFINE CALCULATIONAL POINTS NEAR V2
330 Di (V2-OMEGA (JCNT.M))/DV

C** LAST LINE VERY CLOSE TO V2?? ??
IF (D1 GT.1.0) GO TO 341
JCNT • JCNT+1
OMEGA (JCNT,M) - V2
GO TO 335

341 ID ID0
IF (D1.GE.ISPACE ) GO TO 343
10= (0 1 + 0 . 5)
IF (ID EQ.2) ID-i
02= (V2-OMEGA (JCNT ,M) )/ID
JCNT=JCNT+ID
OMEGA (JCNT ,M) -V2
IF (ID .EO .i) GO TO 335
ID ID—i
GO TO 346

343 DO 3 14 II=1,ID
JCNTII JCWT+II

344 ONEGA(JCNTII ,M) =OMEGA (JCNT,M)+II*DV
JCNTID JCNT+ID+ 1.
OMEGA(JCNTID,M) = (OMEGA (JCNT,M) -‘.V2)/2 -
JCNT=JCNT+24 (ID+1)
Ot-IEGA(JCNT ,M) -V2

346 DO 347 II=1 ,ID
JCNTIX JCNT-II

347 ONEGA (JCNTII,M)-OMEGA (JCNT,M)-II4DV
C 4 4  PRINT STRONG LIVES AND CALC .PTS.
335 JCALC(M)=JCNT

WRITE(6,325) JLOOP ,JCNT ,FAC ,SPECIE(IO!)
325 FORMA T (/ 4  MOST INTESE LINES :4,ISX ,4JL000 ~,X 3 ,5X ,
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~15 ,~ CALC1YLATIONAL POINTB*,5X .
4
~ SMIN—

4,Ei0.3,J0X ,A10/5X,4V4,i0X ,4S4,6X.4ALPHA4,3X ,4M4,1OX ,
44INTERMEDIATE POINTS4)
JCMIN- 1
JMAX 1=JCNT- 1
.72 - ISPACE-1
WR ITE (6,32 7) (OMEGA (J ,M ),3•1 ,ISPACE)

327 FORMAT (F10 3 ,2 6X ,11F9 3 , (/35X ,10F9 3))
DO 360 .IJ-2,JMAX 1
DO 328 .TC=JCMIN,NLINES
IF (OMEGA (JJ ,M) NE GZ(JC)) GO TO. 328
.71-JJ+32-1
WRITE(6,326) G2(JC),S0(JC),A0(JC),M0(JC),(OMEGA(J+1,M),J J.7,J1)
.ICMIN - JC
GO TO 329

328 CONTINUE
329 CONTINUE

360 CONTINUE
326 FORMAT (F1L 3 ,2E9.2 ,I3 ,5X , 11F9.3 , (/35X ,10F9.3))
240 CONTINUE

RETURN
END
SUBROUTINE REDLIN (V1 ,V2)
DIMENSION CSI.(9) ,CS2(7.9) ,CA (9) ,SUt.ti(6,9,lZi) ,SUM2(6 ,9, tS1)
DIMENSION OMEGB (101)
DIMENSION TI(250,9),TTI(250)
DIMENEION GNU (250),S(250),ALPHA (250),MOL (250),LCHK (250)
DIMENSION EDP (250),DENS(7),CO2R (5),MSPEC (7),ALPHB (6)
CONMON/LINES/GNU ,S,ALPHA ,EDP ,MOL,LCHK ,TI ,ITI,TMAX
COMMON/INPTIT!P(iZ),T(i0) ,W(7) ,VA ,VB,DV ,VLWS T ,VHGHST ,DELTV ,

X BOUND ,NPTP TS .?.ISPEC ,SSTR ,VBLOCK.DV2
COMMON/BLOCK1/MAX ,CS1 ,CS2 ,CA ,SUM1 ,SUM2 ,OMEGB ,JMAX ,NFILES
LOGICAL IOEND ,IONDI3 ,LCRR
DATA DENSIL0 ,1 0 ,0.0i ,0 001 ,0.0005,0.005,Z.ZZi/
DATA CO2R/6H 0 0.6ff 0 1 1.6ff . 6HZ 0 0 .6HZ 1
DATA ALPHB/0.07,0.li ,0 08,0.06,0.055,0J48/
IFILE Z
IOEND .FALSE.
IOND13- .FALSE
REWIND 11
END FILE ii
1N 11
IOUT 12
REWIND 2
REWIND IN
REWIND lOUT
REWIND 13
VLOW VI -BOUND
VHIGH=V2 +)3OUfl)~
VL=V i -VBLOCK

100 VL VL+VBLOCK
IF(VL GE V2) GO TO 230
VR=VL+VBLOCK
IF(VR .GT.V2 ) VR V2
VBOT-VL-SOUND

VTOP=VR+BOUND
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VPB-VR--SOUND
i_ i

125 IF(I.LE .250) GO TO 130
N=250
WRITE(6,999) VL,VR,VBOT ,VTOP ,VRE,V S T ,VHGHST ,VS’rEP,VLOW ,VBIGU

999 FORNAT(1X ,10F i~L3)
WRITE(13)N,(GNU (I),S(I),ALPBA (I),EDP(I),MOL(I),LCffK (I),I—i,N)
I—i

130 CONTINUE
C4CDC READ (IN)GNTJ(I),S(I),AI PHA(I),EDP(I),NOL(I),LCHK (I)

READ (IN,END 2IU> GNU(I),S(I),ALPHA (I),EDP(I),140L(I),LCfflC(I)
C4CDC IF(EOF(IN)) 21i~,i50

150 V=GNU (I)
IF(VR.GE.V2 ) GO TO 160
IF(V GE.VRB )WRITE(IOUT)GNU (I),S(I),ALPHA (I),EDP (I),MOL (I),

X L C H K ( I)

160 IF (V .LE V1’OP) GO TO 200
IF(IOEND ) GO TO 130
N-~I—1
WRITE (6 ,999) VL ,VR ,VBOT ,VTOP,VRB ,VLWS T ,VHGHST ,VSTEP ,VLOW ,VBIGH
IF (N C-T.0)WRITE(13)N,(GNU(I ),S(I),ALPHA(I),EDP (I),140L(I),

X LCHK (I),1 1 ,N)
END FILE 13
IFILE IFILE+1
IO E N D = . T RI J E .

GO TO 130
200 1= 1+1

GO TO 125
210 IF(IOEND) GO TO 220

IF(.NOT IOND13) GO TO 230
215 IF(VR.LT.V2) GO TO 230

N— I—I
WRITE (6,999) VL ,VR ,VBOT ,VTOP .VRB.VLWST ,VHGHST,VSTEP ,VLOW,VBIGH
IF(N OT.0,WRITE(13)N,(GNU(I),S(I),ALPHA (I),EDP (I),Z4OL(I),

X LCHK (I),I=i ,N)
END FILE 13
IFILE=IPILE+1
GO TO 230

220 END FILE TOUT
ISAVE IOUT
IOUT-~ N
IN=ISAVE
REWIND IN
REWIND lOUT
IOEND -~ .FALSE.GO TO 100

230 CONTINUE
C4CDC READ(2) T.U1N,TMAX,NREC ,((TI (I1 ,.71),Ji-1,9) ,DUM,

READ (2 ,END=280,ERR=240) TMIN,TMAX,NREC ,((TI(I1,J1) ,J1 1,9),DUI4,
X .UUM,DUM,ITI(I1) ,I1-1 ,NREC)

C4CDC JTO=IOCHEC(2)
C4CDC IFCITO) 240.270
270 CONTI:IUE
C4CDC IF(EOI(2)) 280,290

GO TO 290
240 WRITE (6,245) GNU(I)
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245 FORI4AT( PARITY ERROR !NCOUNTERED AT4,P12 .3)
GO TO 230

280 IEOF=IEOF+1
NEOF=NEOF+1
IF(NEOF.GT.2) STOP 22
GO TO 230

290 NEOF=0
IF ( T M A X . L T .V L W S T )  GO TO 230
IP (T M I N G T . V BG H S T )  GO TO 1 500
DO 1100 K=1 ,NREC
DO 310 MM= 1,MAX
IF(ITI(K) EQ.MSPEC(MM)) GO TO 320

310 CONTINUE
GO TO 1100

320 V—TI (K,1)
IF(V.GT.VHGHST) GO TO 1110
IF(V LT.VLWST) GO TO 1100
14= IT I (K)
SI-tIN—TI (K, 2) 4DENS (M)
IP(SMIN LE.LZE-27) GO TO 1100
IF(I LE.250) GO TO 380
IF(IOEND ) GO TO 380
N=25T
WRITE (6,999) VL,VR ,VBOT ,VTOP,VRB,VLWS T ,V3iGHST,VSTEP,VLOW,VKIGH
WRITE (13)N,(GNU (I) ,S(I),ALPHA(I),EDP(I),MOL(I),LCHR(I),
X I i ,N)
I—i

380 GNU(I)-V
S (I)=TI (K ,2)
ALPHA (I) TI(IC ,3)
IF(M.EO.1 ) GO TO 390
IF(ALPHA (I) GT Z.0) GO TO 385
ALPHA (I ) - AL P H B U 4- 1)
GO TO 390

385 IF (ALPMA (I).LTOZLOR.ALPHA (I).GT.1.Z) ALP~~~(t) = Z . 1 6
390 EDP (I)=TI(K ,4)

Z O L {I ) - M
IF(M .NE.2) GO TO 1000
LCHK (I)-~ FALSE
DO 480 J 1 ,5
IF(CO2R (J).NE TI(K,.7+4)) GO TO 1000

400 CONTINUE
LCHK (I)- TRUE

1200 IF(V LT.VLOW) GO TO 1055
IF(IONDI3 ) GO TO 1055
IF(VR.GE.V2 ) GO TO 1020
IF(V.GT.VHIGH) GO TO 1020
IF(V.GE .VRB) WRITE(IOUT)GNU(I),S(I),ALPHA(I),EDP(I),MOL(X),

X LCHK ( I )
1020 IF(V.LE.VTOP) GO TO 1050

IF(V.GT VHIGH) IOND13- TRUE.
IF(IOEtqD) GO TO 1055
WR ITE (6,999) VL ,VR ,VBOT ,VTOP ,VRB,VLWST ,VHGHST ,VSTEP,VLOW ,VHIGH
N— I—I
IF ( N . G T . Z )  W R I T E ( 1 3 ) N , (GNU ( I )  , S ( I ) ,A LP H A (I ) , E D P ( I )  ,M O L ( I ) ,

X LCHK(I),I-1 ,N)
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END FILE 13
IFILE IFILE+1
IOEND - TRUE -
GO TO 1055

1050 L I
I 1+1
GO TO 1057

1055 L I  -
1057 DO 1080 NPT-1 ,NPTPTS

SO-S CL ) ~CS2 (14,NPT)4EXP (-EDP (L)4C5 1 (NPT))
AL=ALPHA (L)4CA (NPT)
DO 1070 J=1 ,JMAX
VV-OMEGB (J)
Z1-ABS (VV-V)
IF(Z1.LT.BOUND) GO TO 1070
Z2-ABS (VV -’-DELTV-V)
IF(Z2.LT.BOUND) GO TO 1070
FRi41 1.0
FRM2 I.0
I~’(M NE .2) GO TO 1060
FRM1 FORM (Z1,M)
FRM2 FORM (Z2.M)

1860 CONTINUE
SUM1(MM ,NPT ,J)=SUM1(MM ,NPT ,J)+FR1414.31834504AL/ (Z1412+AL442)
SUM2 (I-IN ,N P T , J )=SUM2 (MM ,NPT ,J) +PRM2 1 . 31834S04AL/ CZ2 44 2 +A1 4 4 2 )

1070 CONTINUE
1080 CONTINUE
1100 CONTINUE
1110 IF(.NOT .IOEND) GO TO 230
1125 END FILE lOUT

ISAVE lOUT
IOUT IN
INISAVE
IOEND - FALSE.
REWIND IN
REWIND TOUT
GO TO 180

1500 N F I L E S =I F I L E
RETURN
END
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INPUT FILE

I

6 1 2
1 .9 300 . -1 0 0 0 1. .1.

2 .  10.
J 905 . ~.91 5. .01

—1
MIDT RAN T~~~T - T RANSMITTANC E

.2 . 1
-1. 0. 1.
0. 1. 0.

Z’IL)TRAN TI~~T - P.IDIATION
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Table D-1. Generalized MIDTRAN Flowchart

180L . 
Broadband Data 

~~~~~~~~~~

[~~~~ 2
Calculate Horizon tal 200 Trajectory

290 

Ca::::: :;c: : e 5  

Mi::: Ea rth

and Equivalent Sea Level
680 Absorber Amounts

690 Broadband Calc ulations:
Aero sol Extinction

880 N2. H20 Continua

920 _ _ _ _ _ _ _ _ _ _ _ _ _

Print Laye r Profiles For
High Resolution Section

930 —

High Resolution
Calculations: Read Tape;

Call PTPTS;
Monochromatic Calculation

1160 ( Combine High Resolu
~i~ 1[~~~B roadband Calculationj

1200 I Store Results On

L Output File 9
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Table D-2. Listing of MIDTRAN Subroutines

Subroutine Purpose

POINT Computes the equivalent absorber amount at a given
altitude (from LOWTRAN) .

PTPTS Determines the interpolation points from the data tape
for each layer .

ANGL Computes the zenith angle given Hi , H2 and the earth
center angle (from LOWTRAN) .

LIB Performs output functions
Reads Cards 5, 6 , 7 .

CRAM Removes trailing blanks in Card 5.

GEN Degrades results to the desired resolution using the
generalized slit function .

FRAME Sets up frame for the plots

PROUT Print s output and plots curves.

SPACE Skips over dat a sets on File 9.
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8 A Width of fixed triangular slit function ( = 0. 1 cm~~)
AHAZE Aerosol number density for M ODEL = 1
AHZ2 Aerosol number density for MODE L = 2
AK Extinctic l~ coefficient read from tape for Kth pressure—

temperature point at frequency VV
AKK Interpolated extinction coefficient

AL Equivalent absorber amount per km at level L
ALAM Wavelength (pm)
ALT Altitude at level Z (LYR)
ANGLE Input zenith angle (degrees) (compare with in the text)
AVW Average wavelength used in refractive index expression
AO Constant A defined in Eq. (10) of LOW TRAN3 Manual
B Blackbody function
BET Angle subtended at the earth’s center as path transverses

adjacent levels
BE TA Total angle subtended by path at earth ’s center
CA Conversion factor from degrees to radians
Co Wav elength dependent coefficient used in refractive

index expression
CON Species concentrations
CW Wavelength dependent coefficient used in refractive

index expression
C4 Absorption coefficient for nitrogen (— 4 pm)
C5 Absorption coefficient for water vapor continuum
C6 Ex tinction coefficient for molecular scattering
C7 Extinction coefficient for aerosol models
C7A Aerosol absorption coefficient
D Water vapor amount (pr. cm/km ) at level L
DE LV Increment for fixed slit function
DIST Optical depth of a species
DP Dew point temperature (°C)
DS Path length from level L to Level .L 1
DV Wavenu.mber increment
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DVM MRDA frequency interval
DZ Height increment from level L to level L + 1
E Equivalent absorber amounts per km at height H

EH Equivalent absorber amounts
EMIS Emissivity of background radiation source
ENDF E nd—of—file control variable
EV Integrated absorber amount from level Lto level L + 1
FAC Dummy variable
FAC2 Summing variable for transmittance
FAC5 Log transmittance for radiation
FAC6 Summing variable for transmittance
FNU Frequency for print-out
FP Intermediate result in interpolation of AK
FRAD Degraded radiation
FREQT Dummy frequency variable
FT Intermediate result in interpol ation of AK
H Altitude
HAZ E Aerosol number density (no . cm 3)
HM Estimated tangent height (km )
HM IN Minimum altitude of path trajectory (1cm)
HZZ Dummy variabl e for transmittance
HZ 1 Aerosol number density (no. cm 3) for 23 kni

visual range
HZ2 Aerosol number density (no. cm 3) for 5 km

visual range
Hi Initial altitude (km)
H2 Final altitude (1cm)
IC Counting variable for low resolution calculations
ICNT Index for low resolution calculations
ICOUNT Index for low resolution printed output
WV Frequency increment
IFIN D Call parameter for subroutine ANGL
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IHAZE Aerosol model Indicator

ILP Integer variable for printing heading
IM Parameter used when reading in a new atmospheric

model
IP indicator for using subroutine POINT to calculate

refractive index only (IP = 0) or equivalent absorber
amounts also (IP ~ 0)

IRAD Radla~ion calculation flag
ITYPE Indicator for type of atmospheric path
IV Frequency of calculations
Ni Starting frequency
P12 Last frequency
J Running integer for altitude identification
JP Print option parameter
Ji Level indicator for altitude Hi
J2 Level indicator for altitude H2
K General loop variable
KPTS Elements in P-T matrix used for AK interpolatki~
KSPEC Number of species for high resolution calculation (.6)

K2 Cycling parameter for downward path
L Running index for layers
LBR Total number of levels transversed in the path
LEN Parameter used for defining longer of two paths
LL Running index for level s
LMA P Counting variable for long path storage
LOOP Number of layers for low resolution radiance

calculations
LSTORE . Counting variable for layer index
LYR Altitude of Lth layer in path
Li Frequency Identifier for transmittance calculation
L2 Frequency identifier for transmittance calculation
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M Index for model atmosphere
MAX Number of radiation and transmission calculations
MODE L Integer used to identify required model atmosphere
Ml Variable to select temperature profile and

counting variable
• M2 Variable to select water vapor profile

M3 Variable to select ozone profile
N Loop variable

NEWP Plot control parameter
NEWS Plot control parameter
NH Frequency indicator for water vapor continuum

transmittance calculation
NL Number of levels in model atmosphere data
NLDAT Number of layers in model atmosphere data
NPT Number of points in the pressure temperature matrix
NRP Determines units for radiation output
NRS Control variable for radiation slit function
NTP Determines scale for transmittance
NTS Control variable for transmittance slit function
NUM Index for locating species on library tape
P Pressure
PH Angle of arrival at H2
PHI Angle of arrival at H2
P1 3. 141592654 that is (~r )
PP Pressure values on library tapes
PPW Partial pressure H 20
PRES Pressure at level LL
PS Total pressure in atmospheres
PSI Angular deviation of path from initial direction
RAD Radi ance
Range Path length (1cm)
RE Earth radius (kin)
REF Refractive index of air at level L
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RH Relative humidity (%)
RN Ratio of refractive indices of air above and

below a given level
RX Ratio of earth center distances between adjacent

levels
SALP Sine of angle of arrival at adjacent level (cf sin ~~
SPEC Number of species
Spill Sine of the local zenith angle at a given level

(cf sin 9)
SR Slant range (1cm)
SUM Sum of optical thicknesses of absorbers 4 thru 8
SUMA Accumulated Integrated absorption
T Temperature ( °K) at level L
TAU Transmittance
TAU1 Transmittance
TBACK Background radiation calculation temperature
TEMP Temperature at level LL
THE T Zenith angle at a given level (in radians)
THE TA Zenith angle at a gi ven level (in degrees)
TMP Ambient temperature ( °C )
TRAN Total transmission
TRANS Transmittance from fixed slit function
TRANJ Broadband transmittance of layer LL
TT Ratio 273. 15/(TMP + 273 . 15)
TX (K) Temperature values on library tape
TX(9) Total transmittance at frequency V
TX(10) Absorption due to aerosol only at frequency V
TX1 Refractive index of layer above initial altitude Hi
V Frequency (cm~~)
VA Initial frequency in tape data block
VB Final frequency In tape data block
VCHK1 Used to compare lower frequency of tape dat a block

with calculation frequency
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VCHK2 Used to compare upper frequency of tape data block
with calculated frequency

VII Integral of the equivalent absorber amounts from
H]. to level L

vis Visual range (kin) at sea level
VMA X Max frequency contained in tape
V MTN Minimum frequency contained in tape
VT Frequency for fixed slit function
VV Frequency array read from tape
VV 1 Used in interpolating tape input frequencies to

calculation frequency
VV2 Used in interpolating tape input frequencies to

calculation frequency
VX Wavelength at which aerosol coefficients are

read in (~tm)
Vo Initial calculation frequency
Vi Initial frequency for transmittance calculation, cm~~
V2 Final frequency for transmittance calculation, cm~~
w Total equivalent absorber amount for entire path
WGA S Gas concentration
WH Water vapor density at level L (gin in 3)
WH2O Water vapor concentration
wo Ozone density at level L ~gm m 3)
W03 Ozone concentration
ww Equivalent absorber amount fr om observer to

level L
W2 Water vapor density for atmospheric model M

at level L + 1 (gin m 3)
x Input height to POINT subroutine
XD Wavenu.mber interpolation parameter
XH Wavenumber Interpolation parameter in H20continuum calculation
xi Wavenu.mber interpolation parameter
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XOR X-coordinate for lower left corner of plot
XX Aerosol extinction coefficient
Xl Earth center distance of level L
X2 Earth center distance of level L + 1
Y Input zenith angle in radians
YN Refractive index of layer below input height

from POINT subroutine
YOR Y-coordinate for lower left corner of plot
YY Aerosol absorption coefficient of frequency V
Z Altitude at level L in km
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